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Abstract
Patients with heart failure (HF) may be at a higher risk of coronavirus disease 
2019 (COVID-19) infection and may have a worse outcome due to their comorbid 
conditions and advanced age. In this narrative review, we aim to study the 
interaction between COVID-19 and HF from a critical care perspective. We 
performed a systematic search for studies that reported HF and critical care-
related outcomes in COVID-19 patients in the PubMed and Medline databases. 
From a total of 1050 papers, we identified 26 that satisfied the eligibility criteria 
for our review. Data such as patient demographics, HF, intensive care unit (ICU) 
admission, management, and outcome were extracted from these studies and 
analyzed. We reported outcomes in heart-transplant patients with COVID-19 
separately. In hospitalized patients with COVID-19, the prevalence of HF varied 
between 4% and 21%. The requirement for ICU admission was between 8% and 
33%. HF patients with COVID-19 had an overall mortality rate between 20% and 
40%. We identified that HF is an independent predictor of mortality in hospit-
alized COVID-19 patients, and patients with HF were more likely to require 
ventilation, ICU admission and develop complications. Patients with HF with 
reduced ejection fraction did worse than those with HF with midrange ejection 
fraction, and HF with preserved ejection fraction. COVID-19 patients with HF 
should be identified early and managed aggressively in an attempt to improve 
outcomes in this cohort of patients.
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Core Tip: Heart failure (HF) can lead to worse outcomes in coronavirus disease 2019 
(COVID-19). Moreover, critically ill patients with COVID-19 can develop de novo 
HF. Patients with COVID-19 and HF are more likely to require ventilation, ICU 
admission and develop complications. HF is an independent predictor of mortality in 
hospitalized COVID-19 patients and therefore, HF should be identified early and 
managed aggressively in an attempt to improve outcomes in critically ill patients.

Citation: John KJ, Mishra AK, Ramasamy C, George AA, Selvaraj V, Lal A. Heart failure in 
COVID-19 patients: Critical care experience. World J Virol 2022; 11(1): 1-19
URL: https://www.wjgnet.com/2220-3249/full/v11/i1/1.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i1.1

INTRODUCTION
Coronavirus disease 2019 (COVID-19) emerged from China in December of 2019 and 
continues to be a public health emergency of international concern. As of March 12, 
2021, more than 118 million cases have been diagnosed worldwide with 29.3 million 
patients reported from the United States. Patients with pre-existing comorbidities, 
cardiac dysfunction and immunocompromised status continue to be at high risk of 
morbidity and mortality. The literature on COVID-19 infection in patients with heart 
failure (HF) is limited. Patients with HF may be at higher risk of COVID-19 infection 
and have a worse outcome due to their comorbid conditions and advanced age.

The currently available literature regarding the role of critical care and a mul-
tidisciplinary approach in treating patients with HF and COVID-19 infection, remains 
scarce. In this narrative review, we aim to study the interaction between COVID-19 
and HF from a critical care perspective. We also aim to explore the various outcomes 
as reported in the literature in this subgroup of patients and to provide a summary of 
the current evidence and practices in the management of HF in COVID-19 patients in 
the intensive care unit (ICU).

In this review, we have attempted to summarize all the articles published on the 
presentation and management of patients with COVID-19 and HF. We searched the 
PubMed and Medline database for the MeSH terms “COVID-19”, “heart failure" and” 
critical care”. Studies published in English, including adults with HF and COVID-19 
infection were eligible to be included in this review (Figure 1). All studies published 
before March 2021 were included. Studies that provided details on patient 
demographics, HF, ICU admission, management, and outcome were analyzed. 
Various treatment details including medications such as beta blockers, angiotensin 
converting enzyme inhibitors (ACEi), aldosterone receptor blockers (ARB), 
angiotensin receptor-neprilysin inhibitors (ARNi), automatic implantable cardioverter-
defibrillator, permanent pace-maker and cardiac resynchronization therapy were 
included. Critical care details that were obtained were the type of organ dysfunction, 
the requirement of non-invasive and invasive ventilation, administration of vas-
opressor support, extra-corporeal membrane oxygenation (ECMO) and outcome. 
Articles that did not have the patient’s details, opinions, comments, letters, and articles 
not published in English were excluded from the analysis. Studies that included 
cardiac transplant patients were analyzed separately. Two independent clinicians 
reviewed all articles.

As of March 2021, a total of 1050 papers were identified (Figure 1). Among these, 26 
satisfied the eligibility criteria for our study. One study was a prospective cohort 
study, while all others were retrospective studies. Studies were principally published 
from North American and European nations. There were significant differences in the 
study design, data collection and measured outcomes among the studies which made 
the comparison of data difficult. Therefore, we divided the studies into four categories 
and reported the outcomes separately. The four categories were: (1) Studies 
highlighting prevalence of HF, requirement of ICU level of care and outcomes in 
hospitalized COVID-19 patients; (2) Studies reporting outcomes in COVID-19 patients 
admitted to ICU; (3) Studies reporting outcomes in HF patients with COVID-19; and 
(4) Studies reporting outcomes in heart-transplant patients with COVID-19 (Figure 2).

https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2220-3249/full/v11/i1/1.htm
https://dx.doi.org/10.5501/wjv.v11.i1.1
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Figure 1 CONSORT diagram.

Figure 2 Coronavirus disease 2019 and heart failure.

INCREASED RISK OF HEART FAILURE IN COVID-19 PATIENTS
Among studies that reported outcomes in hospitalized patients with COVID-19, we 
found 11 studies that provided data on HF and ICU admission (Table 1)[1-11]. The 
total number of patients in this group was 9420, with studies from the United States 
contributing the maximum number of patents. The diagnosis of COVID-19 was 
uniformly established with reverse transcription polymerase chain reaction (RT-PCR) 
in all of the patients. The proportion of patients with pre-existing HF varied from 1% 
to 21%, which was almost ten times the community prevalence of HF, as reported by 
the Framingham study[12]. This suggests that patients with HF are more likely to 
require hospitalization for COVID-19. Zylla et al[3] reported that 3% of patients 
developed newly diagnosed (de novo) left ventricular (LV) dysfunction after admission, 
while Zhou et al[9] and Chen et al[10] reported a number close to 25%. This highlights 
the fact that HF can be both a risk factor, as well as a complication of COVID-19. Most 
studies reported a male preponderance with a mean age above 60 years. The 
requirement for ICU admission was between 8% and 33%. Patients with HF were more 
likely to require mechanical ventilation and develop complications such as thrombo-
embolism, sepsis, stroke and acute kidney injury. The overall mortality rate for hospit-
alized patients with COVID-19 was between 4% and 40%. Inciardi et al[1] noted that 
chronic therapy with an ACEi, ARB, or ARNI had to be discontinued in 77% of cases 
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Table 1 Studies highlighting prevalence of heart failure, requirement of intensive care unit level of care and outcomes in hospitalized coronavirus disease 2019 patients, n (%)

No. 1 2 3 4 5 6 7 8 9 10 11

Ref. Inciardi et al[1] Singer 
et al[2]

Zylla et al[3] Russo et al
[4]

Bhatla 
et al[5]

Peltzer et al[6] Lala et al[7] Shi et al[8] Zhou et al[9] Chen et al[10] Jarrett et al
[11]

Country Italy United 
States

Germany Italy United 
States

United States United States China China China United States

Total number of patients 99 737 166 414 700 1053 2736 416 191 274 2634 (all 
patients 
died)

Patients with chronic 
heart failure

21 (21) 39 (5) - 46 (11.1) 88 (13) 79 (7.5) 276 (10.1) 17 (4.1) - 1 (< 1) 291 (11.1)

Newly diagnosed LV 
dysfunction

- - 5 (3) - - - - - 44 (23) 43/176 (24) -

Study type RC, single centre RC, 
single 
centre

RC,multicenter RC, 
multicenter

RC, 
single 
centre

RC, multicenter RC, multicenter RC, single centre RC, multicenter RC, single 
center

RC of in-
patients who 
died of 
COVID-19 in 
a single 
center

Age (mean ± SD) 67 ± 12 60 ± 18 64.1 ± 16.7 66.9 ± 15.0 50 ± 18 62 ± 17 66.4 (median) 64 (range: 21-95) 56 (IQR: 46-67) 62 (IQR: 44-70) Range: 21-
107

Male 8 (81) 423 (57) 108 (65.1) 253 (61.1) 315 (45) 653 (62) 1630 (59.5) 205 (49.3) 119 (62) 171 (62) 1664 (63.2)

LVEF, % (mean ± SD) 48 ± 14 - 53.0 ± 12.3 - - HFrEF: 41 (3.8) - - - - -

ICU admission 12 (12) 59 (8) 65 (39.2) - 79 
(11.28)

349 (33.14) - - 50 (26) - 1299 (49.3)

NIV 18 (19.1) 40 (5) 39 (23.5) - - - - 32 (7.7) 26 (14) 102 (37) -

IV 2 (2) 149 
(20.2)

37 (22.3) - - 327 (31.05) 307 (11.2) 51 (12.3) 32 (17) 17 (6) 140 (53.2)

ECMO/ICD/CRT/PPM - - PPM:3 (1.8), 
ICD:2 (1.2), 
ECMO:3 (1.8)

- - - - - ECMO: 3 (2) ECMO: 1 
(<m1)

-

Vasopressor - - 30 (18.1) - - 323 (30.67) - - - - -

Hospital LOS, d, (mean ± 
SD)

11.4 ± 6.5 4.7 ± 
3.0

10.5 (IQR 5-22 
d)[ICU stay: 8 
(IQR 4-22.5)]

- - - 5.75 (IQR :3.36-
9.56)

- 11 (7–14) [ICU stay: 8 
(4–12)]

- -

Venous thrombo-
embolism: 12 (12), 

Bacteremia:100 (9.5), 
VTE: 54 (5.13), 

Hospitalized at 
time ofstudy 

CRRT: 2 (0.5), ARDS: 
97 (23.3), Coagulation 

RRT: 10 (5), sepsis:112 (59), 
respiratory failure: 103 (54), 

AKI: 29 (11), 
CRRT: 3 (1), 

Complications - - - - -
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Arterial thrombo-
embolism: 3 (3), septic 
shock/sepsis: 6 (6)

stroke/TIA:18 (1.71), 
AKI requiring RRT: 34 
(3.23)

publication: 1098 
(40.1)

disorders: 12 (2.9), 
hospitalized at end of 
study period:319 
(76.7)

ARDS: 59 (31), septic shock: 
38 (20), coagulopathy: 37 
(19), secondary infection:28 
(15)

sepsis: 179 
(65), DIC: 21 
(8), shock: 46 
(17), ALI: 13 
(5)

Mortality 26 (26) 68 (9) 26 (15.7) 107 
(25.8)

30 (4) 184 (17.47) 506 (18.5) 57 (13.7) 54 (28.2) 113 (40) 2634 (100)

- Signifies that the variable was not reported in the study.
LV: Left ventricle; RC: Retrospective cohort; LVEF: Left ventricle ejection fraction; HFrEF: Heart failure with reduced ejection fraction; ICU: Intensive care unit; NIV: Non-invasive ventilation; IV: Invasive ventilation; ECMO: Extra-
corporeal membrane oxygenation; ICD: Implantable cardiovascular-defibrillator; CRT: Cardiac resynchronisation therapy; PPM: Permanent pacemaker; LOS: Length of stay; IQR: Inter-quartile range; VTE: Venous thrombo-embolism; 
TIA: Transient ischemic attack; AKI: Acute kidney injury; CRRT: Continuous renal replacement therapy; RRT: Renal replacement therapy; ARDS: Acute respiratory distress syndrome; ALI: Acute liver injury; DIC: Disseminated 
intravascular coagulation.

because of severe hypotension, and patients who died were more likely to have a 
history of HF. In the same study, the mortality rate remained higher in patients with 
cardiac disease compared to those without (26% vs 9%; P = 0.039), even after excluding 
patients who were denied intubation due to comorbidities or age. Another study used 
multivariate regression modelling to identify an increased risk of atrial fibrillation 
among COVID-19 patients with HF (RR 1.88; P = 0.023), which in-turn increased the 
odds of ICU or intermediate care ward admission (OR 2.37; 95%CI: 1.10-5.09; P = 0.03)
[4,5]. HF was also linked to brady-arrhythmias (OR 9.75; 95%CI: 1.95-48.65) by a 
separate group of investigators[5]. Three separate meta-analysis identified that HF was 
independently associated with an increased risk of mortality in patients with COVID-
19[13-15].

NEED FOR INTENSIVE CARE UNIT LEVEL OF CARE
We found six studies that reported HF data in COVID-19 patients who were admitted 
to the ICU, while excluding patients who were hospitalized without requiring ICU 
care (Table 2)[5,16-20]. These studies had a total patient number of 6539, with a major 
patient population contributed from the United States. The mean age in this group of 
patients was above 60 years and there were more men than women. Between 10% and 
43% of these patients had pre-existing HF. This range was higher than what was 
observed among hospitalized patients overall. It was also noted that more patients 
developed de-novo HF in this group (up to 33%)[16]. The average ICU length of stay 
was between 2 to 5 weeks and a majority of patients required ventilatory assistance. In 
addition, advanced life-sustaining supportive interventions such as ECMO were also 
utilized by 3% to 15% of these patients. As a group, these patients had a higher 
mortality rate, which was as high as 52%. A cross-sectional observational multi-centre 
nationwide survey in Italy identified that obesity, chronic kidney disease and 
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Table 2 Studies reporting outcomes in coronavirus disease 2019 patients admitted to intensive care unit, n (%)

No. 1 2 3 4 5 6

Ref. Zeng et al[16] Petrilli et al
[17]

Bhatla et al [5] Hayek et al[18] Iaccarino et al
[19] 

Arentz et al[20]

Country China United States United States United States Italy United States

Total number of 
patients in ICU

35 990 79 5019 395 21

Patients with 
chronic heart 
failure

NR 189 (19.1) 22 (28) 512 (10.20) 60 (15.2) 9 (42.9)

Newly diagnosed 
LV 
dysfunction/acute 
heart failure

5 (14) - - 166 (3.3) - 7 (33.3)

Study type Retrospective 
cohort, single centre

Prospective 
cohort, single 
centre

Retrospective 
cohort, single 
centre

Retrospective cohort, 
multicenter

Cross-sectional 
study, 
multicenter

Retrospective cohort, 
single centre

Age, (mean ± SD) 64.00 (59.50–68.00) 68 (58-78) 63 ± 16 60 ± 15, 63 ± 141 68.9±0.7 70 (43-92) range

Male 23 (66) 656 (66.3) 40 (51) 3165 (63.06) 291 (73.7) 11 (52)

Risk factors Hypertension: 13 
(37), coronary artery 
disease: 2 (6), 
arrhythmia: 2 (6), 
valvular disease:1 
(3), diabetes: 10 (29), 
COPD: 1 (3)

Diabetes: 389 
(39.3), asthma 
or COPD: 169 
(17.1), 
chronic 
kidney 
disease: 259 
(26.2), cancer: 
138 (13.9)

Coronary heart 
disease: 21 (27), 
diabetes mellitus 
:35 (44), 
hypertension: 62 
(78), atrial 
fibrillation history: 
5 (6), obstructive 
sleep apnea: 23 
(29), COPD: 14 
(18), liver disease: 
14 (18), chronic 
kidney disease: 16 
(20), current 
tobacco: 4 (5)

Current or former 
tobacco use: 2174 
(43.31), diabetes 
mellitus: 2110 (42.04), 
hypertension:3086 
(61.48), coronary artery 
disease:676 (13.46), 
chronic obstructive 
pulmonary disease: 43 
(0.85), chronic or end 
stage kidney disease: 
819 (16.31), active 
malignancy:227 (4.52)

Hypertension: 
256 (65.3), 
obesity: 49 (12.4), 
diabetes: 90 
(22.8), COPD: 41 
(10.4), CKD: 34 
(8.6), coronary 
artery disease: 62 
(15.7)

Asthma: 2 (9.1), chronic 
obstructive pulmonary 
disease: 7 (33.3), diabetes: 7 
(33.3), obstructive sleep 
apnea: 6 (28.6), chronic 
kidney disease: 10 (47.6), 
end-stage kidney disease: 2 
(9.5), history of solid organ 
transplant: 2 (9.5), 
cirrhosis: 1 (4.8), 
immunosuppression: 3 
(14.3)

HFrEF, 5 (14) - - - - -

HFpEF 0 (0) - - - - -

Drugs - - - - ACE-inhibitors: 
97 (24.6), ARB: 
66 (16.7), beta-
blockers: 96 
(24.3), ca-
antagonists: 31 
(7.8), diuretics: 
58 (14.7), alpha-
blockers: 7 (1.8)

-

ICD - - 5 (6) - - -

Ventilation 35 (100) 647 (65.35) - - - 19 (90.5)

NIV 17 (49) - - - - 4 (19)

IV 18 (51) 647 (65.35) - 3663 (72.98) - 15 (71)

ECMO 5 (15) - - 176 (3.51) - -

Vasopressor NR - - 1617 (32.22) - 14 (67)

ICU stay duration 
in days

38 (33–47) 36 (32-40) - 17 (9-30), 6 (4-10)1 - -

Organ dysfunction NR - - Acute kidney injury 
requiring RRT: 1003

- AKI: 4 (19.1), ALI: 3 (14.3)

86 (8.68) 
patients 
being 
ventilated 
and 74 (7.47) 
patients still 

Morbidity acute cardiac injury: 
21 (60), atrial or 
ventricular 
tachyarrhythmia:3 
(9)

- Still in hospital 30 days 
after ICU admission: 
169

- Admitted in ICU at end of 
study: 8 (38.1)
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admitted at 
the end of 
study period

Mortality 3 (9) 485 (49) - 2043 (40.71) - 11 (52.4)

1Baseline characteristics of patients who did not have cardiac arrest and those who had cardiac arrest respectively.
- Signifies that the variable was not reported in the study.
ICU: Intensive care unit; LV: Left ventricle; COPD: Chronic obstructive pulmonary disease; CKD: Chronic kidney disease; HFrEF: Heart failure with 
reduced ejection fraction; HFpEF: Heart failure with preserved ejection fraction; ACE: Angiotensin converting enzyme; ARB: Angiotensin receptor blocker; 
ICD: Implantable cardiovascular-defibrillator; NIV: Non-invasive ventilation; IV: Invasive ventilation; ECMO: Extra-corporeal membrane oxygenation; 
ECMO: Extra-corporeal membrane oxygenation; RRT: Renal replacement therapy; AKI: Acute kidney injury; ALI: Acute liver injury.

hypertension in men, and obesity (OR 2.564; 95%CI: 1.336-4.920; P < 0.0001) and HF 
(OR 1.775; 95%CI: 1.030-3.057) in women were associated with higher rate of ICU 
admission[19]. Similar observations were made from a single academic medical centre 
in New York City and Long Island which found that the strongest risk factors for 
critical illness besides age were HF (OR 1.9; 95%CI: 1.4-2.5), BMI > 40 (OR 1.5; 95%CI: 
1.0-2.2), and male sex (OR 1.5; 95%CI: 1.3-1.8)[17].

OUTCOMES IN CRITICALLY ILL COVID-19 PATIENTS WITH PREEXIS-
TING HEART FAILURE
There were five studies (from North America and Europe) that focused on the out-
comes of COVID-19 infection in patients with pre-existing HF (Table 3)[21-25]. Three 
of them were from the United States, one was from Italy and the last one was from 
Denmark. Together, these studies included 9191 patients. Maximum number of 
patients were contributed by the study by Bhatt et al[21]. The mean age of patients in 
these studies were above 70 years, which was about 10 years higher than what was 
observed in the two previous groups. Two out of the five studies had more women 
than men. This was in contrast to the uniform male predominance observed in the two 
previous groups. ICU admission rates were reported by two studies and ranged 
between 23% and 29%. ECMO was used by three patients in one study[21]. An overall 
mortality rate between 20% to 40% was observed. Overall mortality variation in 
multinational studies have ranged from close to 30 % to over 90 %. There was also a 
significant inter-hospital variability in the outcome of critically ill patients which could 
not be attributed to the location or performance of the treating facility[26]. Tomasoni et 
al[24] reported more in-hospital complications such as acute HF (33.3% vs 5.1%, P < 
0.001), acute renal failure (28.1% vs 12.9%, P < 0.001), multiorgan failure (15.9% vs 
5.8%, P = 0.004) and sepsis (18.4% vs 8.9%, P = 0.006) in COVID-19 patients with a 
prior history of HF. This suggests that patients with HF and COVID-19 have a poorer 
outcome than the general population. When compared to hospital admissions for 
other causes, HF patients admitted for COVID-19 were older, more likely to identify as 
Black and/or Hispanic, had higher rates of diabetes and kidney disease and used more 
healthcare resources such as ICU beds (29% vs 15%), mechanical ventilation (17% vs 
6%), and central venous catheter insertion (19% vs 7%; P < 0.001 for all)[21]. They also 
had higher in-hospital mortality (24.2% vs 2.6%) as well as higher skilled-nursing and 
rehabilitative care requirement among survivors (13% vs 41%)[21]. Similar conclusions 
were drawn by Alvarez-Garcia et al[22], who noted that the history of HF was an 
independent risk factor for the need for ICU care (adjusted OR 1.71; 95%CI: 1.25-2.34; P 
= 0.001), intubation and mechanical ventilation (adjusted OR 3.64; 95%CI: 2.56 -5.16; P 
< 0.001), and in-hospital mortality (adjusted OR 1.88; 95%CI: 1.27-2.78; P = 0.002). 
Furthermore, the former was the only study to look at outcomes stratified by left 
ventricular ejection fraction (LVEF) and found that cardiogenic shock (7.8% vs 2.3% vs 
2%; P = 0.019) and HF-related causes for 30-day readmission (47.1% vs 0% vs 8.6%) 
were significantly higher in patients with HF with reduced ejection fraction (HFrEF) 
than in those with HF with midrange ejection fraction (HFmrEF) or HF with preserved 
ejection fraction (HFpEF)[22]. Multivariate cox regression identified older age, more 
severe HF [baseline New York Heart Association (NYHA) functional classes III and 
IV], previous mitral regurgitation, lower systolic blood pressure, lower oxygen 
saturation, lower lymphocyte count, and increased troponin concentrations as risk 
factors for in-hospital mortality in COVID-19 patients with HF[22].
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Table 3 Studies reporting outcomes in heart failure patients with coronavirus disease 2019, n (%)

No. 1 2 3 4 5

Ref. Bhatt et alI[21] Alvarez-Garcia et al[22] Caraballo et al[23] Tomasoni et al[24] Andersson et 
al[25]

Country United States United States United States Italy Denmark

Patient number 8383 422 206 90 90

Study type Retrospective cohort, 
multicentre

Retrospective cohort, 
multicentre

Retrospective cohort, 
multicentre

Retrospective cohort, 
multicentre

Retrospective 
cohort. 
multicentre

Age, 
(mean±SD)

71.7 ± 13.2 72.5 ± 13.3 78 (IQR: 65-87) 73.0 ± 11.4

Male 4178 (49.8) 236 (55.9) 93 (45.1) 66 (73.3)

Risk factors Obesity: 2461 (29.4), morbid 
obesity: 1425 (17.0), 
hypertension: 6997 (83.5), 
diabetes: 5107 (60.9), history of 
arrhythmia: 4548 (54.3), valvular 
disease: 1417 (16.9), kidney 
disease: 5020 (59.9), ESKD: 1689 
(20.1), smoking: 3665 (43.7), 
pulmonary disease: 3539 (42.2), 
asthma: 628 (7.5), anemia: 628 
(7.5), malignancy: 290 (3.5)

Obesity: 169 (40.0), 
hypertension: 382 (90.5), 
diabetes mellitus: 269 
(63.7), dyslipidemia: 228 
(54.0), CAD: 235 (55.7), 
stroke: 114 (27.0), atrial 
fibrillation: 160 (37.9), 
CKD: 177 (41.9), COPD: 94 
(22.3), asthma: 58 (13.7), 
OSA: 57 (13.5)

Hypertension: 164 
(79.6)COPD: 67 
(32.5)CAD: 73 
(35.4)Renal disease:7 9 
(38.3)

Smoker: 42 (55.3), 
hypertension: 68 (75.6), 
dyslipidaemia: 56 (62.2), 
diabetes: 37 (41.1), atrial 
fibrillation: 42 (46.7), coronary 
artery disease: 55 (61.1), 
COPD: 22 (24.4), CKD: 49 
(54.4)

LVEF (%), 
(mean ± SD)

- - - 42.1 ± 13.1 -

HFrEF 3318 (39.6) 128 (30.3) 36 (17.5) 64 (71) -

HFmrEF - 44 (10.4) - - -

HFpEF 3486 (41.6) 250 (59.3) - 26 (29) -

RV dysfunction - - - 16 (28.6) -

Drugs prior to 
hospitalization

- RAAS inhibitors: 260 (61.6), 
beta-blockers: 354 (83.9), 
MRA: 60 (14.2), loop 
diuretics: 318 (75.4), 
thiazides: 64 (15.2), 
antiplatelet: 327 (77.5), 
anticoagulant: 175 (41.5), 
statins: 351 (83.2)

ACEi/ARB: 58 (28.2), 
beta-blocker: 94 (45.6), 
CCB: 69 (33.5), 
SGLT2i: 1 (0.5), 
warfarin: 16 (7.8), 
NOAC: 47 (22.8), 
diuretic: 99 (48.1), 
statin: 117 (56.8)

ACEi/ARBs/ARNI: 42 (50.0), 
MRAs: 23 (34.8), beta-
blockers: 69 (81.2), direct oral 
anticoagulants: 17 (20.5), 
warfarin: 18 (21.6), statins: 47 
(56.0)

-

ICD/CRT - - - ICD: 20 (22.2), CRT: 8 (8.9) 
(both prior to hospitalization)

-

ICU 2431 (29) 98 (23.2) - - -

Ventilation - 96 (22.8) - - -

NIV - - - 28 (31.1) -

IV - 96 (22.8) - 5 (5.6) -

ECMO 3 (0.04) - - - -

ICU stay 
duration 

- 5 (2-11) - - -

Mortality 2026 (24.2) 169 (40.0) 41 (20) 37 (41.1) 33 (27)

- Signifies that the variable was not reported in the study.
ESKD: End stage kidney disease; CAD: Coronary artery disease; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; OSA: 
Obstructive sleep apnea; LVEF: Left ventricle ejection fraction; HFrEF: Heart failure with reduced ejection fraction; HFmrEF: Heart failure with mid-range 
ejection fraction; HFpEF: Heart failure with preserved ejection fraction; RV: Right ventricle; RAAS: Renin angiotensin aldosterone system; MRA: 
Mineralocorticoid receptor antagonist; ACEi: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor blocker; CCB: Calcium channel blocker; 
SGLT: Sodium-glucose linked transporter; NOAC: Novel oral anticoagulants; ARNI: Angiotensin receptor II blocker – neprilysin inhibitor; ICD: 
Implantable cardiovascular-defibrillator; CRT: Cardiac resynchronisation therapy; ICU: Intensive care unit; NIV: Non-invasive ventilation; IV: Invasive 
ventilation; ECMO: Extra-corporeal membrane oxygenation.
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DATA ON CARDIAC TRANSPLANT PATIENTS WITH COVID-19
We analyzed studies that included heart transplant patients separately because they 
are a distinct subset of patients who are likely to be on immunosuppressive therapy. 
We found five retrospective studies with a total of 99 patients (Table 4)[27-31]. This 
was a group of predominantly male patients with a mean age above 55 years and a 
wide variation in requirements for ICU level of care; ranging from 10.5% to 100%. The 
patients who were admitted to ICU were sicker as evidenced by increased requirement 
of vasopressors, mechanical ventilation, and renal replacement therapy (83% vs 38%)
[28]. The mortality rate was between 18% and 37%. In one study, all patients who 
required ICU admission died[29]. This was higher than the mortality rate in the 
general population, but not much more than non-transplanted HF patients or patients 
in ICU. Bottio et al[31] reported that older age (P = 0.002), diabetes mellitus (P = 0.040), 
extracardiac arteriopathy (P = 0.040), previous percutaneous coronary intervention (P 
= 0.040), cardiac allograft vasculopathy score (P = 0.039), lower glomerular filtration 
rate (P = 0.004), and higher NYHA functional classes (P = 0.023) were all significantly 
associated with in-hospital mortality among heart-transplant patients with COVID-19
[31]. We know that steroids are beneficial in severe COVID-19, and cardiac transplant 
patients are often on multiple immunosuppressive medications that include steroids, 
calcineurin inhibitors and anti-metabolites[32]. Whether these immunosuppressive 
medications protected these patients from severe disease is a question that warrants 
further investigation.

In this review, we summarized the relationship between HF, COVID-19 and the role 
of intensive care in patients with COVID-19 and HF. Our review of literature revealed 
many interesting observations. The evidence suggests that patients with HF are more 
likely to be hospitalized after COVID-19 infection. Exact quantification of risk will 
require community-level studies and cannot be derived from the hospital-based 
studies included in this review. Also, patients with COVID-19 are at increased risk of 
developing de novo HF after admission to the hospital; a risk that increases substan-
tially with admission to the ICU. The reversibility and long-term morbidity of COVID-
19 related de novo HF is unclear at this point and will require future studies with 
longer durations of follow up. Patients with COVID-19 and HF had increased chance 
of requiring ICU admission, mechanical ventilation, vasopressors and renal rep-
lacement therapy. They also had more complications and a higher mortality rate when 
compared to non-HF patients. These differences may be due to the effect of additional 
organ injury and decreased physiologic reserve leading to faster decompensation. This 
may also be an indirect marker for variation in practices. While it is expected that 
patients admitted to the ICU are at increased risk for development of complications 
and mortality, what is interesting is that the presence of HF represents an additional 
independent risk factor for the same. Furthermore, due to the similarity in clinical 
presentation, HF in COVID-19 patients is probably underdiagnosed. Therefore, it 
stands to reason that the risk estimate from the studies reported thus far are lower 
than the true risk estimate. It was noteworthy that the outcomes in critically ill heart 
transplant patients with COVID-19 was not very different from critically ill non-heart 
transplant patients. Whether the immunosuppressive medications that heart 
transplant patients are on, provides them with a selective advantage in combating the 
‘cytokine storm’ seen in COVID-19 is a question worth asking. What is clear from our 
analysis of the existing literature is that HF is inextricably linked with the outcomes of 
COVID-19 infection. What is not known is the exact mechanisms by which they are 
linked and therefore, this is a field with immense scope for future research. There are 
many reasons to study HF in COVID-19 patients. Heart-lung interactions dictate that 
insult to one organ, affects the other. Acute respiratory distress syndrome (ARDS) is 
the most common manifestation of severe COVID-19 disease. While hypoxia and 
positive pressure ventilation stresses the right heart, the left heart has to compensate 
for increased metabolic demand. These problems are compounded in patients with 
pre-existing HF. Therefore, it is vital that we investigate the interaction between HF 
and COVID-19 so that we have a better understanding of its pathophysiology, optimal 
management and outcome.

PATHOGENESIS OF HF IN COVID-19
Cardiac troponins were elevated in 8%-12% of COVID-19 cases and the percentage 
rose up to 23%-33% in critically ill patients[1,33,34]. COVID-19 is theorized to injure 
the myocardium indirectly and directly. The systemic inflammatory response and 
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Table 4 Studies reporting outcomes in heart-transplant patients with coronavirus disease 2019, n (%)

No. 1 2 3 4 5

Ref. Latif et al[27] Ketcham et al[28] Singhvi et al[29] Lima et al[30] Bottio et al[31]

Country United States United States United States United States Italy

Patient 
number

28 6 22 5 38

Study type Retrospective 
observational

Retrospective 
observational

Retrospective observational Retrospective 
observational

Retrospective 
observational

Age, (mean 
± SD)

64 (53.5-70.5) 57 (34–73)1 58.6 (49.1–71.2)2 62 ± 9.8 64.9 ± 12.0

Male 22 (79) 6 (100) 14 (63.6) 4 (80) 31 (82)

Risk factors Hypertension:20 (71), 
diabetes:17 (61), lung 
disease: 10 (36), 
malignancy: 5 (18), 
chronic kidney 
disease: 10 (36)

Chronic heart failure: 4 
(67), chronic kidney 
disease: 4 (67), Chronic 
anemia: 3 (50), coronary 
artery disease: 4 (67), 
former tobacco smoker: 1 
(17), diabetes mellitus: 4 
(67), hypertension: 6 
(100), obesity: 3 (50), 
obstructive sleep apnea: 3 
(50)

Hypertension: 21 (95.5), 
diabetes: 12 (54.5), lung disease: 
3 (13.6), chronic kidney disease 
stage ≥ III: 14 (63.6), end stage 
renal disease on dialysis: 3 
(13.6), malignancy (excluding 
non-melanoma skin cancers): 6 
(27.3), HIV: 1 (4.5), current 
smoker: 1 (4.5), former smoker: 
7 (31.8), permanent pacemaker: 
3 (13.6), charlson comorbidity 
index ≥ 5: 12 (54.5)

Ischemic 
cardiomyopathy (pre�
HTx): 2 (40), 
hypertension: 5 (100), 
hyperlipidemia: 3 (60), 
diabetes mellitus: 1 (20), 
obesity: 2 (40), post�
transplant renal 
insufficiency: 2 (40)

Obesity: 7 (18), arterial 
hypertension: 25 (66), 
dyslipidemia: 18 (47), 
diabetes mellitus: 7 (18), 
former smoker: 8 (21), 
peripheral vascular 
disease: 8 (21), COPD: 3 
(8), stroke: 1 (2), 
malignancy: 3 (8), 
previous PCI: 11 (29)

NYHA class - - - - I:27 (71), II:8 (21), III:3 (8), 
IV:0 (0)

ICU 7 (25) 6 (100) 4 (18.18) 2 (40) 4 (10.5)

Ventilation 7 (25) 5 (83) 7 (31.81) 2 (40) 17 (44)

NIV - 0 3 (13.63) 0 15 (39.4)

IV 7 (25) 5 (83) 4 (18.18) 2 (40) 2 (5.2)

ECMO - 0 - 0 0 (0)

Vasopressor - 5 (83) 3 (13.63) - 3 (7.9%)

ICU stay 
duration in 
days

- 8.25 (4-12.5) 7 (4-9) - -

Organ 
dysfunction

HD: 3 (10.71) AKI requiring CRRT: 5 
(83)

RRT: 3 (13.63) AKI requiring HD: 1 (20) -

Morbidity 4 (18) patients 
remained 
hospitalized at the 
end of study period

2 (33) patients still 
admitted at the end of the 
study period

- One patient developed 
mild acute cellular 
rejection

Bacterial coinfection:5 
(13), sepsis: 4 (10.5), 
neurological 
complication: 1 (2.6), 
gastrointestinal 
complication: 1 (2.6)

Mortality 7 (25) 2 (33) 4 (18.18) 0 (0) 14 (36.8)

1Range.
2IQR.
- signifies that the variable was not reported in the study. All patients had COVID-19 confirmed by RT-PCR.
HIV: Human immunodeficiency virus; Htx: Heart transplant; PCI: Percutaneous coronary intervention; COPD: Chronic obstructive pulmonary disease; 
NYHA: New York Heart Association; ICU: Intensive care unit; NIV: Non-invasive ventilation; IV: Invasive ventilation; ECMO: Extra-corporeal membrane 
oxygenation; HD: Hemodialysis; AKI: Acute kidney injury; CRRT: Continuous renal replacement therapy; RRT: Renal replacement therapy; AKI: Acute 
kidney injury.

cytokine storm increases blood viscosity and coagulability, which causes endothelial 
dysfunction[35,36]. The sympathetic activation, tachycardia, increased myocardial 
oxygen consumption and energy expenditure can also injure the myocardium. More 
cases of takotsubo cardiomyopathy are being diagnosed in patients with severe 
COVID-19[37]. Elevated positive end-expiratory pressure during mechanical 
ventilation in COVID-19 patients with severe ARDS increases right ventricular wall 
stress and can further reduce the cardiac output in a failing heart[38]. In a series of 
consecutive autopsy cases, Lindner and colleagues documented SARS-CoV-2 in 24 of 
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39 patients (61.5%), suggesting that direct viral myocardial damage is also possible
[39]. SARS-CoV-2 attaches to human cells after binding with its spikes to the ACE2, 
which are upregulated in patients with cardiovascular disease, diabetes, and those 
treated with ACEi or ARB[40-42]. In light of this observation, role of ACE2 and ACEi 
in the pathogenesis of COVID-19 related myocardial injury has also been investigated 
from a therapeutic point of view.

While there are multiple factors contributing to HF in COVID-19, the incidence of 
true ‘myocarditis’ in COVID-19 in unclear[43]. Some authors estimate that myocarditis 
may account for up to 7% of COVID-19 deaths[44]. This estimate is fundamentally 
flawed because the diagnosis cannot be confirmed in a vast number of cases. Also, the 
presentation of acute coronary syndrome, sepsis-related cardiomyopathy and 
takotsubo cardiomyopathy can mimic myocarditis, making this a challenging 
diagnosis. Myocarditis, even when subclinical, can worsen patient outcomes. In the 
short term, it can increase the risk of arrythmias and precipitate decompensated HF, 
especially in patients with pre-existing chronic HF[45]. In the long term, the resultant 
myocardial fibrosis and negative remodeling can accelerate the decline of systolic 
function leading to a limitation of physical activity. Therefore, in the ICU, it is 
important to screen patients for subclinical myocarditis, by following the AHA 
recommendation of testing patients with signs consistent with myocarditis with one or 
more cardiac imaging methods such as echocardiogram or cardiovascular magnetic 
resonance[46].

SCREENING FOR HF IN THE ICU
Up to one-third of COVID-19 patients admitted to the ICU develop cardiomyopathy, 
and cohort studies from Wuhan have estimated the proportion of COVID-19 patients 
with cardiac injury to be between 20% and 28%[8,47]. Therefore, it would be prudent 
to screen all COVID-19 patients admitted to the ICU for HF. Critically ill patients in 
the ICU, are not able to communicate their complaints, and physical examination 
findings are often limited. A screening algorithm such as the one suggested by the 
Cardiac Society of Australia and New Zealand can be employed in the ICU[48]. 
Incorporation of such a screening algorithm into the treatment protocol will help 
identify more patients with HF and optimize treatment.

Although major society guidelines recommend the measurement of natriuretic 
peptides when the diagnosis of HF is uncertain, they should be interpreted in the 
context of other clinical information due to their high sensitivity and limited specificity
[49,50]. In addition to its diagnostic value, natriuretic peptides also have prognostic 
significance with higher pro-brain natriuretic peptide (pro-BNP) values associated 
with increased mortality[51,52]. Therefore, natriuretic peptides can be used for risk 
stratification of COVID-19 patients with HF. Elevations in cardiac troponins have also 
been observed in COVID-19 patients and may indicate both coronary and non-
coronary disease[53]. Acute coronary syndrome, microvascular ischemia, myocarditis, 
takotsubo cardiomyopathy and arrythmia are some of the reasons for an elevated 
troponin in COVID-19 patients[54]. While this makes the measurement of cardiac 
troponins less useful from the point of view of diagnosing HF, an elevated troponin 
level cannot be ignored as it may point towards underlying heart disease in an 
asymptomatic COVID-19 patient.

ROLE OF CARDIAC POINT OF CARE ULTRASOUND
The American Society of Echocardiography defines cardiac point of care ultrasound 
(POCUS) as ‘focused exams with specific imaging protocols based upon suspicion of a 
specific disease’ and differentiates it from ultrasound assisted physical examination
[55]. POCUS has multiple uses in the diagnosis and management of HF in COVID-19 
patients in the ICU. POCUS has the added benefit of reducing risk of exposure to the 
health-care worker, when compared to the use of stethoscopes[56]. Adhering to a set-
protocol such as the one described by Huang et al[57], will reduce inter and intra-
observer variability. Documenting POCUS findings is important and if possible, the 
images should be stored on the device or on a central server. As this technology is 
relatively new, using mannequins for standardized training in image acquisition and 
interpretation may be helpful[58].
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ECHOCARDIOGRAPHY
The American Society of Echocardiography, in a statement endorsed by the American 
College of Cardiology, recommends that Transthoracic echocardiography should be 
performed if it is expected to provide clinical benefit[59]. In the ICU, this can be done 
at the bedside, with adequate airborne precautions[59]. Echocardiography (ECHO) can 
provide more information when compared to cardiac POCUS and can also be used to 
risk stratify patients to aid in follow up. A study of 75 hospitalized patients with 
COVID-19 showed a significant association between lower LVEF and mortality[60]. 
The mortality among the patients with LVEF < 50% was 65% compared to 26% in the 
group with LVEF ≥ 50%. The patients with LVEF < 50% also had higher troponin T 
and pro-BNP levels[60]. Stepwise modelling demonstrated that mechanical ventilation 
(OR 22.6; 95%CI: 3.0-170.4), LVEF < 50% (OR 8.2; 95%CI: 1.4-46.9), and pro-BNP above 
the cohort median value (OR 5.8; 95%CI: 1.4-23.9) were the strongest predictors of 
mortality[60]. Similar findings were reported by Alvarez-Garcia et al[22], as mentioned 
previously. Both left ventricular global longitudinal strain (HR 1.39; 95%CI: 1.11-1.76) 
and right ventricular longitudinal strain (HR 1.33; 95%CI: 1.15-1.53) were associated 
with increased mortality in COVID-19[61,62]. ECHO also allows for more detailed 
evaluation of right heart function, including tricuspid annular plane systolic 
excursion/pulmonary artery systolic pressure ratio (HR 0.026; 95%CI: 0.01-0.579; P = 
0.019) which was an independent predictor of mortality in one study[63].

MANAGEMENT OF ACUTE HEART FAILURE IN THE ICU
Management of acute HF in COVID-19 patients in the ICU should be done according 
to established guidelines and protocols. Although questions have been raised about 
the potential deleterious effects of ACEi and ARBs in COVID-19, a joint statement 
from the Heart Failure Society of America and American College of Cardiology/ 
American Heart Association recommends continuation of these medications in 
patients with HF, if hemodynamics allow[64]. An effort must be made to identify HF 
due to takotsubo cardiomyopathy, which may masquerade as an acute coronary 
syndrome, but is increasingly being recognized in the context of COVID-19[37]. Since 
catecholamine-excess is considered to be part of the pathogenesis behind takotsubo 
cardiomyopathy, this subset of patients may benefit from restricting the use of 
catecholamine-inotropes such as dobutamine and dopamine and replacing them with 
non-catecholamine inotropes such as levosimendan and milrinone[65-67]. In patients 
who develop HF refractory to inotrope support, mechanical circulatory support, e.g., 
veno-arterial ECMO or other cardiac assistive devices such as Impella (Abiomed, 
Danvers, MA, United States) may be used. These interventions are resource intensive 
and may not be available in all centres. In patients with suspected myocarditis or 
cytokine mediated injury, high dose corticosteroids, intravenous immunoglobulin and 
even selective cytokine blockade are options that can be considered on an experi-
mental basis, given the absence of strong evidence of their benefit[68].

EXTRA-CORPOREAL MEMBRANE OXYGENATION 
The World Health Organization has recommended that ECMO can be used in 
experienced centres for the management of critically ill COVID-19 patients with ARDS 
with or without HF[69]. The Extracorporeal Life Support Organization has emp-
hasized that ECMO should be judiciously used as a rescue strategy in severely ill 
patients since it is a resource-intensive, highly specialized, and expensive form of life 
support with the potential for significant complications[70]. Key considerations while 
implementing ECMO include proper patient assessment and selection, personnel 
assignment, infection control measures before and during ECMO initiation as well as 
devising protocols for ECMO weaning, decannulation and rehabilitation[71]. Given 
the resource intensive nature of ECMO, some authors have raised the question of 
whether it is worth using during a pandemic[72]. Barbaro et al[73] used the data from 
the ELSO registry and determined that the mortality in COVID-19 patients who 
required ECMO was less than 40%. This shows that in the appropriate setting, ECMO 
is indeed beneficial in critically ill COVID-19 patients.

The role of ECMO after CPR (E-CPR) is unclear at this point, and as of February 3, 
2021, the Extracorporeal Life Support Organization registry has reported 32 COVID-19 
patients who underwent E-CPR[74]. Current guidelines recommend judicious use of 
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E-CPR and only in centres that already have experience in its use[70,75,76]. Candidate 
selection should be done with due consideration of the patients comorbidities, other 
organ function, short and long-term life expectancy, availability of ECMO resources 
and risk of infectious exposure during cannulation and bed-side management[71].

LEFT-VENTRICULAR ASSIST DEVICES
Literature on left ventricular assist devices and COVID-19 are scant. LVADs have been 
used with varying success in the management of HF in COVID-19. Valchanov et al[77] 
have described a case of a 43-year patient with severe COVID-19 ARDS and HF who 
was managed with veno-arterial ECMO and an Impella 5.0 ventricular assist device. 
The patient, however, succumbed to his illness after a 3-wk period. There are case-
reports and case-series of patients on long-term LVAD who developed COVID-19[78-
82]. It is important to recognize that COVID-19 patients with LVADs are particularly 
prone to thrombotic complications. This requires intensivists to walk a fine line 
between potential complications of bleeding and thrombosis. In recipients with 
COVID-19 infection, daily interrogation of LVAD parameters can help in the early 
recognition of early signs of hemodynamic compromise, pump thrombosis, right 
ventricular failure, vasoplegia associated with secondary infection, or innate device 
malfunction[83].

REHABILITATION OF HF PATIENTS WITH COVID-19 AFTER ICU DISCH-
ARGE
Rehabilitation of COVID-19 survivors who were in the ICU is critical. In those who 
developed HF, this becomes even more important. COVID-19 survivors who were 
critically ill often develop respiratory sequelae, cognitive sequelae, deconditioning, 
critical-illness related myopathy and neuropathy, dysphagia, joint stiffness and pain 
and psychiatric problems[84,85]. An early physical medicine and rehabilitation 
consultation, will help identify and address these issues early on. Rehabilitation can be 
initiated while the patient is still in ICU. However, more holistic rehabilitation will 
require assessment of respiratory capacity, muscle strength, exercise capacity, gait 
speed, balance and activities of daily living[86]. This is preferably done in a dedicated 
rehabilitation facility, after the patient is discharged home[82]. A graded exercise-
based cardiac rehabilitation strategy can be prescribed, in accordance with standard 
HF guidelines[87].

Home based cardiac rehabilitation programs with telemonitoring methods can also 
be considered[88]. Few authors have reported promising results with remote cardiac 
care during the COVID-19 pandemic with telemonitoring devices such as the V-LAP™ 
(Vectorious Medical Technologies, Ltd) device for monitoring left atrial pressure as 
well as the HeartLogic platform (Boston Scientific, Marlborough, Massachusetts)[89,
90]. Although this technology is relatively new, we may soon see its integration into 
rehabilitation protocols for patients with HF, after ICU discharge.

LIMITATIONS 
We identified that only very few studies discussed the medical management of sick 
patients with COVID-19 in the background of HF. While many studies reported 
prevalence of ‘cardiovascular disease’ and ‘cardiac injury’ (usually defined as troponin 
I above the 99th percentile upper reference limit or new abnormalities shown on 
electrocardiography and echocardiography) in COVID-19 patients, the number of 
studies that reported chronic and de novo HF in this cohort was limited. Part of the 
reason may be the similarity in presentation of severe COVID-19 ARDS and acute 
decompensated HF. This is particularly challenging in the ICU patients, in whom both 
conditions often coexist. Moreover, HF is both a risk factor and a complication of 
COVID-19. Moreover, studies included in this review were retrospective and lack 
granular details on the severity of the disease, medical treatment, comorbidities, drug 
interactions, and outcome. Details of COVID-19 infection on the management of HF 
and vice versa were also not uniformly addressed. Outcomes in different studies were 
different. Details of treatment of COVID-19, duration of therapy, length of hospital 
stay, the long-term outcome were not uniformly available. Details of intensive care 
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treatment, including mode of ventilation, pressors of choice, renal replacement 
therapies, the role of sedatives and paralytics on this subgroup of populations were 
also not discussed in all studies. However, the strength of the studies was that it 
included studies with patients having COVID-19 in the background of HF from all 
over the world. We also tried to identify the predictors of morbidity and the role of 
intensive care therapy in these patients, from the literature. More research focusing on 
this subset of patients is necessary to clarify the pathogenesis, improve screening 
methods and identify optimal therapeutic strategies.

CONCLUSION
In this review, we identified that HF is an independent predictor of mortality in 
hospitalized COVID-19 patients. Patients with HF were more likely to require 
ventilation, ICU admission and develop complications. Patients with HFrEF did worse 
than those with HFmrEF and HFpEF. COVID-19 patients with HF should be identified 
early and managed aggressively in an attempt to improve outcomes in this cohort of 
patients.
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Abstract
The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which 
triggered the ongoing pandemic, was first discovered in China in late 2019. SARS-
CoV-2 is a respiratory virus responsible for coronavirus disease 2019 (COVID-19) 
that often manifests as a pneumonic syndrome. In the context of the pandemic, 
there are mixed views on the data provided by epidemiologists and the 
information collected by hospital clinicians about their patients. In addition, the 
literature reports a large proportion of patients free of pneumonia vs a small 
percentage of patients with severe pneumonia among confirmed COVID-19 cases. 
This raises the issue of the complexity of the work required to control or contain 
the pandemic. We believe that an integrative and pluralistic approach will help to 
put the analyses into perspective and reinforce collaboration and creativity in the 
fight against this major scourge. This paper proposes a comprehensive and 
integrative approach to COVID-19 research, prevention, control, and treatment to 
better address the pandemic. Thus, this literature review applies a pluralistic 
approach to fight the pandemic.
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Core Tip: Pandemic control requires optimal knowledge of the pathogen, infection 
routes, mode of transmission, and intervention strategies. The contagiousness of 
coronavirus disease 2019 (COVID-19) complicates pandemic control or containment 
because asymptomatic carriers, incubating patients, and recovered patients are all 
potentially contagious. This literature review proposes and justifies the value of a 
pluralistic and integrative approach to COVID-19 research, prevention, control and 
treatment.
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INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative 
pathogen of the ongoing pandemic, was first detected in late 2019 in Wuhan, Hubei 
Province, China. This novel respiratory virus causes the infectious coronavirus disease 
2019 (COVID-19), which often manifests as pneumonia[1]. At least two previously 
identified coronaviruses, responsible for SARS-CoV and Middle East respiratory 
syndrome coronavirus, respectively, have accelerated the understanding of the 
epidemiology and pathogenesis of SARS-CoV-2[1-4]. Investigations are ongoing to 
determine the precise origin of the virus.

To control this global scourge, the scientific community and health professionals 
must invest in understanding the virus, the infection, its spread, the distribution, and 
its evolution to develop reliable strategies for prevention and/or response. However, 
public health professionals and/or infectious diseases specialists are often at the front 
line in the fight against outbreaks or pandemics. However, the statistics provided by 
epidemiologists often contrast with the information collected by practicing clinicians 
regarding their patients[5]. Although data collected from travelers coming from areas 
with a high incidence of COVID-19 may be useful for estimating the incidence, this 
risk measure is controversial. While epidemiologists use statistical methods or 
mathematical models to assess the magnitude of the epidemic in the community (e.g., 
incidence), clinicians focus on patients based on the number of hospitalizations[5]. 
According to the literature, 80% of confirmed COVID-19 cases did not have pneu-
monia, approximately 15% had severe pneumonia, and approximately 6% were 
admitted to intensive care units (ICUs) for the treatment of respiratory failure, shock, 
or multiorgan damage[6]. Asymptomatic infected persons and incubating patients 
(potential sources of virus transmission) or patients who have recovered from COVID-
19 without showing a reduced SARS-CoV-2 viral load by a factor of 1/106 (i.e., a 6-log 
reduction), can pose serious challenges for disease prevention and control[1,7].

This raises the issue of the complexity of pandemic control or containment. We 
believe that a pluralistic and integrated approach will put into perspective the 
specificities of each discipline and reinforce collaboration and creativity in the fight 
against this scourge. This paper proposes a collaborative approach of competencies to 
capitalize on expertise, an integrated strategy for interventions for the control of 
epidemic or chronic diseases, and a global patient management plan for disease 
and/or pandemic control.

METHODS
We analyzed the scientific literature according to six main areas of expertise. We 
searched the PubMed database to construct a clinical scientific bibliography. The basic 
search term used for the literature search was “covid+19,” followed by one or other 
thematic terms, including virology, epidemiology, prevention, control, Africa, 
infection, and treatment. Preference was given to the “review” and “most recent” 
filters. The most appropriate articles for each thematic term were selected for the 
analysis and discussion. Table 1 summarizes the reference portals according to the 
corresponding target groups and disciplines. An additional search focused on the 
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Table 1 Documentary research by target groups and by specialty disciplines

Target 
groups Documentary research links

Documentary 
search dates 
and periods

Main fields/remarks 

Biologists https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+virology&filter=pubt.review 12/10/2020 Medical biology 
(virology, molecular 
biology, clinical 
biochemistry, 
hematology, 
immunology, etc.)

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+epidemiology&filter=pubt.review 14/10/2020

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+prevention&filter=pubt.review 12/10/2020

Public health 
(epidemiology, 
community health, etc.)

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+control&filter=pubt.review 13/10/2020

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+Africa&filter=pubt.review

Public health 
professionals

https://eu.boell.org/en/2020/08/17/dr-congo-challenge-convincing-people-coronavirus-
exists

12/10/2020

Communication 
(transversal)

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+infection&filter=pubt.clinical study 12/10/2020 

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+treatment&filter=pubt.randomized 
controlled trial

13/10/2020 

Clinicians

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+vaccination&filter=pubt.review 14/02/2021

Medicine (infectiology, 
pneumology, 
cardiology, internal 
medicine, etc.)

https://pubmed.ncbi.nlm.nih.gov/32230900/

https://www.ncbi.nlm.nih.gov/research/coronavirus/

http://www.health.belgium.be/eportal/disclaimer/

https://rega.kuleuven.be/if/corona_covid-19

Researchers

https://covid19.sciensano.be/sites/default/files/Covid19/Covid19_fact_sheet_ENG.pdf

January 2021 Research (transversal or 
universal character of 
science)

Decision-
makers

N/A A pluralistic approach 
to inform and guide 
health policies

basic term “covid+19,” followed by “vaccination” with “most recent” as the preferred 
filter. The PubMed literature search (including the additional vaccination search) was 
performed from October 12, 2020, to February 14, 2021 (Table 1). Figure 1 presents the 
flow chart of the search for articles and publications.

RESULTS AND DISCUSSION
Biology and virology
SARS-CoV-2 is a member of the coronaviridae family. It is a beta-coronavirus 
(subgroup B Sarbecovirus) enveloped with a large single-stranded RNA + that can 
infect animals and humans[8]. In humans, the structural (spike) protein of the viral 
envelope recognizes angiotensin-converting enzyme 2 (ACE2) as a receptor and 
preferentially infects pulmonary epithelial cells. The spike protein binding domain 
binds to ACE2; the host transmembrane protease serine 2 protease then cleaves the 
protein to expose fusion peptides that fuse the virus to cell membranes[2,9]. ACE2 is 
expressed in several human tissues, including the lung, small intestine, kidney, heart, 
thyroid and adipose tissues, which can be infected by SARS-CoV-2 and cause various 
symptoms[8,10].

The genome of SARS-CoV-2 is 96.2% and 79.5% identical to the sequences of 
RaTG13 (bat) CoV and SARS-CoV, respectively. Accordingly, bats are considered the 
natural host and a potential origin of the virus and may have transmitted the virus to 
humans through an unknown intermediary or directly via the aquatic wildlife market 
in Wuhan[8,11,12]. In the absence of strong evidence of pangolins as an intermediate 
host, some authors have suggested the need for coronavirus surveillance in these 
animals in the wild to minimize human exposure[13]. SARS-CoV-2 may also be 
transmitted by aerosols or vehicles (hands or soiled objects). Depending on the amount 
of inoculum, the virus can remain viable and infectious for hours in aerosols and days 

https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+virology&filter=pubt.review
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+epidemiology&filter=pubt.review
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+prevention&filter=pubt.review
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+control&filter=pubt.review
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+Africa&filter=pubt.review
https://eu.boell.org/en/2020/08/17/dr-congo-challenge-convincing-people-coronavirus-exists
https://eu.boell.org/en/2020/08/17/dr-congo-challenge-convincing-people-coronavirus-exists
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+infection&filter=pubt.clinical study
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+treatment&filter=pubt.randomized controlled trial
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+treatment&filter=pubt.randomized controlled trial
https://pubmed.ncbi.nlm.nih.gov/?term=covid+19+vaccination&filter=pubt.review
https://pubmed.ncbi.nlm.nih.gov/32230900/
https://www.ncbi.nlm.nih.gov/research/coronavirus/
http://www.health.belgium.be/eportal/disclaimer/
https://rega.kuleuven.be/if/corona_covid-19
https://covid19.sciensano.be/sites/default/files/Covid19/Covid19_fact_sheet_ENG.pdf
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Figure 1 Flow chart of the search for articles and publications. COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory syndrome 
coronavirus 2.

on surfaces[14-16]. Longer SARS-CoV-2 and SARS-CoV-1 viabilities on stainless steel 
and plastic have been reported. The median half-life of SARS-CoV-2 was 6 h for 
stainless steel and 7 h for plastic[17]. Hence, universal hygiene precautions such as 
hand washing with soap and water, wearing masks, and cleaning surfaces have been 
recommended.

The pre-analytical phase is crucial. The quality of the analysis or results depends on 
the sample quality. Sputum samples may have viscous consistency due to mucus 
(purulent or not).

The effective extraction of viral nucleic acid requires the liquefaction of sputum to 
avoid false-negative results[18]. Moreover, the use of swabs made of non-compliant 
materials may inactivate the virus particles or inhibit polymerase chain reaction (PCR). 
For nasopharyngeal or oropharyngeal swabs, swabs (standard or flocked) with a 
flexible plastic shaft are recommended. Quantitative molecular tests (quantitative 
reverse transcription-PCR) are used to complement clinical, biological, and rad-
iological investigation tools[19]. Although molecular tests are highly specific for the 
diagnosis of COVID-19, their sensitivity depends largely on parameters such as the 
specimen type, time of specimen collection, sampling technique, test quality, and 
technician qualification[20-23].

Immunoassays measure the levels of antibodies [circulating immunoglobulin M 
(IgM) and IgG] in patients with COVID-19. However, the usefulness of these tests as 
an epidemiological tool is questioned in terms of their sensitivity and specificity, since 
the results may vary depending on the serological window. This window must be 
neither too early nor too late to produce an interpretable result[24].

One study reported a higher sensitivity for the detection of IgA (about 4-25 d after 
disease onset), with IgG reportedly better for diagnosis in later stages of the disease
[25]. A diagnosis of COVID-19 is suspected in cases in which the symptoms of 
respiratory infection occur within 14 d (consistent with the incubation time) in an 
asymptomatic person coming from an epidemic area[26]. The association of SARS-
CoV-2 viral load relative to the nasopharyngeal specimen with COVID-19 severity has 
been reported, in which a higher viral load was associated with a lower lymphocyte 
count, greater organ damage, and longer time to molecular test negativity[27]. Higher 
viral loads were detected soon after symptom onset, with higher loads in the nose 
compared to throat swabs. The same study suggested that the kinetics of SARS-CoV-2 
nucleic acid clearance resembled that of influenza and differed from that of SARS-
CoV. In addition, the similarity of viral loads in symptomatic and asymptomatic 
patients suggests that minimally or asymptomatic people may potentially be 
infectious. Therefore, transmission may occur early during infection. Case detection 
and isolation may require strategies different from those previously used to control 
SARS-CoV. The identification of minimally or asymptomatic patients and modest 
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levels of viral RNA (detectable in the oropharynx) suggest the need for further invest-
igation to determine the transmission dynamics and inform screening practices[28]. 
Furthermore, the implications of positive (or negative) test results in asymptomatic 
individuals remain undetermined, as well as the interpretation of these results for 
immune passports (detection of signals of past infection). The findings seem to 
contradict much of the popular literature on the use of the test as a tool for COVID-19 
management. Although testing is an essential part of disease management, including 
COVID-19, its inappropriate use may have unintended adverse consequences[29]. 
Therefore, clinicians must consider other factors when interpreting a patient's test 
results. The Food and Drug Administration (FDA) issued approval to biotechnology 
firms to provide COVID-19 tests. One of the major areas of FDA intervention is to 
increase the availability of tests, treatments, and materials such as ventilators and 
personal protective equipment (PPE)[30,31]. The World Health Organization (WHO) 
regularly updates the list of qualified reference laboratories to confirm COVID-19 test 
results[32].

Epidemiology
To better control the epidemic, scientists are investigating how SARS-CoV-2 is trans-
mitted and spread. Initial data from patients in China provided information on the 
mode of human-to-human transmission, mainly via the respiratory route, most likely 
through close contact[33,34]. Human-to-human transmission was demonstrated in the 
first confirmed cases of infection in Wuhan, China[28]. It is generally accepted that the 
more a person interacts with others and the longer this interaction lasts, the higher the 
risk of COVID-19 transmission. However, further investigations are needed to under-
stand if and how different animals may be affected by this disease. Researchers at the 
Friedrich Loeffler Institute in Germany reported that raccoon dogs (Nyctereutes 
procyonoides), an invasive carnivorous animal used for fur, are a potential intermediate 
host in SARS-CoV-2 transmission. The researchers proposed that the farms where 
these animals are raised may serve as reservoirs for SARS-CoV-2 and that this risk 
should be mitigated by effective and continuous surveillance. In their opinion, while it 
is possible to control the virus on farms, spillover to susceptible wildlife and, in 
particular, to free-living raccoon dogs would be a major challenge to elimination[35]. 
Signs of respiratory pathology and increased mortality have also been described in 
farmed minks (Neovison mink) infected with SARS-CoV-2[36,37]. Evidence of animal 
transmission of SARS-CoV-2 to humans on mink farms was also reported in a phy-
logenetic study[38]. However, the authors indicated that some farm residents may 
have been infected within their households and not directly via the mink. They added 
that the survey did not identify common factors that could explain the spread among 
farms, probably via temporary workers not included in the tests. They were concerned 
that the fur production and trade sector not become a reservoir for the future re-
emergence of SARS-CoV-2 in humans.

Globally, incidences ranging from 0.00 to 61.44 per 1000000 persons were reported 
for COVID-19 at the end of February 2020. Much lower incidences (perhaps due to 
weaknesses in reporting systems) were recorded in Africa (0.00 for Nigeria and 0.02 
for Algeria). In contrast, higher incidences of 55.06 and 61.44 were reported in China 
and the Republic of Korea, respectively. The numbers of deaths per 1000000 people 
ranged from 0.00 in Nigeria to 1.97 in China[39]. Africa accounts for less than 1% of the 
global SARS-CoV-2 mortality[40].

A molecular study reported the early transmission of COVID-19 and a hetero-
geneous epidemic in South Africa[41]. The study sought to better understand the 
epidemic heterogeneity of SARS-CoV-2 strains and their introduction during the first 
month of the epidemic in that country. The early introduction of SARS-CoV-2 into 
Kwazulu Natal resulted in a localized outbreak in one hospital, which is a likely 
explanation for the initially high mortality rates in the province. The high rate of 
COVID-19 transmission in the Western and Eastern Cape highlights the critical need to 
strengthen local genomic surveillance in South Africa.

All 54 African countries officially reported cases of COVID-19. More than 3000000 
people tested positive for COVID-19, with more than 99000 deaths (3.3%). These 
relatively low levels of mortality may be due to the rapid response in some countries, 
including South Africa, Uganda and Ethiopia. In addition to the rapid and insightful 
implementation of stringent response measures, the demographics of the continent 
(the youthfulness of the sub-Saharan African population) may have conferred some 
advantage, as a large fraction of deaths caused by COVID-19 occurs in patients over 70 
years of age[42,43]. However, the hypothetical effectiveness of containment measures 
across this continent may be premature. Poor reporting quality, limited commu-
nication systems for patients and health professionals, and insufficiency of 
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surveillance and screening centers across the continent may also contribute to the low 
reported numbers. The registration rates of all deaths and their causes are incomplete 
in many African countries because accurate estimates are difficult to obtain, with 
coverage of registered deaths varying from 5% in Mozambique, 16% in Zambia, 25% in 
Botswana and Ghana, and 67% in South Africa[44]. In addition, COVID-19 may be 
confused with other infectious diseases, such as malaria, typhoid, human immunodefi-
ciency virus (HIV)-AIDS, and tuberculosis[45]. These confounding factors can 
negatively impact the reporting of cases and deaths attributable to COVID-19[42]. 
Moreover, cultural challenges such as community stigmatization of infected patients, 
who consequently avoid medical assistance and consult traditional practitioners, 
further lead to underreporting. Country experience with pandemics and epidemics 
varies across the African continent, which may influence preparedness (e.g., 
availability of testing and PPE). West African countries may be better able to respond 
given their recent experiences with Ebola. Similarly, East African countries have also 
gained critical epidemic experience from cholera, which has repeatedly affected the 
region in recent years[46].

The uncertainties regarding the impact of SARS-CoV-2 infection in Africa 
underscore the need for critical monitoring of the evolution of the pandemic and the 
factors affecting disease burden. Even in the absence of more effective vaccines and 
treatments, Africa can lead the fight against this scourge provided that appropriate 
containment intervention systems are put in place by addressing systematic challenges 
such as access to water, improved food systems, health education, bed capacity in 
intensive care hospitals, and increased funding and investment in health care[40].

Infection and pathology 
The onset of clinical symptoms seems to favor contagiousness. In some individuals, 
contagiousness may occur several days before symptom onset. However, con-
tagiousness is more marked in symptomatic persons during coughing. The average 
incubation period varies from 5 to 6 d, ranging from 2 to 14 d, which justifies the 14-d 
quarantine period[34]. The initial symptoms (headache, muscle pain and fatigue) are 
not specific and are followed 2 or 3 d later by fever and respiratory signs.

The clinical manifestations can be severe. Scientists are still seeking to understand 
COVID-19 severity. Preliminary descriptive studies of databases in China indicated an 
average time of 1 wk from symptom onset to hospital admission when the disease 
becomes severe. At this stage, the symptoms include fever, cough, chest pain, and 
respiratory discomfort. Chest computed tomography (CT) scans almost always show 
bilateral pneumonia[47]. Since the initial studies, other reported clinical signs include 
central nervous system involvement (e.g., disorientation, especially in the elderly); 
sudden loss of taste and/or smell, which occur infrequently but allow confirmation of 
COVID-19 diagnosis[33,48]. Many patients with COVID-19 present neurological sym-
ptoms (including headache, myalgia, and altered consciousness), that are sugg-estive 
of the disease.

Some patients with SARS-CoV-2 present with symptoms suggestive of acute stroke, 
epilepsy, encephalopathy, and demyelinating neuropathies and without cough, fever, 
or other respiratory problems that could provide clues to the underlying pathology. 
Diagnosing and administering appropriate treatments to these patients is challenging 
and requires specialized neurologists, which are sorely lacking in Africa[42].

Real-time Assessment of CommunityTransmission-1 study data showed that chills, 
loss of appetite, headache, and muscle pain were the symptoms most strongly 
associated with infection, along with the four classic symptoms. The presence of one or 
more symptoms was associated with SARS-CoV-2 infection, with stronger asso-
ciations with increasing numbers of symptoms. A loss or change of smell was less 
predictive of COVID-19 infection, while the proportion of people testing positive with 
a persistent new cough appeared to be increased[49].

The severity of clinical signs requires hospitalization in approximately 20% of 
patients, while 5% require admission to intensive care. The most severe forms are 
mainly observed in people who are vulnerable because of their age (over 70 years) or 
comorbidities (including diabetes and cardiovascular diseases)[47]. Patients with 
COVID-19 requiring ICU hospitalization are generally frail and have significant com-
orbidities. The outcomes in this group were generally poor and did not appear to be 
influenced by ICU admission. Symptoms of COVID-19 infection occurred during 
hospitalization for a different medical problem in 38% of the patients analyzed[50].

Observational and modeling studies have shown 30% to 60% of infected patients are 
asymptomatic (absence of clinical manifestations) or “paucisymptomatic” (presence of 
few symptoms)[47].
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Determination of the clinical, laboratory, and radiological characteristics of patients 
suspected of COVID-19 infection are essential for early isolation, treatment, and 
contact tracing[51]. A positive COVID-19 test result in patients with hip fractures was 
associated with a 2.4-fold increase in 30-d mortality risk[52]. During the peak period of 
the COVID-19 epidemic in New York city, more than half of patients with emergent 
large vessel occlusion (ELVO) stroke were positive for COVID-19 and were younger, 
more likely to be male, and less likely to be white. These findings also suggested an 
increased incidence of ELVO stroke during the peak of the COVID-19 epidemic[53]. 
One study suggested that conditions (comorbidities, rheumatic diseases) and abnor-
mal laboratory parameters such as C-reactive protein (CRP), D-dimer, lactate dehydro-
genase (LDH), and increased serum ferritin levels were significantly associated with 
mortality, in contrast to a previous use of antirheumatic drugs. The authors suggested 
that inflammation was closely related to COVID-19 severity. Their key findings were 
as follows: (1) Most patients recovered from COVID-19 disease; (2) The use of 
antirheumatic drugs, corticosteroids, and biological agents did not increase the risk of 
mortality; and (3) Rheumatic disease activity may be associated with mortality[54].

Advanced age, diffuse distribution, and hypoxemia may help clinicians to identify 
COVID-19 patients with a poor prognosis. Similarly, aggregated social media data 
may also influence disease prognosis[55]. Higher troponin T levels and lower lym-
phocyte counts were predictive of disease progression. Early ventilation may be an 
effective treatment for severe cases[56]. Severe and consistent lymphopenia with 
significantly reduced lymphocyte subgroups with normal CD4/CD8 ratio has been 
reported in critically ill patients. In addition, extremely reduced transferrin saturation 
at ICU admission and a significant increase on days 3 to 6 with constant hyperferrit-
inemia during the ICU stay have been reported[57]. More severe COVID-19 disease 
was observed in patients who were older, male, African-American, obese, diabetic, 
and with a higher overall comorbidity burden. Certain comorbidities paradoxically 
increased the risk in younger patients in most cases. Among inpatients, male sex was 
the primary determinant of the need for more intensive care. Further investigations are 
needed to understand the mechanisms underlying these findings[58]. A cohort study 
of COVID-19-related deaths in Ontario, Canada, reported a concentrated risk of 
mortality among residents of long-term care (LTC) facilities, which increased over a 
short time. A study on preventing the spread of COVID-19 between facilities reported 
the need for the early identification of risk, which necessitates screening and provision 
of PPE to staff as well as restructuring of LTC staff[59]. Patients with COVID-19 with 
an increased ST-segment myocardial infarction (STEMI) picture showed a favorable 
disease course to a high thrombotic burden and poor prognosis[60]. The authors 
suggested the need to determine the COVID-19 status in all STEMI cases. They also 
suggested the need for further work to understand the mechanism of increased 
thrombosis and identify aggressive antithrombotic therapy. An observational study 
reported the correlation of amino acid and fatty acid metabolism with COVID-19, 
providing information on the mechanism, potential markers of clinical severity, and 
potential therapeutic targets[61]. LDH and CRP may influence respiratory function 
and may be considered predictive of respiratory failure in patients with COVID-19. 
The authors suggested the usefulness of these biological markers for the early identi-
fication of patients requiring closer respiratory monitoring and more aggressive 
supportive therapies to avoid a poor prognosis[62]. One study observed that ischemic 
and hemorrhagic strokes complicated the course of COVID-19. In that series, these 
events occurred mainly in patients with severe pneumonia and multiorgan failure. 
Liver enzymes and LDH levels were markedly increased in all cases, and the pro-
gnosis was poorer[63]. Another study reported that more than half of the infected 
patients with cancer were susceptible to severe COVID-19. This risk was exacerbated 
by concurrent anticancer treatment and predicted poor survival despite COVID-19 
treatment[64].

A transient twofold increase in the incidence of out-of-hospital cardiac arrest, 
associated with reduced survival, was observed during the pandemic, in contrast to 
data observed in a similar period during previous pandemic-free years. The authors 
proposed that this finding was partly related to COVID-19 but was also likely due to 
the indirect effects of the pandemic associated with lock-in and rehabilitation of 
healthcare services. They suggested that these factors should be considered when 
reviewing mortality data and public health strategies[65]. While the correlation 
between the prevalence of heterozygous beta-thalassemia and COVID-19 immunity 
has been reported, further investigations are required to confirm this finding[66].
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Prevention, control, and communication 
Communication strategies should focus on the routes of transmission (upper airways), 
modes of contamination (direct contact with respiratory secretions through airborne 
droplets and indirect contact through hands or soiled objects), and means of 
prevention. These strategies must be based on reliable and credible information and 
data. Prejudices and misinformation about the disease are often based on preliminary 
observations that are sometimes unreliable and speculative. However, this leads to 
confusion, panic, and anxiety among citizens[67]. This situation has been described as 
an "infodemic" by the WHO[68]. Clear and simple coherent messages based on the risk 
of transmission are preferred for good compliance with barrier measures[69]. Strict 
compliance with individual protective measures, combined with collective measures 
(containment, discouragement of gatherings), contributes synergistically to breaking 
the chain of transmission of both SARS-CoV-2 and other respiratory pathogens[70]. 
Measures such as containment and discouragement of gatherings help to reduce 
population density and, thus, reduce viral transmission.

Above all, distracting and/or annoying messages, as well as biased and sometimes 
unjustified measures, should be avoided. Anxiety-provoking messages should be 
avoided, as they cause panic and stress, emotional factors that weaken the immune 
system and, thus, expose the body to pathogens. Collective concerns can influence 
daily behaviors, economics, prevention strategies, and political decision-making of 
health organizations and medical centers, weakening COVID-19 control strategies, 
resulting in high morbidity and mental health needs worldwide[71].

The following means of protection and/or prevention are recommended: (1) Hand 
washing with soap and water; (2) Antiseptics (hydroalcoholic hand rubs); (3) 
Disinfection of soiled areas and materials using sodium hypochlorite or glutaral-
dehyde; (4) Wearing protective equipment (bibs, masks, gloves, lab coat, gowns, etc.); 
(5) Prohibition of activities that encourage gatherings to reduce the risk of viral spread; 
and (6) Home confinement if possible, especially during the outbreak[33,72-74].

However, frequent hand washing involves prolonged exposure to water and other 
chemical or physical agents, which results in pathophysiological variations. Unde-
sirable dermatological effects such as excessive skin dryness or contact dermatitis 
(most often irritating and sometimes allergic), can occur, especially in people with a 
history of atopic dermatitis. These skin conditions are manageable with the application 
of a moisturizer immediately after hand washing or disinfectant use to prevent hand 
eczema[75].

It is important to remember certain public health concepts. The public health system 
(PHS) plays a key role in both patient management and disease prevention or control. 
In other words, achieving medico-social objectives requires an efficient, proactive PHS 
that is well adapted to the realities on the ground. Weak PHSs often face two main 
challenges in the management of an epidemic or a pandemic: The quality and/or the 
capacity of response and the compliance of people with the measures prescribed to cut 
the chain of transmission. Therefore, in the context of COVID-19, one study suggested 
strengthening the response capacity while recommending adequate prevention 
measures to avoid the risk of a resurgence of the epidemic[76].

The detection of more COVID-19-positive patients in the community along with 
compliance with adequate quarantine rules will reduce the number of secondary cases. 
This requires an increased testing capacity[77]. The limited availability of diagnostic 
tests makes it almost impossible to detect asymptomatic patients and adds to the 
uncertainty of the potential impact of SARS-CoV-2 infection in Africa, particularly 
concerning prevention strategies and economic impact[40]. The implementation of a 
robust prevention system along with compliance with individual or collective barrier 
measures (e.g., containment, even if it appears more difficult to bear), is the most 
effective way to respond to the COVID-19 pandemic[78-80]. The WHO contributes to 
regularly updated guidelines for the home care of patients with COVID-19 with minor 
symptoms and the management of contacts, as well as operational guidelines for the 
management of patients in health facilities and communities, the quarantine of 
individuals in the context of COVID-19, the clinical management of severe acute 
respiratory infection when COVID-19 is suspected; and laboratory testing of suspected 
cases of COVID-19[81]. In addition, in the context of microbiological biosafety, the PPE 
guidelines are regularly updated[82]. In general, these guidelines are intended to 
provide information on PPE options in relation to safety and effectiveness to ensure 
better protection of healthcare workers and patients[74].

In addition to national and international guidelines, special attention must be paid 
to chemical or physical agents. Chemical agents exist in liquid or gaseous form; 
physical agents are, among others, heat, UV, and gamma rays. While chemical agents 
are used for antisepsis, disinfection, and/or sterilization, physical agents are generally 
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used for sterilization[83]. As PPE remains insufficient and decontamination methods 
are less cost-effective because they are complex, slow, expensive, and particularly 
unsuitable for low- and middle-income countries where the need is greatest, some 
researchers are investigating a new PPE decontamination option. They suggested a 
low-temperature, low-ambient humidity (WASP-D) decontamination method based 
on the 30-min or shorter half-life of SARS-CoV-2 (and other common pathogens) at 
temperatures > 45 °C, combined with the fact that most PPE is designed to be 
transported and stored safely at temperatures < 50 °C. They concluded that the 
decontamination of PPE at 12 h, 46 °C, and ambient humidity reduced the SARS-CoV-
2 viral load by a factor of 10-6 (e.g., 1/106), without adversely affecting PPE materials or 
performance[84]. A test of three mask models purchased from supermarkets and 
drugstores showed that surgical masks, normally intended to be discarded after 4 h of 
use, retained very good filtration capacities after 10 machine washes at 60 °C. These 
masks also remained breathable enough to be worn for several hours without 
excessive discomfort. Finally, even after several washing cycles, these masks exceed 
the minimum requirements for fabric masks with an official filtration guarantee[85,
86]. Results in the literature showed that a universal face mask could help to reduce 
disease severity and strengthen the immunity of the wearer, since high doses of viral 
inoculum can overwhelm and deregulate the innate immune defenses, aggravating the 
disease[87]. While there has been apprehension regarding the accumulation of carbon 
dioxide during prolonged face mask wear, experimental studies have refuted this 
hypothesis. An observational clinical study reported that wearing face masks neither 
significantly restricted gas exchange (oxygen flow) nor contributed to carbon dioxide 
accumulation, even in individuals with pulmonary insufficiency. Nevertheless, 
prolonged use of face masks can negatively impact breathing, leading to heat stress, 
drowsiness, breathing difficulties (restricted flow of fresh air), and unusual heart rates. 
The discomfort experienced with the use of a surgical mask has also been attributed to 
neurological reactions or associated psychological phenomena such as anxiety, 
claustrophobia, or affective responses to a perceived difficulty in breathing. In add-
ition, if a face mask is worn for a longer time, the filter becomes wet due to facial sweat 
and vapor from breathing, promoting particle clogging. Wearers may also experience a 
false sense of security, encouraging them to spend more time in public places. The 
other potential side effects of wearing face masks include skin irritation, discomfort 
from exhaled air entering the eyes, and speech quality and volume during conver-
sations[87].

In addition to the classical measures (barriers or prevention), other factors can 
optimize COVID-19 prevention or control. Vitamin D is a promising agent for COVID-
19 control, as it is involved in various pathophysiological mechanisms that occur 
during SARS-CoV-2 infection. High-dose vitamin D supplementation, particularly for 
at-risk groups, is recommended for the maintenance of serum levels between 40 and 
60 ng/mL of 25-hydroxy vitamin D needed to prevent or treat COVID-19[88]. Vitamin 
supplementation or treatment of deficiency may be useful in areas with a high 
prevalence of hypovitamin D. The role of medicinal plants, including Allium sativum, 
Camellia sinensis, Zingiber officinale, Nigella sativa, Echinacea spp., Hypericum perforatum, 
Glycyrrhiza glabra, and Scutellaria baicalensis, in enhancing immunity has been reported. 
Terpenoids show promising effects in inhibiting viral replication, a finding that 
requires further study. Some alkaloids such as homoharringtonine, lycorine, and 
emetine have shown potent anti-coronavirus effects. Naturally occurring products 
such as emodin and baicalin can inhibit protein S production. Other enzymatic targets 
involved in coronavirus replication, included 3-chymotrypsin-like protease (3CLpro), 
papain-like protease, helicase, and RNA-dependent RNA polymerase, are inhibited by 
iguesterin, cryptotanshinone, silvestrol and sotetsuflavone. Consequently, natural 
products have been introduced as therapeutic agents against COVID-19[89]. A study 
reported the importance of essential nutrients in the diet for their beneficial effects on 
immune system function. The intake levels of relevant micronutrients (D, C, B12, and 
iron) were inversely associated with higher COVID-19 incidence or mortality, 
especially in subjects genetically predisposed to suboptimal micronutrient levels[90]. 
The nutrigenetic data obtained from the joint assessment of essential nutrients and the 
genetic factors that limit their bioavailability can serve as a fundamental tool to help 
strengthen the immune systems of individuals and prepare populations to fight 
infectious diseases such as COVID-19[90]. The multiple biological actions of hes-
peridin and vitamin C suggest that these two major citrus components that modulate 
systemic immunopathological phases, may be candidates to fight SARS-CoV-2 
infections. Experimental studies are needed to corroborate the hypothesis that herbal 
or plant foods could contribute to COVID-19 prevention[91,92]. The beneficial role of 
Chinese medicine in the control of respiratory diseases, such as the common cold, has 
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been reported[93].
The “mandatory Bacillus Calmette-Guérin (BCG)” vaccination approach has shown 

a reducible effect on COVID-19 infection and mortality rates. Two immunological 
mechanisms; namely, the heterologous effects of adaptive and innate immunity 
induced by BCG vaccination, could explain host tolerance to COVID-19 infection. 
However, no direct evidence supports this biological background. Clinical trials 
related to BCG vaccination against COVID-19 are currently under investigation. In the 
absence of strong evidence, BCG cannot be recommended for COVID-19 prevention, 
although this is not an absolute contraindication[94].

Data suggest that people with epilepsy (PWE) have a low risk of being infected with 
SARS-CoV-2 and have less severe manifestations of COVID-19 due to their epileptic 
pathology alone[95]. The mechanisms of the activating effect of hyperventilation (HV), 
which causes deep and rapid breathing during seizures in PWE, are less well known. 
Although concrete evidence is lacking, if wearing a face mask can stimulate HV, at 
least to some extent, this practice should not be indiscriminately recommended to all 
PWE. However, in the absence of any proven COVID-19 treatment or vaccine, pre-
vention is the best available strategy and it is probably not reasonable to suggest 
avoiding face masks in PWE under any circumstances[95]. Logically, this population 
does not need to wear a face mask most of the time, as long as there is no close contact 
with others, especially during intense physical activities. Instead, it is probably more 
beneficial to wear a face mask with intermittent breaks in crowded areas in safe, low-
density areas[95].

Given the COVID-19 pandemic, there is emerging evidence that, compared to the 
general population, patients with cancer are particularly vulnerable to infection and 
adverse events, with correspondingly worse outcomes[64,96]. On admission or before 
initiating systemic therapy or radiotherapy, confirmation of COVID-19 status is 
recommended in asymptomatic or paucisymptomatic patients, especially those with 
high-risk features[23].

Regarding transfusion, the American Blood Bank Association and the Centers for 
Disease Control and Prevention (CDC) have made no specific recommendations 
regarding SARS-CoV-2[97].

Although no evidence of the transmission of SARS-CoV-2 through blood trans-
fusion has yet been established, the blood supply has been affected by the COVID-19 
pandemic[24,34].

The opportunity now exists for schools and academies to collaborate to advance 
science and potentially improve student outcomes[98].

SARS-CoV-2 has developed mutations in various parts of its nonstructural proteins 
(NSPs), particularly NSP2, NSP3, protein S, and RNA-dependent RNA polymerase. 
Because of the critical importance of mutations in SARS-CoV-2 pathogenicity and the 
development of serodiagnostics, antivirals, and vaccines, continuous molecular 
surveillance of the virus is recommended[99]. While seasonal changes, coordinated 
laboratory testing, isolation/quarantine, and school closures may help to control the 
COVID-19 pandemic, they are unlikely to stop SARS-CoV-2 transmission. Therefore, 
effective policies complementary to currently available control measures must be 
adopted to minimize the exponential spread of infection[100].

Achieving global goals, including the control of pandemics such as COVID-19, 
requires a strong commitment to impactful public policies and international collabor-
ations, including universal vaccinations against COVID-19, with potential combination 
with both childhood and adult immunization programs and programs for the 
treatment of malaria, tuberculosis, HIV/AIDS, and neglected tropical diseases[101]. 
The core unit (public health office) of the Sri Lankan health system has earned the trust 
of the community because of its deep-rooted operations on the ground. It has expertise 
and extensive connectivity with the community. Thus, rigid prevention and control 
measures have been implemented in the geographical areas assigned to these health 
facilities. The managerial role of this unit should be further explored for future health 
system reforms[102] and effective strategies should be developed to strengthen the 
PHS at its core[103].

It is important to note that information may vary depending on the evolution of the 
epidemic and research findings[23]. In COVID-19, studies are progressing rapidly and 
knowledge is changing such that we must realize that today’s truths may not be 
tomorrow’s and that we must continue to increase our knowledge of this disease.

Treatment 
To avoid patient harm, because of possible coinfections, a diagnosis should be made 
before starting possible anti-infectious probabilistic anti-influenza, oseltamivir, and/or 
antibiotic treatment[72]. Other drugs and/or vaccine candidates have been suggested 
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for treatment, although clinical studies are needed to provide solid evidence of their 
effectiveness[104].

Tocilizumab improved the clinical status of patients with severe COVID-19[105]. 
Corticosteroid therapy with high-dose methylprednisolone, followed by tocilizumab 
when necessary, rapidly restored respiratory function, decreased in-hospital mortality, 
and reduced the need for invasive mechanical ventilation in patients with COVID-19-
associated “cytokine storm” syndrome. However, further investigation of these 
promising results is required[106]. The role of Chinese medicine as an adjunctive 
treatment for SARS-CoV-2-induced inflammation has also been reported. Yidu-toxicity 
could address SARS-CoV-2-induced inflammation by blocking pulmonary syndrome 
by eliminating inflammatory agents[107]. Moreover, Xuebijing injection effectively 
improved the levels of inflammatory markers and prognosis of patients with severe 
COVID-19[108].

Other conventional drugs have also been used. Ruxolitinib showed faster impro-
vement in clinical status, significant improvement in heart tomography, faster normal-
ization of lymphopenia, and a favorable side effect profile in patients with severe 
COVID-19. These results are informative for testing the efficacy of ruxolitinib in a 
larger population[109]. Colchicine showed a statistically significant improvement in 
the time to clinical deterioration in patients hospitalized with COVID-19; however, this 
result should be interpreted with caution because of the low statistical significance of 
the results[110]. Remdesivir (RDV) did not show a significant clinical outcome in 
patients with moderate COVID-19 compared to standard therapy[111]. However, this 
antiviral agent has shown efficacy against the severe form of COVID-19[111]. This 
drug also showed favorable pharmacokinetic (PK) and safety profiles in healthy 
volunteers who were administered the drug once daily[112]. These PK and clinical 
safety data and preliminary clinical data support further investigation of RDV in 
patients with COVID-19[112].

Drugs such as hydroxychloroquine are thought to be effective owing to their effects 
on the ACE2 receptors required for viral entry into the cell. While chronic treatment 
can lead to heart disease with impaired left ventricular function and conduction 
disorders with bradycardia, short-term treatment can also cause cardiac damage in 
some patients. It is important to consider parameters such as age, female sex, ionic 
disorders, renal insufficiency, and the combination of many products, which are risk 
factors for cardiac damage. Thus, it is prudent to follow recommendations for safe 
treatment with “chloroquine” to minimize damage and/or adverse reactions[24,113]. 
In patients with persistent (mild to moderate) COVID-19, the rate of negative 
conversion of hydroxychloroquine was comparable to that of standard treatment alone
[113].

Regarding adverse drug reactions, a hospital-based pharmacovigilance study 
reported a high prevalence of adverse reactions in patients with COVID-19, a fortiori 
caused by drugs inducing gastrointestinal and hepatic disorders. The length of 
hospital stay, number of drugs used, and underlying diseases were risk factors for the 
occurrence of adverse reactions in patients with COVID-19[114].

Researchers believe that “the” treatment will require a combination of drugs to 
effectively control emerging diseases, including COVID-19, HIV, and hepatitis C 
infections[104]. Early triple antiviral therapy has shown superiority over lopinavir-
ritonavir to suppress symptoms and shorten the duration of viral clearance and hospit-
alization in patients with mild to moderate COVID-19. Future investigation of dual 
antiviral therapies is warranted, with interferon beta-1b as the background regimen
[115].

A ligand-protein interaction study in Africa reported that more than half of the 20 
major alkaloids and terpenoids interacted favorably with 3CLpro, which controls 
coronavirus replication, and had higher binding affinities than those to lopinavir-
ritonavir. The study identified substances such as 10-hydroxyusambarensine, 
cryptoquindoline (alkaloids), 6-oxoisoiguesterin, and 22-hydroxyhopan-3-one 
(terpenoids), which bind to the receptor and 3CLpro catalytic dyad of SARS-CoV-2. 
These compounds were identified by predictive analysis of the (absorption, distri-
bution, metabolism, and excretion)/tox and Lipinski filters. However, further experi-
mental analysis of these leads is required for the discovery of natural anti-COVID-19 
therapeutic agents to combat the pandemic[116].

Immunotherapy via the administration of the plasma of people cured of COVID-19 
may be a useful treatment method in countries in which this practice is possible[117].

A Jewish business news source reported that 96% of patients administered an 
innovative drug (EXO-CD24) were cured[118]. Testing of this technology in the first 
clinical phase in humans showed that 29 out of 30 patients with moderate to severe 
disease were discharged from the hospital within 3-5 d. EXO-CD24 is an innovative 
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preparation based on exosomes enriched with the CD24 protein. According to Nadir 
Arber, one of the leading physicians and researchers on the team that developed the 
drug, “Even if the vaccines work and no new mutations are produced, SARS-CoV-2 
will stay with us”. He adds that a drug was developed within 6 mo from the time the 
idea was conceived and the technology was developed until it was first tested in 
humans in the first clinical phase. The Ichilov Medical Center reported that EXO-CD24 
uses exosomes - tiny carrier sacs that shuttle between cells - to deliver a protein called 
CD24 to the lungs and has been the subject of decades of research by Dr. Arber. CD24 
is located on the cell surface and plays an important role in regulating the immune 
system. The protein helps to modulate the immune response and curb the lethal 
hyperreactivity of the immune system known as a cytokine storm. The administration 
of EXO-CD24 by direct aspiration into the lungs inhibited immune hyperreactivity 
resulting from cytokine amplification following SARS-CoV-2 infection[118]. Cytokine 
storms are a physiological reaction in humans, in which the innate immune system 
causes uncontrolled and excessive release of pro-inflammatory signaling molecules 
called cytokines. EXO-CD24 is moving into further testing phases[118].

Vaccination
Vaccination has generated significant interest among people in general, and re-
searchers in particular. People with severe mental illness are at risk of SARS-CoV-2 
infection because of the morbidity and mortality associated with COVID-19. Therefore, 
this population requires early access to safe and effective vaccines. However, further 
studies are needed to evaluate the efficacy, safety, and interactions of the vaccine with 
psychotropic drugs, specifically in patients with COVID-19, so that they can be pro-
perly informed about the benefits and risks of vaccination[119]. The rapid deve-
lopment of vaccines can have adverse effects, prompting long-term studies and years 
of post-vaccination treatment. However, for most treatments, the benefits outweigh 
the risks and many more people - and in most countries - need the vaccine, due to the 
collapse of economies and the subsequent crippling of livelihoods. With families losing 
large numbers of relatives to the virus, vaccination may help to restore the quality of 
life for hundreds of millions, if not billions, of people worldwide. Innovative strategies 
have improved the efficiency of processes within research models for novel therapies, 
ultimately accelerating the administration of potential novel treatments to patients
[120]. Because the types or incidence of the side effects of COVID-19 vaccines in 
individuals with Parkinson's disease (PD) do not appear to differ from those observed 
in the general population, COVID-19 vaccination with approved vaccines can be 
recommended to patients with PD unless there is a specific contraindication. However, 
some caution is warranted in the vaccination of very frail and terminally ill elderly 
patients with PD living in LTC facilities[121].

The Standing Committee on Vaccination (STIKO) vaccination recommendations are 
recognized as medical standards. The current instructions for the vaccination of 
immunocompromised patients and the recommendation for COVID-19 vaccination, 
together with the scientific knowledge and rationale of STIKO, represent a valuable 
basis for medical action in the field of vaccination against infectious diseases[122]. To 
date, vaccine-related allergic reactions are rare. Current CDC reports suggest that 
anaphylactic reactions related to Pfizer-Bio-NTech mRNA vaccines may occur more 
frequently than with other vaccines. Therefore, to support large-scale COVID-19 
vaccine delivery programs, allergists should offer clinical phenotyping, risk strati-
fication, and clear recommendations based on reliable and credible information[123]. 
At present, there are insufficient data on COVID-19 co-infections with influenza or 
how these cases would evolve clinically, although they could place a significant 
burden on an already stressed healthcare system. Until an effective and proven 
COVID-19 vaccine is available, high influenza vaccination coverage should be the 
highest priority[124]. The obese population is vulnerable to COVID-19, requiring 
special attention during this pandemic to avoid complications. In the absence of 
COVID-19 vaccination, regular physical activity and a healthy diet are recommended, 
with special attention paid to mental health. Extended quarantine and prophylactic 
vitamin D administration should also be considered[125]. A study conducted in 
Australia reported that successful COVID-19 vaccination requires that the government 
consider elements in its vaccination policy such as the estimation of herd immunity 
thresholds, vaccine delivery strategies, vaccination clinic locations, provisions for 
health personnel and training, and strategies for prioritizing vaccines. Moreover, 
pharmacists should play a key role in the delivery of mass COVID-19 vaccination 
programs[126]. For the pediatric population, before a safe and effective COVID-19 
vaccine is available, the focus should be on making the best use of already available 
childhood vaccines. Vulnerable or healthy children must be vaccinated according to 
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the recommended schedules to protect young patients and avoid future epidemics 
caused by vaccine-preventable diseases such as measles[127].

Independent groups of experts must be involved in life-saving actions to counter 
anti-vaccine propaganda and provide scientific information to the general public. If 
the pandemic is to be controlled to benefit the public interest, academic and medical 
societies and policymakers must speak the same language. Otherwise, the battle will 
be lost to those who oppose scientific evidence while offering no solution to the pro-
blem[128]. The key to success in promoting vaccine uptake is a strategic program, 
including local capacity building, to build and maintain trust. A critical factor in 
implementing such a confidence and demand-building approach is the need to invest 
in communication, especially related to influencing behaviors and the capacity for 
community engagement[129].

COVID-19 vaccines are expected to induce high-affinity neutralizing antibodies. 
They should also polarize the T-cell response towards type 1 immunity and avoid the 
stimulation of cytokines that induce T-helper 2 immunity. To avoid type 2 inflam-
matory responses, careful selection of the vector and antigen is mandatory. The 
addition of toll-like receptor ligands (TLRs) and other type 1 immunity-stimulating 
molecules could be useful for obtaining sufficient CD4+ T cells for antibody pro-
duction as well as suppression of undesirable type 2 immunity leading to eosinophilia. 
However, it is only somewhat possible to predict vaccine efficacy and safety. Due to its 
urgency, COVID-19 vaccination should receive the highest priority[130].

Research 
The COVID-19 outbreak is a striking reminder of the need for constant epidemi-
ological surveillance, prompt diagnosis, and robust research[28]. Mapping of the 
structure of the SARS-CoV-2 spike protein at the atomic scale has allowed the 
development of therapies to combat the virus[131]. An international research effort is 
ongoing to understand the COVID-19 pandemic to answer questions regarding 
epidemiology, clinical epidemiology, biology, therapy, and vaccination. Researchers 
are also publishing the results of epidemiological, biological, and clinical trial studies 
in peer-reviewed journals. Moreover, clinical trials are underway to identify reliable, 
effective, and safe therapeutics[132-135]. Immunological and epidemiological data on 
endemic human coronaviruses (HCoV) showed that infection-blocking immunity 
wanes rapidly but that disease-reducing immunity is long-lived. In other words, anti-
infectious immunity that prevents pathogen replication to render the host refractory to 
reinfection (i.e., immune efficacy in relation to susceptibility), declines rapidly, while 
disease-reducing immunity due to reinfection and/or transmissibility-reducing 
immunity or infectiousness, with possible reinfection, lasts for a long time. This may 
be evidenced by the current severity of SARS-CoV-2 and the benign nature of HCoV, 
suggesting that once the endemic phase is reached and following primary exposure 
during childhood, SARS-CoV-2 may not be more virulent than the common cold. A 
different scenario is foreseeable for an emerging coronavirus capable of causing more 
severe disease in children. These results support the importance of behavioral 
compliance during pandemic vaccine use and suggest the need to evaluate scenarios 
for continued vaccination during the endemic phase[136].

CONCLUSION
The development of a robust prevention and/or response system relies on the capital-
ization and judicious use of knowledge in fields including epidemiology, infectious 
diseases, pathophysiology, biology, virology, in addition to scientific research. Hence, 
local or international collaboration in pluralistic teams may guarantee success. The 
dissemination of simple, coherent, and reliable messages reassures the population and 
reinforces compliance with individual or collective barrier measures (e.g., confinement, 
even if it is difficult to bear). An integrative pluralistic approach coupled with efficient 
communication may be a more effective way of responding to an outbreak or pan-
demic, especially that caused by SARS-CoV-2. A pluralistic collaborative approach; in 
other words, the capitalization and judicious use of knowledge, will help to over-come 
the pandemic in the short or medium terms. Our results suggest the benefits of a 
pluralistic approach in managing COVID-19 a fortiori in relation to health and related 
fields. This work would be even more comprehensive if the search source was larger, 
the collaborative approach was more detailed, and the pluralistic approach extended 
to complementary disciplines such as biochemistry (vaccines), statistics, and 
mathematics, biomedical science and biotechnology, inventions (respirators, ven-
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tilation equipment), physical therapy, etc.
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Abstract
There is a critical need to develop animal models to alleviate vaccine and drug 
development difficulties against zoonotic viral infections. The coronavirus family, 
which includes severe acute respiratory syndrome coronavirus 1 and severe acute 
respiratory syndrome coronavirus 2, crossed the species barrier and infected 
humans, causing a global outbreak in the 21st century. Because humans do not 
have pre-existing immunity against these viral infections and with ethics 
governing clinical trials, animal models are therefore being used in clinical studies 
to facilitate drug discovery and testing efficacy of vaccines. The ideal animal 
models should reflect the viral replication, clinical signs, and pathological 
responses observed in humans. Different animal species should be tested to 
establish an appropriate animal model to study the disease pathology, 
transmission and evaluation of novel vaccine and drug candidates to treat 
coronavirus disease 2019. In this context, the present review summarizes the 
recent progress in developing animal models for these two pathogenic viruses 
and highlights the utility of these models in studying SARS-associated 
coronavirus diseases.
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Core tip: In this review we discuss the importance of various animal models of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and severe acute respiratory 
syndrome coronavirus 1 (SARS-CoV-1). SARS-CoV-2 is the causal agent of 
coronavirus disease 2019 (COVID-19) and the World Health Organization declared the 
outbreak of COVID-19 as a public health emergency of concern. Due to the inadequate 
knowledge in analyzing the mode of action of COVID-19 infection, we must be 
thoroughly familiarized with the available animal models. Therefore, we discuss the 
pros and cons of various animal models, and emphasize the use of humanized mice to 
study the biology of viral diseases because it is convenient to mimic the human 
immune system in humanized mice.

Citation: Saravanan UB, Namachivayam M, Jeewon R, Huang JD, Durairajan SSK. Animal 
models for SARS-CoV-2 and SARS-CoV-1 pathogenesis, transmission and therapeutic 
evaluation. World J Virol 2022; 11(1): 40-56
URL: https://www.wjgnet.com/2220-3249/full/v11/i1/40.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i1.40

INTRODUCTION
The World Health Organization (WHO) declared the severe acute respiratory 
syndrome coronavirus 1 (SARS-CoV-1) outbreak as an epidemic in November 2002 in 
China, where 8098 confirmed cases were reported, with 774 total deaths. Recently, a 
new coronavirus called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) caused an outbreak in December 2019 in China. At the end of January 2020, WHO 
announced that SARS-CoV-2 was responsible for the coronavirus disease 2019 
(COVID-19) pandemic, leading to a global health emergency of international 
significance. According to WHO, as of November 5, 2021, 249.48 million SARS-CoV-2 
cases were confirmed in 223 countries with 5.05 million confirmed deaths, with a case 
mortality ratio of 2.2% and differential transmissibility rate R0 was 1.5–5.5. Although 
the overall SARS-CoV-2 mortality rate is still low (3%), it has become one of the most 
rapidly spreading pandemics globally. The Coronaviridae family of viruses affects a 
wide range of animal species, and the infection range depends upon the type of host 
getting infected. There have been two major outbreaks caused by viruses belonging to 
the Coronaviridae family, SARS-CoV-1 and SARS-CoV-2. These viruses crossed the 
species barrier, adapted themselves to infect humans, resulting in an unprecedented 
and unexpected high fatality rate. SARS-CoV-1 and SARS-CoV-2 cause respiratory 
tract syndromes and can cause severe pneumonia among older adults[1]. Although 
both viruses share a similar mode of transmission and cause similar clinical symptoms
[2], SARS-CoV-1 has a higher pathogenicity and mortality rate, whereas SARS-CoV-2 
infection has a lesser mortality rate but is more contagious because of its high 
transmissibility[3]. SARS-CoV-2 binds to the angiotensin-converting enzyme 2 (ACE2) 
receptor to enter the cells and infects the upper respiratory tract, and the infection then 
spreads to the lower respiratory tract. Viral replication continues, resulting in 
apoptosis of host cells, with loss of type I and II pneumocytes. The damage of alveolar 
epithelial cells leads to acute respiratory distress syndrome (ARDS). The infection 
results in a cytokine storm, and other immune cells are attracted as a host defense 
mechanism to clear the virus[4]. The complex pathophysiology of COVID-19 can only 
be understood by reproducing tissue-specific and systemic virus–host interactions, 
which can be studied using animal models.

Animal models are required to completely understand virus evasion strategies, 
disease etiology, and host responses. Both in vitro and in silico techniques can be used 
for examining the intricacies of the virus, especially at the molecular level. The 
immune responses playing key roles in the viral infection can be studied only in live 
models[5]. To reduce the risk to humans, animal models are used for the evaluation of 
vaccination and antiviral agents. The development of animal models should focus on 
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two key purposes: (1) To evaluate antiviral agents and vaccines; and (2) To charac-
terize viral etiology[6]. The ideal animal models would reflect the pathology, clinical 
signs, and viral replication observed in humans[7]. A single model cannot reflect every 
feature of the virus infection; hence, different species are needed to study the various 
aspects of etiology. Before selecting an animal model for a virus infection, careful 
consideration is required since each species has its advantages and disadvantages 
based on the virus being studied. Therefore, researchers should select animals 
carefully[5]. This review provides a detailed comparison of the available animal 
models for the two human coronaviruses, SARS-CoV-1 and SARS-CoV-2. The lack of 
suitable small-animal models for studying the pathogenesis and development of 
vaccines and antivirals is one of the most serious obstacles to research progress. 
Several animal models have been used to study coronavirus infections and test the 
efficacy of vaccines and candidate therapeutic compounds. Reviewing animal models 
also has an important perspective of selecting rational animal models to evaluate 
drugs, vaccines and immune responses for tackling COVID-19.

DIFFERENCES AND SIMILARITIES BETWEEN SARS-CoV-1 AND SARS-
CoV-2
The family of coronaviruses has been known for the associated risk of respiratory 
illness after the outbreak of SARS-CoV-1 in 2002 in Guangdong province, China, and 
the recent outbreak of SARS-CoV-2 in 2019 in Wuhan, China[8]. It is believed that 
SARS-CoV-2 originated from bats and was transmitted to humans via the seafood 
market in Wuhan. SARS-CoV-1 also originated in bats and was transmitted to humans 
from market civets[8]. SARS-CoV-1 is a beta coronavirus that belongs to lineages B and 
C[6]. As indicated by the genome groupings accessible to date, SARS-CoV-2 infection 
is caused by the strain BatCoVRaTG13, isolated from a bat in China’s Yunnan region. 
Thus, SARS-CoV-2 is not an immediate relative of SARS-CoV-1[9]. Both the viruses are 
enveloped, nonsegmented, with a positive-strand RNA genome and a spherical shape, 
characteristic of species of the Coronaviridae family and order Nidovirales[6,10]. 
SARS-CoV-2 shares a total genome sequence similarity of 79.5% with SARS-CoV-1[11-
13], whereas their spike proteins show a nucleotide similarity of 75% to 81%[13]. Both 
SARS-CoV-1 and SARS-CoV-2 bind to the host cell ACE2 with the help of the spike 
glycoprotein (S)[14,15]. S is a class I viral fusion protein; a trimeric protein that is 
proteolytically processed into two subunits S1 and S2[12]. The first difference between 
these two viruses is that the receptor binding domain (RBD) of SARS-CoV-2 has a 
higher affinity to ACE2 than that of SARS-CoV-1, making the former more infectious
[16]. However, the binding affinity of the entire SARS-CoV-2 S protein to ACE2 is 
lower when compared to the entire S protein affinity of SARS-CoV-1[16]. Another 
critical difference is that SARS-CoV-2 RBD always remains in the lying-down position, 
leading to ineffective receptor binding[15].

In contrast, the SARS-CoV-1 RBD primarily exists in the upright position[17]. 
Although SARS-CoV-2 RBD is less accessible, it depends on a second strategy called 
host protease activation to maintain its high infectivity[3]. Another difference between 
SARS-COV-2 and SARS-CoV-1 is that the former has a furin-like cleavage site in the S 
protein[18,19]. S protein is cleaved by furin which is essential for cell–cell fusion and 
entry, whereas preactivation of furin enhances efficient transmission of SARS-CoV-2, 
allowing entry into host cells with low expression of transmembrane protease serine 2 
(TMPRSS2) and cathepsins[19,20]. The SARS-CoV-1 S protein is cleaved at S1/S2 and 
S2 sites by host cell proteases such as TMPRSS2 and lysosomal cathepsins[17]. The 
presence of high arginine content at the S1/S2 site of SARS-CoV-2 results in higher 
cleavability than that observed in SARS-CoV-1[16]. In addition, inhibition of both 
proteases is required to block SARS-CoV-1 entry into the cells, whereas the blocking of 
TMPRSS2 is sufficient to inhibit viral replication[17]. Apart from these similarities and 
differences between SARS-CoV-1 and SARS-CoV-2, they share similarities in their 
pathogenesis. Both SARS-CoV-1 and SARS-CoV-2 cause host cell apoptosis, activation 
of immune cells, and an increase in the levels of inflammatory cytokines, leading to a 
cytokine storm. Finally, diffuse alveolar damage of alveolar epithelial cells has been 
reported in infections with both viruses, resulting in ARDS[21-23]. Damas evaluated 
the ACE2 diversity and its correspondence to human ACE2 in 410 vertebrates and 
developed a scoring system based on the 25 conserved amino acids. This study 
suggested that nonhuman primates are more susceptible, whereas rodents are less 
susceptible to the infection[24]. Table 1 list the available animal models for SARS-CoV-
2.
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Table 1 Comparison of available animal models for SARS-CoV-2 infection

No. Animal 
model

Upper respiratory 
tract

Lower respiratory 
tract

Feces/Fecal 
swab

Contact 
transmission

Airborne 
transmission

Weight 
loss Ref.

1 Cat (6 to 9 
mo)

Infectious virus Nil Present Not reported 33% Not 
reported

[72]

2 Chicken Nil Nil Not reported Nil Not reported Not 
reported

[72]

3 Dog Nil Nil Present Nil Not reported Not 
reported

[72]

4 Duck Nil Nil Not reported Nil Not reported Not 
reported

[72]

5 Ferret Infectious virus Infectious virus Present 100% 30% Not 
reported

[72,
73]

6 hACE2 
mouse

Not reported Infectious titer Infectious titer Not reported Not reported Present [57]

7 Hamster Infectious titer Infectious titer Infectious titer 100% Not reported Present [59]

8 Kitten Infectious titer Infectious titer Not reported Not reported 33% Not 
reported

[72]

9 Macaque Present Present Not reported Not reported Not reported Nil [80]

10 Pig Nil Nil Not reported Nil Not reported Not 
reported

[72]

MOUSE MODELS
Mouse models are preferred owing to their low cost, convenient husbandry 
requirements, and ease of availability. However, the drawbacks in using mouse 
models for human viruses are species tropism, species specificity, immune response 
factors, etc.[25]. Mouse models help us to study the host immune factors by promoting 
virus infection, making them important for identifying therapeutic targets and 
developing novel vaccine strategies[26]. Wild-type mouse models, knockout models, 
transgenic mice, and humanized mice are commonly used in animal studies to study 
pathogenic diseases, understand the role of specific genes in inhibiting or promoting 
the disease, and identify therapeutic targets[27].

Wild-type mouse models
BALB/c and C57BL/6 are the most preferred animal models for viral studies so far. 
However, when infected with SARS-CoV-2, these models showed no clinical signs, 
mortality, and weight reduction, and there was an absence of viremia. Viral RNA was 
detected in both types of mice in the lungs only on the first day, while the other organs 
did not show the presence of the viral RNA. These models tested negative for the anti-
SARS-CoV-2 IgG antibodies[28]. These results suggest that BALB/c and C57BL/6 mice 
models remain uninfected when inoculated with SARS-CoV-2 due to the difference in 
the ACE2 receptor. Gu et al[29] used the mouse-adapted SARS-CoV-2 strain to infect 
BALB/c mice to overcome these difficulties, and once infected, the BALB/c mice 
showed inflammation and injury in both young and old mice[29]. Antibody blockade 
of interferon-α/β receptor alpha chain (IFNAR) in these mice resulted in weight loss 
and lung inflammation[30]. This study showed that old BALB/c mice were more 
prone to the disease than the younger ones and can be used to develop candidate 
vaccines. This was confirmed by the appearance of bronchiolitis in histopathological 
examination[29]. Likewise, Dinnon et al[31] remodeled the spike and RBD of SARS-
CoV-2 (SARS-CoV-2 MA) to enable it to bind to the mouse ACE2 receptor[31]; thus, 
improving the virulence. Several passages were performed, and a virulent strain was 
generated at P10 (SARS-CoV-2 MA10). When young BALB/c mice were infected with 
a mouse adapted SARS-CoV-2 MA10 strain, it resulted in weight loss, diffuse alveolar 
damage, hyaline membrane formation, alveolar septal thickening, and neutrophil 
presence in alveolar space; whereas 100% mortality was observed in old mice after 
infecting them with 104 and 105 plaque-forming units (PFU) of SARS-CoV-2 MA10. 
However, when infected at 103 PFU, the old mice showed weight loss similar to that 
observed in the young mice, although only rare survival[32]. The infected mice 
showed inflammatory responses identical to those seen in humans[33]. For the vaccine 
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study, the Venezuelan equine encephalitis viral vector vaccine was developed to 
express SARS-CoV-2 S, nucleocapsid, and GFP reporter and primed in BALB/c mice. 
An initial dose and a booster dose were administered, and the mice were challenged 
with the SARS-CoV-2 MA10 strain, with the mice vaccinated with S showing 
neutralizing activity. However, the polyclonal sera had neutralization titers for both 
SARS-CoV-2 MA10 and SARS-CoV-2, which showed that SARS-CoV-2 MA10 could be 
used to test vaccine efficacy[32]. Similarly, C57BL/6J young and adult mice were 
infected with the SARS-CoV-2 MA10 strain.

In comparison to BALB/c mice, significant weight loss was observed with no 
mortality. Histological changes were observed to be similar in young BALB/c and 
C57BL/6J mice, but the acute lung injury scores were reduced in C57BL/6J mice[32], 
which may have been due to its dominant Th1 response, whereas BALB/c mice 
expressed a Th2 response dominantly[34]. Both BALB/c and C57BL/6J mice, upon 
infection with SARS-CoV-2 MA10, showed cellular tropism similar to humans, but 
instead of secretory cell infection, ciliated cells were infected in these mice[32]. Apart 
from all the other reported mouse models, this model showed limited use for studying 
alveolar disease pathogenesis. The SARS-CoV-2 MA10 model exhibited several 
COVID-19 symptoms, such as morbidity and mortality difference with age and host 
genetics, defects in lung function, and other etiologies[32]. These results show that 
both BALB/c and C57Bl/6J mice can be used to study mild SARS-CoV-2 MA10 strain, 
its etiology, and the efficiency of vaccines. Wild-type mouse models remain unaffected 
by SARS-CoV-2 due to their ACE2 receptor, so mouse-derived viral strains are 
required for further studies.

SARS-CoV-1, which is similar to SARS-CoV-2, has also been tested in these mouse 
models. In a study, 4–6-week-old female BALB/c mice were inoculated intranasally 
with 50 μL of diluted SARS-CoV-1 (Urbani strain). The microscopic examination 
showed mild and focal bronchiolitis[1]. Tseng et al[35] suggested that the viral doses of 
103 and 105 median tissue culture infectious dose (TCID50) of the Urbani strain of 
SARS-CoV-1 were required for initiation of infection[35]. Upon infection, the mice did 
not develop pulmonary pathology, had no signs of clinical disease, and did not lose 
weight. Besides, the virus showed high levels of replication in the lower and upper 
respiratory tract without any symptoms[36]. Upon infection in BALB/c, 129WT and 
C57BL6 mice, SARS-CoV-1 did not show lethality, but it could replicate in the lungs 2 
d post-inoculation (dpi)[2]. The BALB/c mice were also used for vaccine study by Du 
et al[37], where the RBD of SARS-CoV-1 S protein was fused with human IgG1 Fc 
(RBD-Fc), then injected into mice twice at 3-wk intervals and boosted once again after 
1 year. In this study, neutralizing antibodies were found in the mice vaccinated with 
RBD-Fc, assuring protection from SARS-CoV-1 without any immunopathological 
damage[37]. However, SARS-CoV-1 replication was not efficient in wild-type mice due 
to a lack of efficient interaction between the spike protein (S) and murine ACE2[38].

Infection of immunocompetent mouse strain 129SvEv with SARS-CoV-1 showed 
infection in the conducting airway epithelial cells followed by clearance of the virus 
from the lungs, which later led to the development of self-limited bronchiolitis[1]. 
During clinical trials, the infection in young mice showed rapid virus clearance; 
however, weight loss was followed by several complications in older mice[7]. The 129S 
mouse strain was more susceptible than the BALB/c strain[1,6]. In addition, the 129S 
mouse strain showed pneumonitis and mild weight loss after SARS-CoV-1 infection
[39]. In the case of weight loss in 129WT, Urbani SARS-CoV-1 virus infection led to 
morbidity[2]. Upon vaccination of 129S6/SvEv mice with the whole killed virus 
vaccine (adenovirus-based vaccine), viral replication was inhibited in the murine 
respiratory tract[40]. However, SARS-CoV-1 IgA antibody was detected in the sera of 
vaccinated mice, with the vaccine expressing both S protein and nucleocapsid protein 
(N)[40]. Thus, these studies explain that SARS-CoV-2 and SARS-CoV-1 cannot affect 
the inbred mouse models due to the difference in ACE2. However, these mice can be 
used for studying mouse-adapted strains of both viruses for the development of 
vaccines and antiviral drugs. Young models can be used to study the immune 
responses to infection, whereas old models can be used to study age-related diseases.

Knockout mouse models
The knockout models are devoid of certain specific genes to study the immune 
response involved in viral infections and are widely used to study the function of 
specific genes in inhibiting the disease[24]. Knockout models such as TMPRSS2-/-

C57BL/6, IFNAR1-/-hCD46, and STAT1 have been used so far to study SARS-CoV-2. 
The TMPRSS2-/-C57BL/6 mice infected with SARS-CoV-2 showed reduced body 
weight loss and viral replication in the lungs. The absence of TMPRSS2 in the mice 
might have affected the priming of viral S protein and its subsequent fusion and thus 
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contained the virus spread within the mice, emphasizing the involvement of TMPRSS2 
for the successful establishment of SARS-CoV-2 infection[41]. Knockout mice lacking 
IFNAR1 gene but expressing human CD46 (IFNAR1-/-hCD46), upon immunization 
with recombinant measles virus vaccine that expressed stabilized prefusion S protein 
(rMeV-preS), showed good antibody response[42]. The IFNAR-/-mice, upon 
immunization with the same vaccine, showed an antibody response higher than that 
detected in human sera from convalescent COVID-19 patients[42]. Thus, the TMPRSS2 
knockout model can be used to study pathogenesis, whereas STAT1 knockout mice 
can be used for study of both pathogenesis and antiviral drugs, but the IFNAR 
knockout model cannot be used for vaccine study due to its immunodeficiency.

In the case of SARS-CoV-1, the strains used were CD1 (Swiss outbred) and RAG1 
(non-leaky SCID mice), which did not develop clinical disease[2]. However, STAT1-/- 
mice showed bronchiolitis and progressive weight loss[2]. These symptoms 
progressed to mediastinitis and interstitial pneumonia[2]. In these mice, the 
development of type 1 interferon (IFN) was indicative of control of SARS-CoV-1 
infection, which showed viral replication on day 3. Rag1-/-, CD1-/- and STAT1-/- mice, 
which are in the 129S background, were tested against the immunological effectors of 
the disease. STAT1-/- mice supported prolonged viral replication and histopathology 
similar to that observed in humans[2,6,36]. However, CD1-/- mice (lacking natural killer 
cells) from B6 background, when infected with SARS-CoV-1, showed replication as 
observed in the lungs of B6 mice[1]. STAT1 knockout mouse models can be used to 
study the functions of cytokines in immune responses and IFN-mediated responses 
and analyze inflammation mechanisms[2]. When STAT1-/- mice were infected with the 
same Urbani SARS-CoV-1 strain or with a recombinant isogenic mouse-adapted virus 
(rMA15), the infection could not be cleared even at 22 dpi[2]. After infection, STAT-/- 

mice initially lost 15% of their weight, followed by a 30% loss in weight, and the mice 
were moribund and paved the way for lethal infections[2]. Frieman et al[2] reported 
that epithelial cells of noncartilaginous conducting airways were the primary site of 
infection in STAT-/- mice infected with SARS-CoV-1 of the Toronto-2 strain via 
intranasal inhalation (6 × 106 PFU/30 μL). The conducting airways of epithelial cells 
had focal intracellular aggregates[2], whereas 129 mice with type I IFN receptor 
knockout mice (IFNAR1-/-) and type I/II double IFN receptor knockout mice 
(IFNAR-/-) showed weight loss followed by morbidity after infection with the Urbani 
SARS-CoV-1 strain[2]. In ACE2 knockout mice, the copy numbers of S protein RNA 
were greatly reduced, and only a low number of infectious SARS-CoV-1 could be 
recovered from the lungs, showing that ACE2 is required for the effective replication 
of SARS-CoV-1[43]. Thus, STAT1 knockout mice can be used to study pathogenesis, 
whereas ACE2 knockout models can be used to study SARS-CoV-1-related ARDS. 
They are not suitable for vaccine and antiviral drug studies due to the immunodefi-
ciency nature of knockout models.

Transgenic mice/genetically engineered models
Several transgenic models have been used widely for investigating the mechanisms 
related to viral pathogenesis[25]. The limitations of knockout mice in studying SARS-
CoV-1 were overcome by developing transgenic mice that expressed human (h)ACE2
[34]. hACE2 transgenic mice may serve as a potential research model. To develop the 
model for SARS-CoV-1 and SARS-CoV-2 infection, an animal model of transgenic mice 
that expressed hACE2 had to be developed[44] as the severity of disease development 
in the transgenic mice model was correlated with the expression of hACE2[45]. The 
human ACE2 gene was cloned and inserted into a plasmid, and the mouse ACE2 
promoter was also retrieved and inserted upstream of hACE2 coding sequences. The 
fragments having hACE2 gene driven by mouse promoter were microinjected into the 
pronuclei of fertilized mouse ova[44]. Increased expression of hACE2 indicated 100% 
mortality with severe lung and brain infection, while low levels of hACE2 caused 
illness without associated mortality[45]. The other requirement in developing the 
hACE2 mice was controlling the mice’s ACE2 receptor that expressed hACE2, which 
would result in limited tissue distribution of hACE2, making the mice lethargic but 
surviving the infection. Even after survival, the mice showed interstitial pneumonia 
with extrapulmonary organ damage, which is indicative of the human model for 
coronavirus infection[45]. Likewise, using human cytokeratin (CK)18 as a promoter, 
transgenic mice expressing hACE2 were developed. The CK18 promoter helps 
efficiently express hACE2 in airway epithelial cells and other organs but not alveolar 
epithelia. K18-hACE2 mice showed alveolar dysfunction upon infection with SARS-
CoV-1[46]. Infected mice showed evidence of perivascular and peribronchial inflam-
mation and lung injury. An increase in the level of chemokines and cytokines was 
detected in the lungs of K18-hACE2 mice[46]. Extensive studies on this model showed 
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neuroinvasion by the virus, which started from an olfactory bulb and progressively 
spread to subcortical and cortical regions of the brain. However, this route of 
transmission could not be applied to the other infected regions that were not 
connected to olfactory bulbs[47]. These mouse models have been used for the study of 
vaccine development, etiology and therapeutics. The studies on SARS-CoV-1 and 
SARS-CoV-2 have shown that these viruses can infect mice expressing hACE2[44]. 
Inoculation of SARS-CoV-2 into the transgenic mice showed a reduction in weight, 
superficial and histological evidence of antibody responses, and lung inflammation, 
although lung injury was limited[48,49]. The reports on SARS-CoV-2 infection state a 
lower mortality rate compared to that of SARS-CoV-1[50]. Using hACE2 for further 
studies encountered whether the expression of hACE2 level and tissue distribution in 
mice could fully reflect the level and distribution in humans. The murine models 
usually have ACE2 expression in the bronchial epithelium, whereas humans generally 
have its distribution in the lungs[47,51,52]. The distribution of hACE2 also depends on 
the species. A better model for severe SARS-CoV-2 infection can be developed by 
targeted positioning of hACE2 into the endogenous mouse locus[50]. Using 
CRISPR/Cas9, hACE2 was inserted into the endogenous mouse ACE2 locus, and these 
mice were susceptible to SARS-CoV-2 infection and showed greater lung neutrophil 
infiltration with increasing age. Infection in these mice also occurred via the 
intragastric route[53]. Transgenic mice expressing hACE2 under the CK18 promoter 
showed an increased viral titer in the brain when infected intranasally by SARS-CoV-2
[54]. Remarkably, García-Arriaza et al[55] developed COVID-19 vaccines using 
modified vaccinia virus Ankara (MVA) as vectors, which expressed the entire SARS-
CoV-2 spike protein (MVA-CoV2-S). Upon administration of one dose of this vaccine 
to k18-hACE2 models, the mice were protected from a lethal dose of SARS-CoV-2. 
After two doses of vaccine, the viral replication in the lungs was fully inhibited[55]. 
The same results were observed when the researchers used recombinant MVAs as 
vectors for delivering SARS-CoV-2 S protein in k18-hACE2 mice[56]. In a comparative 
study between SARS-CoV-1 and SARS-CoV-2 pathogenicity, SARS-CoV-2 was found 
to be milder than SARS-CoV-1 in the hACE2-expressing mice. In the case of SARS-
CoV-1, extrapulmonary organ damage, cerebral vasculitis, and hemorrhage were 
observed. In the case of SARS-CoV-2, only interstitial pneumonia was observed. Viral 
replication was seen in both the upper and lower respiratory tracts. More studies are 
required in this knock-in hACE2 mouse model for a better understanding of the 
pathogenesis of the infection[57]. Following all the results available, it is inferred that 
the transgenic mice expressing hACE2 had a more severe infection when compared 
with wild-type mice. These mice are a better choice for testing the vaccine potential 
and antiviral drug efficiency when compared to all other available mice models. In 
addition, the use of mouse-adapted SARS-CoV-2 strains can be replaced with the use 
of hACE2-expressing mice.

HAMSTERS
Hamster ACE2 shows a large degree of genome sequence similarity to human ACE2
[58]. When golden Syrian hamsters were inoculated with SARS-CoV-2 via the nasal 
route, viral replication was observed in the lungs, along with the development of 
inflammation, massive leukocyte infiltration, marked lesions of lung congestion, 
necrotizing bronchiolitis, and necrosis[59]. Infected hamsters also infected the 
cohoused hamsters along with causing weight reduction in mice and an increased 
respiration rate[50]. Quantitative polymerase chain reaction (PCR) was used to 
measure inflammation in the lungs, which revealed a quick response of IFNs and an 
increase in interleukin (IL)-16 levels. However, lung pathology and the other 
symptoms were resolved at 14 dpi[50]. STAT2 knockout hamsters, when infected with 
SARS-CoV-2, displayed high viremia, lung titers, and systemic spread when compared 
to the wild-type models. This showed that STAT2 knockout mice exhibited limited 
systemic spread of the infection, whereas the knockout hamsters showed limited 
leukocyte infiltration, no pneumonia, and attenuated lung pathology. Transgenic 
strains of hamsters can be used to restrict systemic viral dissemination by studying the 
molecular pathways[59]. Monchatre-Leroy et al[60] conducted a comparative study 
between hamsters and ferrets using a single strain of SARS-CoV-2 for infection, which 
suggested that the hamster model was more relevant than the ferret model because of 
its systemic lung infection, less maintenance, and ease of supply[60]. When vaccinated 
for SARS-CoV-2 with the patient isolates of early passages, the Syrian hamster 
exhibited protection in a harsh challenge setup[61]. In another study, hamsters 
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immunized for SARS-CoV-2 with recombinant measles virus that expressed the 
perfusion S protein of SARS-CoV-2 (rMeV-preS) exhibited high levels of Th1-based 
immunity, proving that the recombinant attenuated vaccine could act as an efficacious 
bivalent vaccine[42]. The Th1-based antibody response can reduce the risk of 
antibody-dependent enhancement, which is a challenge in vaccine development. 
Hamsters have also been used in a study evaluating the protective efficacy and 
immunogenicity of the whole-virion inactivated vaccine candidates, namely BBV152A, 
BBV152B and BBV152C. These vaccine candidates, along with Algel adjuvant, either 
alone or chemisorbed with imidazoquinoline, were found to be safe in the preclinical 
tests on mice, rats and rabbits[62]. BBV152, when injected into hamsters, produced 
SARS-CoV-2-specific IgG and neutralizing antibodies 3 wk post-inoculation. In the 
other two candidates of this vaccine, neutralizing antibodies increased until 7 wk after 
SARS-CoV-2 challenge. However, this study had some limitations, including the cell-
mediated immune response elicited by the vaccine candidates, which need to be 
explored further, along with the period of antibody response and the cross-
neutralizing potential of the neutralizing antibody with other coronaviruses[63]. These 
results suggest that hamsters can be used as a model for vaccine studies. Similarly, a 
drug study was conducted in the golden Syrian hamster for SARS-CoV-2. When 
treated with a combination dose of methylprednisolone and remdesivir, the infected 
hamsters were relieved of the tissue inflammation, and viral replication was reduced 
in the early stages of infection[64]. In contrast, treatment with methylprednisolone 
alone prevented weight loss, reduced anti-RBD antibody development, and improved 
tissue damage and inflammation[65,66], but the tissue viral RNA loads and viral titers 
were observed to increase. Similarly, for the treatment of severe COVID-19, either the 
humanized monoclonal antibody tocilizumab (anti-IL-6 receptor) could be used 
against the IL-6 receptor[67], or anakinra (antagonist) could be used against the IL-1 
receptor[68]. Thus, hamsters can be used to study the SARS-CoV-2 vaccine and 
antiviral drug efficiency, transmission, and immune response of the host.

For SARS-CoV-1, the golden Syrian hamster is preferred as a model as it exhibits 
viral loads and mild and transient pneumonia followed by pulmonary histopathology 
similar to those observed in humans[69]. Hamsters, when infected with SARS-CoV-1, 
showed high levels of viral replication in pulmonary tissues, severe interstitial inflam-
mation, and pulmonary consolidation. The initial infection of SARS-CoV-1 can elicit 
strong neutralizing antibody responses, which protects the animals from subsequent 
infection[69]. In a study evaluating the immunogenicity and preventive efficiency in 
hamsters, the respiratory virus BHPIV3 was used as a vector to express SARS-CoV-1, 
and it was found that the S glycoprotein acted as a protective antigen and neutralizer 
against SARS-CoV-1. Thus, the preventive and high immune response against SARS-
CoV-1 can be obtained by a single intranasal administration of recombinant vectors 
that express the S protein[70]. For SARS-CoV-1, recombinant measles virus vaccine 
conferred protection to immunized Syrian hamsters at viral titers of more than 100-
fold; this vaccine encodes the unmodified SARS-CoV-1 S protein, which can induce 
high titers of neutralizing antibodies and IFN-γ T cell responses[61]. Together, these 
results suggest that golden Syrian hamsters can be used to study the transmission, 
drug efficiency, vaccine efficiency, and modeling mechanism for both SARS-CoV-1 
and SARS-CoV-2, along with the study of host defense against severe infection. 
However, it is not used widely because of the lack of research tools, but it can act as a 
better alternative for transgenic mice models because the ACE2 of hamsters has a 
remarkable similarity to hACE2.

FERRETS
Ferrets are commonly used animal models for viruses causing respiratory illness in 
humans. Ferrets can be used for both viral transmission and pharmacological studies. 
They are also used to study mucoviscidosis[71]. Ferrets are more susceptible to SARS-
CoV-2 infection compared to dogs[72]. Ferrets also show the same symptoms as 
humans after inoculation with SARS-CoV-2, like elevated temperature suggestive of 
pyresis, coughing between 2 and 12 dpi, reduced activity, and loss of appetite[72,73]. 
In ferrets, replication occurred in the soft palate, nasal turbinates, tonsils, and digestive 
tract, while the virus was absent in the lung lobes, even when inoculation was intrat-
racheal[74]. Severe pulmonary lymphoplasmacytic perivasculitis and vasculitis were 
detected in the lungs of infected ferrets when observed histologically[72]. The viral 
shedding profile of ferrets resembled that of asymptomatic human patients who 
efficiently transmit SARS-CoV-2[75]. Ferrets were infected with SARS-CoV-2 and 
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treated with certain FDA-approved antiviral drugs, which revealed that emtri-
citabine–tenofovir showed antiviral efficacy in the respiratory and gastrointestinal 
tract[76]. Thus, the ferret is a suitable animal model for studying mild and 
asymptomatic SARS-CoV-2 infection, transmission, and pathogenesis.

When ferrets were inoculated with SARS-CoV-1, a subset showed clinical illness, 
while the remaining animals did not show infection[77]. The ferret models were 
characterized by higher cytotoxicity in the upper respiratory tract with fever and 
sneezing associated with histological changes in the lungs, including lymphohisti-
ocytic bronchopneumonia[69,78]. Viral replication was not detected in the lower 
respiratory tract in the ferrets, making it a candidate model for antiviral and vaccine 
testing[79]. Naïve ferrets were used for studying viral transmission by placing them in 
direct and indirect contact with infected ferrets. Ferrets left in direct contact showed 
symptoms of infections at 2–6 dpi, whereas those left in indirect contact remained 
asymptomatic, with only some ferrets showing viral RNA indicating transmission via 
air. Ferrets can also be used to study the immune responses against infection[50,73]. 
Thus, ferrets can be used to study transmission, immune response against infection, 
and effect of antivirals and vaccines for both SARS-CoV-1 and SARS-CoV-2.

NONHUMAN PRIMATES
Among the various nonhuman primate models for SARS-CoV-2, cynomolgus 
macaques and rhesus macaques are used the most, and the common marmoset has 
shown resistance to infection[48,80,81]. For SARS-CoV-2, the most convincing model 
that has been suggested by Yu et al[81] is the rhesus macaque, which, when inoculated 
intratracheally, orally, intranasally, and in both eyes, showed asymmetrical breathing 
patterns and tachypnea in a few animals, suggesting a certain degree of ARDS 
development[81]. Since age is said to be the major threat factor for COVID-19, mature 
rhesus macaques (15 years old) were compared with younger macaques (3–5 years 
old), and an increase in viral load at 7 dpi was seen in the older animals[81]. Thus, 
aged rhesus macaques can be used as a model for acute disease. Another study was 
conducted with rhesus macaques on the development of protective immunity after the 
initial infection. Two animals were inoculated intratracheally and then again after 28 d. 
Bao et al[48] observed the development of protective immunity in macaques with the 
lack of viral shedding[48]. Rhesus macaques were used for studying the BBV152 
vaccine (Covaxin). The animals were given two doses of vaccine at an interval of 14 d 
and then challenged with SARS-CoV-2. SARS-CoV-2-specific IgG and neutralizing 
antibodies were produced, showing the protective efficacy of the vaccine. Virus 
clearance was observed at 7 dpi in the macaques, and this vaccine is now in phase III 
of its trial[82]. A comparative study on the etiology of SARS-CoV-2 and SARS-CoV-1 
was conducted in nonhuman primates, and it was found that cynomolgus macaques 
remained uninfected after inoculation with SARS-CoV-2. This model shed the virus for 
an extended period, and the virus was capable of replicating efficiently in both the 
upper and lower respiratory tract of the model. This model can be used for studying 
the etiology of SARS-CoV-2 and the analysis of therapeutic approaches to the disease
[80]. SARS-CoV-2 was inoculated in both young and mature cynomolgus macaques. 
The lesions showed pulmonary alveolar edema, formation of hyaline membrane, and 
other signs of acute lung injury[80]. Koo and workers observed acute interstitial 
pneumonia with endotheliitis in both rhesus and cynomolgus macaques infected with 
SARS-CoV-2[83]. These observations showed that cynomolgus macaques could be 
used as a model for studying the mechanism of severe SARS-CoV-2 infection, and 
rhesus macaques can be used to study the etiology, immune response, and vaccine 
efficiency.

Based on previously published studies, SARS-CoV-1 was reported to infect old and 
new world monkeys, including common marmosets, squirrel monkeys, rhesus 
macaques, mustached tamarins, cynomolgus macaques, and African green monkeys
[69]. SARS-CoV-1 infections in these nonhuman primates showed symptoms such as 
diarrhea, fever and pneumonitis[69]. The pneumonitis, which was observed in each 
species, varied with the inoculum dose and route[7]. The highest viral replication was 
seen in the cynomolgus monkeys followed by African green monkeys, with the 
findings affected by many factors, including dose, age, route of infection, animal 
source, inoculation of the virus, and history of the environment[38]. The SARS-CoV-1 
Urbani strain showed mild symptoms followed by infection in cynomolgus macaques, 
rhesus macaques and green monkeys[69]. Replication of SARS-CoV-1 did not occur in 
mustached tamarins and squirrel monkeys[6]. African green monkeys, when 
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immunized with recombinant attenuated parainfluenza virus (BHPIV3) that expressed 
the SARS-CoV S protein, showed the production of SARS-CoV neutralizing serum 
antibodies, indicating the effectiveness of mucosal immunization[84]. Thus, nonhuman 
primates can be used to study age-related effectiveness, pathogenesis, and vaccines for 
both SARS-CoV-1 and SARS-CoV-2. However, they are not used largely because their 
maintenance and handling are difficult and not available easily.

CATS
Domestic cats were found to test positive for both SARS-CoV-1 and SARS-CoV-2, 
which were presumed to be infected by their owners[85]. Cats can be infected experi-
mentally with SARS-CoV-1 and SARS-CoV-2, and they show pulmonary changes, 
viral shedding, and infection similar to humans[86]. The cats inoculated with SARS-
CoV-1 via the intranasal route showed viral replication in the lungs followed by 
pneumonitis[38]. Rudd et al[87] found that when cats were intratracheally infected 
with SARS-CoV-1, they showed pulmonary disease with diffuse alveolar damage[87]. 
They also observed predominant clinical signs, including fever, cough, lethargy, and 
increased respiratory effort in the cats inoculated intratracheally with SARS-CoV-2. 
They also found pulmonary lesions such as diffuse alveolar damage and evidence of 
vascular injury[85]. In another study, cats infected with SARS-CoV-1 developed 
pulmonary lesions, and active infection and shedding were also observed, which were 
similar to those occurring in humans. However, they also developed tracheo-broncho-
adenitis, which has not been reported in humans[77]. The infected cats were also 
capable of transmitting the virus to other cats[86]. In the case of SARS-CoV-2, Zhang et 
al[79] infected 8-month-old cats intranasally and found infectious virus in the upper 
respiratory tract, small intestine, and feces. The same symptoms were observed in 14-
week-old kittens, and they also showed histopathological changes suggesting that 
infection is more severe in younger cats. The mode of transmission of SARS-CoV-2 
from infected cats to adjacent uninfected cats could be through feces or respiratory 
droplets[72]. Likewise, another study on transmission was done on three cats that 
were inoculated with SARS-CoV-2 and cohoused in pairs with uninfected cats after 1 d 
of inoculation. After 1 dpi, the shedding of viral particles was confirmed from the 
inoculated cats that infected the cohoused cats as the shedding of virus from the 
inmates was recorded after 3–5 d, ensuring the transmission of SARS-CoV-2. However, 
none of the cats showed clinical signs and no virus detection in the rectal swabs, 
although all cats developed antibodies[88]. In the United States, zoo-housed tigers and 
domestic cats belonging to the Felidae family were also positive for SARS-CoV-2[38]. 
Finally, all these studies prove that cats are susceptible to SARS-CoV-2 and SARS-
CoV-1 infection and its capability to develop neutralizing antibodies, which protected 
them from reinfection[86]. More studies on cats are required to develop medicines for 
veterinary animals[50]. Further studies must be done on domestic cats to study 
transmission crossing the species barrier, and the studies should be focused on specific 
antibody production in cats.

ANIMALS INFECTED MINIMALLY: DOGS, CHICKENS, PIGS AND TREE 
SHREWS
Few results are available for infection in tree shrews, pigs, chickens and dogs, none of 
which have shown signs of COVID-19, except for dogs displaying shedding of virus in 
feces[72]. No respiratory disease was seen in domestic dogs with positive PCR results. 
Live virus isolation and viral RNA detection were reported for one dog, although 
there was no transmission to other dogs in the same household[89]. Also, no infection 
has been observed in pigs or their cell lines[90]. Similarly, chickens are found to be 
resistant to SARS-CoV-1 and SARS-CoV-2. Chickens inoculated with the virus showed 
viral RNA, but it was not possible to isolate the replicating virus from them[91]. 
Chickens also did not transmit the infection to cohoused chickens[74]. When 
embryonated eggs were injected with these viruses, no replication was observed[72,
92]. The same results were reported for tree shrews, with no clinical signs except for an 
increase in temperature that was observed only in females[93]. Based on the evidence 
mentioned above, these animals are not preferred for SARS-CoV-1 and SARS-CoV-2 
related studies.
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Figure 1 Searching for an ideal animal model to study COVID-19 transmission and pathogenesis. CNS: Central nervous system.

WILDLY CAUGHT POSITIVE ANIMALS
During the disease outbreak, a few wild animals were found to be positive for SARS-
CoV-2, including the Rhinolophus and Hipposideros species of pangolins, bats, palm 
civets, bamboo rats, raccoon dogs, hog badgers, and hedgehogs[94]. In the 
Netherlands, some studies on farms revealed that the strain passed from humans to 
mink, spreading to other humans and the mink population. Viral RNA was detected in 
air–dust particles in mink farms[95]. Respiratory diseases were detected in infected 
mink, with interstitial pneumonia, lung inflammation, and little mortality. This shows 
that minks can serve as a more nuanced model than ferrets, but controlled studies 
would be needed. Infected lions and tigers showed loss of appetite and respiratory 
symptoms, but they recovered[96]. From these observations, it is clear that more 
measures should be taken to stop the transmission of SARS-CoV-2 to other species and 
to protect the wild animals.

CONCLUSION
Animal models for SARS-CoV-2 and another human coronavirus are used extensively. 
Animal models that accurately reproduce the severe COVID-19 symptoms exhibited 
by humans are required to design novel therapeutic approaches. The existing animal 
models are currently preferred (Figure 1), but efforts must be made to assess them 
with proper in vitro experiments and generate reliable scientific data before being put 
into use. It is impossible to study the etiology, transmission, therapeutic approaches, 
drug treatment, and vaccine development in a single animal model due to their inborn 
differences. Furthermore, there are many differences in biology, behavior, genetics, 
adaptability, and receptor expression level; all of which influence the infection rate. 
Thus, various animal models are required to develop a good understanding of the 
disease and obtain better results. The preferred animal model for each study would 
depend on reproducibility, efficacy, etiology, etc. Laboratory mice and hamsters are 
preferred due to their ease of availability, easy handling, low cost, small size, and 
possibility of manipulation at the genetic level. In SARS-CoV-2, cynomolgus macaques 
and rhesus macaques are better models than all other models discussed. Based on 
available studies, Lakdawala and Menachery[72] suggested that hamsters, ferrets and 
cats can serve as alternatives for nonhuman primates and transgenic mouse models
[72]. Cats and ferrets can be used as models for studying the transmission and effect-
iveness of antivirals to limit viral spread. The nonhuman primates that showed 
reduced viral loads and hamsters that produced neutralizing antibodies and specific 
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immune responses can be used as models for evaluating the effectiveness of vaccines 
and antivirals before deployment to humans[72]. For SARS-CoV-1, all nonhuman 
primate models are suggested to be the best, and among them, ferrets and hamsters 
are the preferred ones. Various studies have been done on the neuroinvasive capacity 
of SARS-CoV-2, revealing that SARS-CoV-2 can directly infect neural cells and cause 
neurological symptoms. These have also given the strategy of using human brain 
organoids to study SARS-CoV-2 effects on the central nervous system[54,97-99]. 
Nonetheless, more studies must be conducted in animal models to study the neuroin-
vasive mechanisms. The recent pandemic is a major threat to global human health, and 
to overcome this situation, RNA virus-inactivating drugs, and broad-range vaccines 
are needed. Hydroxychloroquine, remdesivir, and lopinavir/ritonavir are under 
evaluation for COVID-19 treatment as multiple-target direct antivirals[100]. 
Developing more antivirals and vaccines against various viruses requires complete 
information on virus replication and etiology, which requires a detailed study on 
animal models before testing on humans.

REFERENCES
Glass WG, Subbarao K, Murphy B, Murphy PM. Mechanisms of host defense following severe 
acute respiratory syndrome-coronavirus (SARS-CoV) pulmonary infection of mice. J Immunol 2004; 
173: 4030-4039 [PMID: 15356152 DOI: 10.4049/jimmunol.173.6.4030]

1     

Frieman MB, Chen J, Morrison TE, Whitmore A, Funkhouser W, Ward JM, Lamirande EW, 
Roberts A, Heise M, Subbarao K, Baric RS. SARS-CoV pathogenesis is regulated by a STAT1 
dependent but a type I, II and III interferon receptor independent mechanism. PLoS Pathog 2010; 6: 
e1000849 [PMID: 20386712 DOI: 10.1371/journal.ppat.1000849]

2     

Rossi GA, Sacco O, Mancino E, Cristiani L, Midulla F. Differences and similarities between SARS-
CoV and SARS-CoV-2: spike receptor-binding domain recognition and host cell infection with 
support of cellular serine proteases. Infection 2020; 48: 665-669 [PMID: 32737833 DOI: 
10.1007/s15010-020-01486-5]

3     

Yuki K, Fujiogi M, Koutsogiannaki S. COVID-19 pathophysiology: A review. Clin Immunol 2020; 
215: 108427 [PMID: 32325252 DOI: 10.1016/j.clim.2020.108427]

4     

Baxter VK, Griffin DE. Animal Models: No model is perfect, but many are useful. Viral Patho 
2016; 10: 125-138 [DOI: 10.1016/b978-0-12-800964-2.00010-0]

5     

Sutton TC, Subbarao K. Development of animal models against emerging coronaviruses: From 
SARS to MERS coronavirus. Virology 2015; 479-480: 247-258 [PMID: 25791336 DOI: 
10.1016/j.virol.2015.02.030]

6     

Gretebeck LM, Subbarao K. Animal models for SARS and MERS coronaviruses. Curr Opin Virol 
2015; 13: 123-129 [PMID: 26184451 DOI: 10.1016/j.coviro.2015.06.009]

7     

Cui J, Li F, Shi ZL. Origin and evolution of pathogenic coronaviruses. Nat Rev Microbiol 2019; 17: 
181-192 [PMID: 30531947 DOI: 10.1038/s41579-018-0118-9]

8     

Decaro N, Lorusso A. Novel human coronavirus (SARS-CoV-2): A lesson from animal 
coronaviruses. Vet Microbiol 2020; 244: 108693 [PMID: 32402329 DOI: 
10.1016/j.vetmic.2020.108693]

9     

Corman VM, Muth D, Niemeyer D, Drosten C. Hosts and Sources of Endemic Human 
Coronaviruses. Adv Virus Res 2018; 100: 163-188 [PMID: 29551135 DOI: 
10.1016/bs.aivir.2018.01.001]

10     

Neuman BW, Buchmeier MJ. Supramolecular Architecture of the Coronavirus Particle. Adv Virus 
Res 2016; 96: 1-27 [PMID: 27712621 DOI: 10.1016/bs.aivir.2016.08.005]

11     

Tortorici MA, Veesler D. Structural insights into coronavirus entry. Adv Virus Res 2019; 105: 93-
116 [PMID: 31522710 DOI: 10.1016/bs.aivir.2019.08.002]

12     

Chen Y, Liu Q, Guo D. Emerging coronaviruses: Genome structure, replication, and pathogenesis. J 
Med Virol 2020; 92: 418-423 [PMID: 31967327 DOI: 10.1002/jmv.25681]

13     

Robson B. Computers and viral diseases. Preliminary bioinformatics studies on the design of a 
synthetic vaccine and a preventative peptidomimetic antagonist against the SARS-CoV-2 (2019-
nCoV, COVID-19) coronavirus. Comput Biol Med 2020; 119: 103670 [PMID: 32209231 DOI: 
10.1016/j.compbiomed.2020.103670]

14     

Letko M, Marzi A, Munster V. Functional assessment of cell entry and receptor usage for SARS-
CoV-2 and other lineage B beta coronaviruses. Nat Microbiol  2020; 5: 562-569 [DOI: 
10.1038/s41564-020-0688-y]

15     

Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural basis for the recognition of SARS-CoV-2 
by full-length human ACE2. Science 2020; 367: 1444-1448 [PMID: 32132184 DOI: 
10.1126/science.abb2762]

16     

Ou X, Liu Y, Lei X, Li P, Mi D, Ren L, Guo L, Guo R, Chen T, Hu J, Xiang Z, Mu Z, Chen X, 
Chen J, Hu K, Jin Q, Wang J, Qian Z. Characterization of spike glycoprotein of SARS-CoV-2 on 
virus entry and its immune cross-reactivity with SARS-CoV. Nat Commun 2020; 11: 1620 [PMID: 
32221306 DOI: 10.1038/s41467-020-15562-9]

17     

Follis KE, York J, Nunberg JH. Furin cleavage of the SARS coronavirus spike glycoprotein 18     

http://www.ncbi.nlm.nih.gov/pubmed/15356152
https://dx.doi.org/10.4049/jimmunol.173.6.4030
http://www.ncbi.nlm.nih.gov/pubmed/20386712
https://dx.doi.org/10.1371/journal.ppat.1000849
http://www.ncbi.nlm.nih.gov/pubmed/32737833
https://dx.doi.org/10.1007/s15010-020-01486-5
http://www.ncbi.nlm.nih.gov/pubmed/32325252
https://dx.doi.org/10.1016/j.clim.2020.108427
https://dx.doi.org/10.1016/b978-0-12-800964-2.00010-0
http://www.ncbi.nlm.nih.gov/pubmed/25791336
https://dx.doi.org/10.1016/j.virol.2015.02.030
http://www.ncbi.nlm.nih.gov/pubmed/26184451
https://dx.doi.org/10.1016/j.coviro.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/30531947
https://dx.doi.org/10.1038/s41579-018-0118-9
http://www.ncbi.nlm.nih.gov/pubmed/32402329
https://dx.doi.org/10.1016/j.vetmic.2020.108693
http://www.ncbi.nlm.nih.gov/pubmed/29551135
https://dx.doi.org/10.1016/bs.aivir.2018.01.001
http://www.ncbi.nlm.nih.gov/pubmed/27712621
https://dx.doi.org/10.1016/bs.aivir.2016.08.005
http://www.ncbi.nlm.nih.gov/pubmed/31522710
https://dx.doi.org/10.1016/bs.aivir.2019.08.002
http://www.ncbi.nlm.nih.gov/pubmed/31967327
https://dx.doi.org/10.1002/jmv.25681
http://www.ncbi.nlm.nih.gov/pubmed/32209231
https://dx.doi.org/10.1016/j.compbiomed.2020.103670
https://dx.doi.org/10.1038/s41564-020-0688-y
http://www.ncbi.nlm.nih.gov/pubmed/32132184
https://dx.doi.org/10.1126/science.abb2762
http://www.ncbi.nlm.nih.gov/pubmed/32221306
https://dx.doi.org/10.1038/s41467-020-15562-9


Saravanan UB et al. Animal models for SARS-CoV

WJV https://www.wjgnet.com 52 January 25, 2022 Volume 11 Issue 1

enhances cell-cell fusion but does not affect virion entry. Virology 2006; 350: 358-69 [DOI: 
10.1016/j.virol.2006.02.003]
Hoffmann M, Kleine-Weber H, Pöhlmann S. A Multibasic Cleavage Site in the Spike Protein of 
SARS-CoV-2 Is Essential for Infection of Human Lung Cells. Mol Cell 2020; 78: 779-784.e5 [DOI: 
10.1016/j.molcel.2020.04.022]

19     

Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, Schiergens TS, 
Herrler G, Wu NH, Nitsche A, Müller MA, Drosten C, Pöhlmann S. SARS-CoV-2 Cell Entry 
Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell 
2020; 181: 271-280.e8 [PMID: 32142651 DOI: 10.1016/j.cell.2020.02.052]

20     

Fani M, Teimoori A, Ghafari S. Comparison of the COVID-2019 (SARS-CoV-2) pathogenesis with 
SARS-CoV and MERS-CoV infections. Future Virol  2020; 15: 317-323 [DOI: 
10.2217/fvl-2020-0050]

21     

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J, 
Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, 
Jin Q, Wang J, Cao B. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet 2020; 395: 497-506 [PMID: 31986264 DOI: 10.1016/S0140-6736(20)30183-5]

22     

Parasher A. COVID-19: Current understanding of its Pathophysiology, Clinical presentation and 
Treatment. Postgrad Med J 2021; 97: 312-320 [PMID: 32978337 DOI: 
10.1136/postgradmedj-2020-138577]

23     

Damas J, Hughes GM, Keough KC, Painter CA, Persky NS, Corbo M, Hiller M, Koepfli KP, 
Pfenning AR, Zhao H, Genereux DP, Swofford R, Pollard KS, Ryder OA, Nweeia MT, Lindblad-
Toh K, Teeling EC, Karlsson EK, Lewin HA. Broad host range of SARS-CoV-2 predicted by 
comparative and structural analysis of ACE2 in vertebrates. Proc Natl Acad Sci U S A 2020; 117: 
22311-22322 [PMID: 32826334 DOI: 10.1073/pnas.2010146117]

24     

Krishnakumar V, Durairajan SSK, Alagarasu K, Li M, Dash AP. Recent Updates on Mouse 
Models for Human Immunodeficiency, Influenza, and Dengue Viral Infections. Viruses 2019; 11 
[PMID: 30871179 DOI: 10.3390/v11030252]

25     

Empey KM, Peebles RS Jr, Janssen WJ. Mouse Models of Viral Infection. Methods Mol Biol 2018; 
1809: 395-414 [PMID: 29987803 DOI: 10.1007/978-1-4939-8570-8_26]

26     

Sarkar S, Heise MT. Mouse Models as Resources for Studying Infectious Diseases. Clin Ther 2019; 
41: 1912-1922 [PMID: 31540729 DOI: 10.1016/j.clinthera.2019.08.010]

27     

Mohandas S, Jain R, Yadav PD, Shete-Aich A, Sarkale P, Kadam M, Kumar A, Deshpande G, 
Baradkar S, Patil S, Sapkal G, Mali D, Salve M, Patil D, Majumdar T, Suryawanshi A, Kaushal H, 
Lakra R, Dighe H, Gupta N, Abraham P, Gangakhedkar RR. Evaluation of the susceptibility of mice 
& hamsters to SARS-CoV-2 infection. Indian J Med Res 2020; 151: 479-482 [PMID: 32611917 
DOI: 10.4103/ijmr.IJMR_2235_20]

28     

Gu H, Chen Q, Yang G, He L, Fan H, Deng YQ, Wang Y, Teng Y, Zhao Z, Cui Y, Li Y, Li XF, Li 
J, Zhang NN, Yang X, Chen S, Guo Y, Zhao G, Wang X, Luo DY, Wang H, Han G, He Y, Zhou X, 
Geng S, Sheng X, Jiang S, Sun S, Qin CF, Zhou Y. Adaptation of SARS-CoV-2 in BALB/c mice for 
testing vaccine efficacy. Science 2020; 369: 1603-1607 [PMID: 32732280 DOI: 
10.1126/science.abc4730]

29     

Hassan AO, Case JB, Winkler ES, Thackray LB, Kafai NM, Bailey AL, McCune BT, Fox JM, 
Chen RE, Alsoussi WB, Turner JS, Schmitz AJ, Lei T, Shrihari S, Keeler SP, Fremont DH, Greco S, 
McCray PB Jr, Perlman S, Holtzman MJ, Ellebedy AH, Diamond MS. A SARS-CoV-2 Infection 
Model in Mice Demonstrates Protection by Neutralizing Antibodies. Cell 2020; 182: 744-753.e4 
[PMID: 32553273 DOI: 10.1016/j.cell.2020.06.011]

30     

Dinnon KH 3rd, Leist SR, Schäfer A, Edwards CE, Martinez DR, Montgomery SA, West A, Yount 
BL Jr, Hou YJ, Adams LE, Gully KL, Brown AJ, Huang E, Bryant MD, Choong IC, Glenn JS, 
Gralinski LE, Sheahan TP, Baric RS. A mouse-adapted model of SARS-CoV-2 to test COVID-19 
countermeasures. Nature 2020; 586: 560-566 [PMID: 32854108 DOI: 10.1038/s41586-020-2708-8]

31     

Leist SR, Dinnon KH 3rd, Schäfer A, Tse LV, Okuda K, Hou YJ, West A, Edwards CE, Sanders W, 
Fritch EJ, Gully KL, Scobey T, Brown AJ, Sheahan TP, Moorman NJ, Boucher RC, Gralinski LE, 
Montgomery SA, Baric RS. A Mouse-Adapted SARS-CoV-2 Induces Acute Lung Injury and 
Mortality in Standard Laboratory Mice. Cell 2020; 183: 1070-1085.e12 [PMID: 33031744 DOI: 
10.1016/j.cell.2020.09.050]

32     

Sinha P, Matthay MA, Calfee CS. Is a "Cytokine Storm" Relevant to COVID-19? JAMA Intern Med 
2020; 180: 1152-1154 [PMID: 32602883 DOI: 10.1001/jamainternmed.2020.3313]

33     

Fukushima A, Yamaguchi T, Ishida W, Fukata K, Taniguchi T, Liu FT, Ueno H. Genetic 
background determines susceptibility to experimental immune-mediated blepharoconjunctivitis: 
comparison of Balb/c and C57BL/6 mice. Exp Eye Res 2006; 82: 210-218 [PMID: 16102751 DOI: 
10.1016/j.exer.2005.06.010]

34     

Tseng CT, Huang C, Newman P, Wang N, Narayanan K, Watts DM, Makino S, Packard MM, Zaki 
SR, Chan TS, Peters CJ. Severe acute respiratory syndrome coronavirus infection of mice transgenic 
for the human Angiotensin-converting enzyme 2 virus receptor. J Virol 2007; 81: 1162-1173 [PMID: 
17108019 DOI: 10.1128/JVI.01702-06]

35     

Subbarao K, Roberts A. Is there an ideal animal model for SARS? Trends Microbiol 2006; 14: 299-
303 [PMID: 16759866 DOI: 10.1016/j.tim.2006.05.007]

36     

Du L, Zhao G, He Y, Guo Y, Zheng BJ, Jiang S, Zhou Y. Receptor-binding domain of SARS-CoV 
spike protein induces long-term protective immunity in an animal model. Vaccine 2007; 25: 2832-

37     

https://dx.doi.org/10.1016/j.virol.2006.02.003
https://dx.doi.org/10.1016/j.molcel.2020.04.022
http://www.ncbi.nlm.nih.gov/pubmed/32142651
https://dx.doi.org/10.1016/j.cell.2020.02.052
https://dx.doi.org/10.2217/fvl-2020-0050
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32978337
https://dx.doi.org/10.1136/postgradmedj-2020-138577
http://www.ncbi.nlm.nih.gov/pubmed/32826334
https://dx.doi.org/10.1073/pnas.2010146117
http://www.ncbi.nlm.nih.gov/pubmed/30871179
https://dx.doi.org/10.3390/v11030252
http://www.ncbi.nlm.nih.gov/pubmed/29987803
https://dx.doi.org/10.1007/978-1-4939-8570-8_26
http://www.ncbi.nlm.nih.gov/pubmed/31540729
https://dx.doi.org/10.1016/j.clinthera.2019.08.010
http://www.ncbi.nlm.nih.gov/pubmed/32611917
https://dx.doi.org/10.4103/ijmr.IJMR_2235_20
http://www.ncbi.nlm.nih.gov/pubmed/32732280
https://dx.doi.org/10.1126/science.abc4730
http://www.ncbi.nlm.nih.gov/pubmed/32553273
https://dx.doi.org/10.1016/j.cell.2020.06.011
http://www.ncbi.nlm.nih.gov/pubmed/32854108
https://dx.doi.org/10.1038/s41586-020-2708-8
http://www.ncbi.nlm.nih.gov/pubmed/33031744
https://dx.doi.org/10.1016/j.cell.2020.09.050
http://www.ncbi.nlm.nih.gov/pubmed/32602883
https://dx.doi.org/10.1001/jamainternmed.2020.3313
http://www.ncbi.nlm.nih.gov/pubmed/16102751
https://dx.doi.org/10.1016/j.exer.2005.06.010
http://www.ncbi.nlm.nih.gov/pubmed/17108019
https://dx.doi.org/10.1128/JVI.01702-06
http://www.ncbi.nlm.nih.gov/pubmed/16759866
https://dx.doi.org/10.1016/j.tim.2006.05.007


Saravanan UB et al. Animal models for SARS-CoV

WJV https://www.wjgnet.com 53 January 25, 2022 Volume 11 Issue 1

2838 [DOI: 10.1016/j.vaccine.2006.10.031]
Rosa RB, Dantas WM, do Nascimento JCF, da Silva MV, de Oliveira RN, Pena LJ. In Vitro and In 
Vivo Models for Studying SARS-CoV-2, the Etiological Agent Responsible for COVID-19 
Pandemic. Viruses 2021; 13 [PMID: 33673614 DOI: 10.3390/v13030379]

38     

Singh A, Singh RS, Sarma P, Batra G, Joshi R, Kaur H, Sharma AR, Prakash A, Medhi B. A 
Comprehensive Review of Animal Models for Coronaviruses: SARS-CoV-2, SARS-CoV, and 
MERS-CoV. Virol Sin 2020; 35: 290-304 [PMID: 32607866 DOI: 10.1007/s12250-020-00252-z]

39     

See RH, Zakhartchouk AN, Petric M, Lawrence DJ, Mok CPY, Hogan RJ, Rowe T, Zitzow LA, 
Karunakaran KP, Hitt MM, Graham FL, Prevec L, Mahony JB, Sharon C, Auperin TC, Rini JM, 
Tingle AJ, Scheifele DW, Skowronski DM, Patrick DM, Voss TG, Babiuk LA, Gauldie J, Roper RL, 
Brunham RC, Finlay BB. Comparative evaluation of two severe acute respiratory syndrome (SARS) 
vaccine candidates in mice challenged with SARS coronavirus. J Gen Virol 2006; 87: 641-650 
[PMID: 16476986 DOI: 10.1099/vir.0.81579-0]

40     

Iwata-Yoshikawa N, Okamura T, Shimizu Y, Hasegawa H, Takeda M, Nagata N. TMPRSS2 
Contributes to Virus Spread and Immunopathology in the Airways of Murine Models after 
Coronavirus Infection. J Virol 2019; 93 [PMID: 30626688 DOI: 10.1128/JVI.01815-18]

41     

Lu M, Dravid P, Zhang Y, Trivedi S, Li A, Harder O, Kc M, Chaiwatpongsakorn S, Zani A, Kenney 
A, Zeng C, Cai C, Ye C, Liang X, Shimamura M, Liu SL, Mejias A, Ramilo O, Boyaka PN, Qiu J, 
Martinez-Sobrido L, Yount JS, Peeples ME, Kapoor A, Niewiesk S, Li J. A safe and highly 
efficacious measles virus-based vaccine expressing SARS-CoV-2 stabilized prefusion spike. Proc 
Natl Acad Sci USA 2021; 118: e2026153118 [DOI: 10.1073/pnas.2026153118]

42     

Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, Huan Y, Yang P, Zhang Y, Deng W, Bao L, Zhang 
B, Liu G, Wang Z, Chappell M, Liu Y, Zheng D, Leibbrandt A, Wada T, Slutsky AS, Liu D, Qin C, 
Jiang C, Penninger JM. A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS 
coronavirus-induced lung injury. Nat Med 2005; 11: 875-879 [PMID: 16007097 DOI: 
10.1038/nm1267]

43     

Yang XH, Deng W, Tong Z, Liu YX, Zhang LF, Zhu H, Gao H, Huang L, Liu YL, Ma CM, Xu YF, 
Ding MX, Deng HK, Qin C. Mice transgenic for human angiotensin-converting enzyme 2 provide a 
model for SARS coronavirus infection. Comp Med  2007; 57: 450-459 [DOI: 
10.1101/2020.04.06.20055475]

44     

Lutz C, Maher L, Lee C, Kang W. COVID-19 preclinical models: human angiotensin-converting 
enzyme 2 transgenic mice. Hum Genomics 2020; 14: 20 [PMID: 32498696 DOI: 
10.1186/s40246-020-00272-6]

45     

McCray PB Jr, Pewe L, Wohlford-Lenane C, Hickey M, Manzel L, Shi L, Netland J, Jia HP, 
Halabi C, Sigmund CD, Meyerholz DK, Kirby P, Look DC, Perlman S. Lethal infection of K18-
hACE2 mice infected with severe acute respiratory syndrome coronavirus. J Virol 2007; 81: 813-821 
[PMID: 17079315 DOI: 10.1128/JVI.02012-06]

46     

Natoli S, Oliveira V, Calabresi P, Maia LF, Pisani A. Does SARS-Cov-2 invade the brain? Eur J 
Neurol 2020; 27: 1764-1773 [PMID: 32333487 DOI: 10.1111/ene.14277]

47     

Bao L, Wei Deng, Hong Gao, Chong Xiao, Jiayi Liu, Jing Xue, Qi Lv, Jiangning Liu, Pin Yu, 
Yanfeng Xu, Feifei Qi, Yajin Qu, Fengdi Li, Zhiguang Xiang, Haisheng Yu, Shuran Gong, Mingya 
Liu, Guanpeng Wang, Shunyi Wang, Zhiqi Song, Wenjie Zhao, Yunlin Han, Linna Zhao, Xing Liu, 
Qiang Wei, Chuan Qin.   Lack of Reinfection in Rhesus Macaques Infected with SARS-CoV-2. 
2020 Preprint; Available from: Bio-Rxiv:2020.03.13.990226

48     

Winkler ES, Bailey AL, Kafai NM, Nair S, McCune BT, Yu J, Fox JM, Chen RE, Earnest JT, 
Keeler SP, Ritter JH, Kang LI, Dort S, Robichaud A, Head R, Holtzman MJ, Diamond MS. SARS-
CoV-2 infection of human ACE2-transgenic mice causes severe lung inflammation and impaired 
function. Nat Immunol 2020; 21: 1327-1335 [PMID: 32839612 DOI: 10.1038/s41590-020-0778-2]

49     

Cleary SJ, Pitchford SC, Amison RT, Carrington R, Robaina Cabrera CL, Magnen M, Looney MR, 
Gray E, Page CP. Animal models of mechanisms of SARS-CoV-2 infection and COVID-19 
pathology. Br J Pharmacol 2020; 177: 4851-4865 [PMID: 32462701 DOI: 10.1111/bph.15143]

50     

Sodhi CP, Nguyen J, Yamaguchi Y, Werts AD, Lu P, Ladd MR, Fulton WB, Kovler ML, Wang S, 
Prindle T Jr, Zhang Y, Lazartigues ED, Holtzman MJ, Alcorn JF, Hackam DJ, Jia H. A Dynamic 
Variation of Pulmonary ACE2 Is Required to Modulate Neutrophilic Inflammation in Response to 
Pseudomonas aeruginosa Lung Infection in Mice. J Immunol 2019; 203: 3000-3012 [PMID: 
31645418 DOI: 10.4049/jimmunol.1900579]

51     

Sun K, Gu L, Ma L, Duan Y. Atlas of ACE2 gene expression reveals novel insights into 
transmission of SARS-CoV-2. Heliyon 2021; 7: e05850 [PMID: 33392409 DOI: 
10.1016/j.heliyon.2020.e05850]

52     

Sun SH, Chen Q, Gu HJ, Yang G, Wang YX, Huang XY, Liu SS, Zhang NN, Li XF, Xiong R, Guo 
Y, Deng YQ, Huang WJ, Liu Q, Liu QM, Shen YL, Zhou Y, Yang X, Zhao TY, Fan CF, Zhou YS, 
Qin CF, Wang YC. A Mouse Model of SARS-CoV-2 Infection and Pathogenesis. Cell Host Microbe 
2020; 28: 124-133.e4 [PMID: 32485164 DOI: 10.1016/j.chom.2020.05.020]

53     

Song E, Zhang C, Israelow B, Lu-Culligan A, Prado AV, Skriabine S, Lu P, Weizman OE, Liu F, 
Dai Y, Szigeti-Buck K, Yasumoto Y, Wang G, Castaldi C, Heltke J, Ng E, Wheeler J, Alfajaro MM, 
Levavasseur E, Fontes B, Ravindra NG, Van Dijk D, Mane S, Gunel M, Ring A, Kazmi SAJ, Zhang 
K, Wilen CB, Horvath TL, Plu I, Haik S, Thomas JL, Louvi A, Farhadian SF, Huttner A, Seilhean 
D, Renier N, Bilguvar K, Iwasaki A. Neuroinvasion of SARS-CoV-2 in human and mouse brain. 
bioRxiv 2020 [PMID: 32935108 DOI: 10.1101/2020.06.25.169946]

54     

https://dx.doi.org/10.1016/j.vaccine.2006.10.031
http://www.ncbi.nlm.nih.gov/pubmed/33673614
https://dx.doi.org/10.3390/v13030379
http://www.ncbi.nlm.nih.gov/pubmed/32607866
https://dx.doi.org/10.1007/s12250-020-00252-z
http://www.ncbi.nlm.nih.gov/pubmed/16476986
https://dx.doi.org/10.1099/vir.0.81579-0
http://www.ncbi.nlm.nih.gov/pubmed/30626688
https://dx.doi.org/10.1128/JVI.01815-18
https://dx.doi.org/10.1073/pnas.2026153118
http://www.ncbi.nlm.nih.gov/pubmed/16007097
https://dx.doi.org/10.1038/nm1267
https://dx.doi.org/10.1101/2020.04.06.20055475
http://www.ncbi.nlm.nih.gov/pubmed/32498696
https://dx.doi.org/10.1186/s40246-020-00272-6
http://www.ncbi.nlm.nih.gov/pubmed/17079315
https://dx.doi.org/10.1128/JVI.02012-06
http://www.ncbi.nlm.nih.gov/pubmed/32333487
https://dx.doi.org/10.1111/ene.14277
http://www.ncbi.nlm.nih.gov/pubmed/32839612
https://dx.doi.org/10.1038/s41590-020-0778-2
http://www.ncbi.nlm.nih.gov/pubmed/32462701
https://dx.doi.org/10.1111/bph.15143
http://www.ncbi.nlm.nih.gov/pubmed/31645418
https://dx.doi.org/10.4049/jimmunol.1900579
http://www.ncbi.nlm.nih.gov/pubmed/33392409
https://dx.doi.org/10.1016/j.heliyon.2020.e05850
http://www.ncbi.nlm.nih.gov/pubmed/32485164
https://dx.doi.org/10.1016/j.chom.2020.05.020
http://www.ncbi.nlm.nih.gov/pubmed/32935108
https://dx.doi.org/10.1101/2020.06.25.169946


Saravanan UB et al. Animal models for SARS-CoV

WJV https://www.wjgnet.com 54 January 25, 2022 Volume 11 Issue 1

García-Arriaza J, Esteban M, López D. Modified Vaccinia Virus Ankara as a Viral Vector for 
Vaccine Candidates against Chikungunya Virus. Biomedicines 2021; 9 [PMID: 34572308 DOI: 
10.3390/biomedicines9091122]

55     

Liu R, Americo JL, Cotter CA, Earl PL, Erez N, Peng C, Moss B. MVA Vector Vaccines Inhibit 
SARS CoV-2 Replication in Upper and Lower Respiratory Tracts of Transgenic Mice and Prevent 
Lethal Disease. bioRxiv 2021 [PMID: 33442693 DOI: 10.1101/2020.12.30.424878]

56     

Bao L, Deng W, Huang B, Gao H, Liu J, Ren L, Wei Q, Yu P, Xu Y, Qi F, Qu Y, Li F, Lv Q, Wang 
W, Xue J, Gong S, Liu M, Wang G, Wang S, Song Z, Zhao L, Liu P, Ye F, Wang H, Zhou W, Zhu 
N, Zhen W, Yu H, Zhang X, Guo L, Chen L, Wang C, Wang Y, Wang X, Xiao Y, Sun Q, Liu H, 
Zhu F, Ma C, Yan L, Yang M, Han J, Xu W, Tan W, Peng X, Jin Q, Wu G, Qin C. The 
pathogenicity of SARS-CoV-2 in hACE2 transgenic mice. Nature 2020; 583: 830-833 [PMID: 
32380511 DOI: 10.1038/s41586-020-2312-y]

57     

Chan JF, Zhang AJ, Yuan S, Poon VK, Chan CC, Lee AC, Chan WM, Fan Z, Tsoi HW, Wen L, 
Liang R, Cao J, Chen Y, Tang K, Luo C, Cai JP, Kok KH, Chu H, Chan KH, Sridhar S, Chen Z, 
Chen H, To KK, Yuen KY. Simulation of the Clinical and Pathological Manifestations of 
Coronavirus Disease 2019 (COVID-19) in a Golden Syrian Hamster Model: Implications for 
Disease Pathogenesis and Transmissibility. Clin Infect Dis 2020; 71: 2428-2446 [DOI: 
10.1093/cid/ciaa325]

58     

Boudewijns R, Thibaut HJ, Kaptein SJF, Li R, Vergote V, Seldeslachts L, Van Weyenbergh J, De 
Keyzer C, Bervoets L, Sharma S, Liesenborghs L, Ma J, Jansen S, Van Looveren D, Vercruysse T, 
Wang X, Jochmans D, Martens E, Roose K, De Vlieger D, Schepens B, Van Buyten T, Jacobs S, Liu 
Y, Martí-Carreras J, Vanmechelen B, Wawina-Bokalanga T, Delang L, Rocha-Pereira J, Coelmont 
L, Chiu W, Leyssen P, Heylen E, Schols D, Wang L, Close L, Matthijnssens J, Van Ranst M, 
Compernolle V, Schramm G, Van Laere K, Saelens X, Callewaert N, Opdenakker G, Maes P, 
Weynand B, Cawthorne C, Vande Velde G, Wang Z, Neyts J, Dallmeier K. STAT2 signaling 
restricts viral dissemination but drives severe pneumonia in SARS-CoV-2 infected hamsters. Nat 
Commun 2020; 11: 5838 [PMID: 33203860 DOI: 10.1038/s41467-020-19684-y]

59     

Monchatre-Leroy E, Lesellier S, Wasniewski M, Picard-Meyer E, Richomme C, Boué F, Lacôte S, 
Murri S, Pulido C, Vulin J, Salguero FJ, Gouilh MA, Servat A, Marianneau P. Hamster and ferret 
experimental infection with intranasal low dose of a single strain of SARS-CoV-2. J Gen Virol 2021; 
102 [PMID: 33612147 DOI: 10.1099/jgv.0.001567]

60     

Vandeputte J, Van Damme P, Neyts J, Audonnet JC, Baay M, Neels P. Animal experiments show 
impact of vaccination on reduction of SARS-CoV-2 virus circulation: A model for vaccine 
development? Biologicals 2021; 73: 1-7 [PMID: 34489162 DOI: 10.1016/j.biologicals.2021.08.001]

61     

Ganneru B, Jogdand H, Dharam VK, Molugu NR, Prasad SD, Vellimudu S, Ella KM, Ravikrishnan 
R, Awasthi A, Jose J, Rao P.   Evaluation of Safety and Immunogenicity of an Adjuvanted, TH-1 
Skewed, Whole Virion Inactivated SARS-CoV-2 Vaccine-Bbv152. 2020 Preprint; Available from: 
bioRxiv:2020.09.09.285445

62     

Mohandas S, Yadav PD, Shete-Aich A, Abraham P, Vadrevu KM, Sapkal G, Mote C, Nyayanit D, 
Gupta N, Srinivas VK, Kadam M, Kumar A, Majumdar T, Jain R, Deshpande G, Patil S, Sarkale P, 
Patil D, Ella R, Prasad SD, Sharma S, Ella KM, Panda S, Bhargava B. Immunogenicity and 
protective efficacy of BBV152, whole virion inactivated SARS-CoV-2 vaccine candidates in the 
Syrian hamster model. iScience 2021; 24: 102054 [PMID: 33521604 DOI: 
10.1016/j.isci.2021.102054]

63     

Ye ZW, Yuan S, Chan JF, Zhang AJ, Yu CY, Ong CP, Yang D, Chan CC, Tang K, Cao J, Poon VK, 
Cai JP, Chu H, Yuen KY, Jin DY. Beneficial effect of combinational methylprednisolone and 
remdesivir in hamster model of SARS-CoV-2 infection. Emerg Microbes Infect 2021; 10: 291-304 
[PMID: 33538646 DOI: 10.1080/22221751.2021.1885998]

64     

Huo J, Le Bas A, Ruza RR, Duyvesteyn HME, Mikolajek H, Malinauskas T, Tan TK, Rijal P, 
Dumoux M, Ward PN, Ren J, Zhou D, Harrison PJ, Weckener M, Clare DK, Vogirala VK, Radecke 
J, Moynié L, Zhao Y, Gilbert-Jaramillo J, Knight ML, Tree JA, Buttigieg KR, Coombes N, Elmore 
MJ, Carroll MW, Carrique L, Shah PNM, James W, Townsend AR, Stuart DI, Owens RJ, Naismith 
JH. Neutralizing nanobodies bind SARS-CoV-2 spike RBD and block interaction with ACE2. Nat 
Struct Mol Biol 2020; 27: 846-854 [PMID: 32661423 DOI: 10.1038/s41594-020-0469-6]

65     

Liu Z, Xu W, Xia S, Gu C, Wang X, Wang Q, Zhou J, Wu Y, Cai X, Qu D, Ying T, Xie Y, Lu L, 
Yuan Z, Jiang S. RBD-Fc-based COVID-19 vaccine candidate induces highly potent SARS-CoV-2 
neutralizing antibody response. Signal Transduct Target Ther 2020; 5: 282 [PMID: 33247109 DOI: 
10.1038/s41392-020-00402-5]

66     

Castelnovo L, Tamburello A, Lurati A, Zaccara E, Marrazza MG, Olivetti M, Mumoli N, 
Mastroiacovo D, Colombo D, Ricchiuti E, Vigano' P, Paola F, Mazzone A. Anti-IL6 treatment of 
serious COVID-19 disease: A monocentric retrospective experience. Medicine (Baltimore) 2021; 
100: e23582 [PMID: 33429732 DOI: 10.1097/MD.0000000000023582]

67     

Dimopoulos G, de Mast Q, Markou N, Theodorakopoulou M, Komnos A, Mouktaroudi M, Netea 
MG, Spyridopoulos T, Verheggen RJ, Hoogerwerf J, Lachana A, van de Veerdonk FL, Giamarellos-
Bourboulis EJ. Favorable Anakinra Responses in Severe Covid-19 Patients with Secondary 
Hemophagocytic Lymphohistiocytosis. Cell Host Microbe 2020; 28: 117-123.e1 [PMID: 32411313 
DOI: 10.1016/j.chom.2020.05.007]

68     

Yuan L, Tang Q, Cheng T, Xia N. Animal models for emerging coronavirus: progress and new 
insights. Emerg Microbes Infect 2020; 9: 949-961 [PMID: 32378471 DOI: 

69     

http://www.ncbi.nlm.nih.gov/pubmed/34572308
https://dx.doi.org/10.3390/biomedicines9091122
http://www.ncbi.nlm.nih.gov/pubmed/33442693
https://dx.doi.org/10.1101/2020.12.30.424878
http://www.ncbi.nlm.nih.gov/pubmed/32380511
https://dx.doi.org/10.1038/s41586-020-2312-y
https://dx.doi.org/10.1093/cid/ciaa325
http://www.ncbi.nlm.nih.gov/pubmed/33203860
https://dx.doi.org/10.1038/s41467-020-19684-y
http://www.ncbi.nlm.nih.gov/pubmed/33612147
https://dx.doi.org/10.1099/jgv.0.001567
http://www.ncbi.nlm.nih.gov/pubmed/34489162
https://dx.doi.org/10.1016/j.biologicals.2021.08.001
http://www.ncbi.nlm.nih.gov/pubmed/33521604
https://dx.doi.org/10.1016/j.isci.2021.102054
http://www.ncbi.nlm.nih.gov/pubmed/33538646
https://dx.doi.org/10.1080/22221751.2021.1885998
http://www.ncbi.nlm.nih.gov/pubmed/32661423
https://dx.doi.org/10.1038/s41594-020-0469-6
http://www.ncbi.nlm.nih.gov/pubmed/33247109
https://dx.doi.org/10.1038/s41392-020-00402-5
http://www.ncbi.nlm.nih.gov/pubmed/33429732
https://dx.doi.org/10.1097/MD.0000000000023582
http://www.ncbi.nlm.nih.gov/pubmed/32411313
https://dx.doi.org/10.1016/j.chom.2020.05.007
http://www.ncbi.nlm.nih.gov/pubmed/32378471


Saravanan UB et al. Animal models for SARS-CoV

WJV https://www.wjgnet.com 55 January 25, 2022 Volume 11 Issue 1

10.1080/22221751.2020.1764871]
Buchholz UJ, Bukreyev A, Yang L, Lamirande EW, Murphy BR, Subbarao K, Collins PL. 
Contributions of the structural proteins of severe acute respiratory syndrome coronavirus to 
protective immunity. Proc Natl Acad Sci U S A 2004; 101: 9804-9809 [PMID: 15210961 DOI: 
10.1073/pnas.0403492101]

70     

Sun X, Sui H, Fisher JT, Yan Z, Liu X, Cho HJ, Joo NS, Zhang Y, Zhou W, Yi Y, Kinyon JM, Lei-
Butters DC, Griffin MA, Naumann P, Luo M, Ascher J, Wang K, Frana T, Wine JJ, Meyerholz DK, 
Engelhardt JF. Disease phenotype of a ferret CFTR-knockout model of cystic fibrosis. J Clin Invest 
2010; 120: 3149-3160 [PMID: 20739752 DOI: 10.1172/JCI43052]

71     

Lakdawala SS, Menachery VD. The search for a COVID-19 animal model. Science 2020; 368: 942-
943 [PMID: 32467379 DOI: 10.1126/science.abc6141]

72     

Kim YI, Kim SG, Kim SM, Kim EH, Park SJ, Yu KM, Chang JH, Kim EJ, Lee S, Casel MAB, Um 
J, Song MS, Jeong HW, Lai VD, Kim Y, Chin BS, Park JS, Chung KH, Foo SS, Poo H, Mo IP, Lee 
OJ, Webby RJ, Jung JU, Choi YK. Infection and Rapid Transmission of SARS-CoV-2 in Ferrets. 
Cell Host Microbe 2020; 27: 704-709.e2 [PMID: 32259477 DOI: 10.1016/j.chom.2020.03.023]

73     

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, Du B, Li LJ, 
Zeng G, Yuen KY, Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ, 
Peng YX, Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo 
J, Ye CJ, Zhu SY, Zhong NS; China Medical Treatment Expert Group for Covid-19. Clinical 
Characteristics of Coronavirus Disease 2019 in China. N Engl J Med 2020; 382: 1708-1720 [PMID: 
32109013 DOI: 10.1056/NEJMoa2002032]

74     

Dhakal S, Ruiz-Bedoya CA, Zhou R, Creisher PS, Villano JS, Littlefield K, Ruelas Castillo J, 
Marinho P, Jedlicka AE, Ordonez AA, Bahr M, Majewska N, Betenbaugh MJ, Flavahan K, Mueller 
ARL, Looney MM, Quijada D, Mota F, Beck SE, Brockhurst J, Braxton AM, Castell N, Stover M, 
D'Alessio FR, Metcalf Pate KA, Karakousis PC, Mankowski JL, Pekosz A, Jain SK, Klein SL; Johns 
Hopkins COVID-19 Hamster Study Group. Sex Differences in Lung Imaging and SARS-CoV-2 
Antibody Responses in a COVID-19 Golden Syrian Hamster Model. mBio 2021; 12: e0097421 
[PMID: 34253053 DOI: 10.1128/mBio.00974-21]

75     

Park SJ, Yu KM, Kim YI, Kim SM, Kim EH, Kim SG, Kim EJ, Casel MAB, Rollon R, Jang SG, 
Lee MH, Chang JH, Song MS, Jeong HW, Choi Y, Chen W, Shin WJ, Jung JU, Choi YK. Antiviral 
Efficacies of FDA-Approved Drugs against SARS-CoV-2 Infection in Ferrets. mBio  2020; 11: 
e01114-20 [PMID: 32444382 DOI: 10.1128/mBio.01114-20]

76     

van den Brand JM, Haagmans BL, Leijten L, van Riel D, Martina BE, Osterhaus AD, Kuiken T. 
Pathology of experimental SARS coronavirus infection in cats and ferrets. Vet Pathol 2008; 45: 551-
562 [DOI: 10.1354/vp.45-4-551]

77     

Chu YK, Ali GD, Jia F, Li Q, Kelvin D, Couch RC, Harrod KS, Hutt JA, Cameron C, Weiss SR, 
Jonsson CB. The SARS-CoV ferret model in an infection-challenge study. Virology 2008; 374: 151-
163 [DOI: 10.1016/j.virol.2007.12.032]

78     

Zhang Q, Zhang H, Gao J, Huang K, Yang Y, Hui X, He X, Li C, Gong W, Zhang Y, Zhao Y, Peng 
C, Gao X, Chen H, Zou Z, Shi ZL, Jin M. A serological survey of SARS-CoV-2 in cat in Wuhan. 
Emerg Microbes Infect 2020; 9: 2013-2019 [PMID: 32867625 DOI: 
10.1080/22221751.2020.1817796]

79     

Khan AA, Alahmari AA, Almuzaini Y, Alamri F, Alsofayan YM, Aburas A, Al-Muhsen S, Van 
Kerkhove M, Yezli S, Ciottone GR, Assiri AM, Jokhdar HA. Potential Cross-Reactive Immunity to 
COVID-19 Infection in Individuals With Laboratory-Confirmed MERS-CoV Infection: A National 
Retrospective Cohort Study From Saudi Arabia. Front Immunol 2021; 12: 727989 [PMID: 34603300 
DOI: 10.3389/fimmu.2021.727989]

80     

Yu P, Qi F, Xu Y, Li F, Liu P, Liu J, Bao L, Deng W, Gao H, Xiang Z, Xiao C, Lv Q, Gong S, Song 
Z, Qu Y, Xue J, Wei Q, Liu M, Wang G, Wang S, Yu H, Liu X, Huang B, Wang W, Zhao L, Wang 
H, Ye F, Zhou W, Zhen W, Han J, Wu G, Jin Q, Wang J, Tan W, Qin C. Age-related rhesus 
macaque models of COVID-19. Animal Model Exp Med 2020; 3: 93-97 [PMID: 32318665 DOI: 
10.1002/ame2.12108]

81     

Yadav PD, Ella R, Kumar S, Patil DR, Mohandas S, Shete AM, Vadrevu KM, Bhati G, Sapkal G, 
Kaushal H, Patil S, Jain R, Deshpande G, Gupta N, Agarwal K, Gokhale M, Mathapati B, Metkari S, 
Mote C, Nyayanit D, Patil DY, Sai Prasad BS, Suryawanshi A, Kadam M, Kumar A, Daigude S, 
Gopale S, Majumdar T, Mali D, Sarkale P, Baradkar S, Gawande P, Joshi Y, Fulari S, Dighe H, 
Sharma S, Gunjikar R, Kalele K, Srinivas VK, Gangakhedkar RR, Ella KM, Abraham P, Panda S, 
Bhargava B. Immunogenicity and protective efficacy of inactivated SARS-CoV-2 vaccine candidate, 
BBV152 in rhesus macaques. Nat Commun 2021; 12: 1386 [PMID: 33654090 DOI: 
10.1038/s41467-021-21639-w]

82     

Koo BS, Oh H, Kim G, Hwang EH, Jung H, Lee Y, Kang P, Park JH, Ryu CM, Hong JJ. Transient 
Lymphopenia and Interstitial Pneumonia With Endotheliitis in SARS-CoV-2-Infected Macaques. J 
Infect Dis 2020; 222: 1596-1600 [PMID: 32745172 DOI: 10.1093/infdis/jiaa486]

83     

Bukreyev A, Lamirande EW, Buchholz UJ, Vogel LN, Elkins WR, St Claire M, Murphy BR, 
Subbarao K, Collins PL. Mucosal immunisation of African green monkeys (Cercopithecus aethiops) 
with an attenuated parainfluenza virus expressing the SARS coronavirus spike protein for the 
prevention of SARS. Lancet 2004; 363: 2122-2127 [PMID: 15220033 DOI: 
10.1016/S0140-6736(04)16501-X]

84     

Barrs VR, Peiris M, Tam KWS, Law PYT, Brackman CJ, To EMW, Yu VYT, Chu DKW, Perera 85     

https://dx.doi.org/10.1080/22221751.2020.1764871
http://www.ncbi.nlm.nih.gov/pubmed/15210961
https://dx.doi.org/10.1073/pnas.0403492101
http://www.ncbi.nlm.nih.gov/pubmed/20739752
https://dx.doi.org/10.1172/JCI43052
http://www.ncbi.nlm.nih.gov/pubmed/32467379
https://dx.doi.org/10.1126/science.abc6141
http://www.ncbi.nlm.nih.gov/pubmed/32259477
https://dx.doi.org/10.1016/j.chom.2020.03.023
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/34253053
https://dx.doi.org/10.1128/mBio.00974-21
http://www.ncbi.nlm.nih.gov/pubmed/32444382
https://dx.doi.org/10.1128/mBio.01114-20
https://dx.doi.org/10.1354/vp.45-4-551
https://dx.doi.org/10.1016/j.virol.2007.12.032
http://www.ncbi.nlm.nih.gov/pubmed/32867625
https://dx.doi.org/10.1080/22221751.2020.1817796
http://www.ncbi.nlm.nih.gov/pubmed/34603300
https://dx.doi.org/10.3389/fimmu.2021.727989
http://www.ncbi.nlm.nih.gov/pubmed/32318665
https://dx.doi.org/10.1002/ame2.12108
http://www.ncbi.nlm.nih.gov/pubmed/33654090
https://dx.doi.org/10.1038/s41467-021-21639-w
http://www.ncbi.nlm.nih.gov/pubmed/32745172
https://dx.doi.org/10.1093/infdis/jiaa486
http://www.ncbi.nlm.nih.gov/pubmed/15220033
https://dx.doi.org/10.1016/S0140-6736(04)16501-X


Saravanan UB et al. Animal models for SARS-CoV

WJV https://www.wjgnet.com 56 January 25, 2022 Volume 11 Issue 1

RAPM, Sit THC. SARS-CoV-2 in Quarantined Domestic Cats from COVID-19 Households or 
Close Contacts, Hong Kong, China. Emerg Infect Dis 2020; 26: 3071-3074 [PMID: 32938527 DOI: 
10.3201/eid2612.202786]
Hosie MJ, Hofmann-Lehmann R, Hartmann K, Egberink H, Truyen U, Addie DD, Belák S, 
Boucraut-Baralon C, Frymus T, Lloret A, Lutz H, Marsilio F, Pennisi MG, Tasker S, Thiry E, Möstl 
K. Anthropogenic Infection of Cats during the 2020 COVID-19 Pandemic. Viruses 2021; 13 [PMID: 
33530620 DOI: 10.3390/v13020185]

86     

Rudd JM, Selvan MT, Cowan S, Kao YF, Midkiff CC, Ritchey JW, Miller CA. Clinicopathologic 
features of a feline SARS-CoV-2 infection model parallel acute COVID-19 in humans. bioRxiv 2021 
[PMID: 33880467 DOI: 10.1101/2021.04.14.439863]

87     

Halfmann PJ, Hatta M, Chiba S, Maemura T, Fan S, Takeda M, Kinoshita N, Hattori SI, Sakai-
Tagawa Y, Iwatsuki-Horimoto K, Imai M, Kawaoka Y. Transmission of SARS-CoV-2 in Domestic 
Cats. N Engl J Med 2020; 383: 592-594 [PMID: 32402157 DOI: 10.1056/NEJMc2013400]

88     

Sit THC, Brackman CJ, Ip SM, Tam KWS, Law PYT, To EMW, Yu VYT, Sims LD, Tsang DNC, 
Chu DKW, Perera RAPM, Poon LLM, Peiris M. Infection of dogs with SARS-CoV-2. Nature 2020; 
586: 776-778 [PMID: 32408337 DOI: 10.1038/s41586-020-2334-5]

89     

Schlottau K, Rissmann M, Graaf A, Schön J, Sehl J, Wylezich C, Höper D, Mettenleiter TC, 
Balkema-Buschmann A, Harder T, Grund C, Hoffmann D, Breithaupt A, Beer M. SARS-CoV-2 in 
fruit bats, ferrets, pigs, and chickens: an experimental transmission study. Lancet Microbe 2020; 1: 
e218-e225 [PMID: 32838346 DOI: 10.1016/S2666-5247(20)30089-6]

90     

Weingartl HM, Copps J, Drebot MA, Marszal P, Smith G, Gren J, Andova M, Pasick J, Kitching P, 
Czub M. Susceptibility of pigs and chickens to SARS coronavirus. Emerg Infect Dis 2004; 10: 179-
184 [PMID: 15030680 DOI: 10.3201/eid1002.030677]

91     

Swayne DE, Suarez DL, Spackman E, Tumpey TM, Beck JR, Erdman D, Rollin PE, Ksiazek TG. 
Domestic poultry and SARS coronavirus, southern China. Emerg Infect Dis 2004; 10: 914-916 
[PMID: 15200830 DOI: 10.3201/eid1005.030827]

92     

Zhao Y, Wang J, Kuang D, Xu J, Yang M, Ma C, Zhao S, Li J, Long H, Ding K, Gao J, Liu J, Wang 
H, Li H, Yang Y, Yu W, Yang J, Zheng Y, Wu D, Lu S, Liu H, Peng X. Susceptibility of tree shrew 
to SARS-CoV-2 infection. Sci Rep 2020; 10: 16007 [PMID: 32994418 DOI: 
10.1038/s41598-020-72563-w]

93     

Wong MC, Javornik Cregeen SJ, Ajami NJ, Petrosino JF.   Evidence of recombination in 
coronaviruses implicating pangolin origins of nCoV-2019. 2020 Preprint; Available from: 
bioRxiv:2020.02.07.939207

94     

Oreshkova N, Molenaar RJ, Vreman S, Harders F, Oude Munnink BB, Hakze-van der Honing RW, 
Gerhards N, Tolsma P, Bouwstra R, Sikkema RS, Tacken MG, de Rooij MM, Weesendorp E, 
Engelsma MY, Bruschke CJ, Smit LA, Koopmans M, van der Poel WH, Stegeman A. SARS-CoV-2 
infection in farmed minks, the Netherlands, April and May 2020. Euro Surveill 2020; 25 [PMID: 
32553059 DOI: 10.2807/1560-7917.ES.2020.25.23.2001005]

95     

Johansen MD, Irving A, Montagutelli X. Animal and translational models of SARS-CoV-2 
infection and COVID-19. Mucosal Immunol 2020; 877-891 [DOI: 10.1038/s41385-020-00340-z]

96     

Bhatia HK, Singh H, Grewal N, Natt NK. Sofosbuvir: A novel treatment option for chronic hepatitis 
C infection. J PharmacolPharmacother 2014; 5: 278-284 [PMID: 25422576 DOI: 
10.4103/0976-500X.142464]

97     

Mesci P, Macia A, Saleh A, Martin-Sancho L, Yin Y, Snethlage C, Avansini S, Chanda SK, Muotri 
A.   Sofosbuvir protects human brain organoids against SARS-CoV-2. 2020 Preprint; Available 
from: bioRxiv:2020.05.30.125856

98     

Sanclemente-Alaman I, Moreno-Jiménez L, Benito-Martín MS, Canales-Aguirre A, Matías-Guiu 
JA, Matías-Guiu J, Gómez-Pinedo U. Experimental Models for the Study of Central Nervous System 
Infection by SARS-CoV-2. Front Immunol  2020; 11: 2163 [PMID: 32983181 DOI: 
10.3389/fimmu.2020.02163]

99     

Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. A systematic review on the efficacy 
and safety of chloroquine for the treatment of COVID-19. J Crit Care 2020; 57: 279-283 [PMID: 
32173110 DOI: 10.1016/j.jcrc.2020.03.005]

100     

http://www.ncbi.nlm.nih.gov/pubmed/32938527
https://dx.doi.org/10.3201/eid2612.202786
http://www.ncbi.nlm.nih.gov/pubmed/33530620
https://dx.doi.org/10.3390/v13020185
http://www.ncbi.nlm.nih.gov/pubmed/33880467
https://dx.doi.org/10.1101/2021.04.14.439863
http://www.ncbi.nlm.nih.gov/pubmed/32402157
https://dx.doi.org/10.1056/NEJMc2013400
http://www.ncbi.nlm.nih.gov/pubmed/32408337
https://dx.doi.org/10.1038/s41586-020-2334-5
http://www.ncbi.nlm.nih.gov/pubmed/32838346
https://dx.doi.org/10.1016/S2666-5247(20)30089-6
http://www.ncbi.nlm.nih.gov/pubmed/15030680
https://dx.doi.org/10.3201/eid1002.030677
http://www.ncbi.nlm.nih.gov/pubmed/15200830
https://dx.doi.org/10.3201/eid1005.030827
http://www.ncbi.nlm.nih.gov/pubmed/32994418
https://dx.doi.org/10.1038/s41598-020-72563-w
http://www.ncbi.nlm.nih.gov/pubmed/32553059
https://dx.doi.org/10.2807/1560-7917.ES.2020.25.23.2001005
https://dx.doi.org/10.1038/s41385-020-00340-z
http://www.ncbi.nlm.nih.gov/pubmed/25422576
https://dx.doi.org/10.4103/0976-500X.142464
http://www.ncbi.nlm.nih.gov/pubmed/32983181
https://dx.doi.org/10.3389/fimmu.2020.02163
http://www.ncbi.nlm.nih.gov/pubmed/32173110
https://dx.doi.org/10.1016/j.jcrc.2020.03.005


WJV https://www.wjgnet.com 57 January 25, 2022 Volume 11 Issue 1

World Journal of 

VirologyW J V
Submit a Manuscript: https://www.f6publishing.com World J Virol 2022 January 25; 11(1): 57-72

DOI: 10.5501/wjv.v11.i1.57 ISSN 2220-3249 (online)

MINIREVIEWS

Chronic hepatitis B: New potential therapeutic drugs target

Wattana Leowattana, Tawithep Leowattana

ORCID number: Wattana Leowattana 
0000-0003-4257-2480; Tawithep 
Leowattana 0000-0003-2316-3585.

Author contributions: Leowattana 
W wrote the paper; Leowattana T 
collected the data.

Conflict-of-interest statement: The 
authors declare no conflict of 
interest for this article.

Country/Territory of origin: 
Thailand

Specialty type: Infectious diseases

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): E

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 

Wattana Leowattana, Clinical Tropical Medicine, Faculty of Tropical Medicine, Mahidol 
University, Bangkok 10400, Thailand

Tawithep Leowattana, Department of Medicine, Faculty of Medicine, Srinakharinwirot 
University, Bangkok 10110, Thailand

Corresponding author: Wattana Leowattana, MD, MSc, PhD, Professor, Clinical Tropical 
Medicine, Faculty of Tropical Medicine, Mahidol University, No. 420/6 rajavithi road, 
rachatawee, Bangkok 10400, Thailand. wattana.leo@mahidol.ac.th

Abstract
Chronic hepatitis B (CHB) infection remains the most causative agent of liver-
related morbidity and mortality worldwide. It impacts nearly 300 million people. 
The current treatment for chronic infection with the hepatitis B virus (HBV) is 
complex and lacks a durable treatment response, especially hepatitis B surface 
antigen (HBsAg) loss, necessitating indefinite treatment in most CHB patients due 
to the persistence of HBV covalently closed circular DNA (cccDNA). New drugs 
that target distinct steps of the HBV life cycle have been investigated, which 
comprise inhibiting the entry of HBV into hepatocytes, disrupting or silencing 
HBV cccDNA, modulating nucleocapsid assembly, interfering HBV transcription, 
and inhibiting HBsAg release. The achievement of a functional cure or sustained 
HBsAg loss in CHB patients represents the following approach towards HBV 
eradication. This review will explore the up-to-date advances in the development 
of new direct-acting anti-HBV drugs. Hopefully, with the combination of the 
current antiviral drugs and the newly developed direct-acting antiviral drugs 
targeting the different steps of the HBV life cycle, the ultimate eradication of CHB 
infection will soon be achieved.

Key Words: Chronic hepatitis B; Hepatitis B surface antigen; Hepatitis B surface antibody; 
Covalently closed circular DNA; Direct acting antiviral drugs; Functional cure; Entry 
block; Nucleocapsid assembly modulator; Interfering hepatitis B virus transcription; 
Inhibiting hepatitis B surface antigen release
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Core Tip: Current treatment of chronic hepatitis B infection with nucleos(t)ide analogs 
causes long-term suppression of hepatitis B virus (HBV) DNA levels, significantly 

https://www.f6publishing.com
https://dx.doi.org/10.5501/wjv.v11.i1.57
http://orcid.org/0000-0003-4257-2480
http://orcid.org/0000-0003-4257-2480
http://orcid.org/0000-0003-2316-3585
http://orcid.org/0000-0003-2316-3585
mailto:wattana.leo@mahidol.ac.th


Leowattana W et al. CHB: New drugs target

WJV https://www.wjgnet.com 58 January 25, 2022 Volume 11 Issue 1

and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
ps://creativecommons.org/Licens
es/by-nc/4.0/

Received: May 31, 2021 
Peer-review started: May 31, 2021 
First decision: July 31, 2021 
Revised: August 13, 2021 
Accepted: January 5, 2022 
Article in press: January 5, 2022 
Published online: January 25, 2022

P-Reviewer: Yin GQ 
S-Editor: Wang LL 
L-Editor: A 
P-Editor: Wang LL

improving hepatocellular injury and extrahepatic complications. However, the risk of 
hepatocellular carcinoma remains increased. New direct antiviral drugs that target the 
HBV life cycle, including entry blockers, assembly modulators, covalently closed 
circular DNA (cccDNA) disruptors, and hepatitis B surface antigen release inhibitors, 
would lead to hepatitis B surface antigen loss and a functional cure. Moreover, a 
combination of antiviral drugs with an immune-modulator could enhance the 
elimination of cccDNA and provide a definitive cure.
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INTRODUCTION
Chronic hepatitis B (CHB) virus infection is a significant public health problem and 
causes substantial morbidity and mortality. It affects more than 257 million people 
worldwide, and the first-ever global hepatitis report published in 2017 indicated that 
in 2015, 887000 persons died from cirrhosis and hepatocellular carcinoma (HCC)[1,2]. 
The cumulative incidence of CHB infection in children less than 5-years-old fell from 
4.7% in the pre-vaccine era to 1.3% in 2015. This reduction in incidence is attributable 
to progress in immunization coverage. Although we have effective vaccines and 
potential antiviral drugs to treat CHB patients, the mortality rate of CHB infection still 
increased over the last 10 years.

Antiviral drugs, such as pegylated-interferon (Peg-INF)-α-2a, Peg-INF-α-2b, Peg-
INF-α-1b, and nucleoside or nucleotide analogs (NAs), have been used to treat CHB 
patients. They strongly suppress HBV replication and slow progression to cirrhosis 
and HCC. A limitation of the current treatments is the low rate of serological 
responses because covalently closed circular DNA (cccDNA) persists in the hepatocyte 
nucleus[3,4]. Hepatitis B surface antigen (HBsAg) loss is uncommon with current 
therapies, causing the majority of CHB patients to need indefinite therapy. The IFN 
treatment produces a higher rate of HBsAg loss, but most patients cannot tolerate the 
adverse events caused by it.

The combination of Peg-IFN and NAs may synergize the treatment effect to enable 
more CHB patients to achieve HBsAg loss[5,6]. However, a recent randomized 
controlled, open-label trial did not support the advantage of a combination of Peg-IFN 
and NAs in CHB patients[7]. Moreover, the patients also need frequent clinical and 
laboratory monitoring. Numerous clinical trials of drugs that interrupt the HBV life 
cycle in hepatocytes have been conducted. The novel agents for HBsAg loss include 
the direct-acting antiviral drugs targeting the different steps of the HBV life cycle and 
the indirect antiviral drugs modulating host immune response to eradicate HBV[8,9].

This review will address the newly investigated therapeutic drugs, and the results 
of clinical trials that aim to cure HBV.

HBV GENOME AND LIFE CYCLE
HBV is a small virus of the Hepadnaviridae family which infects hepatocytes, replicates, 
and persists in the nucleus. HBV particles include the HBV genome, nucleocapsid, and 
envelope proteins. The HBV genome is partially double-stranded DNA, with approx-
imately 3200 base pairs that form a relaxed circular DNA (rcDNA) genome. The minus 
(-) strand is the longer-strand DNA which complements pre-genomic RNA (pgRNA). 
The plus (+) strand is the shorter-strand DNA. The minus (-) strand has four 
overlapping open reading frames (ORFs), consisting of PreC/C, P, PreS/S, and X. The 
PreC/C ORF encodes the hepatitis B e antigen (HBeAg) and hepatitis B core antigen 
(HBcAg). The P ORF encodes the HBV DNA polymerase. The PreS/S ORF encodes the 
large (L), the middle (M), and the small (S) envelope proteins. The X ORF encodes the 
X protein (HBx)[10].

https://creativecommons.org/Licenses/by-nc/4.0/
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The large envelope protein contains the receptor-binding domain and is involved in 
viral entry into the cytoplasm by receptor-mediated endocytosis. This process involves 
the sodium taurocholate co-transporting polypeptide (NTCP) receptor in the 
hepatocyte membrane. After attachment, two pathways for cell entry include 
endocytosis and fusion of the HBV envelope with the plasma membrane[11]. Then, 
individual rcDNAs are modified into cccDNAs, packaged into chromatin by histone 
and non-histone proteins[12]. The cccDNAs are responsible for viral persistence in the 
nuclei of infected cells. These cccDNAs also use pre-C mRNA and all other sub-
genomic mRNAs that code for the main viral proteins.

An HBe protein is translated from the pre-C mRNA transcripts, which have a longer 
reading frame than HBc protein, and is finally secreted into the bloodstream as 
HBeAg, the immunoactive biomarker for HBV infection[13]. This replication cycle is 
concomitant with the release of incomplete sub-viral particles and infectious viral 
particles. The most abundant of these exported sub-viral particles are particulate forms 
of viral envelopes formed with such HBs proteins as HBs antigen (HBsAg), a primary 
immunoactive biomarker for HBV infection in conjunction with HBeAg.

The encapsulated mRNAs are known as HBcAg, which can be detected in serum, 
even when HBV DNA cannot.

CURRENT ANTIVIRAL DRUGS AGAINST HBV
Currently, two different therapeutic strategies have been approved to treat CHB 
patients. These included IFN-α or Peg-IFN-α and direct-acting antivirals comprised of 
NAs that include nucleoside analogs, lamivudine (LAM), telbivudine (LdT) and 
entecavir (ETV), or NAs adefovir dipivoxil (ADV) and tenofovir disoproxil fumarate 
(TDF)[14,15].

IFNs
IFN-α suppresses viral DNA synthesis by stimulating antiviral enzyme production, 
which results in the clearance of infected hepatocytes, enabling a proportion of CHB 
patients to achieve a sustained virologic response (SVR). Several studies have 
demonstrated that IFN-α exhibits an SVR of up to 37%, with a mean loss rate of 33% in 
HBeAg and 8% in HBsAg. However, other factors influencing SVRs following IFN-α 
treatment comprised low serum levels of HBV DNA, early infection, treatment-naïve 
status, HBV genotypes, pre-core HBV mutation detection, chronicity, and co-infection 
with human immunodeficiency virus (commonly known as HIV)[16]. Due to its 
limited efficacy, low SVRs, and frequent injections, IFN-α has been replaced with the 
long-acting Peg-IFN-α.

Peg-IFN-α could prolong the effective half-life of IFN-α, reduce functional dose 
levels, increase efficacy, and lower side effects[17]. However, randomized clinical trials 
suggest that Peg-IFN-α effects are better in CHB patients who are HBeAg-positive than 
in those who are HBeAg-negative. Long-term treatment with Peg-IFN-α in CHB 
patients with HBeAg-positive status led to viral suppression in 10%–40%, HBeAg loss 
in 30%–35%, and normalization of alanine aminotransferase (ALT) levels in 35%–50%. 
Moreover, an HBsAg loss was established in 5% of patients 6 mo after stopping 
treatment and 10% of patients 3 years post-treatment[18]. Unfortunately, the benefits 
of Peg-IFN-α treatment vary with patient geographical distributions and HBV 
genotype, resulting in it not being effective in all CHB patients[19,20-22].

Nucleosides or NAs
The NAs are the small molecule drugs that directly inhibit the HBV DNA polymerase 
reverse transcriptase activity, resulting in reduced virion production[23]. Moreover, 
they also compete with natural nucleotide substrates for the elongating DNA chain, 
interrupting HBV DNA synthesis[24]. There are six NAs approved for CHB treatment: 
LAM, ADV, ETV, LdT, TDF, and tenofovir alafenamide (TAF). Long-term treatment 
with NAs can reduce the cccDNA pool in hepatocytes infected with HBV by inhibiting 
nucleocapsid recycling. However, they cannot prevent the initial cccDNA formation in 
newly infected hepatocytes[25].

The first generations of NAs are LAM, ADV, and LdT. The NA approved by the 
United States Food and Drug Administration in 1998 for the treatment of CHB is LAM, 
which can compete for cytosine in the synthesis of viral DNA. The CHB patients who 
were treated with 100 mg LAM for 104 wk achieved 52% virological response. 
However, after 5 years of treatment, approximately 70% of the patients developed 
LAM resistance[26,27]. ADV, a phosphonate acyclic NA of adenosine monophosphate, 
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was approved in 2002. In 2003, Marcellin et al[28] reported that after 48 wk of 10 mg 
ADV treatment in HBeAg-positive CHB patients, 53% had histologic improvement, 
21% had undetectable serum levels HBV DNA, and 12% had HBeAg seroconversion. 
Furthermore, Hadziyannis et al[29] demonstrated that after 48 wk of 10 mg ADV 
treatment in HBeAg-negative CHB patients, 64% had histologic improvement and 51% 
had undetectable serum levels of HBV DNA. However, long-term treatment with 
ADV also results in a high drug resistance rate of nearly 30% after 5 years of treatment
[30]. LdT, the unmodified β-l enantiomer of thymidine, was approved for CHB 
treatment in 2007[31]. In 2009, Liaw et al[32] reported that LdT was superior to LAM in 
patients with CHB. They found that the rates of therapeutic response in HBeAg-
positive and HBeAg-negative patients treated with 104 wk of LdT compared with 
LAM were 63% vs 48% and 78% vs 66%. However, long-term treatment with LdT led 
to nearly 35% drug resistance after 3 years of therapy[33].

ETV, TDF, and TAF are second-generation NAs with a high genetic barrier to HBV 
resistance. They are used as the first-line drugs for CHB treatment. In 2005, ETV, a 
guanosine NA with selective activity against HBV, was launched. The effective 
concentration (EC50) of ETV is 4 nM. This EC50 is 100-fold more potent than ADV or 
LAM in HBV suppression[34]. In 2016, Ahn et al[35] reported that ETV had shown 
durable and increasing viral suppression in 84.6% of HBeAg-positive patients and 
96.2% of HBeAg-negative patients over 5 years of treatment. However, the cumulative 
probability of HBsAg loss at year 5 was 5.2% in HBeAg-positive patients and 4.6% in 
HBeAg-negative patients. TDF, an acyclic NA with activity against retroviruses, was 
approved for CHB treatment in 2008. Buti and colleagues[36] reported that 437 
patients remained on the study at year 7; among them, 54.5% and 11.8% achieved 
HBeAg and HBsAg loss in HBeAg-positive patients but only 0.3% of the HBeAg-
negative patients achieved HBsAg loss. Although TDF resistance is relatively low, it 
has been associated with dose-dependent renal toxicity and induced Fanconi 
syndrome[37,38]. Recently, TAF was approved to be an alternative to TDF because it 
caused fewer side effects and was suitable for the treatment of CHB patients at risk of 
renal dysfunction[39]. Moreover, TAF has been demonstrated to be more effective than 
TDF with continued improved renal and bone safety[40].

Combination of NA plus Peg-IFN-a
Although the current monotherapy of anti-HBV drugs can suppress viral replication, 
prevent the progression of CHB to cirrhosis, and decrease the rates of HBV-related 
HCC in most CHB patients, long-term anti-HBV monotherapy rarely achieves the 
higher rate of HBsAg loss. Hence, to accomplish the goal of a functional cure in more 
CHB patients, the combination of NA with Peg-IFN-α has been evaluated. The reason 
for this is that the two classes of anti-HBV drugs have different mechanisms of action. 
Thus, their combination would result in a synergistic anti-HBV effect. Several studies 
have demonstrated that the combination of NA with Peg-IFN-α can substantially 
enhance the rates of HBsAg loss, but the benefits are mainly limited to a small 
proportion of patients and depend on HBV genotype and patient geographical distri-
butions[41-44]. Moreover, NAs and Peg-IFN-α treatment have no direct impact on 
viral transcription or cccDNA. Thus, there is a very high risk of reactivation of HBV 
and the emergence of downstream disease symptoms after stopping treatment. 
Therefore, new therapeutic drugs that target different HBV life cycle steps or modulate 
the host immune system are needed.

NEW DRUGS TARGETING HBV LIFE CYCLE
HBV entry inhibitors
Bulevirtide (Myrcludex B): NTCP has been demonstrated as a functional receptor for 
HBV entry into hepatocytes[11]. Therefore, the new drugs targeting viral entry 
receptors have been proposed as potential agents for preventing uninfected 
hepatocytes. Bulevirtide (Myrcludex B) is a synthetic lipopeptide of 47 amino acids 
obtained from the HBV preS1 domain. When bulevirtide binds to NTCP, it will 
effectively prevent HBV spread among intrahepatic cells and hinder the amplification 
of intrahepatic cccDNA pool in infected hepatocytes[45,46].

In 2016, Blank et al[47] conducted a prospective, open-label, first-in-human, phase 1 
clinical trial in 36 healthy volunteers. They found that bulevirtide was well tolerated, 
with no serious side effects and no immunogenic effects up to the highest dose of 20 
mg intravenously. Moreover, the pharmacokinetic model showed that 10 mg and 
above of bulevirtide subcutaneous injection could reach a target saturation of over 80% 
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for at least 15 h. Furthermore, Blank et al[48] conducted a study to investigate the 
effects of bulevirtide on plasma bile acid disposition, TDF pharmacokinetics, and 
perpetrator characteristics on cytochrome (CYP) P450 3A in 12 healthy volunteers. All 
of the volunteers received 300 mg TDF orally and 10 mg of subcutaneous bulevirtide. 
They found that bulevirtide increased total plasma bile acid by 19.2-fold without signs 
of cholestasis, and co-administration of TDF with bulevirtide revealed no relevant 
changes in TDF pharmacokinetics.

Recently, Wedemeyer et al[49] conducted a phase 2b clinical trial in 60 patients with 
chronic HBV/hepatitis D virus (HDV) co-infection. They randomized 1:1:1:1 into the 
following four groups: Peg-IFN-α once-weekly (qw) (n = 15, Arm A); bulevirtide 2 mg 
once daily (QD) subcutaneous (sc) injection + Peg-IFN-α qw (n = 15, Arm B); 
bulevirtide 5 mg QD sc + Peg-IFN-α qw (n = 15, Arm C); or bulevirtide 2 mg QD (n = 
15, Arm D) for 48 wk. They found that HBsAg levels declined by more than 1 Log10 in 
6/15 (40%) and 2/15 (13.33%) patients from Arm B and Arm C, respectively. Notably, 
4/15 (27%) patients from Arm B had undetectable HBsAg levels, and 3/4 (75%) 
patients established HBsAg seroconversion. Bulevirtide is moving along to phase 3 
studies, whereby monotherapy extended or in combination with Peg-IFN-α will be 
investigated in CHB patients (Table 1).

cccDNA disruptors
The cccDNA plays a crucial role in the viral life cycle, where it acts as the template for 
viral transcription, while pgRNA is the template for viral replication. It interacts with 
histone and non-histone proteins, resembling cellular chromatin within the nucleus
[50]. Disruption of cccDNA is considered an optimal target of HBV treatment because 
its persistence in the nucleus of infected hepatocytes is the crucial reason why HBsAg 
loss is currently not possible. The blocking of cccDNA formation, enhancing its 
destruction, and silencing its transcription, are currently under exploration.

Gene editing: The four ORFs of the HBV genome (surface, core, polymerase, and X 
protein) are translated into seven essential proteins for viral replication. The blocking 
of any one of the seven proteins would likely be essential to inhibit viral gene 
expression. Several small molecules have been developed as sequence-specific RNA-
guided (gRNA) nucleases and proteins which can block the formation, enhance the 
destruction, and silence the transcription of cccDNA, while stimulating cell division
[51]. These comprise cleaving sequence-specific DNA targets using the transcription 
activator-like effector nucleases (TALENs), zinc-finger nucleases (ZFNs), and clustered 
regularly interspaced short palindromic repeats-associated 9 (CRISPR/Cas9) systems 
that could demonstrate antiviral efficacy[52-54].

In 2014, Lin et al[55] demonstrated that the CRISPR/Cas9 system could disrupt the 
HBV genome both in vitro and in vivo. They showed that the HBV-specific gRNAs 
significantly decreased the production of HBV core and HBsAg in Huh-7 cells 
transfected with an HBV-expression vector. They also reported that the CRISPR/Cas9 
system could cleave the intrahepatic HBV genome-containing plasmid and facilitate its 
clearance in vivo, causing a reduction in serum HBsAg levels. In 2015, Kennedy et al
[56] reported the effective inhibition of HBV DNA production in in vitro models of 
both chronic and de novo HBV infection using lentiviral transduction of a bacterial 
Cas9 gene and single-guide RNAs (sgRNAs) specific for HBV. They showed that 
Cas9/sgRNA combinations specific for HBV reduced HBV DNA levels by up to 1000-
fold and HBV cccDNA levels by up to 10-fold. Moreover, this method could inactivate 
the mutation of residual viral DNA. They concluded that CRISPR/Cas9 systems could 
serve as effective tools for disrupting the cccDNA pool in chronically-infected HBV 
patients.

Furthermore, Liu et al[57] showed that HBV-specific gRNA/Cas9 could inhibit the 
HBV replication of different genotypes in vitro and in vivo due to error-prone repair of 
viral DNA templates. Dong et al[58] reported that the CRISPR/Cas9 system could be 
used for disrupting intracellular cccDNA and viral replication in pre-cccDNA-
transfected Huh7 cells and a new mouse model carrying HBV cccDNA. Zhen et al[59] 
studied the effects of the CRISPR/Cas9 system targeted to the HBsAg-encoding region 
of HBV in a cell culture system and in vivo. They found that the concentration of 
HBsAg secreted in the cell culture and mouse serum was decreased by CRISPR/Cas9 
treatment. They concluded that a CRISPR/Cas9 system inhibited HBV replication and 
expression in vitro and in vivo, and may constitute a new therapeutic strategy for HBV 
infection. Seeger and Sohn[60] reported that HBV infections could be inhibited up to 8-
fold by HBV-specific guide RNAs in NTCP-expressing HepG2 cells. Ramanan et al[61] 
demonstrated that the CRISPR/Cas9 system could specifically target and cleave 
conserved regions in the HBV genome, causing robust suppression of viral gene 
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Table 1 Developing new therapeutic drug targets for chronic hepatitis B

Drugs Mechanism of 
action Therapeutic class Route of 

administration Clinical trial Results

HBV entry inhibitors

Bulevirtide 
(Myrcludex B)[49]

Competition with 
NTCP

Peptide Subcutaneous 
injection

IIb HBsAg loss in 27% of HBV/HDV co-
infected patients after 48 wk of treatment 
with Bulevirtide + pegIFN-α and 24 wk 
treatment-free follow-up

cccDNA disruptors

CRISPR/Cas9[67] Disruption of 
cccDNA

Gene editing In vivo Pre-clinical Significantly improved survival of human 
hepatocytes in liver-humanized FRG mice 
and demonstrated a decreasing of total liver 
HBV-DNA and cccDNA

ZFNs[69] Disruption of 
cccDNA

Gene editing In vitro Pre-clinical Efficiently suppress the cellular template for 
HBV persistence and inhibit active HBV 
replication

Nucleocapsid 
assembly modulators

JNJ-632 and BAY41-
4109[73]

Misdirecting the 
formation of capsid-
like structures

Capsid assembly 
modulators

In vitro Pre-clinical Induce the formation of morphologically 
intact viral capsids and prevented formation 
of cccDNA

NVR3-778[78] Misdirecting the 
formation of capsid-
like structures

Capsid assembly 
modulator

In vivo I/II The largest mean reduction in serum HBV 
DNA levels was achieved from the 
combination treatment of 600 mg NVR3-778 
BD + pegIFN 180 mg subcutaneous weekly 
(1.97 log10 IU/mL)

JNJ-6379[76] Misdirecting the 
formation of capsid-
like structures

Capsid assembly 
modulators

Oral II No clinically significant changes in levels of 
HBsAg were observed

ABI-H0731[77] Misdirecting the 
formation of capsid-
like structures

Capsid assembly 
modulators

Oral I/II Dose-dependent reduces in HBV DNA and 
HBV RNA not HBsAg was seen in both 
HBeAg-positive and HBeAg-negative 
patients

HBV transcription 
inhibitors

ARC-520[84] Interference viral 
mRNA

Transcription 
inhibitor

Intravenous injection II CHB patients with high dose significantly 
reduced HBsAg and persisted for > 85 d 
after the last dose

GSK3389404[85] Interference viral 
mRNA

Transcription 
inhibitor

Subcutaneous 
injection

I Dose 120 mg for 4 wk was safe and well 
tolerate

RG7834[87] Interference viral 
mRNA

Gene expression 
inhibitor

In vivo Pre-clinical Reduced WHsAg by a mean of 2.57 log10 
and WHV DNA by a mean of 1.71 log10 from 
baseline. However, WHsAg and WHV DNA 
rebounded to baseline after stopped 
treatment and WHsAb was not observed. 

HBsAg release 
inhibitors

REP 2055 and REP 
2139-Ca[88]

HBsAg release 
inhibitors

NAPs Intravenous injection II Substantially reduction of HBsAg levels, 
HBV DNA levels and increasing of serum 
HBsAb

REP 2139-Mg and 
REP 2165-Mg[90]

HBsAg release 
inhibitors

NAPs Intravenous injection II Addition of NAPs to TDF + pegINFα-2a 
significantly increased rates of HBsAg loss 
during therapy and functional cure after 
therapy

cccDNA: Covalently closed circular DNA; CHB: Chronic hepatitis B; CRISPR/Cas9: Clustered regularly interspaced short palindromic repeats/CRISPR-
associated 9; HBsAb: Hepatitis B surface antibody; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; HDV: 
Hepatitis D virus; NAPs: Nucleic acid polymers; NTCP: Sodium taurocholate co-transporting polypeptide; pegIFN-α: Pegylated interferon-alpha; TDF: 
Tenofovir disoproxil fumarate; WHsAb: Woodchuck hepatitis surface antibody; WHsAg: Woodchuck hepatitis surface antigen; WHV: Woodchuck 
hepatitis virus.
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expression and replication both in vitro and in vivo, and extended this antiviral activity 
to a virus isolated from patients. They also reported that upon continuous 
Cas9/sgRNA, a sharp decline of cccDNA and HBV proteins resulted in a de novo 
infection model.

Wang et al[62] evaluated the efficiency of each gRNA and 11 dual-gRNAs on the 
suppression of HBV (genotypes A-D) replication using the measurement of HBsAg or 
HBeAg in the culture supernatant. They found that all dual gRNAs could efficiently 
suppress HBsAg and HBeAg production for HBV of genotypes A-D, and the efficacy 
of dual gRNAs was significantly increased compared to the single gRNA used alone. 
Karimova et al[63] identified cross-genotype conserved HBV sequences in the S and X 
region of the HBV genome targeted for specific and effective cleavage by a Cas9 
nickase. This technique could disrupt episomal cccDNA, and chromosomally 
integrated HBV target sites in reporter cell lines and HBV replication in chronically 
and de novo infected hepatoma cell lines.

In 2019, Kostyushev et al[64] evaluated CRISPR/Cas9 systems from four different 
species using co-expressed cell lines with gRNAs targeting conserved regions of the 
HBV genome. They found that the CRISPR/Cas9 systems from Streptococcus pyogenes 
(Sp) and Streptococcus thermophilus (St) targeting conserved regions of the HBV genome 
could block HBV replication and degrade over 90% HBV cccDNA by 6 d post-
transfection. They concluded that the St CRISPR/Cas9 system represented the safest 
system with high anti-HBV activity.

In 2020, Yang et al[65] investigated the utility of CRISPR/Cas-mediated "base 
editors" (BES) in inactivating HBV gene expression without cleavage of DNA. They 
found that Cas9-mediated base editing is a potential strategy to cure CHB by 
permanently inactivating integrated HBV DNA and cccDNA without double-strand 
breaks of the host genome. Recently, Kayesh et al[66] evaluated the effects of adeno-
associated virus 2 (AAV2) vector-mediated delivery of 3 selected from 16 gRNAs. 
These gRNAs/Cas9 significantly suppressed HBV replication in cells, with WJ11/Cas9 
demonstrating the highest efficacy. Furthermore, AAV2/WJ11-Cas9 also substantially 
inhibited HBV replication and significantly reduced cccDNA in the tested cells. It also 
enhanced ETV actions when used in combination due to different modes of action. 
They concluded that AAV2/WJ11-Cas9 significantly suppressed HBcAg, HBsAg, and 
HBV DNA along with cccDNA in the liver tissues without significant cytotoxicity in 
humanized chimeric mice. A pre-clinical study was reported by Stone et al[67], in 
which HBV-specific AAV-Staphylococcus aureus (Sa)-Cas9 therapy significantly 
improved survival of human hepatocytes in liver-humanized FRG mice and 
demonstrated a decrease in total liver HBV DNA and cccDNA; in addition, a good 
tolerance profile was found. The investigators concluded that this approach was safe 
and feasible for in vivo gene editing therapy in CHB infections, and it may be a 
plausible method to cure CHB patients.

In 2010, Cradick et al[68] demonstrated the effective cleavage of viral DNA targets 
by HBV-specific ZFNs within cultured cells. Moreover, the cleaved fragments were 
mis-repaired, which could potentially inactivate HBV. The authors suggested that 
AAVs can transfect 100% of mouse hepatocytes and could be used to deliver ZFNs to 
the human livers. In 2014, Weber et al[69] evaluated three ZFNs that target sequences 
within the HBV polymerase, core, and X genes. They demonstrated that HBV-targeted 
ZFNs could efficiently suppress the cellular template for HBV persistence and inhibit 
active HBV replication, causing them to be potential candidates for cccDNA disruptors 
(Table 1).

Overall, gene editing techniques have demonstrated the usefulness of destroying 
HBV cccDNA in vitro and in vivo and shown the therapeutic potential in acute and 
chronic HBV infection. Gene editing is at an exciting stage, and the future of curative 
anti-HBV regimens for chronic HBV infection may well entail the use of it combined 
with other drugs.

Nucleocapsid assembly modulators
HBV capsid has numerous functions in the HBV life cycle, including reverse 
transcription, genome packaging, and intracellular trafficking. It is an excellent target 
for the development of new antiviral drugs[70]. The capsid assembly modulators 
(CAMs) can disturb pgRNA encapsidation and HBV DNA replication by misdirecting 
the formation of capsid-like structures[71]. There are two categories of CAM: type I 
represented by heteroaryl-dihydro pyrimidine, which misdirects the formation of 
aberrant structures; and type II represented by phenylpropenamides and sulfamoyl-
benzamides, which accelerate the formation of morphologically intact empty capsids
[72].
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In 2017, Berke et al[73] conducted the study to evaluate the CAM JNJ-632 and CAM 
BAY41-4109, novel and potent inhibitors of HBV replication, in vitro across genotypes 
A to D. They found that it can induce the formation of morphologically intact viral 
capsids. They prevented the formation of cccDNA in a dose-dependent fashion when 
added with the viral inoculum. Moreover, it also reduced intracellular HBV RNA, 
HBeAg, HBcAg, and HBsAg concentrations in the cell culture supernatant. They 
concluded that CAMs have a dual mechanism of action that inhibits early and late 
steps of the viral life cycle, whereas NAs did not. In 2018, Lam et al[74] conducted a 
pre-clinical characterization of CAM NVR3-778 in HepG2.2.15 cells, mice, and dogs. 
They found that CAM NVR3-778 suppressed HBsAg, HBeAg, and intracellular HBV 
RNA production in primary human hepatocytes. Furthermore, it can block cccDNA 
formation during de novo infection and the subsequent transcription and viral protein 
translation steps. Furthermore, Klumpp et al[75] performed a comparative study of 
NVR3-778 to determine the in vivo antiviral efficacy and effects on innate and 
endoplasmic reticulum stress responses alone or in combination with Peg-IFN-α and 
compared with entecavir in 61 uPA/SCID mice with humanized livers. Mice were 
infected with an HBV genotype C preparation and then waited for 8 wk. They were 
randomly assigned to six groups (control, NVR3-778, entecavir, Peg-IFN-α, NVR3-778 
+ entecavir, or NVR3-778 + Peg-IFN-α) for 6 wk. Ultimately, the mice given NVR3-778 
or entecavir alone for 6 wk showed reduced serum levels of HBV DNA compared with 
controls or mice given Peg-IFN-α. Moreover, the most considerable HBV DNA serum 
level reduction was demonstrated in mice given NVR3-778 + Peg-IFN-α. Serum levels 
of HBsAg and HBeAg were reduced in the groups that received Peg-IFN-α.

In 2020, Zoulim et al[76] performed a double-blind study of 57 treatment-naïve 
patients with HBeAg-positive or -negative CHB infection without cirrhosis. They were 
randomly assigned to five groups to receive either 25 mg (100 mg loading dose), 75 
mg, 150 mg, or 250 mg JNJ-6379 or placebo daily for 4 wk, with an 8-wk follow-up 
period. They found that all doses of JNJ-6379 tested were well tolerated, demonstrated 
dose-dependent pharmacokinetics, and had potent antiviral activity in patients with 
CHB. However, no clinically significant changes in levels of HBsAg were observed. 
Recently, Yuen et al[77] conducted a phase 1/2, randomized, placebo-controlled study 
to explore the safety, pharmacokinetics, and pharmacodynamics of ABI-H0731 in 
healthy subjects and patients with CHB in two parts. In part 1, healthy adults were 
randomly assigned to receive single oral doses of ABI-H0731 (100, 300, 600, or 1000 
mg) or matching placebo, or once-daily or twice-daily doses ABI-H0731 800 mg or 
matching placebo for 7 d. In part 2, HBeAg-positive or HBeAg-negative CHB adults 
were randomly assigned to receive ABI-H0731 (100, 200, 300, or 400 mg) or matching 
placebo once daily for 28 d. Overall, ABI-H0731 was safe and well-tolerated. There 
were no serious adverse events, nor clinically significant drug-related, dose-
dependent, or treatment-emergent laboratory findings. ABI-H0731 showed dose-
related activity with once-daily dosing. The mean maximal HBV DNA reductions from 
baseline of 1.7 Log10 IU/mL at 100 mg to 2.8 Log10 IU/mL at 300 mg after 28 d for the 
HBeAg-positive and HBeAg-negative patients. The authors concluded that dose-
dependent reduction in HBV DNA and HBV RNA with ABI-H0731 occurred in both 
HBeAg-positive and HBeAg-negative patients. There were no serious adverse events 
related to the 1600 mg daily doses in healthy subjects or patients with CHB infection 
receiving doses up to 300 mg once daily.

Furthermore, Yuen et al[78] also performed a phase 1/2 study to examine the safety, 
pharmacokinetics, and antiviral activity of NVR3-778 in 73 patients with HBeAg-
positive CHB infection without cirrhosis. The study had eight cohorts comprised of 
one placebo cohort and seven treatment cohorts. The four dose-escalation cohorts 
received NVR3-778 of 100 mg (10 cases), 200 mg (10 cases), or 400 mg once daily (QD) 
(8 cases), or 600 mg twice daily (BD) (8 cases). The fifth cohort was treated with 600 mg 
NVR3-778 BD + Peg-IFN 180 mg subcutaneous weekly (10 cases). The sixth cohort was 
treated with Peg-IFN 180 mg subcutaneous weekly + placebo (10 cases). The seventh 
cohort was treated with 1000 mg NVR 3-778 BD (7 cases). The eighth cohort was 
treated with a placebo. The investigators found that mean HBV DNA decline was 
minimal with low once-daily doses of NVR3-778, but when daily dosing was increased 
to 1200 mg/d, HBV DNA reductions became substantial. The fourth cohort (600 mg 
NVR3-778 BD) showed a mean HBV DNA reduction of 1.72 Log10 IU/mL. The most 
significant mean reduction in serum HBV DNA levels was achieved from the 
combination treatment of 600 mg NVR3-778 BD + Peg-IFN 180 mg subcutaneous 
weekly (1.97 Log10 IU/mL). They concluded that NVR3-778 treatment for 28 d up to a 
dose of 1000 mg BD was well tolerated. Substantial and correlated decreases in serum 
HBV DNA and HBV RNA concentrations were demonstrated with the higher-dose 
cohorts and were notably most excellent for combination treatment with NVR3-778 
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and Peg-IFN. They do not evaluate serum HBsAg, HBeAg, immunomodulatory 
effects, and effects on cccDNA persistence. These encouraging data suggested that 
CAMs can result in a substantial reduction in HBV DNA and HBV RNA levels. 
Longer-term treatments alone or combined with other antiviral agents will be needed 
to investigate whether CAMs will result in HBeAg, HBsAg, and cccDNA loss (Table 1).

HBV transcription inhibitors
After HBV enters the infected hepatocytes, partially double-stranded DNA (pdsDNA) 
moves to the nucleus and is converted to cccDNA. Furthermore, it is wrapped by 
histones to form a mini-chromosome. RNA interference (RNAi) and antisense 
oligonucleotides are mechanisms in which a double-stranded RNA (dsRNA) inhibits 
gene expression by degrading mRNA or blocking a specific gene's translation 
pathway. RNAi can directly target HBV transcripts and induce their degradation, 
causing gene silencing. Antisense oligonucleotides are small nucleic acids comple-
mentary to the target transcript, that induce degradation after binding. Hence, 
targeting the viral mRNA using RNAi and antisense oligonucleotides may be an 
effective method to control HBV infection. Many studies of RNAi and antisense 
oligonucleotides are in progress[79-81].

In 2017, Schluep et al[82] conducted a phase 1 randomized, double-blind, placebo-
controlled study to evaluate the safety, tolerability, and pharmacokinetics of ARC-520 
injection in 54 healthy volunteers (36 ARC-520 vs 18 placeboes). They found that ARC-
520 was safe and well-tolerated. In the same year, Wooddell et al[83] conducted a 
phase 2 randomized, double-blind, placebo-controlled study to determine the safety, 
tolerability, and pharmacological effect of ARC-520 in 40 CHB patients with or without 
preceding nucleos(t)ide viral replication inhibitors (NUC) treatment. They found that 
ARC-520 resulted in a rapid and potent decrease in serum HBV DNA. However, the 
reduction of HBsAg was only demonstrated in HBeAg-positive patients. Follow-up 
studies in chimpanzees showed that the HBsAg being produced in the HBeAg-
negative patients was predominantly derived from an integrated virus, which ARC-
520 did not target.

In 2020, Yuen et al[84] conducted 2 randomized, multicenter studies to evaluate in-
depth HBsAg decline using 1 mg/kg or 2 mg/kg ARC-520 compared with placebo at 
four monthly doses in 58 HBeAg-negative and 32 HBeAg-positive CHB patients 
concomitantly with NUC. They found that both HBeAg-negative and HBeAg-positive 
high-dose groups had significantly reduced HBsAg compared with placebo, with 
mean reductions of 0.38 and 0.54 Log IU/mL, respectively. Moreover, HBsAg 
reductions persisted for 85 d in HBeAg-negative patients and > 85 d in HBeAg-
positive patients after the last dose of ARC-520. They concluded that ARC-520 was 
active in both HBeAg-negative and HBeAg-positive CHB patients treated by NUC. 
However, absolute HBsAg reductions were moderate, which may occur due to HBsAg 
expression from integrated HBV DNA.

In 2019, GSK3389404, an antisense oligonucleotide, was studied by Han et al[85]. 
The investigators conducted a randomized, double-blind, phase 1 study to assess the 
safety and pharmacokinetics of GSK3389404 in healthy subjects. Four single 
ascending-dose cohorts (10 mg, 30 mg, 60 mg, and 120 mg subcutaneously) and three 
multiple ascending-dose cohorts (30 mg, 60 mg, and 120 mg once weekly for 4 wk) 
each comprised 6 subjects randomized to GSK3389404 and 2 subjects randomized to 
placebo. They reported that there were no serious adverse events (SAEs) or 
withdrawals due to SAEs. GSK3389404 dosing has been tested up to 120 mg for 4 wk 
with an acceptable safety and pharmacokinetic profile and suitable for further clinical 
evaluation in CHB patients.

In 2018, Mueller et al[86] reported that RG7834, a novel oral HBV gene expression 
inhibitor, could reduce the levels of viral proteins and lower viremia. RG7834 is a 
small-molecule compound belonging to the dihydroquinolizinones chemical class 
similar to RNAi but through a different mechanism. They found that oral treatment of 
HBV-infected humanized mice with RG7834 Led to a mean HBsAg reduction of 1.09 
Log10 compared to entecavir, which had no significant reduction on HBsAg levels. In 
2020, Menne et al[87] conducted a study to evaluate the potency of RG7834 alone and 
in combination with ETV or woodchuck interferon-α (wIFN-α) in the woodchuck 
model of chronic HBV infection. RG7834 could reduce woodchuck hepatitis virus 
(WHV) surface antigen (WHsAg) by a mean of 2.57 Log10 from baseline and WHV 
DNA by a mean of 1.71 Log10. ETV + wIFN-α reduced WHsAg and WHV DNA by 2.40 
Log10 and 6.70 Log10, respectively. RG7834 combined with ETV and wIFN-α 
significantly decreased WHsAg and WHV DNA concentrations by 5.0 Log10 and 7.46 
Log10, respectively. However, WHsAg and WHV DNA rebounded to baseline after 
stopping treatment, and WHsAb was not observed. Notably, both RNAi and antisense 
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oligonucleotides do not eliminate cccDNA, and rebound of HBsAg levels to 
pretreatment points after stopping treatment has been reported. Therefore, it is likely 
to be used in combination with other drugs (Table 1).

HBsAg release inhibitors
HBsAg release inhibitors function under the same exact mechanism as the RNAi and 
antisense oligonucleotides that block the release of subviral HBsAg particles. 
Circulating HBsAg is an immunoinhibitory factor that blocks the innate immune 
response. Clearance of circulating HBsAg is a crucial step in the functional control of 
HBV infection and permits anti-HBs seroconversion. In 2016, Al-Mahtab et al[88] 
conducted two studies to evaluate REP 2055 and REP 2139-Ca, nucleic acid polymers 
(NAPs), in 8 and 12 CHB patients, respectively. The results from both studies showed 
that NAP monotherapy was accompanied by 2-7 Log10 reductions of HBsAg levels, 3-9 
Log10 reductions in HBV DNA levels, and the appearance of serum hepatitis B surface 
antibody (HBsAb) (10-1712 mIU/mL). Eight of the nine patients treated with the 
combination of NAP and immunotherapy experienced HBsAg loss, and all nine 
patients experienced substantial increases in serum HBsAb antibody titers before 
treatment was stopped. Moreover, 1 year after the REP 2055 therapy was stopped, a 
rebound of serum HBV DNA > 1000 copies/mL or HBsAg > 1 IU/mL was not 
observed in 3/8 CHB patients. Suppression of serum HBV DNA > 1000 copies/mL or 
HBsAg > 1 IU/mL was further maintained for 290 and 231 wk in 2 of these patients. 
For REP 2139-Ca treatment, 8 patients achieved HBV DNA < 116 copies/mL after 
treatment withdrawal. The rebound of serum HBV DNA > 1000 copies/mL or HBsAg 
> 1 IU/mL occurred over 12 to 123 wk in 7 patients but was still absent in 2 patients at 
135 and 137 wk of follow-up. The authors concluded that NAP could elicit significant 
antiviral responses during treatment which may improve the effect of immuno-
therapy. NAPs may be a potentially useful component of future combination therapies 
for the treatment of CHB.

In 2017, Bazinet et al[89] conducted an open-label, non-randomized, phase 2 trial to 
assess the safety and efficacy of REP 2139 and Peg-INF-α-2a in 12 patients with CHB 
HDV co-infection. The results showed that 6 patients had HBsAg concentrations < 50 
IU/mL by the end of treatment. Five patients maintained the level of suppression at 
the end of 1-year follow-up. Six patients had HBsAb titers > 10 mIU/mL at the end of 
treatment (five had maximum HBsAb levels of 7681-86532 mIU/mL during 
treatment), which were maintained at the end of 1-year follow-up. By the end of 1-year 
follow-up, normalization of serum aspartate aminotransferase (AST) and ALT 
occurred in 9 of 12 patients. They concluded that combined REP 2139 and Peg-INF-α
-2a therapy is well-tolerated, safe, and establishes functional control of HBV and HDV 
co-infection and normalization of serum AST and ALT in a high proportion of patients 
1 year after therapy. In 2020, Bazinet et al[90] performed an open-label, phase 2 study 
of the safety and efficacy of REP 2139 or REP 2165 combined with TDF and Peg-INF-α
-2a in 40 HBeAg-negative CHB patients. Forty patients were randomly assigned to 
groups that received 48 wk of experimental therapy (TDF + Peg-INF-α-2a + REP 2139-
Mg or REP 2165-Mg) or 24 wk of control therapy (TDF + Peg-INF-α-2a) followed by 48 
wk of experimental therapy. At 48 wk, when patients completed the TDF + Peg-INF-α
-2a + NAPs regimen, HBsAg concentrations were ≤ 0.05 IU/mL in 24 of 40 (60%) 
patients, while all of the patient’s achieved seroconversion with HBsAb up to 233055 
mIU/mL. During 48 wk of treatment-free follow-up, virologic control persisted in 13 
of 40 (32.5%) patients, whereas functional cure persisted in 14 of 40 (35%) patients with 
persistent HBsAg loss. They concluded that the addition of NAPs to TDF + Peg-INF-α
-2a significantly increased rates of HBsAg loss during therapy and functional cure 
after therapy. However, these results should be carefully applied for Asian race 
because Van Hees et al[91] found that Caucasian patients had more than 6-fold 
increased chance of HBsAg loss compared to other ethnicities. Further studies 
regarding ethnicity and HBsAg loss are needed. Thus, NAPs alone or combined with 
TDF or Peg-INF-α-2a may allow better functional control of HBV infection (Table 1). A 
longer duration of NAPs treatment would be needed to identify their sustained 
virological effects and potential risk for adverse events.

CONCLUSION
Tremendous progress has been explored in understanding the pathophysiology and 
treatment of CHB over the past 20 years. The CHB current treatment with a potent and 
a high genetic barrier NA (ETV, TDF, and TAF) can suppress the viral replication to an 
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undetectable level in most CHB patients. They also prevent the progression of CHB to 
cirrhosis and markedly reducing the rates of HBV-related HCC. Regardless of viral 
suppression by NAs, there are many obstacles to achieve a functional cure or HBsAg 
loss in CHB patients. HBV could persist in the hepatocyte nucleus by continuously 
replenishing the cccDNA with a long half-life and the integrated forms of viral DNA. 
Moreover, the defective immune response and the ine�cient innate immune response 
prevent HBV-infected hepatocytes from being cleared by host immunity.

HBsAg loss with or without HBsAb seroconversion is one of the most desired 
endpoints of new drug development. Targeting HBsAg by inhibiting the entry of HBV 
into hepatocytes, disrupting or silencing HBV cccDNA, modulating nucleocapsid 
assembly, interfering HBV transcription, and inhibiting HBsAg release are the primary 
targets for functional cure in CHB patients. However, newly developed drugs still 
have limitations in being used alone without IFN and NAs to induce HBsAg loss. 
Interestingly, a new strategic therapy in treating chronic HBV infection is to use a 
combination of multiple drugs, including a backbone of a NA, one or more new direct-
acting antiviral drugs, and at least one immunomodulator. With the collaborative 
efforts of basic research scientists and clinical experts, the ultimate elimination of CHB 
infection is likely to be achieved soon.
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Abstract
BACKGROUND 
Italy retains a distinctive organization of mental health services according to a 
community-based model of care with a multidisciplinary team serving a well-
defined catchment area under the coordination of the local department of mental 
health. The coronavirus disease 2019 (COVID-19) pandemic is forcing Italian 
mental health services to develop new organizational strategies at all levels of care 
in order to face the associated challenges.

AIM 
To explore factors associated with changes in psychiatric admissions to an 
inpatient psychiatric unit located in Lombardia Region, Italy.

METHODS 
All hospital admissions (n = 44) were recorded to an inpatient psychiatric unit 
during a three month national lockdown in Italy in 2020 and compared with those 
occurring over the same time period in 2019 (n = 71). For each admission, a 20-
item checklist was completed to identify factors leading to admission. Statistical 
analyses were performed using Statistical Package for Social Sciences for 
Windows, release 11.0. Chi-square test (or Fisher’s exact test) and Mann-Whitney 
U-test were applied, where appropriate.

RESULTS 
Hospital admissions dropped by 38% during the COVID-19 pandemic. No 
significant differences were found in demographics, clinical variables associated 
with hospital admissions and length of stay between 2019 and 2020. Compared 
with 2019, a significantly greater proportion of hospital admissions in 2020 were 
related to difficulties in organizing care programs outside the hospital (chi-square 
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= 4.91, df 1, one-way P = 0.035) and in patients’ family contexts (chi-square = 3.71, 
df 1, one-way P = 0.049). On the other hand, logistic and communication 
difficulties pertaining to residential facilities and programs were significantly 
more common in 2019 than in 2020 (chi-square = 4.38, df 1, one-way P = 0.032).

CONCLUSION 
Admissions to the inpatient psychiatric unit dropped significantly during the 
COVID-19 pandemic in 2020, with difficulties in organizing care programs 
outside the hospital and in patients’ family contexts occurring more frequently 
compared with 2019.

Key Words: Mental health services; COVID-19; Italy; Psychiatric; Pandemic
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Core Tip: During the coronavirus disease 2019 pandemic mental health services in Italy 
developed new organizational strategies in order to face the associated challenges. 
Compared with 2019, hospital admissions dropped significantly and were more 
frequently related to restrictions posed by the pandemic, like difficulties in organizing 
care programs outside the hospital and in patients’ family context. On the other hand, 
logistic and communication difficulties pertaining to residential facilities and programs 
were significantly more common in 2019 than in 2020, due to the reorganization of 
residential facilities as close communities looking after their own patients with little 
reliance on hospital during the pandemic.
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INTRODUCTION
The present organization of mental health care in Italy stems from a reform law dating 
back to 1978. On the assumption that individuals with mental disorder should be 
offered the same treatment standards as those suffering from other types of illness, a 
gradual dismantling of old mental hospitals occurred alongside the setting up of new 
community-based services within the framework of local departments of mental 
health, each promoting and coordinating mental health prevention, care and rehabil-
itation in a defined catchment area. Although the Italian experience has attracted 
international attention and promoted similar changes abroad, it has retained distinct-
iveness. In comparison with the countries belonging to the Group of 7 (G7) more 
advanced economies, Italy has lower population rates of mental health professionals 
and of beds for acute psychiatric care in general hospitals; as opposed to higher rates 
of beds in residential facilities devoted to rehabilitation and daily support programs[1,
2].

Among the services which are part of departments of mental health, inpatient 
psychiatric units are located in general hospitals with an emergency department and 
provide crisis interventions on a short-term basis, with patients being referred back to 
outpatient care or other types of interventions as soon as possible. Most admissions 
take place on a voluntary basis and only a minority are compulsory. According to the 
national mental health information system, mental health service utilization varies 
considerably across Italian regions[2]. This is due to the substantial autonomy that 
each region retains in organization of health care within its territory, according to the 
general principles and recommendations set out by the national government. 
Moreover, psychiatric admissions were found to be influenced by a wide array of 
different factors, such as demographics, illness and treatment variables, mental health 
service organisation and practice, interaction between inpatient psychiatric units and 
other health services and/or social agencies, and the role of patients’ families, leading 
to significant variation in pathways to care, typologies of admissions, length of 
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P-Editor: Wang LL hospital stay and the care process itself[3-6].
The coronavirus disease 2019 (COVID-19) pandemic is posing huge challenges to 

the health care system in general, as well as mental health services, driving the 
implementation of novel strategies and interventions. However, accounts of changes 
in mental health service organization and activities in Italy during the pandemic have 
been mainly narrative, indicating the need for a quantitative approach to the effects of 
COVID-19 pandemic[7].

The aim of this study was to explore changes in number of psychiatric admissions to 
an inpatient psychiatric unit located in the Italian region most severely affected by the 
first peak of COVID-19 pandemic in 2020, and to identify relevant factors associated 
with the detected changes in comparison with the same time period of 2019.

MATERIALS AND METHODS
Study design
All admissions were recorded to a locked, inpatient psychiatric unit within a general 
hospital in Cittiglio, a small town located in Lombardia Region, North-western Italy, 
between February 24th and May 24th, 2020 and compared with those occurring over the 
same time period in 2019.

Although relatively short, the study interval was chosen because it corresponded to 
a strict lockdown imposed on the country, which marked a definite and profound 
difference compared to the previous period. Indeed, a Legislative Decree signed by the 
Italian Prime Minister on February 23rd, 2020, ordered that: people were not allowed to 
leave home except for work, health needs or urgent reasons; remote working was 
promoted whenever possible; commercial activities were suspended unless they 
supplied essential goods or basic necessities; all types of schools were shut down and 
distance learning education was offered to students; access to public places and social 
settings favoring crowding and close contacts among individuals was forbidden, 
including, among the others, pubs, restaurants, cinemas, theatres, museums, concert 
halls, public gardens, cultural places, swimming pools, fitness centers, gyms; public 
events of any type were cancelled and civil and religious ceremonies were strictly 
limited; access of patients’ relatives and caregivers to health services and residential 
facilities was discouraged or forbidden. A subsequent Legislative Decree on May 13th, 
2020, allowed a gradual lessening of the strict limitations listed above, which became 
noticeable by May 24th.

From the very beginning, mental health services continued  to pursue their activities 
as part of essential health care and reimbursement of their interventions was left 
unchanged. However, at the outset of the pandemic inpatient units reduced their usual 
number of beds to pursue isolation requirements and interpersonal distancing and to 
devote staff to treatment of individuals suffering from COVID-19 illness and its 
complications. Moreover, psychiatric contacts with the emergency department and 
hospital admissions were discouraged and limited to urgent cases which could not 
receive adequate treatment outside the hospital and whose admission could not be 
postponed.

Data included in the paper were collected as part of routine clinical practice not 
requiring ethical approval, with patients giving their written informed consent at data 
collection at the time of hospital admission.

For patients admitted to the inpatient unit a 20-item checklist was completed to 
identify relevant factors leading to admission and including: (1) Clinical variables 
(illness severity; difficulties in instigating treatment; diagnostic difficulties; co-morbid 
physical illness); (2) Negative factors affecting quality of care during hospital stay 
(insufficient patient’s evaluation; negative doctor-patient relationship; defensive 
psychiatry); (3) Difficulties in the care process (unclear reason for admission; insu-
fficient communication between the inpatient unit and the outpatient clinic; difficulties 
in planning care programs outside the hospital); (4) Logistic variables within the 
hospital (delay in specialist consultations or diagnostic tests; organizational problems); 
(5) Logistic and communication difficulties between the mental health department and 
other agencies (social agencies, rehabilitation facilities, elderly care facilities, legal 
system); (6) Variables related to the patients’ family context (objective difficulties in the 
family; insufficient or negative relationship between the mental health staff and family 
members); (7) Legal acts; and (8) Exceptional personal, familial or social events.

Up to mid-April, patients were admitted to the inpatient unit provided that they 
had no temperature or other COVID-related symptoms, but did not perform a COVID 
test; from mid-April onwards patients were tested on a COVID test at the emergency 
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department and only those negative were admitted to the inpatient unit.

Statistical analyses
Statistical analyses were performed using the Statistical Package for Social Sciences for 
Windows, release 11.0[8].

Chi-square test (or Fisher’s exact test) and Mann-Whitney U-test were applied, 
where appropriate, to investigate differences between admissions in 2019 and those in 
2020 according to sex, age, diagnosis (grouping ICD-10 diagnoses into four categories: 
schizophrenia and related psychoses; affective disorders; personality disorders; other 
diagnoses, mainly including substance use disorders or organic conditions), type of 
admission (voluntary vs compulsory), occurrence of mechanical restraints, length of 
stay, and reasons for admission.

RESULTS
Hospital admissions dropped by 38% during the pandemic, being 44 in 2020 as 
opposed to 71 during the corresponding period of 2019.

In 2020, admissions by males were 28 and accounted for 63.6% of the sample. 
Median age (and interquartile range) of admitted patients was 38.5 (29.25-54.75) years. 
Diagnoses of schizophrenia and related psychoses, affective disorder and personality 
disorder were evenly distributed in the sample and overall accounted for 82% of the 
total. Ten (22.7%) individuals reported substance abuse and 8 (18.2%) carried suicidal 
risk. Only one (2.3%) patient underwent compulsory admission and 4 (9.1%) were 
restrained to bed. No significant differences were found on the demographic and 
clinical variables mentioned above according to study year.

In 2020, length of stay ranged between one and 34 d, with a median (and int-
erquartile range) of 10 (4.25-17) d, and did not differ significantly compared to 2019. 
The effect of diagnosis on length of stay was explored among patients residing in the 
service catchment area, since they completed their hospitalization at the inpatient unit 
under study, whereas non-resident patients were transferred to their local psychiatric 
services within a few days after admission. A significant difference in length of stay 
was found according to diagnosis (Kruskall-Wallis Chi-square = 19.88; d.f. 3, P < 
0.0001), with shorter admissions for personality disorder compared with other 
diagnoses. However, diagnoses accounted for only approximately 6% of the variance 
in length of stay.

In 2020, no non-resident patients were under compulsory admission or restraint; 
whereas in 2019, 29.6% of non-resident patients as opposed to 6.8% of resident ones 
were so restrained, and the difference was statistically significant (Chi-square = 6.65; 
d.f. 1; P = 0.01). A higher percentage of non-resident patients in 2019 were under 
compulsory admission, but the difference was not statistically significant.

The Table 1 shows the factors associated with hospital admission, derived from the 
20-item checklist mentioned above and ranked according to frequency in 2020. Illness 
severity was far more common, being rated in about two-thirds of patients, and was 
followed by other clinical factors such as difficulties in instigating treatment and 
presence of organic co-morbidity, each occurring in 20.5% of hospital admissions. 
Among non-clinical factors, impaired relationship with patients’ family members 
(20.5%) and difficulties in planning care programs outside the hospital (11.4%) were 
more common. Illness severity was significantly more common among the factors 
associated with hospital admission in 2019 compared to 2020, whereas difficulties in 
planning care outside the hospital occurred more frequently in 2020.

Overall, in 2020 sole clinical factors were reported in 28 (63.6%) of hospital 
admissions, sole non-clinical factors (i.e., logistic, communication and family factors) in 
8 (18.2%), with a combination of the two in the remaining 8 admissions (18.2%). No 
significant difference was found compared to 2019.

For further analyses, reasons associated with hospital admission were grouped into 
five broad categories. Findings were in the expected direction. No significant 
differences were found between 2019 and 2020 in clinical factors and in the care 
process. Compared to 2019, during the pandemic a significantly greater proportion of 
hospital admissions were related to difficulties in organizing care programs outside 
the hospital (chi-square = 4.91, df 1, one-way P = 0.035) and in patients’ family contexts 
(chi-square = 3.71, df 1, one-way P = 0.049). On the other hand, logistic and 
communication difficulties pertaining to residential facilities and programs were 
significantly more common in 2019 than in 2020 (chi-square = 4.38, df 1, one-way P = 
0.032).
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Table 1 Factors associated with hospital admission, derived from the 20-item checklist described in the study design and ranked 
according to frequency in the year 2020, n (%)

2019 2020

Reasons No Yes No Yes P value

Illness severity 12 (16.9) 59 (83.1) 16 (36.4) 28 (63.6) 0.02

Difficulties in instigating  treatment 64 (90.1) 7 (9.9) 35 (79.5) 9 (20.5) 0.11

Organic co-morbidity 64 (90.1) 7 (9.9) 35 (79.5) 9 (20.5) 0.11

Negative relationship with patients’ 
relatives

64 (90.1) 7 (9.9) 35 (79.5) 9 (20.5) 0.11

Difficulties in planning care outside the 
hospital

70 (98.6) 1 (1.4) 39 (88.6) 5 (11.4) 0.02

Insufficient relationship with social agencies 70 (98.6) 1 (1.4) 41 (93.2) 3 (6.8) 0.12

Objective difficulties in the family system 70 (98.6) 1 (1.4) 42 (95.5) 2 (4.5) 0.31

Insufficient relationship with elderly care 
facilities

69 (97.2) 2 (2.8) 43 (97.7) 1 (2.3) 0.86

Unclear reason for admission 69 (97.2) 2 (2.8) 43 (97.7) 1 (2.3) 0.86

Insufficient communication with outpatient 
clinic

70 (98.6) 1 (1.4) 43 (97.7) 1 (2.3) 0.73

Negative doctor-patient relationship 70 (98.6) 1 (1.4) 43 (97.7) 1 (2.3) 0.73

Legal acts 71 (100.0) 0 (0.0) 43 (97.7) 1 (2.3) 0.20

Insufficient relationship with rehabilitation 
facilities

66 (93.0) 5 (7.0%) 44 (100.0) 0 (0.0) 0.07

Insufficient relationship with legal system 68 (95.8) 3 (4.2) 44 (100.0) 0 (0.0) 0.17

Diagnostic difficulties 70 (98.6) 1 (1.4) 44 (100.0) 0 (0.0) 0.43

Insufficient patient’s evaluation 70 (98.6) 1 (1.4) 44 (100.0) 0 (0.0) 0.43

Four items out of 20 (defensive psychiatry; delay in specialist consultations and diagnostic tests; hospital organizational problems; exceptional personal, 
familial and social events) were null in both 2019 and 2020. More than one factor might be operating on each admission.

DISCUSSION
During the first peak of COVID-19 pandemic, hospital admissions dropped by 38% 
compared to the previous year. This was the result of strict selection criteria limiting 
hospital admissions to urgent cases with no alternative options as well as of new 
organizational strategies involving all levels of mental health care, that were quickly 
implemented under the coordination of the local department of mental health. 
Specifically, the outpatient clinic serving the same area of the inpatient unit under 
study increased contacts with patients combining face-to-face and domiciliary visits 
with remote consultations: overall contacts were 2727 in 2020 vs 2495 in 2019 (+9.3%), 
with greater increases in contacts by psychiatric rehabilitation professionals (+267.7%), 
social workers (+117.7%) and nurses (+44.2%). Increased emotional support was also 
provided to patients’ family members and contacts doubled during the pandemic. At 
the same time, residential facilities were organized as close communities, looking after 
their own patients with little reliance on the hospital. Indeed, during the pandemic 
hospital admissions due to difficulties pertaining  to residential facilities and programs 
were found to be significantly lower compared with the previous year.

In other words, team working acquired special relevance in order both to provide 
emotional support to patients and to cater to their practical needs. The team also 
ensured a first-line support to health professionals, allowing them to express fears, 
uncertainties and emotional discomfort, to receive mutual support and devise new 
interventions in patients’ interest, where psychiatrists and psychologists could rely on 
the indispensable help by those health providers working closer to patients, like 
nurses, social workers or psychiatric rehabilitation professionals. Remote consultations 
offered a sort of presence in the absence, but introduced a radically new way of 
working, with a change from a physical to a digital kind of space, a variation in the 
subjective experience of the time spent during consultations and difficulties of 
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different nature (e.g., distraction on behalf of the patient and/or the therapist; external 
and disturbing factors; greater tiredness during on-line consultations; dehuman-
ization)[9-11].

A reduction in admission rates was reported by other inpatient services across Italy 
as a consequence of fear of hospitals, seen as potential sites of contagion, and a 
heightening in the severity threshold of psychiatric symptoms leading to hospital 
admission upon request by patients’ family members or referral by treating clinicians. 
In most mental health services, outpatient contacts tended to decline during the 
pandemic though, in some services, they were preserved and, in the catchment area of 
the inpatient unit under study, increased, as a consequence of different choices in the 
application of restriction criteria and in service activity[12-14]. These findings suggest 
that the distinctive organization of mental health services in Lombardia Region, each 
established according to a community-based model of care with a multidisciplinary 
team serving a well-defined catchment area under the coordination of the local 
department of mental health, had the potential: (1) To face and overcome the 
limitations imposed by the pandemic by changing allocation of human resources and 
remodeling interventions in order to meet patients’ new and different needs; and (2) 
To implement a shared recommendation that all patients, and especially so those with 
severe mental disorder, were not left alone and forgotten during the COVID-19 crisis 
and received regular assessment, emotional support and treatment (e.g., long-acting 
antipsychotics) by telephone consultations, face-to-face interviews or, in selected cases, 
domiciliary visits[15,16].

During the pandemic non-resident patients, who were transferred for hospital 
admission, were likely to be less severely ill and did not require compulsory 
interventions or restraint. This was probably due to the fact that the Police members 
were more involved in other tasks of public order during the pandemic and could not 
provide routine support to health personnel on patients’ transfer. Data on admissions 
in 2019 under standard care showed that non-resident patients were more likely to be 
restrained, pointing to a delicate ethical issue. In order to promote an efficient use of 
health resources, Lombardia Region does not pose any limitation on patients’ referral 
to inpatient units other than the local facility, challenging the longstanding practice of 
a well-defined catchment area pertaining to each department of mental health. 
However, the lack of reciprocal enduring knowledge by both patients and the health 
staff-continuity of care-is likely to affect negatively the quality of care and a 
consequence may be the increased risk for non-resident patients to be restrained at the 
outset of their hospital admissions.

Although a strong emphasis was placed on trying to shorten hospital admissions 
during the pandemic in order to ensure ongoing bed availability, avoid patients’ 
transfer and keep interpersonal distancing during hospital stay, no significant 
difference was found compared to care under standard conditions in 2019. Length of 
stay varied widely and meaningful variations occurred within each diagnostic group, 
though individuals with personality disorders tended to have shorter admissions. 
About one-third of admissions lasted longer than the threshold of 14 d recommended 
by local health authorities on the basis of regional standards and reimbursement 
considerations.

These observations suggest that about one-third of patients need longer time 
periods to achieve clinical improvement and be discharged from hospital, in keeping 
with the reported limited clinical effectiveness of short hospital admissions that was 
suggested in patients with severe mental disorders[17] and undermining claims of 
systematic early onset of action of psychotropics, namely antidepressants and 
antipsychotics[18-20]. As a result, prediction of resource use in hospital psychiatry can 
hardly rely on diagnosis and the derived diagnosis-related groups (DRGs), which are 
inaccurate and explain a very limited proportion of variance in psychiatric length of 
stay. For this reason, prognosis, rather than diagnosis, has been suggested to provide a 
better estimate of prospective reimbursement for psychiatry[21-23]. Indeed, among 
prognostic factors, illness severity was found to be the main reason for psychiatric 
admissions lasting longer than two weeks, irrespective of diagnosis, which no longer 
retained any statistically significant effect[6]. Other factors, like those listed in the 
present paper and related to the care process, logistic and communication aspects of 
the institutional network, or the patients’ social and familial context, could also prove 
useful as additional variables alongside illness severity to reach a better prediction of 
hospital length of stay and associated costs. Indeed, in the present investigation non-
clinical factors occurred together with clinical ones in 18% of admissions during 
pandemic; and, in a further 18% of admissions, were the sole reasons, suggesting their 
specific relevance, even more because psychiatrists during pandemic were invited to 
give definite priority to clinical factors in deciding hospital admissions. It follows that 
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imposing strict limitations in length of stay in order to contain costs contradicts 
findings from everyday clinical practice and carries the risk of increasing inappro-
priate discharge of patients and/or exposing to financial risks the inpatient care units 
treating more severe cases. In order to reach a more accurate prediction of the 
economic impact of psychiatric admissions it would be useful to move from mere 
length of stay to consider also severity and complexity of clinical picture as well as 
other context-related factors.

During the pandemic a significantly greater number of hospital admissions were 
related to difficulties in organizing care programs outside the hospital and in patients’ 
family contexts. The reduction of community-based interventions, the absence or 
strong limitations of interpersonal relationship and social experiences and the exacer-
bation of conflicts within families may be responsible for psychiatric crises and reveal 
that an effective functioning of the mental health system cannot rely on clinical 
settings only[24]. In this regard, Pelizza&Pupo[25] brought attention to the crucial role 
of patients’ caring communities, mainly represented by family members and local 
social agencies, and suggested the actual need of a transition from an institutional 
context, centered on mental health services, to a so-called post-institutional system, 
where individuals and communities are connected through a rich and articulated set 
of social ties and patients’ settings are not distant and isolated, but connected to 
mental health services via innovative clinical interventions based on new technologies.

Since the COVID-19 pandemic is not decreasing and continues to provide ever-
growing and alarming figures over time, the changes mentioned above are likely to 
last and might even turn into the usual way of working for mental health professionals 
to come, with the pandemic marking a definite difference between a before and an 
after[26]. The essential role assigned to mental health services at the outset of the 
pandemic according to national guidelines and local protocols and their well-
established attitude to deliver comprehensive interventions to individuals with mental 
disorder, covering subjective well-being, daily living, material needs, and social 
activities, contributed to support mental health professionals’ motivation, energy and 
creativity in planning and implementing interventions during the pandemic. 
However, if the current situation is lasting for long, a critical evaluation of mental 
health service organization and requirements (especially, in terms of personnel and 
technical equipments for online consultations) is mandatory in order to sustain actual 
efforts.

Some limitations of this study should be acknowledged. Firstly, data were collected 
in a single inpatient psychiatric unit and this may reduce generalization of findings. 
However, gender and diagnostic distributions and age at admission in our sample 
closely resembled those recorded across other inpatient psychiatric units located in 
Lombardia Region[27] as well as those detected in a representative national sample of 
inpatient psychiatric units[28], suggesting that the inpatient unit under study was 
comparable to similar units operating in Italy.

Moreover, the check-list of factors associated to each hospital admission was filled 
in by a psychiatrist who was also caring for patients, allowing a detailed recording of 
all the factors involved, though this might reduce objectivity in the estimate of those 
factors more related to the care process.

CONCLUSION
In conclusion, the COVID-19 pandemic in 2020 forced a re-organization of mental 
health service activities at all levels of care. Hospital admissions dropped significantly 
and were more likely to be related to restrictions posed by the pandemic, like 
difficulties in organizing care programs outside the hospital and in patients’ family 
contexts.

At the same time, community contacts with both patients and their relatives 
increased through a combination of face-to-face and domiciliary visits with remote 
consultations.

Finally, residential facilities turned into close communities looking after their own 
patients with limited reliance on the hospital.

It follows that an accurate evaluation of the effects of the pandemic on psychiatric 
admissions (with the associated economic impact) should devote concomitant 
attention to other treatment settings as well (i.e., outpatient services and residential 
facilities) and include context-related factors alongside severity and complexity of 
clinical picture.
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ARTICLE HIGHLIGHTS
Research background
The coronavirus disease 2019 (COVID-19) pandemic forced a re-organization of mental 
health services at all levels of care. However, most accounts of changes occurring in 
Italy during the pandemic have been mainly narrative with little reliance on data.

Research motivation
The present study was based on a quantitative data-driven approach to the effects of 
COVID-19 pandemic on admissions to an inpatient psychiatric unit in Italy.

Research objectives
To explore changes in number of psychiatric admissions to an inpatient psychiatric 
unit during the COVID-19 pandemic in 2020 and to identify relevant factors associated 
with the detected changes in comparison with the same time period of 2019.

Research methods
All admissions were recorded to an inpatient psychiatric unit between February 24 
and May 24, 2020 and compared with those occurring over the same time period in 
2019. A 20-item checklist was completed to identify relevant factors leading to hospital 
admission.

Research results
During the COVID-19 pandemic hospital admissions dropped significantly compared 
to 2019 and were more likely to be related to difficulties in organizing care outside the 
hospital and in patients' family context. On the other hand, admissions related to 
logistic and communication difficulties pertaining to residential facilities were more 
common in 2019, due to the re-organization of these facilities as close communities 
looking after their own patients during the pandemic.

Research conclusions
Mental health services in general, and hospital psychiatry in particular, were forced to 
face new and different challenges during the COVID-19 pandemic. The Italian 
community-based model of care with a multidisciplinary team serving a well-defined 
catchment area had the potential to ensure a proper and rapid re-organization of 
mental health service activities.

Research perspectives
Since the COVID-19 pandemic is slowly decreasing and the associated limitations 
persist, the detected changes are expected to last and turn into the usual way of 
working. Therefore, an ongoing evaluation of mental health service organization, 
activities and requirements is mandatory to sustain and improve actual efforts.
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Abstract
Although several considerations have been raised suggesting a beneficial effect of 
N-acetyl cysteine (NAC) for the treatment of severe acute respiratory syndrome 
coronavirus 2 infection, there is currently no clinical evidence that NAC truly 
prevents coronavirus disease 2019 (COVID-19), reduces the severity of the 
disease, or improves the outcome. Appropriately designed clinical trials are 
warranted to prove or disprove a therapeutic effect of NAC for COVID-19 
patients.
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Core tip: N-acetyl cysteine (NAC) is a well-known antioxidant and anti-inflammatory 
agent that has been considered beneficial in the treatment for coronavirus disease 2019 
(COVID-19). Although previous studies in patients with chronic lung disease, chronic 
heart disease, immune-mediated disease, viral infections, and malignancy have shown 
promising results, there is currently no clinical evidence that NAC prevents COVID-
19, alleviates the severity of COVID-19, or improves the overall outcome of COVID-
19 patients.
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TO THE EDITOR
With interest, we read the review article by Dominari et al[1] about the putative 
therapeutic effect of N-acetyl cysteine (NAC) in severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)-infected patients. The authors raise several arguments in 
favour of a beneficial effect of NAC for coronavirus disease 2019 (COVID-19), discuss 
preliminary results about ongoing studies with NAC in COVID-19, and conclude that 
the results of available trials are not clear. The study is appealing but raises the 
following comments and concerns.

We do not agree with the notion that NAC is an agent for curing SARS-CoV-2 
infections[1]. There are several arguments against the antiviral effect of NAC. First, 
NAC is primarily an antioxidant and a precursor of reduced glutathione (GSH) that 
replenishes GSH stores[2]. NAC reduces oxidative stress as it scavenges and 
neutralises reactive oxidative species, such as OH, HOCl, or RO2[3]. Thus, NAC is 
approved as a preventive/therapeutic agent in disorders associated with GSH 
depletion, as an antidote in paracetamol intoxication, and as a mucolytic agent[2]. 
Since SARS-CoV-2 infections are associated with oxidative stress, NAC can, at best, 
reduce oxidative stress and thus reduce secondary effects of the infection[2]. Although 
NAC additionally has an anti-inflammatory effect by reducing cytokine production via 
blocking of matrix metalloproteinase (MMP)-1, MMP-4, intracellular adhesion 
molecule 1, nuclear factor B, NF-E2-related factor 2, and tryparedoxin-1b[2], NAC 
cannot neutralise the virus and cannot reduce the virus load. Thus, NAC may have, at 
best, a complementary but no curative effect in SARS-CoV-2 infections as all infections 
are associated with increased oxidative stress and cytokine activation. Second, there 
are no reports that NAC is capable of reducing viral load, preventing infection, 
alleviating severity of COVID-19, or reducing mortality. Third, many patients are 
regularly taking NAC for the treatment of bronchitis, bronchiolitis, pneumonia, 
asthma, or chronic obstructive pulmonary disease. However, there are no indications 
that patients regularly taking NAC have a decreased risk of SARS-CoV-2 infection, or 
that morbidity or mortality of SARS-CoV-2 infection in these patients is lower 
compared with that in patients not taking NAC. Fourth, NAC did not prevent the 
presence of SARS-CoV-2 in sputum[4]. Arguments in favour of a promising role of 
NAC in the management of COVID-19, however, are that it generally enhances 
immunocompetence[5] and that it inhibits the replication of the influenza virus H5N1
[6]. A potential beneficial effect of NAC for treating COVID-19 may also derive from 
its capacity to increase glutathione, improve T-cell responses, and modulate inflam-
mation[7-12]. Currently, a protocol for using NAC together with heparin has been 
developed[13] but no results have yet been published. Since several studies concerning 
the role of NAC in COVID-19 are under way, final conclusions about its contribution 
for treating COVID-19 cannot be reliably drawn. Future studies may demonstrate that 
NAC can reduce replication of SARS-CoV-2. Overall, agents that appear beneficial 
theoretically need to be thoroughly investigated by appropriately designed clinical 
trials for their putative beneficial effect. This is particularly the case for anti-COVID-19 
agents, as there is strong pressure from healthcare authorities, industry, and the global 
community to provide a safe and effective cure of this global threat that currently 
influences all segments of social, economic, scientific, and political life. Effective and 
safe agents are needed as several drugs that were proposed to be beneficial at the 
beginning of the pandemic turned out to be harmful or inefficient, such as 
chloroquine, azithromycin and tocilizumab.
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Abstract
Recent manuscripts described the incidence of vitamin D hypovitaminosis in 
coronavirus disease 2019 (COVID-19) patients. Vitamin D deficiency is also 
common in patients with comorbidities that are associated with a poor COVID-19 
prognosis. In this letter, we review the literature regarding the association of 
comorbidities, vitamin D deficiency, and COVID-19.

Key Words: COVID-19; SARS-CoV-2; Comorbidities; Vitamin D

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Vitamin D deficiency is a worldwide problem, and investigations on the 
benefits of regulating vitamin D levels and the immune response should be performed. 
Nevertheless, the association between low levels of vitamin D and coronavirus disease 
2019 (COVID-19) needs to be further explored, especially investigations on the 
immune response to COVID-19 and COVID-19 vaccines in patients with and without 
comorbidities.
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TO THE EDITOR
We read with great interest the article entitled “Association between population 
vitamin D status and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
related serious-critical illness and deaths: An ecological integrative approach” recently 
published by Papadimitriou et al[1] in the World Journal of Virology[1]. This manuscript 
raised important questions and the authors performed an extensive analysis on 
vitamin D levels and COVID-19 incidence and severity in Europe, and the potential 
benefits of vitamin D supplementation to enhance the immune response to the SARS-
CoV-2[1]. In the light of these results, we humbly want to state a few points for consid-
eration.

Severe coronavirus disease 2019 (COVID-19) patients present a systemic inflam-
matory response with a coagulation disorder, possibly evolving to death[2]. Several 
comorbidities have been identified as risk factors for poor disease prognosis, such as 
old age[3], co-infections[4], obesity and diabetes mellitus[5], severe asthma, alcohol 
drinking[6], chronic obstructive pulmonary disease[7], chronic liver disease[8], and 
cancer[9].

Vitamin D deficiency is associated with poor response to respiratory infections[10], 
and few reports have identified vitamin D deficiency in moderate and severe COVID-
19 patients with conflicting results[1,11,12].

Vitamin D receptor is expressed in many immune cells, including monocytes, 
macrophages, dendritic cells, neutrophils, and lymphocytes[13-15]. Vitamin D 
increases the antimicrobial activity of monocytes and macrophages[16] and has anti-
inflammatory effects due to the induction of T regulatory cells and reduction in the T 
helper-17 immune response and pro-inflammatory cytokine production[15].

Papadimitriou et al[1] performed an important investigation on the association of 
vitamin D deficiency and COVID-19[1]. Vitamin D levels can be influenced by many 
factors such as sun exposure, genetics, supplementation, and comorbidities[17-20].

Vitamin D hypovitaminosis is associated with several comorbidities that are also 
related to poor COVID-19 prognoses such as old age[21], co-infections[18], obesity
[22], diabetes mellitus[23], alcohol drinking, and smoking[24-26], uncontrolled asthma, 
but not controlled asthma, chronic obstructive pulmonary disease[25-28], cancer[29], 
and solid organ transplant recipient patients[30].

Besides comorbidities, vitamin D hypovitaminosis is associated with poor glycemic 
control[23], which is also associated with poor COVID-19 outcomes in diabetic and 
non-diabetic patients[31]. Cancer patients present low circulating levels of vitamin D
[29] and experimental models have identified that vitamin D can modulate the disease 
development by regulating cell cycle and inflammatory response[32].

Vitamin D deficiency is a worldwide problem[33,34], and vitamin D supple-
mentation has the potential to enhance the immune response to microorganisms[1]. 
Vitamin D supplementation has been investigated for the treatment and prevention of 
severe COVID-19, indicating a potential reduction in COVID-19 severity[35].

A recent investigation found that prophylactic vitamin D supplementation in 
elderlies improved the SARS-CoV-2 immune response[36], and another investigation 
identified that the treatment with vitamin D reduces COVID-19 severity[37]. 
Nevertheless, another report found no additional benefit in vitamin D supple-
mentation during COVID-19[38].

Low vitamin D levels also modulate the Renin-Angiotensin-System, which could 
increase the susceptibility to COVID-19[39], since SARS-CoV-2 uses the angiotensin-
converting enzyme 2 and Transmembrane Protease Serine 2 (TMPRSS2) to invade the 
host’s cells[40]. In addition, the lack of vitamin D is a risk factor for the development of 
autoimmune and neuropsychiatric disorders[41].

Lakkireddy et al[42] identified that increasing the serum levels of vitamin D to 
80–100 ng/mL significantly reduced inflammatory biomarkers such as interleukin-6, 
C-reactive protein, and neutrophil-to-lymphocyte ratio during COVID-19, without 
side effects[42].

In addition, Papadimitriou et al[1] recommendation for vitamin D supplementation 
should also be considered in a broader context[1], outside the COVID-19 pandemic 
situation, due to the high incidence of vitamin D hypovitaminosis worldwide, the vast 
associations with other diseases, and the proposed doses do not require medical 
supervision[1].

COVID-19 vaccination is ongoing worldwide[43-45], since vitamin D can modulate 
the immune response to vaccines[46,47], investigations on the vaccines should 
consider evaluating vitamin D levels and the effects of supplementation on the 
immune response to vaccines.
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In summary, vitamin D hypovitaminosis is associated with comorbidities that are 
known to affect COVID-19 severity and outcome. Further investigations should focus 
on patients with low vitamin D levels with and without comorbidities and supple-
mentation trials to investigate the effects of vitamin D on the immune response to 
COVID-19 and COVID-19 vaccines.
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Abstract
Vaccinations for coronavirus disease-2019 (COVID-19) have begun more than a 
year before, yet without specific treatments available. Rifampicin, critically 
important for human medicine (World Health Organization’s list of essential 
medicines), may prove pharmacologically effective for treatment and chemopro-
phylaxis of healthcare personnel and those at higher risk. It has been known since 
1969 that rifampicin has a direct selective antiviral effect on viruses which have 
their own RNA polymerase (severe acute respiratory syndrome coronavirus 2), 
like the main mechanism of action of remdesivir. This involves inhibition of late 
viral protein synthesis, the virion assembly, and the viral polymerase itself. This 
antiviral effect is dependent on the administration route, with local application 
resulting in higher drug concentrations at the site of viral replication. This would 
suggest also trying lung administration of rifampicin by nebulization to increase 
the drug’s concentration at infection sites while minimizing systemic side effects. 
Recent in silico studies with a computer-aided approach, found rifampicin among 
the most promising existing drugs that could be repurposed for the treatment of 
COVID-19.
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Core Tip: Rifampicin may prove pharmacologically effective, supplying a possible and cost-effective 
solution to the global battle against severe acute respiratory syndrome coronavirus 2, not only for 
treatment but also for chemoprophylaxis of those at higher risk. It is also possible to administer rifampicin 
by nebulization. The publications describing the in vitro mechanisms and providing proof of clinical 
efficacy of rifampicin against RNA viruses with their own RNA polymerase have emerged since 1969-
1971. Recent in silico studies using a computer-aided approach, found rifampicin among the most 
promising existing drugs that can be repurposed for the treatment of coronavirus disease-2019.

Citation: Panayiotakopoulos GD, Papadimitriou DT. Rifampicin for COVID-19. World J Virol 2022; 11(2): 90-97
URL: https://www.wjgnet.com/2220-3249/full/v11/i2/90.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i2.90

INTRODUCTION
The coronavirus disease-2019 (COVID-19) pandemic presents a puzzling challenge without specific 
treatment yet[1], and while vaccinations have been initiated more than a year before[2], there is still a 
long way to go before herd immunity can be achieved, even in the developed countries[3]. In the 
critically ill patients, plasma transfusions from recovered patients have been tried[4] and specific severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) memory T cells could also treat mode-
rate/severe cases of COVID-19[5]. When and with which pharmacological cocktail to intervene is under 
rigorous investigation worldwide[6]. Chemoprophylaxis of exposed healthcare personnel[7], along with 
those at higher risk for severe illness, is also equally exigent, at least until sizable worldwide 
immunization will be achieved[8]. And even if vaccination campaigns do make progress in the Western 
world, this process may take much longer in the developing countries. Even then, the possible 
emergence of SARS-CoV-2 new mutated strains could substantially impact the protection of currently 
available vaccines or the physical immunity acquired from previous illness from the previous SARS-
CoV-2 variants[9] (https://theconversation.com/the-lambda-variant-is-it-more-infectious-and-can-it-
escape-vaccines-a-virologist-explains-164156).

Rifampicin, discovered in 1965, was marketed in Italy in 1968, and approved in the United States in 
1971. It is on the World Health Organization's (WHO) list of essential medicines, classified by the WHO 
as critically important for human medicine. Made by the soil bacterium Amycolatopsis rifamycinica, 
rifampicin is widely available as a generic medication with an extremely low cost compared to any other 
modern antiviral medication. It belongs to the Rifamycins, characterized as antiviral drugs which inhibit 
transformation of cells by viruses[10]. While in the fourth wave of this pandemic, without specific 
medications available yet, along with the ongoing computational analysis of potential drugs[11], it 
becomes clearer that - at least for now and beyond active immunization - we still need to rely on one 
hand on the enhancement of our immune system and on the other hand on the known anti-inflam-
matory and immunomodulatory effects of some antibacterials and the emerging antiviral effects of old 
but precious drugs, such as rifampicin. For the first task, which is to strengthen our immunity, adding 
zinc sulphate increased patients’ discharges, decreasing the need for ventilation, intensive care unit 
admissions, and mortality[12]. Increased intracellular zinc concentrations seem to inhibit RNA-
dependent polymerases, helping to support robust immune responses and modulating immune cell 
activity. For that task, researchers have tried high doses of vitamin C[13]. And last but not least, proper 
supplementation[14,15] or even adjunctive therapy with vitamin-D[16], to capitalize on its extra-skeletal 
immunomodulatory properties, may also prove valuable, playing a crucial role in enhancing and 
coordinating the immune system’s response to SARS-CoV-2 infection[17,18]. For that purpose, person-
alized immunotherapy approaches with agents/monoclonal antibodies that block receptors for 
interleukin-1/6 have been initiated, aiming to control the macrophage activation syndrome which has 
been suggested as a major mechanism of lung impairment in COVID-19[19]. Monoclonal antibodies 
have shown promising results, with prompt administration though being a key issue to exert their 
benefit[20]. Bamlanivimab, a neutralizing monoclonal antibody against SARS-CoV-2, reduced the 
incidence of COVID-19[21].

Herein, we discuss the possibility of repurposing rifampicin for COVID-19, and we call for immediate 
coordinated - international if possible - collaboration[22] in in vitro studies, open-label pilot trials, and 
definitive phase 3 clinical trials.

ANTIVIRAL PROPERTIES OF RIFAMPICIN: MECHANISMS AND FACTS
Careful analysis of the COVID-19 clinical characteristics and computed tomography scans indicates that 
the pulmonary nontuberculous mycobacterial disease, in which azithromycin and rifampicin are among 

https://www.wjgnet.com/2220-3249/full/v11/i2/90.htm
https://dx.doi.org/10.5501/wjv.v11.i2.90
https://theconversation.com/the-lambda-variant-is-it-more-infectious-and-can-it-escape-vaccines-a-virologist-explains-164156
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first line treatment options, seems to share a striking analogy with SARS-CoV-2 pneumonia[23]. Going 
back to 1969, a conventional antibacterial of proved pharmacological acceptability in man, rifampicin (or 
rifampin: https://www.accessdata.fda.gov/drugsatfda_docs/Label/2018/050420s077,050627s020
Lbl.pdf), was found to have a direct antiviral effect in some mammalian viruses as poxviruses including 
the causative agent of smallpox and mainly on viruses which have their own RNA polymerase[24], 
which is the case for SARS-CoV-2 and the main mechanism of action of remdesivir. Initially developed 
against Ebola, remdesivir raised hope, as it incorporates into nascent viral RNA chains and results in 
premature termination of viral replication. Remdesivir showed higher recovery and hospital discharge 
rates, but no significant reduction in mean time to clinical improvement or mortality[25].

Regarding large DNA viruses, the antiviral activity of rifampicin arises from its binding to the F-ring, 
highly conserved across mammalian poxviruses, which cannot mutate in response to rifampicin 
inhibition and thus provide a potential base for the development of broad-spectrum inhibitors against 
infectious poxviruses species in animals and humans[26]. However, the efficacy of rifampicin against 
viruses with their own RNA polymerase shares the same mechanism with its antibacterial activity 
against microbial RNA polymerases. The inhibitory mechanism of rifampicin on the RNA polymerases 
is a simple steric block of transcription elongation due to its ability to bind tightly to non-conserved 
parts of the structure, disrupting a critical RNA polymerase function[27]. The rifampicin molecule is a 
condensation product of 3-formyl rifamycin SV and 1-amino 4-methyl piperazine with the antiviral 
activity existing in the rifamycin part of the molecule. Its antiviral effect is reversible as removal of the 
drug late in the virus cycle leads to a mature and infectious virus even within 1 h. This would mean that 
careful monitoring of rifampicin levels may assure effectiveness. The selective antiviral effect of 
rifampicin involves inhibition of late viral protein synthesis[28], virion assembly[29], and the viral 
polymerase itself[30].

Table 1 summarizes the studies on the possible antiviral properties of rifampicin against SARS-CoV-2 
presenting their main findings.

ADMINISTRATION ROUTE AND POTENTIALS
Studies in volunteers have also shown a dependence of rifampicin’s antiviral effect on administration 
route, with local application resulting in higher concentrations of the drug at the site of viral replication
[31]. This would suggest trying lung administration of rifampicin by nebulization[32], increasing the 
drug’s concentration at infection sites while minimizing systemic side effects. This approach, using 
aerosolized rifampicin-loaded polymeric microspheres, reduced most measures of tuberculosis infection 
in experimental animals[33]. However, since the major cell entry receptor for SARS-CoV-2 is the 
metallocarboxyl peptidase angiotensin receptor 2[34], whose expression is very low in the lung, the 
approach of lung administration may not exhibit the expected systemic antiviral effects of rifampicin 
and requires further investigation.

An effective intracellular concentration of rifampicin without serious toxicity seems possible and 
probable, given its pharmacokinetic profile, suitable also for chemoprophylaxis (https://pubchem.
ncbi.nlm.nih.gov/compound/Rifampicin#section=Drug-Classes). Current studies have evaluated 
intravenous rifampicin 20 mg/kg for 2 wk followed by high dose oral formulation (35 mg/kg for 6-8 
wk) for improved survival from adult tuberculous meningitis[35]. Data concerning intracellular 
rifampicin concentrations to exhibit effective antiviral activity against influenza virus A[36], African 
swine fever virus[37], and cytomegalovirus[38] have been already available.

IN SILICO STUDIES INDICATE POSSIBLE EFFECTIVENESS OF RIFAMPICIN
The above finding may have just been verified by a recent in silico study using a computer-aided drug 
designing approach: Rifampicin was the most promising existing drug that could be repurposed for the 
treatment of COVID-19[39]. Moreover, using a comprehensive drug repurposing and molecular docking 
approach, prediction of potential inhibitors for RNA-dependent RNA polymerase of SARS-CoV-2 
revealed that rifabutin could be an effective drug for COVID-19, having the lowest binding energy 
compared to the positive control remdesivir[40]. Rifabutin, however, belongs to the rifamycins 
(rifampicin, rifapentine, and rifabutin), but with rifampicin being the most used[41]. In silico virtual 
screening within the United States Food and Drug Administration (FDA)-approved drugs targeting the 
RNA-dependent RNA polymerase, which is the critical enzyme for coronavirus replication, also placed 
rifampicin among the five most potent potential anti-SARS-CoV-2 therapeutics[42]. Virtual screening of 
FDA-approved drugs targeting not only the main protease of SARS-CoV-2 but also TNF-α, IL-6, and IL-
1β, which are the key molecules involved in the 'cytokine storm' occurring in COVID-19, indicated 
rifampicin as one of the most promising drugs for the treatment of COVID-19, together with letermovir
[43]. These were systematic docking studies, further confirmed by molecular dynamics simulations and 
molecular calculations; however, such studies are prone to the high probability of artifacts needing 
experimental verification.

https://www.accessdata.fda.gov/drugsatfda_docs/Label/2018/050420s077,050627s020Lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/Label/2018/050420s077,050627s020Lbl.pdf
https://pubchem.ncbi.nlm.nih.gov/compound/Rifampicin#section=Drug-Classes
https://pubchem.ncbi.nlm.nih.gov/compound/Rifampicin#section=Drug-Classes
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Table 1 Studies on the possible antiviral properties of rifampicin against severe acute respiratory syndrome coronavirus 2

Ref. Year Findings

Becker[10] 1976 Rifampicin belongs to the rifamycins, characterized as antiviral drugs which inhibit transformation of cells by 
viruses

[24] 1969 Rifampicin has a direct antiviral effect in mammalian viruses as poxviruses including the causative agent of 
smallpox and on viruses which have their own RNA polymerase

Campbell et al[27] 2001 The inhibition mechanism of rifampicin to the RNA polymerases is a simple steric block of transcription elongation 
due to its ability to bind tightly to non-conserved parts of the structure, disrupting a critical RNA polymerase 
function

Ben-Ishai et al[28], Moss et al
[29], McAuslan et al[30]

1969 Rifampicin inhibits the late viral protein synthesis, the virion assembly, and the viral polymerase itself

Moshkowitz et al[31] 1971 Rifampicin’s antiviral effect is dependent on the administration route, with local application resulting in higher 
concentrations at the site of viral replication

Tewes et al[32] 2008 Administration of rifampicin by nebulization is possible using aerosolized rifampicin-loaded polymeric 
microspheres

And et al[36] 1980

Dardiri et al[37] 1971

Halsted et al[38] 1972

Intracellular rifampicin concentrations exhibit effective antiviral activity against: Influenza virus A, African swine 
fever virus and cytomegalovirus

The SARS-CoV-2 RNA-dependent RNA polymerase (nsp12) catalyzes the replication of RNA from 
RNA templates. Changes in the virus life cycle are exhibited by the fixation of specific ligands in the 
active site of this crucial enzyme. A recent study found the highly conserved nsp12 motifs (A-G), and 
discovered the interactions with rifabutin and rifampicin, among other ligands. Both of them interacted 
with at least two nsp12 motifs, indicating that they could be both used as inhibitors of SARS-CoV-2 
nsp12 protein[44]. Another in silico docking approach also found that rifampicin has good binding 
affinity with the COVID-19 protease[45], proposing its use as therapeutic treatment as well as 
prophylaxis.

Of course, all the above findings require further validation by in vitro studies and clinical trials. 
Table 2 summarizes the in silico studies indicating effectiveness of rifampicin against SARS-CoV-2.

DRUG MONITORING AND INTERACTIONS
Experience from coadministration of antitubercular use of rifampicin with antiretroviral therapy may, 
however, be complicated by drug-to-drug interactions concerning drug metabolism and transport[46], 
which warrants caution in clinical trials designed to test the efficacy of rifampicin against SARS-CoV-2 
in case of co-administration with other drugs that are also metabolized in the liver. A plan is needed to 
treat COVID-19 in the special group of patients with advanced liver disease[47], as rifampicin is an 
agonist of the nuclear pregnane nuclear receptor that regulates CYP3A4[48,49], a part of cytochrome 
P450 enzymes that metabolizes 60% of prescribed drugs. Thus, rifampicin can cause serious drug-to-
drug interactions in combination with other medications for COVID-19 treatment. Also, it should be 
noted that concerning rifampicin, therapeutic drug monitoring is needed when extracorporeal 
membrane oxygenation is to be used as a life-saving system for critically ill patients with cardiac and/or 
respiratory failure[50]. The co-administration of plant-derived compounds such as gallic acid and tannic 
acid, which are effective potentiators  resulting in a 4-fold increase in the potency of rifampicin, 
warrants further study[51]. A known infrequent occurrence, with few cases reported in the literature, of 
rifampicin-induced pneumonitis mimicking acute respiratory distress syndrome and requiring SARS-
CoV-2 testing[52], merits caution. Because of an uncommon immuno-allergic reaction, following 
intermittent rifampin administration, with disseminated intravascular coagulation including fever, 
hypotension, abdominal pain, and vomiting within hours of ingestion[53], awareness is warranted for 
COVID-19 patients suffering from the life-threatening cytokine storm syndrome[54]. Hence, even in the 
latter case, as in an allergic reaction to rifampicin, apart from targeted anti-cytokine therapy[55], broadly 
immunosuppressive glucocorticoids would be of value.

SAFETY AND ADVANTAGES OF RIFAMPICIN
Rifampicin is not the only antibiotic that could be repurposed for COVID-19. Quinupristin, for example, 
is an antibiotic in clinical use for two decades now with minor side effects and has also proven in silico 
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Table 2 In silico studies indicating rifampicin’s possible effectiveness against coronavirus disease-2019

Ref. Year Findings

Mishra et 
al[39]

2020 Using a computer-aided drug designing approach, rifampicin was the most promising existing drug that could be repurposed for the 
treatment of COVID-19

Parvez et 
al[40]

2020 Using a comprehensive drug repurposing and molecular docking approach, prediction of potential inhibitors for RNA-dependent 
RNA polymerase of SARS-CoV-2 revealed that rifabutin could be an effective drug for COVID-19, having the lowest binding energy 
compared to the positive control remdesivir

Forrest et 
al[41]

2010 Rifabutin belongs to the rifamycins (rifampicin, rifapentine and rifabutin); rifampicin is the most used

Pokhrel et 
al[42]

2020 In silico virtual screen within the United States Food and Drug Administration-approved drugs targeting the RNA-dependent RNA 
polymerase, which is the critical enzyme for coronavirus replication, placed rifampicin among the five most potent potential anti-
SARS-CoV-2 therapeutics

Pathak et 
al[43]

2021 A similar approach, by targeting the main protease of SARS-CoV-2 but also TNF-α, IL-6, IL-1β, revealed rifampicin as one of the most 
promising drugs

Elkarhat et 
al[44]

2020 The SARS-CoV-2 RNA dependent RNA polymerase (nsp12) catalyzes the replication of RNA from RNA templates. Changes in the 
virus life cycle are exhibited by the fixation of specific ligands in the active site of this crucial enzyme. A recent study found the highly 
conserved nsp12 motifs, and discovered the interactions with rifabutin and rifampicin, concluding that both could function as 
inhibitors of the SARS-CoV-2 nsp12 protein

Soni et al
[45]

2020 An in silico docking approach also found that rifampicin has good binding affinity with the COVID-19 protease, proposing its use as 
therapeutic treatment as well as prophylaxis

COVID-19: Coronavirus disease-2019; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

potentially effective against SARS-CoV-2[42]. However, the knowledge and clinical experience as well 
as the safety profile of rifampicin even in neonates, infants[56], and pregnant woman[57] make a 
compelling case where alternative therapeutic options are limited. Last, but not least in this instance, the 
particularly low cost and the potential for worldwide availability of rifampicin as a generic medication 
may prove a worthy solution, for early intervention protocols against SARS-CoV-2.

RIFAMPICIN IN COVID-19 IN CLINICAL PRACTICE
A recent case report described the favorable outcome under treatment with chloroquine and rifampin of 
an unusual association of COVID-19, pulmonary tuberculosis, and human immunodeficiency virus 
infection[58], attributed either to rifampicin inhibiting the formation of mRNA of SARS-CoV-2 and/or 
the possible synergistic effect of chloroquine and rifampin, despite that anti-tubercular drugs such as 
rifampicin are powerful enzyme inducers that can reduce the effectiveness of chloroquine. Up to now, 
there are no clinical studies available on the treatment of COVID-19 patients with rifampicin. 
Anecdotally, experienced pediatricians have also successfully treated neonates and infants[59] found 
positive for SARS-CoV-2 with rifampicin, clearly aiming for their protection with their parents suffering 
overt COVID-19 with an eventful clinical course.

CONCLUSION
Timely administration, though, is important for all current regimens on trial: It must not be too late 
when treatment starts. Specifically, rifampicin interferes with the viral replication, and thus, early 
administration after diagnosis of COVID-19 could make a significant difference to its presumed effect-
iveness against SARS-CoV-2 infection. Similarly, for rifampicin’s use for postexposure prophylaxis to 
people exposed to index cases of invasive meningococcal infection, pre-exposure together with post-
exposure prophylaxis could also be a potential strategy, at least for unvaccinated people[60]. The WHO 
proposed a similar approach for people at elevated risk for infection, before or after exposure, during 
the influenza pandemic.

Call for studies
Facing this unprecedented global emergency and given the experience, safety, and knowledge behind 
rifampicin, we call for international collaboration proposing in vitro studies, open-label pilot trials, and 
definite phase 3 clinical trials for testing treatment and chemoprophylaxis efficacy of rifampicin against 
COVID-19. With all the above compelling evidence, rifampicin merits evaluation against COVID-19.
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Abstract
Several mechanisms may explain how exercise training mechanistically confers 
protection against coronavirus disease 2019 (COVID-19). Here we propose two 
new perspectives through which cardiorespiratory fitness may protect against 
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Physical 
exercise-activated adenosine monophosphate (AMP)-activated protein kinase 
(AMPK) signaling induces endothelial nitric oxide (NO) synthase (eNOS), 
increases NO bio-availability, and inhibits palmitoylation, leading to specific and 
immediate SARS-CoV-2 protection. AMPK signaling also induces angiotensin 1-7 
release and enhances eNOS activation thus further mediating cardio- and reno-
protection. Irisin, a myokine released from skeletal muscles during aerobic 
exercise, also participates in the AMPK/Akt-eNOS/NO pathway, protects 
mitochondrial functions in endothelial cells, and antagonizes renin angiotensin 
system proinflammatory action leading to reductions in genes associated with 
severe COVID-19 outcomes. Collectively, all the above findings point to the fact 
that increased AMPK and irisin activity through exercise training greatly benefits 
molecular processes that mediate specific, immediate, and delayed SARS-CoV-2 
protection. Maintaining regular physical activity levels is a safe and affordable 
lifestyle strategy against the current and future pandemics and may also mitigate 
against obesity and cardiometabolic disease syndemics. Move more because a 
moving target is harder to kill.
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Core Tip: Increased nitric oxide bio-availability through exercise training-induced activation of the master 
regulator of metabolism, the energy-sensing cellular enzyme adenosine monophosphate-activated protein 
kinase and irisin, the fat browning exercise hormone, released from skeletal muscles during aerobic 
exercise may mediate specific, immediate, and delayed severe acute respiratory syndrome coronavirus-2 
protection. Move more because a moving target is harder to kill.

Citation: Papadopoulos KI, Sutheesophon W, Aw TC. Too hard to die: Exercise training mediates specific and 
immediate SARS-CoV-2 protection. World J Virol 2022; 11(2): 98-103
URL: https://www.wjgnet.com/2220-3249/full/v11/i2/98.htm
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INTRODUCTION
The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the cause of the coronavirus 
disease 2019 (COVID-19), has to date (December 2021) infected over 270 million people worldwide and 
the death tally approaches 5.5 million[1]. Evolutionary evidence supports the survival of the fittest 
through natural selection for pathogen resistance, with effects mediated through younger age, lifestyle 
choices and importantly, genetics[2]. Epidemiological data support a lower COVID-19 incidence and 
severity in children and adolescents[3], individuals with high cardiorespiratory fitness (CRF) and 
muscle strength[4] as well as certain protective erythropoietin (EPO) augmenting genetic variants[3]. At 
the other end of the spectrum, inactivity, obesity, insulin resistance, diabetes, and hypertension, are 
associated with worse SARS-CoV-2 infection course and disproportionate COVID-19 mortality risk[5,6]. 
Public policies should promote increased physical activity and endeavor to increase the overall physical 
fitness in society by all available means. This is especially imperative for the population groups 
associated with worse SARS-CoV-2 prognosis[7]. The scope of this minireview is to focus on the 
mechanistical perspectives of two novel pathways, namely adenosine monophosphate (AMP)-activated 
protein kinase (AMPK) and irisin, through which exercise training may mitigate against SARS-CoV-2 
infection and improve COVID-19 prognosis.

We conducted a PubMed literature search for publications in the English language since the start of 
the pandemic until September 2021, using the keywords: “AMPK”; “Irisin”; “physical exercise”; “renin 
angiotensin system (RAS)”; “angiotensin-converting enzyme 2 (ACE2)”; “nitric oxide (NO)”; 
“endothelial nitric oxide (NO) synthase (eNOS)”; “beta common receptor (βcR)”; “SARS-CoV-2”; and 
“COVID-19”. We noticed a veritable dearth of publications, especially when the keywords “eNOS”, 
“Irisin”, “AMPK” were used in different combinations together with “physical exercise” and “SARS-
CoV-2 or COVID-19” which prompted us to focus on AMPK/eNOS and Irisin. Those pathways are 
known for their cardiometabolic, and vascular protective properties and suggest concrete mechanisms 
that offer immediate and delayed SARS-CoV-2 protection[8].

HOW DOES EXERCISE IMPROVE IMMUNITY? 
Several reviews have described numerous immune mechanisms which may explain how exercise 
training mechanistically confers protection against COVID-19. First, exercise downregulates the 
expression/activation of proinflammatory Toll-like receptors (TLR)[5]. Second, exercise training 
demonstrates an anti-inflammatory cytokine profile with increased levels of anti-inflammatory 
interleukin (IL)-10, IL-1 receptor antagonist (IL-1ra), and IL-37, which in turn inhibits the TLR-inflam-
mation pathway and counteracts the inflammatory response induced by the inflammasomes[5]. In 
general, exercise promotes the recirculation of key immune cells and mediates an anti-inflammatory and 
antioxidant state through multiple mechanisms[5]. Effective rehabilitation programs for sarcopenia, 
could reduce inflammation and the need for IL-37 to exert its negative feedback to control the release of 
inflammatory cytokines[9].

https://www.wjgnet.com/2220-3249/full/v11/i2/98.htm
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NEWER PERSPECTIVES ON EXERCISE PROTECTION IN COVID-19
AMPK
A more specific mechanism with immediate antiviral effects involves AMPK. We propose two new 
perspectives through which high CRF may protect from SARS-CoV-2. AMPK is an energy-sensing 
heterotrimeric enzyme, able to detect minute changes in cellular ADP and AMP as well as glucose 
availability[10]. Located in various cells and organs, AMPK modulates numerous downstream targets 
through switching phosphorylation on-off, including targets in the RAS[11]. AMPK is activated through 
several physiological and pathological conditions, such as hypoxia, caloric restriction, and physiological 
exercise but also via certain well known pharmacological agents as metformin, aspirin, canagliflozin, 
telmisartan, and herbal substances such as resveratrol, berberine, and quercetin[11,12]. Since activating 
AMPK has been shown to suppresses the Angiotensin II-induced vascular smooth muscle proliferative 
pathway and improve cardiometabolic disease, we believe that physical exercise-induced AMPK 
regulation of diverse cellular pathways is a reasonable mechanism in mediating both immediate and 
delayed SARS-CoV-2 protection (Figure 1)[11,13,14]. Physiological exercise induces AMPK activation as 
an important molecular mechanism of adaptation after physical activity. AMPK-eNOS phosphory-
lation-activated formation of NO appears to be a signal that impacts metabolic activity[15]. Mice with an 
eNOS mutation that prevents AMPK-dependent phosphorylation and impedes NO-biosynthesis 
develop hyperinsulinemia and insulin resistance with high fasting blood sugar, increased adiposity, 
elevated inflammatory markers and weight gain when fed a high-fat diet[16]. eNOS phosphorylation 
through AMPK will lead to increased NO generation and NO bio-availability in the lung and blood 
vessels[17]. Host endothelium is where the critical COVID-19 battle between SARS-CoV-2 and the host 
is fought with NO as one of the main contenders (Figure 1)[18]. SARS-CoV-2 spike (S) protein induces 
endotheliitis via downregulation of angiotensin-converting enzyme 2 (ACE2) and NO impairment[18]. 
At the same time, increased generation and bio-availability of NO inhibits SARS-CoV-1/2[19] 
replication through two clearly different mechanisms: (1) Decline in the production of viral RNA in the 
very first stages of viral replication; and (2) decrease in the palmitoylation of nascently-expressed S 
protein that impacts the fusion of the S protein with ACE2[20]. Similar NO effects are presumed for 
SARS-CoV-2, given both SARS-CoV-1/2 engage ACE2 in the same manner[21]. Palmitoylation of SARS-
CoV-2 S protein is critical in controlling membrane fusion and virion infectivity[22]. Inhibition of acetyl-
CoA carboxylase by AMPK will directly inhibit palmitate synthesis thus engendering additional SARS-
CoV-2 protection[23]. In addition, orlistat, a pharmaceutical substance used in weight loss treatment 
also inhibits fatty acid synthase[23]. Through both mechanisms of increased NO bio-availability and 
directly reducing palmitate synthesis, physical exercise engenders specific and immediate SARS-CoV-2 
protection[20,22,23].

Chronic exercise induces EPO elevation, a well-known neuroprotective hormone, which mediates 
COVID-19 protection[3]. EPO’s protective effects are mediated through AMPK-dependent signaling, 
leading to enhanced phosphorylation of the beta common receptor (βcR) and eNOS, increased βcR-
AMPK-eNOS complex formation, NO production, increased NO bio-availability, and ultimately tissue 
protection (Figure 1)[24]. Elevated, protective EPO mRNA levels were recently reported to be 2.6 times 
higher in nasopharyngeal swab samples of adult SARS-CoV-2 patients that were asymptomatic or 
showing mild COVID-19 symptoms, as compared to a control group[25]. Patients with acute respiratory 
distress syndrome (ARDS) in a moderate-sized COVID-19 cohort showed lower soluble eNOS levels, 
implying that greater eNOS activity and the presumed increased NO synthesis probably prevent 
patients from serious lung complications[26]. Fluvoxamine, intensely investigated as a SARS-CoV-2 
protective agent, also mediates its action through sigma-1 receptor (S1R) agonism that induces eNOS, 
albeit via phosphatidylinositol-3-kinase and protein kinase B signaling[27].

Moreover, AMPK signaling exerts beneficial effects through RAS by elevating the protective arm of 
ACE2 and angiotensin (Ang) 1-7 through the Mas receptor (MasR) (Figure 1)[11]. Phosphorylation of 
ACE2 by AMPK enhances the stability of ACE2 and increases Ang 1-7 and eNOS-derived NO bio-
availability further sustaining increased, protective NO levels[28]. Reduced inflammatory responses in 
lung emphysema, mitigation of pulmonary hypertension and protection against lipopolysaccharide-
induced acute lung injury and ARDS have been reported with increased AMPK signaling[28-30]. Later 
in the course of SARS-CoV-2 infection, AMPK/ACE2/Ang 1-7/MasR-induced NO-increase may be 
cardio-, and renoprotective through lower oxidative stress, apoptosis, and systemic inflammatory 
responses[11,31].

Irisin perspectives in COVID-19
Irisin is a myokine, cleaved as a peptide hormone of 112 amino acids from fibronectin type III domain 
containing 5 in skeletal muscle and secreted during aerobic exercise[32]. Irisin is positively correlated 
with an active lifestyle and vigorous intensity physical activity[32]. Both aerobic and resistance exercise 
are associated with high irisin levels, especially in older age groups[32]. Irisin is involved in muscle 
hyper-trophy and controls energy levels in muscle, participates in glucose homeostasis and browning of 
white adipose tissue, and has been implicated in exercise-induced neuroprotection as it is highly 
expressed in the brain[33,34]. Furthermore, exercise-derived irisin reduces arterial stiffness and lowers 
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Figure 1 Molecular mechanisms of exercise. Chronic exercise induces transient hypoxia and elevates erythropoietin (EPO) that induces endothelial nitric 
oxide synthase (eNOS) via the tissue protective receptor (EPOR/βcR). Exercise activates adenosine monophosphate-activated protein kinase (AMPK) and releases 
Irisin, resulting in eNOS activation and subsequent nitric oxide production inhibiting severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) replication and 
mitigating cell entry (X). AMPK stabilizes angiotensin-converting enzyme (ACE) 2 and increases protective angiotensin (Ang) 1-7 conversion which in turn activates 
eNOS via the MasR. Irisin also exerts protective functions on mitochondria. AMPK: Adenosine monophosphate-activated protein kinase; EPO: Erythropoietin; EPOR: 
EPO receptor; βcR: β-common receptor; TPR: Tissue protective receptor; eNOS: Endothelial nitric oxide synthase; NO: Nitric oxide; L-Arg: Arginine; ACE2: 
Angiotensin-converting enzyme 2; Ang II: Angiotensin II; Ang1-7: Angiotensin 1-7; MasR: Mas receptor; P: Phosphorylation; SARS-CoV-2: Severe acute respiratory 
syndrome coronavirus 2.

blood pressure through activation of the AMPK/Akt-eNOS/NO pathway and has thus the potential to 
impact cardiovascular health (Figure 1)[8,35]. Irisin also protects mitochondrial function in endothelial 
cells and benefits endothelial barrier integrity through the integrin αVβ5 receptor and activated AMPK 
signaling[36]. Moreover, irisin can directly antagonize Ang II-induced cardiac profibrotic response in 
vitro as well as in vivo[37]. In addition, serum irisin levels were decreased and negatively correlated with 
disease severity and mortality in ARDS patients[36]. Recently, irisin modulation of genes associated 
with severe COVID-19 outcomes was reported in human subcutaneous adipocyte cell culture[38].

Collectively, all the above findings point to the fact that increased AMPK and irisin activity with 
exercise training greatly benefits molecular processes that mediate specific, immediate, and delayed 
SARS-CoV-2 protection.

CONCLUSION
Evolution arms us with ingenious and adaptive defense structures - our immune system, musculature, 
and cardiovascular system. Increased CRF through regular aerobic exertion and resistance exercise, 
greatly benefits all the above systems promoting survival and longevity[5]. Regular physical exercise 
enhances vaccination response and immunoprotection[5]. Maintaining regular physical activity levels 
along with prudent and balanced nutrition are safe and affordable lifestyle strategies against the current 
and future pandemics. Physical exercise may also reverse insulin resistance, alleviate hypertension, and 
mitigate against obesity and cardiometabolic disease syndemics[39]. While observing social distancing, 
exercise is still possible in public indoor spaces or outdoors. Exercise prescription for vulnerable groups 
and free or subsidized use of digital technology with online platforms delivering exercise classes could 
be employed to achieve the recommended exercise guidelines. For greater health benefits, 300 min of 
aerobic activity is recommended along with strength training exercises for all major muscle groups at 
least two times a week[40]. “Work from home” directives along with time savings from daily 
commuting have potentially freed up time for exercise that can be achievable in the home environment. 
The beneficial effects of exercise training in communicable and non-communicable disease prevention 
must remain central when deciding appropriate public health policies and subsidies. Government 
bodies should heed the Damoclean warning in this pandemic of the excess mortality threatening over 
500 million people affected with obesity and diabetes worldwide or risk new hecatombs. We may have 
to learn to live with the virus for many years to come. It is thus imperative, on an individual level, to 
devise personal strategies for exercise training that do not depend on access to public gymnasiums. The 
takeaway message is once again to move more because a moving target is harder to kill.
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Abstract
N-acetyl cysteine (NAC) is a promising drug for prophylaxis and treatment of 
coronavirus disease 2019 (COVID-19) based on antioxidant and anti-inflammatory 
mechanisms. Further studies with cautious approach are needed to establish the 
benefits and risks before considering NAC as an adjuvant treatment for COVID-
19.
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Prophylaxis; Treatment
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Core Tip: Risk of coagulopathy is noteworthy in coronavirus disease 2019 (COVID-19) 
and cerebral hemorrhage could be a potential risk in COVID-19 patients receiving N-
acetyl cysteine (NAC). Results of well-designed randomized controlled trials should be 
awaited before NAC becomes a common practice for prophylaxis and treatment of 
patients with COVID-19.
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TO THE EDITOR
The impact of coronavirus disease 2019 (COVID-19) pandemic resulting in substantial mortalities and 
morbidities has driven the quest to accelerate the treatment options for containment of this public health 
emergency. We read with interest the review by Dominari et al[1]. The authors have reviewed the 
pharmacology, efficacy, and safety of N-acetyl cysteine (NAC) as an adjuvant therapy of COVID-19. 
NAC is a nutraceutical precursor of vital antioxidant glutathione. Based on a broad range of antioxidant 
and anti-inflammatory mechanisms, NAC seems to be a promising drug to attenuate the risk of 
developing COVID-19, and in high doses might play an adjuvant role in the treatment of severe COVID-
19 and alleviate its fatal complications[2]. We agree with author’s insight that NAC is a worthy 
candidate to be evaluated for COVID-19; however, we consider that a cautiously optimistic approach is 
required to assess the risk–benefit profile of this medication in the current scenario.

Patients with COVID-19 suffer from coagulopathy and prolonged prothrombin time (PT)[3]. 
Hypercoagulation due to elevated D dimer and fibrinogen could lead to ischemic stroke in COVID-19 
patients. Though less common, intracerebral haemorrhage resulting from consumption coagulopathy 
related to fibrinogen depletion has been reported in more than 10% of COVID-19 patients with stroke
[4].

As documented in the review, adverse effects from NAC could vary from mild gastrointestinal 
symptoms to severe anaphylactoid reactions[1]. Abnormal hemostatic activity, such as anticoagulant 
and platelet-inhibiting properties with increased bleeding risk, has been documented in patients 
receiving NAC[5]. NAC interacts with human vitamin K epoxide reductase at the same binding site and 
causes interruption in the vitamin K reduction pathway. A recent study warns regarding prolonged use 
of NAC in COVID-19 patients and suggests the monitoring of international normalized ratio, PT, and 
partial thromboplastin time. In addition, considering the lipophilicity, and hence, easy passage of NAC 
through blood brain barrier, this study cautioned about the risk of cerebral hemorrhage in COVID-19[6].

The possible benefits of NAC in COVID-19 seem to outweigh the risks, but an important issue 
plaguing the usefulness of NAC is its uncertain efficacy in mild cases[7] and potential of unregulated 
use in the current scenario where there are limited drugs available for the management of COVID-19. 
Hence, as is rightly stressed upon by the author[1], before the use of NAC in COVID-19 spreads, further 
research is warranted to avoid another failure story[8]. Clinical trials are already underway to establish 
efficacy of NAC in COVID-19[9,10], and recent review by Wong et al[11] (2021) elaborated the potential 
role of NAC as adjunctive remedy for COVID-19[11]. However, there is no in vivo research to 
specifically examine its effects in COVID-19.

A retrospective cohort study of hospitalized patients with moderate or severe COVID-19 pneumonia 
documented lower risk of progression to serious respiratory failure in patients treated with NAC[12]. 
However, we would like to emphasize that the results of the randomized controlled trials should be 
awaited before incorporating NAC to improve prognosis and clinical outcomes in the treatment of 
COVID-19.
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Abstract
Microbial co-infections are another primary concern in patients with coronavirus 
disease 2019 (COVID-19), yet it is an untouched area among researchers. 
Preliminary data and systematic reviews only show the type of pathogens 
responsible for that, but its pathophysiology is still unknown. Studies show that 
these microbial co-infections are hospital-acquired/nosocomial infections, and 
patients admitted to intensive care units with invasive mechanical ventilation are 
highly susceptible to it. Patients with COVID-19 had elevated inflammatory 
cytokines and a weakened cell-mediated immune response, with lower CD4+ T 
and CD8+ T cell counts, indicating vulnerability to various co-infections. Despite 
this, there are only a few studies that recommend the management of co-
infections.
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Core Tip: The immune systems of coronavirus disease 2019 patients are already compromised, making 
them vulnerable to bacterial, fungal, and viral co-infections. These secondary infections, also known as co-
infections, are hospital-acquired/nosocomial infections, and mechanically ventilated patients are especially 
vulnerable. There are no specific guidelines or treatment options for these types of co-infections at the 
moment, which is contributing to an increase in morbidity and mortality among these patients.
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TO THE EDITOR
The first case of coronavirus disease 2019 (COVID-19) was reported in Wuhan, China, in December 
2019, and the World Health Organization declared it a pandemic in March 2019. Approximately one-
third of patients experienced severe complications of COVID-19 and required hospitalization[1]. 
Recently, secondary bacterial/fungal infections or co-infections are another major concern in COVID-19 
patients, impacting mortality but lacking attention. Less evidence of bacterial and fungal infection was 
documented in earlier coronavirus pandemics and epidemics, such as severe acute respiratory 
syndrome (SARS)-1 and Middle East respiratory syndrome[2]. Recently, we have seen a paper by Saeed 
et al[3] entitled “Bacterial co-infection in patients with SARS-CoV-2 in the Kingdom of Bahrain”[3] in 
your well-regarded journal World J Virol. We appreciate the work done by Saeed et al[3] as they reported 
the microbial infections in patients with COVID-19 in the Kingdom of Bahrain.

The most common bacterial species they reported were K. pneumonia, P. aeruginosa, A. baumannii, E. 
coli, S. aureus, E. faecalis, and E. faecium. Among all of these, hospital-acquired (HAI)/nosocomial 
infection was higher (73.8%) than community-acquired infection. Similar results were reported by 
Mahmoudi[4] and Sharifipour et al[5] in the neighboring country Iran. Both authors reported the same 
species of bacterial strains, which are the most common. Later on, a descriptive study conducted in the 
United Arab Emirates found bacterial co-infection in patients with COVID-19 and especially Klebsiella 
pneumonia, Escherichia coli, Staphylococcus aureus, and Acinetobacter baumannii were most predominant 
strains[6]. The recent reviews and meta-analysis also show that Klebsiella pneumonia, Haemophiles 
influenzae, Streptococcus pneumoniae, and Staphylococcus aureus are the most frequently identified bacteria 
among co-infected patients[7,8]. A unique case series from Saudi Arabia reported Middle East 
respiratory syndrome coronavirus co-infection in 12% of patients already suffering from severe acute 
respiratory syndrome coronavirus 2[9]. At the same time, another case series from Saudi Arabia by 
Shabrawishi et al[10] reported 7 cases of COVID-19 and tuberculosis co-infection[10]. The interesting 
results of Hashemi et al[11] showed influenza A (H1N1) virus, human metapneumovirus, bocavirus, 
adenovirus, respiratory syncytial virus (RSV), and parainfluenza viruses in 105 dead patients with 
COVID-19 in northeastern Iran[11].

Other than bacteria, fungal and viral co-infections are also severe issues with COVID-19 patients. In 
the present article, the authors reported fungal co-infection in about 10% of total microbial co-infection. 
The most common isolated fungi were Candida galabrata, Candida tropicalis, Candida albicans, and 
Aspergillus fumigatus. They also found that the death rates in patients with fungal co-infection were very 
high (70.4%)[3]. Studies from other different regions found aspergillosis or invasive candidiasis as the 
common fungal co-infections[12]. In contrast, influenza type A, type B, and RSV were the most common 
viral co-infections in patients with COVID-19[7]. These co-infections are associated with an increased 
probability of death. Most of the articles reported that microbial co-infections were HAI/nosocomial 
infections, similar to Saeed et al[3], who found 71% were HAI.

Further, the authors have described well different microbial co-infections in patients of COVID-19. 
Furthermore, the study has some limitations, such as the authors not providing any treatment or 
management options for COVID-19 infected patients. That is the most crucial concern for the patient’s 
benefit. In this context, we would like to draw your attention to the management and recommendations 
for the infection. Chedid et al[13] reviewed the most common antibiotics used by COVID-19 hospitalized 
patients, primarily in an intensive situation, by analyzing the use of antibiotics in different types of 
bacterial secondary and co-infection[13].

On the other hand, Sieswerda et al[14] gave evidence-based recommendations for antibacterial 
therapy for secondary microbial and co-infection[14]. Wu et al[15] described the management of 
respiratory co-infection and secondary bacterial pneumonia in patients with COVID-19[15]. For the 
treatment of fungal co-infections, Song et al[16] suggested the regimen, which is currently in an 
induction phase and includes amphotericin B deoxycholate and flucytosine, followed by (1) 
Fluconazole; alternative options for fluconazole + flucytosine or amphotericin B deoxycholate + 
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fluconazole; (2) Consolidation phase for fluconazole; and (3) Maintenance (or secondary prophylaxis) 
phase for fluconazole[16].

Depending upon disease severity, patients with influenza A or B viral co-infection should be treated 
with oseltamivir or its substitute[17]. Treatment options for other viral co-infection, such as RSV, are 
restricted and beneficial only in specific circumstances, such as immunosuppression or hypogamma-
globulinemia[18,19].

Patients with COVID-19 had elevated levels of inflammatory cytokines and a debilitated cell-
mediated immune response, with lower CD4+ T and CD8+ T cell counts, indicating vulnerability to 
various co-infections. Furthermore, COVID-19 patients who are immunocompromised, such as those 
with extended neutropenia, hematopoietic stem cell transplantation, hereditary or acquired immunode-
ficiencies, or tumor, are more likely to develop co-infection. Co-infection and superinfection of 
pathogens in COVID-19 patients is a critical issue as it is difficult to distinguish the associated complic-
ations. Specific diagnostic tests should be recommended for proper treatment and management of these 
infections to reduce morbidity and mortality.
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Abstract
In a recent meta-analysis the prevalence of coronavirus disease 2019 (COVID-19)-
associated hyperglycemia was 25%, and that of COVID-19-associated new-onset 
diabetes was 19%. An association between hyperglycemia or new-onset diabetes 
and COVID-19 has been suggested. In a recent relevant study of critically and 
non-critically ill patients with COVID-19, we found that indeed beta-cell function 
was compromised in critically ill patients with COVID-19 and that these patients 
showed a high glycemic gap. Nevertheless, one quarter of critically ill patients 
with no history of diabetes have stress hyperglycemia, a finding which could 
obscure the prevalence of hyperglycemia or new-onset diabetes that could be 
attributed to COVID-19 per se.

Key Words: Blood glucose; Pandemics; Severe acute respiratory syndrome coronavirus 2; 
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Core Tip: An association between hyperglycemia or new-onset diabetes and coronavirus 
disease 2019 (COVID-19) has been suggested. Nevertheless, one quarter of critically ill 
patients with no history of diabetes have stress hyperglycemia, a finding which could 
obscure the prevalence of hyperglycemia or new-onset diabetes that could be attributed 
to COVID-19 per se.
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TO THE EDITOR
We have read with great interest the work by Shrestha et al[1] regarding new-onset hyperglycemia/ 
diabetes (DM) in patients with coronavirus disease 2019 (COVID-19). With an erudite meta-analysis the 
authors found that the pooled prevalence of COVID-19-associated hyperglycemia was 25.23% and that 
the prevalence of COVID-19-associated new-onset DM was 19.70%[1].

An association between hyperglycemia/new-onset DM and COVID-19 has been suggested[2], via 
decreased insulin secretion and increased insulin resistance[2,3]. In a recent relevant study, of critically 
and non-critically ill patients with COVID-19, we found that indeed beta cell function (based on glucose 
and insulin measurements and using the Homeostasis Model Assessment HOMA2 estimate of steady 
state beta cell function[4]) was compromised in critically ill patients with COVID-19. Furthermore, these 
patients showed a high glycemic gap (based on admission glucose and glycated hemoglobin 
measurements)[5]. Nevertheless, we acknowledged that on average, 25% of critically ill patients with no 
history of DM have stress hyperglycemia[5-7], a finding which could obscure the prevalence of 
hyperglycemia/new-onset DM that could be attributed to COVID-19 per se.

Thus, it would be interesting if the results of the study by Shrestha et al[1] were presented separately-
if possible-for critically and non-critically ill patients with COVID-19 and compared to non-COVID-19 
patients.
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Since December 2019, a novel coronavirus that represents a serious threat to 
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the disease caused by this virus, named coronavirus disease 2019 (COVID-19). One of the most 
considered treatment strategies targets the exaggerated immune regulator, and interleukin (IL)-6 is 
a crucial pro-inflammatory mediator. Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) cases show an elevated level of IL-6 related to disease severity. IL-6 activity can be 
inhibited by the following: IL-6 itself, IL-6 signaling pathways such as Janus kinase and signal 
transducer and activator of transcription (JAK-STAT), gp130, IL-6R, and downstream activated 
ILs, such as IL-17 and IL-6 cytokine. Currently, according to these studies and their results, IL-6 
blockade with anti-IL-6 or its receptor antibodies such as tocilizumab in COVID-19 is beneficial in 
severe cases and may reduce the mortality rate. JAK-STAT inhibitors block the cytokine storm by 
inhibiting several crucial pro-inflammatory mediators such as TNF-α and IL-6 and have shown 
various results in clinical trials. IL-6 induces IL-17 secretion, and IL-17 is involved in the 
pathogenesis of inflammatory processes. Clinical trials of anti-IL-17 drugs are currently recruiting, 
and anti-gp130 antibody is preclinical. However, this agent has shown positive effects in inflam-
matory bowel disease clinical trials and could be tested for SARS-CoV-2. This study aimed to 
review the role of IL-6 in the cytokine storm and studies regarding IL-6 and blockade of its inflam-
matory pathways in COVID-19 to determine if any of these agents are beneficial for COVID-19 
patients.

Key Words: Anti-interleukin-6; COVID-19; Inflammation; Interleukin-6; Interleukin-6 receptor; SARS-CoV-
2

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: One of the most considered treatment strategies for severe acute respiratory syndrome 
coronavirus 2 is targeting the immune response and pro-inflammatory cytokines such as interleukin (IL)-6. 
Patients with severe acute respiratory syndrome coronavirus 2 show elevated levels of IL-6, which is 
related to disease severity. Current studies have shown that IL-6 blockade by anti-IL-6 or its receptor 
antibodies such as tocilizumab is beneficial in severe cases and may reduce the mortality rate. Moreover, 
the combination of anti-inflammatory agents is more effective than single therapy.

Citation: Bahmani M, Chegini R, Ghanbari E, Sheykhsaran E, Shiri Aghbash P, Leylabadlo HE, Moradian E, 
Kazemzadeh Houjaghan AM, Bannazadeh Baghi H. Severe acute respiratory syndrome coronavirus 2 infection: 
Role of interleukin-6 and the inflammatory cascade. World J Virol 2022; 11(3): 113-128
URL: https://www.wjgnet.com/2220-3249/full/v11/i3/113.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i3.113

INTRODUCTION
In December 2019, an epidemic of secretive pneumonia which started in Wuhan city, Hubei province, 
China, quickly spread to many other countries and finally resulted in a pandemic[1]. The causative 
agent, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is a single-stranded enveloped 
RNA virus belonging to Nidovirales and the family Coronaviridae. The analysis of SARS-CoV-2 
genome structure has shown that this virus is related to the beta-coronavirus genus, containing bat 
SARS-identical coronavirus and two previous invasive coronaviruses Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV) and SARS-CoV[2]. Universally, as of September 2021, there have 
been 226,844,344 recognized cases of SARS-CoV-2, including 4,666,334 victims[3]. The disease caused by 
the novel coronavirus, coronavirus disease 2019 (COVID-19), is similar to these previous viruses, which 
is mainly pulmonary disease[4], and all of them have a zoonotic origin. In addition to pulmonary 
involvement, various organs such as the kidney, gastrointestinal system, nervous system, liver, and 
coagulation system, may be targets of the virus, leading to serious complications such as acute kidney 
injury (AKI), acute pulmonary failure, and disseminated intravascular coagulation (DIC) that may lead 
to death[5]. Currently, this virus is a serious global concern with enormous social and economic damage 
to societies worldwide[6].

Moreover, the fatality rate is high in severe cases[7]. At present, we do not have any definite 
treatment for severe cases of this disease, and the management of severe SARS-CoV-2 patients is still 
challenging. Therefore, various treatment options have been assumed according to the different levels of 
viral pathogenesis, including viral entry, replication, and effects of the virus on target cells. The anti-
viral agent remdesivir is the only treatment with Food and Drug Administration (FDA) approval for 
this disease, and dexamethasone is the only drug to reduce mortality in hospitalized patients with 
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decreased oxygen saturation but not in others[8]. However, the World Health Organization (WHO) has 
suggested mortality trials for some repurposed anti-viral drugs, including lopinavir, interferon beta 1a 
(INF-β1a), and hydroxychloroquine in hospitalized patients with SARS-CoV-2[9].

In this regard, IL-6 is known as a crucial inflammatory mediator with essential roles in the 
pathogenesis of inflammatory diseases in addition to several chronic disorders such as diabetes mellitus
[10]. This cytokine is widely expressed by different immune cells and affects immune function[11]. 
Thus, the disease has a wide range of symptoms. Clinical deterioration in COVID-19 is mainly due to 
the effects of inflammatory cytokines such as IL-1, IL-6, IFN-α, and tumor necrosis factor (TNF) that are 
increased in the cytokine storm phase, and the role of immune cells including neutrophils[12-15]. In this 
process, when a neutrophil encounters a pathogen, the extensive release of cytokines such as IL-1 and 
IL-6 may become harmful to the body and lead to multi-organ damage[13]. In this rationale, targeting 
the cytokine release syndrome (CRS) symbolizes a possible therapeutic goal in managing SARS-CoV-2 
related cytokine storms and IL-6[16].

In this study, we aim to review the role of IL-6, the rationale of IL-6 blockade in COVID-19, and the 
results of recent studies on this topic to determine whether any available anti-IL-6 agents or any other 
drugs with the ability to inhibit inflammatory pathways induced by this cytokine have shown efficacy 
in improving patient prognosis in SARS-CoV-2 infection.

STUDY METHOD 
PubMed, Google Scholar, Scopus, and the Web of Science were searched with the following keywords 
or their combinations, without any time limits: COVID-19, IL-6, IL-6 receptor, SARS-CoV-2, anti-IL-6, 
Inflammation. Related articles of any type were selected and reviewed. Extracted information included: 
SARS-CoV-2 pathophysiology and characteristics, IL-6 activities in the immune system and associated 
pathways, studies focused on the concept of anti-IL-6 antibodies in the treatment of COVID-19, and 
other methods of IL-6 inhibition [Janus kinase and signal transducer and activator of transcription (JAK-
STAT) inhibition and anti-IL-17 therapies] and are discussed further.

SARS-COV-2 PATHOPHYSIOLOGY AND CHARACTERISTICS
In the last two decades, the third most common coronavirus to cause a pandemic of acute respiratory 
disease in humans is SARS-CoV-2. These viruses enter the body through respiratory aerosols and are 
attached to the nasal or paranasal epithelial cells[17]. Angiotensin-converting enzyme 2 (ACE-2) is the 
major receptor for these viruses to enter host cells, which is expressed in nasal epithelial cells[18,19].

The virus, along with the infection of ciliated cells in the airways, undergoes local replication and 
dissemination. This stage lasts a few days, and a slight immune response is produced during this 
process. Despite having a low viral load at this time, infected individuals are highly contagious, and the 
virus can be identified following a nasal swab[20].

Virus entry into the host cell
Through its spike (S) protein, the virus enters the host cell by binding to ACE-2 on the cellular surface. 
Transmembrane serine protease 2 (TMPRSS2), then mediates S protein cleavage, and the virus enters the 
cell[21]. A high virus infectivity rate is associated with mutations in the binding domain of the receptor 
and the acquisition of a furin cleavage site in the S protein. The association of the virus with ACE-2 can 
decrease anti-inflammatory function and increase angiogenic activity[22]. The virus migrates from the 
nasal epithelium to the upper respiratory tract within the conducting airways[23]. The disease presents 
various signs and symptoms such as fever and dry cough due to involvement of the upper respiratory 
tract[24].

At this stage, a higher immune response occurs due to the virus-infected cells and results in the 
secretion of C-X-C motif chemokine ligand 10 (CXCL-10) and interferons (IFN-β and -λ). As a result of 
the sufficient immune response to control the spread of infection, the majority of patients do not 
advance beyond this point[25]. About one-fifth of infected individuals advance to this point and may 
experience severe symptoms. The virus, via the host receptor ACE-2, targets alveolar epithelial cells type 
2 and continues to undergo replication to create more and more viral nucleocapsids[26].

Many distinct cytokines and inflammatory markers are now produced by virus-laden pneumocytes 
such as ILs (IL-1, IL-6, IL-8, and IL-12), tumor necrosis factor-alpha (TNF-α), IFN-λ and IFN-β, monocyte 
chemoattractant protein-1 (MCP-1), CXCL-10, and macrophage inflammatory protein-1 alpha (MIP-1α). 
This 'cytokine storm' serves as a chemoattractant to neutrophils, CD4 helper, and CD8 cytotoxic T cells, 
and these cells then become sequestered in the pulmonary tissue[27,28]. In addition to being crucial in 
fighting the virus, these cells cause inflammation and damage to the lungs and other organs. The host 
cell undergoes apoptosis and releases new viruses, which will then infect the neighboring type 2 
alveolar epithelial cells in the same way. Diffuse trauma to the alveoli eventually results in an acute 
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respiratory syndrome and finally respiratory distress, owing to the recurrent injuries triggered by the 
sequestered immune cells and viral replication, contributing to the annihilation of both type 1 and type 
2 pneumocytes[29,30].

COVID-19 spreads mainly by the transmission of respiratory droplets from person to person and 
occurs when someone is in close contact with an infected individual who is coughing or sneezing 
violently. This occurs as the host's mucosal surfaces, i.e., the eyes, nose, and mouth, are exposed to the 
infected respiratory droplets[31]. Virus transmission may also occur by fomites, such as bedsheets, 
towels, kitchen utensils, thermometers, and stethoscopes, used by or used on the infected person. 
Airborne transmission of COVID-19 can occur especially in situations where aerosol-generating 
procedures are conducted, i.e., endotracheal intubation, bronchoscopy, open suction, oxygen 
nebulization, bronchodilators, or steroids, ventilation using a bag and mask, tracheostomy, and cardiop-
ulmonary resuscitation[32]. In this way, the incubation time for SARS-CoV-2 (between the onset of 
symptoms and exposure to the virus) is about 5 to 6 d. However, it can be up to 14 d. During this time, 
also known as the 'pre-symptomatic' phase, the affected individual can be contagious and transmit the 
virus to the healthy population[33,34]. The most frequent symptoms include fever, muscle aches, 
shortness of breath, malaise, and a dry cough.

While patients can remain asymptomatic or develop a mild, moderate, or severe illness, 
gastrointestinal manifestations such as stomach pain, vomiting, and loose stools can also occur. Many of 
the complications seen in SARS-CoV-2 infected individuals are attributed to the CRS[35,36].

Cytokine storm
The cytokine storm was historically referred to as an influenza-like syndrome that occurred during 
systemic diseases such as sepsis and after immunotherapies such as Coley’s toxins. Yersinia pestis 
(causative agent of plague or black death) infection has led to extreme pandemics; it induces alveolar 
macrophages to produce disproportionate quantities of cytokines, resulting in the cytokine storm and 
has subsequently caused massive pandemics[37]. An intensive inflammatory response and fast release 
of various cytokines (such as TNF-α-1, 2, IL-6, and IFN-γ) to the circulation are activated by pathogen 
infection (Figure 1). Patients with viral infections are especially vulnerable to acute respiratory failure 
due to the cytokine storm[38]. For instance, in other coronaviruses (SARS and MERS), cytokine cascades 
and low lymphocytes are positively linked to the course and severity of the disease. Recent experiments 
have supported this conclusion in most cases of SARS-CoV-2, indicating low lymphocyte counts and 
heightened levels of inflammatory mediators[12,39]. Furthermore, it has been shown that pro-inflam-
matory cytokines such as IL-6 play an essential role in the progression of COVID-19.

IMMUNE SYSTEM AND ROLES OF IL-6
IL-6 is a soluble mediator with various functions in the immune system[40]. For example, controlling the 
differentiation and migration of immune cells, apoptosis of target cells[41], and assembly of acute-phase 
proteins such as C-reactive protein (CRP), haptoglobin, and fibrinogen. In contrast, IL-6 reduces the 
production of other proteins such as albumin. Human IL-6 comprises 212 amino acids (28-amino-acid 
signal peptide), and its controlling gene is located on chromosome 7p21[40]. This interleukin contributes 
to hypothalamic-pituitary-adrenal axis regulation and glucose homeostasis. It induces the differen-
tiation of T-helper cells, which secrete IL-17. These cells are related to the pathogenesis of chronic 
inflammatory diseases[42]. IL-6 is produced in the immune system by various cells including 
endothelial cells and contributes to the pathogenesis of chronic inflammatory diseases such as 
rheumatoid arthritis, atherosclerosis, and systemic lupus erythematosus[41]. This cytokine acts by 
binding to its receptor on the target cells that consist of CD126 (IL-6 Receptor-α) and glycoprotein 130 
(gp130). Therefore, it activates signaling pathways such as JAK-STAT[43] and mitogen-activated protein 
kinase[11]. Conformational alterations in the gp130 cytoplasmic domain when IL-6 binds to the IL-6 
receptor induces activation of JAK-STAT[43], and JAK-STAT signaling pathway activation leads to 
cytokine release[44]. However, these signaling pathways downregulate IL-6 expression[11].

While the membrane-bound receptor (IL-6Rα) is expressed only on the surface of a small number of 
cells such as leukocytes and hepatocytes (known as IL-6 classic signaling), IL-6 can affect many other 
cells through its soluble receptor (sIL-6Rα). It was recently discovered that endothelial cells also express 
IL-6R. This receptor forms a complex with IL-6 that binds to gp130. This complex then mediates a signal 
known as IL-6 trans-signaling through which pro-inflammatory responses are mainly mediated. In 
contrast, the classic signaling pathway is related to anti-inflammatory pathways[41]. Furthermore, IL-6 
is produced by the innate immune cells after encountering a pathogen and is critical in the body's 
defense against the respiratory syncytial virus and influenza virus in the early infection phases[45]. 
However, in CRS, IL-6 and IL-5 can induce coagulation cascade and complement system over-
activation, capillary leakage, hypotension, and myocardial dysfunction[46].

In severe SARS-CoV-2 infection, high levels of pro-inflammatory mediators are present, such as IL-6. 
Although one study showed that monocytes were a source of IL-1β and IL-8, the exact source of IL-6 
remains unclear[47]. In the presence of immune dysregulation, in addition to a non-sufficient anti-viral 
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Figure 1 The mechanism of the inflammatory storm. ① Antigen presenting; Dendritic cells activate T-cells by processing the antigen and delivering it to 
these cells; ② Start reproducing; Native T cells become activated by receiving antigens from dendritic cells; ③ A significant quantity of cytokines is secreted during 
the activation of T cells. These cytokines can activate B cells, macrophages, and NK cells; ④ Activated T cells also release cytokines and further activate 
macrophages, B cells and NK cells; ⑤ Cytokines secreted; These activated cells, in turn, lead to the secretion of inflammatory and pro-inflammatory cytokines; the 
resulting cytokine storm leads to the development of clinical signs of infection.

response, there is also a continuous secretion of pro-inflammatory mediators such as IL-6 that resembles 
the macrophage activation syndrome and lead to multi-organ damage[45]. Also, in COVID-19, 
multifocal interstitial pneumonia is the chief reason for pulmonary failure and death. In this process, 
there are inflammatory infiltrates in the interstitial tissue of the lungs, which lead to alveolar damage
[48]. These infiltrates consist of mononuclear cells that will be induced after the pro-inflammatory 
pathways are activated by trans-signal transduction of IL-6[45]. In this way, one study showed that 
patients with high levels of ACE-2 expression experience more severe tissue damage by IL-6 and the 
cytokine storm after infection with SARS-CoV-2. These individuals also have a suppressed immune 
system to fight against the virus[7]. In summary, IL-6 is crucial in both pro-inflammatory and anti-
pathogen responses, and trans-signaling is the critical pathway of inflammatory processes conducted by 
IL-6. A diagram of the significant roles of IL-6 and its location in the immune cascade is summarized in 
Figure 2.

DRUGS AVAILABLE TO INHIBIT IL-6 ACTIVITY
According to the signaling pathways induced by IL-6 and its components, IL-6 activity can be inhibited 
by the following: IL-6 itself, IL-6 signaling pathways such as JAK-STAT, gp130, IL-6R, or the IL-6/sIL-
6R complex[49]. Two main drugs in the class of IL-6 receptor blockers are tocilizumab (TCZ) and 
slumab, which are FDA approved monoclonal antibodies for rheumatoid arthritis, and TCZ is also 
approved for juvenile idiopathic arthritis (JIA) and giant cell arteritis[50].

TCZ blocks both soluble and membrane-bound receptors and accordingly blocks signal transduction 
via JAK-STAT[51]. JIA, a chimeric antigen receptor (CAR)-T cell-induced CRS, giant cell arteritis, 
rheumatoid arthritis, and Still’s disease are examples of the conditions in which TCZ has been used to 
control the disease[52]. Siltuximab is an anti-IL-6 agent that has shown more effectiveness than TCZ in 
some aspects, and although it is not FDA approved, it is used in refractory CRS cases. Data regarding 
Siltuximab in COVID-19 are currently restricted[46].

The specific gp130FC named Olamkicept specifically blocks the trans-signaling pathway. In animals, 
it showed more effectiveness in controlling the hyper-inflammatory status due to sepsis than anti-IL-6 
antibodies. Significantly, it did not impair the anti-inflammatory responses of IL-6 via classic signal-
transduction[45]. JAK-STAT inhibition is another option. Some of these agents are currently on COVID-
19 clinical trials, such as ruxolitinib. A list of these drugs is shown in Table 1.



Bahmani M et al. SARS-CoV-2 and IL-6 function

WJV https://www.wjgnet.com 118 May 25, 2022 Volume 11 Issue 3

Table 1 Drugs with anti-interleukin-6 activity and their side effects with examples of clinical trials in coronavirus disease 2019

Ref. SARS-CoV-2 clinical trials on 
Clinicaltrial.gov Side effects Examples Category

[93] NCT04661527, NCT04315298, 
NCT04357808, NCT04386239, 
NCT04341870, NCT04359901, 
NCT04380519

Cytopenia, intestinal perforation, Hypersensitivity, immunosuppression, 
and the possibility of infections, impairment of liver enzymes 

Sarilumab

[94,
95]

NCT04445272, NCT04331795, 
NCT04346355, NCT04320615, 
NCT04356937, NCT04403685, 
NCT04339712

Intestinal perforation, Hypersensitivity, immunosuppression, and the 
possibility of infections, acute liver dysfunction, demyelination, cardiac 
injury, and hepatitis

Tocilizumab

The anti-
receptor of 
IL-6

[96] NCT04322188, NCT04329650, 
NCT04330638

Hypersensitivity disorders, intestinal perforation, risk of infections Siltuximab Anti-IL-6

[97] - Preclinical; in a phase 2 trial of IBD, it showed effectiveness. Patients in this 
study who were treated with the drug had hypersensitivity skin reactions 
and respiratory infections. In animal studies, it did not show serious 
immunosuppression

Olamkicept Specific 
gp130fc

[98] NCT04358614, NCT04401579, 
NCT04640168, NCT04381936 
(RECOVERY Trial), NCT04320277

Increased risk of infections including reactivation of latent infections, 
lymphoproliferative disorder, cytopenia, liver enzymes disturbances, clot 
formation, intestinal perforations

Baricitinib

[99] NCT04348071, NCT04377620, 
NCT04362137, NCT04366232

Skin malignancy, exacerbation with drug discontinuation, cytopenia, and 
immunosuppression, increased risk of infection

Ruxolitinib

JAK 
inhibitors

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; IL: Interleukin; IBD: Inflammatory bowel disease; JAK: Janus kinase.

Figure 2 Interleukin-6 in the immune system. IL: Interleukin; JAK-STAT: Janus kinase and signal transducer and activator of transcription.

EXPERIENCE OF IL-6 BLOCKADE IN COVID-19
The cytokine storm is associated with disease intensity in SARS-CoV-2, as also shown in SARS-CoV-1 
and MERS-CoV. Although the reports from different studies focused on IL-6 blockade in COVID-19 are 
inconsistent, it was first shown to reduce the mortality rate in critically ill patients[53].

Considering the presence of lymphopenia in SARS-CoV-2 patients, administration of immunosup-
pressive agents might increase the risk of secondary fungal or bacterial infections[54]. In a previous 
study, TCZ induced necrotizing fasciitis and candidemia[55]. Accordingly, the exact place for 
immunosuppression and anti-IL-6 agents in COVID-19 is crucial. The possible effects of TCZ on 
management of the COVID-19 related cytokine storm first originated from observational studies that 
showed it to be effective in the clinical improvement of COVID-19 patients[56]. In a recent clinical trial, 
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the effect of a single dose of 8 mg/kg TCZ administration via the intravenous route in addition to the 
standard of care in the management of COVID-19 was investigated. In this study, 46 adult patients who 
were positive for SARS-CoV-2 and had multifocal interstitial pneumonia on imaging studies were 
enrolled soon after showing clinical worsening. The drug was influential in the clinical improvement of 
severely ill patients and patients in the early clinical worsening state. However, it did not show 
significant efficacy in reducing the mortality rate and was accompanied by adverse effects[48].

According to a recent observational study, having an IL-6 level of more than 30 pg/mL is related to 
the disease severity and need for respiratory support in COVID-19 patients. This study showed the 
positive effects of TCZ in patients with higher IL-6 levels at baseline, but no positive trends were seen in 
the group with low IL-6 levels[51].

A recent case series showed the efficacy of subcutaneous TCZ in three severely ill COVID-19 patients 
in reducing inflammatory-related indices and improving the clinical condition[57]. The results of a 
prospective phase two cohort study (TOCIVID-19) showed that TCZ effectively reduced the mortality 
rate at 30 d, especially in severe patients who did not require mechanical ventilation. This effect was 
independent of corticosteroids and was not accompanied by significant adverse events[58].

One of the concerns regarding the use of anti-immune drugs in SARS-CoV-2 is that they may 
interfere with the proper immune response to the virus. Cytokines, especially IL-6, play a significant 
role in the host's fight against viruses through the humoral and cellular responses by affecting helper 
and cytotoxic T cells. Accordingly, a cohort study conducted in Spain found that these drugs do not 
pose a problem in the body's fight against the virus. Although the study found that patients treated with 
anti-cytokines had a longer viral clearance time, they initially had higher virus levels, and their disease 
was more severe[59]. A preprint study that showed an unexpected increase in inflammatory mediators 
after TCZ administration supports the fact that IL-6 blockade alone may not be effective in the 
management of COVID-19[60]. Recently, two studies showed a transient elevation in the D-dimer level 
in SARS-CoV-2 patients receiving TCZ[61,62]. A recent meta-analysis also demonstrated that IL-6 
blockade alone does not lower the mortality rate, although it may effectively reduce the risk of 
respiratory failure in hospitalized patients[63]. According to another study, administration time is 
another crucial factor, and treatment with TCZ ten days after disease onset is more beneficial[64]. In 
contrast, other studies, including the RECOVERY trial, have shown that early administration of TCZ in 
severe cases before intensive care unit (ICU) admission and the need for mechanical ventilation is 
effective in reducing the mortality rate,[65,66] and when the patient requires mechanical ventilation, it 
will not have much effect[66,67]. In general, different methods and inclusion criteria in studies do not 
result in the same conclusions. A list of recent studies in this regard is summarized in Table 2. 
According to some clinical trials, TCZ, when added to a corticosteroid, markedly reduces the mortality 
rate compared with corticosteroids (CSs) alone. Treatments that include agents to target more ILs in 
addition to IL-6 have more efficacy than only IL-6 blockade[63,68]. IFN-γ, granulocyte-macrophage 
colony-stimulating factor (GM-CSF), TNF, IL-1, and IL-8 are the primary inflammatory mediators that 
could be targeted in CRS. IL-1 is proximal to IL-6 in the inflammatory cascade, and its blockade has 
recently been considered. A recent study compared the effectiveness of IL-1 and IL-6 blockade with the 
standard of care, and it was observed that IL-1 inhibition is more effective in reducing the mortality rate, 
while positive effects of IL-6 antibodies were restricted to a group of severely ill patients with high CRP 
levels[50]. Another clinical trial of TCZ in COVID-19 patients with a hyperinflammatory state also 
stopped recruiting as it failed to reach its primary endpoints (improving the patient's clinical status or 
reducing the mortality rate)[69]. In general, despite the effect that IL-6 blockade has on the suppression 
of inflammation, it cannot completely control inflammation as it does not affect the distal inflammatory 
pathways[70]. However, in severe and critical SARS-CoV-2 patients with a hyperinflammatory state, IL-
6 blockade with monoclonal antibodies seems to be effective in reducing the mortality rate, reducing the 
risk of mechanical ventilation, and improving the clinical condition[67,71-74]. Although all of these 
studies have been performed in adult patients, the effect of TCZ in the treatment of COVID-19 in 
children is also being investigated in the RECOVERY trial[67].

To date, several clinical trials have failed to show the efficiency of TCZ in COVID-19 treatment. 
However, the RECOVERY trial and some other clinical trials showed positive results[67,75,76]. 
Although meta-analysis had previously demonstrated an 11% reduction in 28-d mortality following 
TCZ administration in patients with severe SARS-CoV-2 infection, this reduction was significant when 
the results of the RECOVERY trial were added[67]. In conclusion, this drug can effectively improve the 
prognosis in extreme cases.

TCZ inhibits both classic and trans-signal transduction through IL-6, thus interfering with this 
cytokine's anti- and pro-inflammatory functions. As mentioned previously, IL-6 signaling pathways 
involve the JAK-STAT that could be targeted with drugs such as ruxolitinib, a JAK 1 and 2 inhibitor. 
This drug lowers the levels of IL-6 and is currently being evaluated for SARS-CoV-2 and had positive 
effects in one study[77]. However, RUXCOVID, a phase 3 clinical trial of ruxolitinib, revealed no 
significant efficacy in reducing the death rate and serious complications[78]. Another JAK inhibitor is 
baricitinib. A recent clinical trial (ACTT2) that evaluated baricitinib in hospitalized patients with SARS-
CoV-2 infection indicated that it reduced the recovery time when added to remdesivir, compared with 
remdesivir alone[79,80]. Another study also investigated the potency of the anti-myeloproliferative 
agent ruxolitinib and included the patients requiring supplementary oxygen but not with respiratory 
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Table 2 List of recent clinical trials and observational studies regarding interleukin-6 blocker monoclonal antibodies in severe acute 
respiratory syndrome coronavirus 2

Study design Inclusion criteria Interventions Number of patients Results Ref.

Observational 
retrospective

Severe SARS-CoV-2 positive 
ICU admitted patients, with 
or without respiratory failure

Single 400 mg TCZ dose, 
without antimicrobialpro-
phylaxis

55 severe patients were 
treated,Compared with 
41 untreated (non-severe) 
patients

Lower mortality rate 
among treated patients 
against more disease 
severity, with no serious 
side effects and no 
significantly different 
increased infection rates

[53]

Quasi-experi-
mental

SARS-CoV-2 positive patients 
with respiratory failure or a 
need for supplemental 
oxygen, with clinical or 
laboratory signs of acute 
inflammation

Comparing CSs, and TCZ (8 
mg/kg up to 800 mg/dose up 
to 3 doses)

33 patients in the TCZ 
group and 60 in the CS 
group.

These drugs both reduced 
the need for supplemental 
oxygen and ICU stay to 
the same level, but in the 
CS group the survival rate 
was higher, use of TCZ 
was safe

[100]

Cohort COVID-19 patients with 
respiratory failure and acute 
inflammatory laboratory 
findings, such as an elevated 
CRP level

Anakinra: 5 mg/kg BD until 
clinical improvement; TCZ: 
400 mg single dose, repeated 
according to the clinical 
condition; Sarilumab: 400 mg 
single dose

62 patients received IL-1 
blocker and 55 IL-6 
blocker (26 sarilumab and 
29 TCZ) (severe patients); 
275 without IL blockade 
(standard of care only)

IL-6 blockade had only 
limited effectiveness in 
individuals with high 
concentrations of CRP, but 
IL-1 blockade reduced the 
mortality rate in all 
patients

[50]

Retrospective 
observational

Severe patients Tocilizumab use was 
compared with standard of 
care in ICU patients

78 severe patients 
received tocilizumab and 
were compared with 112 
severe patients who 
received standard of care

Patients on tocilizumab 
had a longer hospital and 
ICU stay and more costs 
with no reduction in the 
mortality rate

[101]

Retrospective 
observational

Severe SARS-CoV-2 patients 
with respiratory failure

TCZ 8 mg/kg 30 severe patients with 
respiratory failure who 
received TCZ were 
evaluated for inflam-
matory markers and 
clinical condition after 
treatment

Patients had better 
oxygenation and inflam-
matory markers decreased 
after treatment with TCZ

[102]

Randomized, 
double-
blindclinical 
trial

Hospitalized patients without 
respiratory failure and 
mechanical ventilation, but 
with decreased SpO2 in room 
air 

8 mg/kg up to 800 mg, TCZ; 
One-two doses

249 TCZ; 128 SOC Likelihood ratio of; serious 
adverse outcomes were 
significantly lower in the 
treatment group; But no 
reduction in all-cause 
mortality rate

[8]

Clinical trial Moderate and severe patients 
according to the clinical 
status, with higher IL-6 
levels, neither ICU admitted 
nor on mechanical ventilation

TCZ 400 mg; Single-dose 29 patients were treated 
with TCZ and 32 received 
standard of care only

TCZ was safe but did not 
show any significant 
difference in clinical 
improvement

[103]

Cross-sectional, 
observational

Severe patients with high 
levels of inflammatory 
markers

TCZ 4 mg/kg 54 patients were treated 
with TCZ

Significant reduction in 
neutrophil count and CRP

[104]

Clinical trial Patients with hyper-inflam-
matory state and acute 
respiratory failure

TCZ 8 mg/kg (up to 800 mg); 
After 12 h: second dosage

66 severe patients 
received TCZ and were 
compared with 60 
patients who received 
standard of care

Not effective in decreasing 
the risk of disease deteri-
oration

[105]

Open-label 
clinical trial

Proven SARS-CoV-2 
infection, with the need for 
respiratory support and 
recent worsening in the 
clinical condition

TCZ 8 mg/kg 46 moderate and severe 
patients were treated 
with TCZ

Treatment improved 
respiratory function

[48]

Clinical trial High levels of IL-6Moderate 
and severe disease severity

TCZ 400 mg (second dosage 
after 24h)

34 patients were treated 
and 31 were not

Treatment with TCZ 
improved respiratory 
condition without 
reducing the mortality rate

[106]

Total = 416 (Sarilumab 
400 mg, n = 173; Placebo, 
n = 84; Sarilumab 200 mg, 
n = 159); Primary analysis 
between 194 severely ill 

Did not meet the primary 
and secondary endpoints 
in improving disease 
progression and the study 
stopped further 

Clinical trial Severe and critical patients Sarilumab 400 mg NCT04315298 
[107,108]
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patients who needed 
respiratory support

recruitment

Randomized, 
double-
blindclinical 
trial

Severe patients with 
decreased SpO2 without 
supplemental oxygen

TCZ 8 mg/kg up to 800 mg 2:1 Placebo+ Standard of 
care (151); TCZ+ SOC 
(301)

No significant benefits on 
mortality rate or clinical 
improvement, but a 
positive effect on hospital-
ization duration was 
observed with no 
significant side effects 
compared with the control 
group

NCT04320615 
[109]

Retrospective 
cohort

SARS-CoV-2 positive patients 
with severe pneumonia

TCZ one to two doses, 
400–800 mg every 12 h

n = 62 treated, n = 86 
untreated

Treated patients showed 
significantly lower 
leukocytosis compared to 
the control group after 14 
d. D-dimer and ferritin 
initially increased and 
then decreased in the 
treated group. The 
mortality rate at 28 d was 
statistically lower in the 
TCZ group. A longer 
hospital stay was shown in 
these patients although 
this was not statistically 
significant. Ten patients 
developed an infection 
during hospitalization

[62]

Retrospective 
cohort

Moderate to severe SARS-
CoV-2 patients

One to two doses of TCZ 8 
mg/kg

170 treated; 655 untreated Clinical improvement was 
significantly better in the 
treatment group compared 
with the control group. A 
significant reduction in the 
mortality rate at 21 and 28 
d was found in patients 
with respiratory failure 
and patients with IL-6 
levels above 100 pg/mL

[110]

Randomized 
clinical trial

Critical patients with 
respiratory failure who were 
admitted to the ICU 

TCZ one to two doses (8 
mg/kg); Sarilumab (a single 
dose of 400 mg); Other 
interventions: Anakinra and 
interferon beta-1a

350 on TCZ; 45 on 
sarilumab; 1136 on 
another immunomod-
ulator; 397 on no 
immunomodulation

IL-6 blocking agents were 
effective in reducing the 
mortality rate. When 
added to corticosteroids, 
this effect was stronger 
compared with IL-6 
blockade alone

NCT02735707 
[74]

Randomized, 
controlled, 
open-label 
clinical trial

COVID-19 patients with 
worsening clinical status or 
with high CRP levels after 21 
d of the first randomization 
to dexamethasone, 
lopinavir–ritonavir, hydroxy-
chloroquine, azithromycin, or 
colchicine or convalescent 
plasma or a combination of 
two anti-SARS-CoV-2 spike 
protein antibodies (REGN-
COV2) or aspirin

A single dose of TCZ 
according to the patient’s 
weight

2022 received TCZ; 2094 
received standard of care

TCZ group had a 
significantly lower 
mortality rate, need for 
mechanical ventilation, 
and higher chance of 
hospital discharge at day 
28. This effect was similar 
in patients randomized 
less than or more than two 
days from hospitalization. 
In patients who were on 
mechanical ventilation at 
the time of drug adminis-
tration, this drug had no 
significant effect on 
improving prognosis

[67]

Randomized, 
double-
blindclinical 
trial

Severe COVID-19 
patients

Sarilumab 200 or 400 mg, single 
dose

n = 153 sarilumab 400 mg, n 
= 141 sarilumab 200 mg, n = 
75 placebo

No significant effect-
iveness was found in 
the treatment groups 
compared with the 
control group

[111]

Randomized, 
double-Blind, 
placebo-
controlled trial

Patients with COVID-
19 in a hyper-inflam-
matory state

TCZ 8 mg/kg up to 800 mg TCZ (n = 161); Placebo (n = 
81) + standard of care

No significant benefits 
from early TCZ 
administration in 
COVID-19 were 
observed

[112]

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; ICU: Intensive care unit; TCZ: Tocilizumab; CSs: Corticosteroids; COVID-19: Coronavirus 
disease 2019.
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failure. This study found that inflammatory mediators significantly reduced after ruxolitinib adminis-
tration which also improved clinical conditions. These successes were not accompanied by any severe 
effects[81]. Another effect of JAK inhibitors in hampering the cytokine storm is related to TNF, the other 
crucial inflammatory mediator in the cytokine storm that uses JAK signaling and can be inhibited by 
JAK inhibitors. A recent study evaluated the concurrent administration of an IL-1 blocker antibody and 
ruxolitinib in critical patients with SARS-CoV-2. The preliminary report of this study demonstrated that 
this combination was beneficial in clinical improvement, and the lymphocyte count increased after this 
treatment[82]. In addition, no treatment-related severe complications were observed. Tofacitinib is 
another JAK inhibitor that was shown to reduce adverse outcomes and mortality in COVID-19 patients 
in a previous retrospective cohort study[83]. Another exciting intervention for IL blockade with positive 
effects in patients on ECMO in previous research was extracorporeal cytokine adsorption which showed 
a significant decrease in IL-6 in treated patients[84,85]. Other agents with anti-IL-6 properties have not 
yet been entered in clinical trials of COVID-19. However, targeting the trans-signaling pathway seems 
more efficient than non-specific IL-6 blockade with monoclonal antibodies.

IL-6 INDUCES TH17 LINEAGE DIFFERENTIATION
Th17 is related to inflammatory processes. As mentioned in Figure 2, when the IL-6-sIL-6R complex 
reaches CD4+ T cells, it causes them to differentiate into Th17 cell lineage. This action is mediated 
through the JAK-STAT signaling pathway (IL-6 recruits JAK 1 and 2). These cells can secrete IL-17, 21, 
and 22 and GM-CSF, and therefore contribute to the pathogenesis of inflammatory processes and 
chronic diseases. Viral diseases also promote Th17 related responses, and severe cases show higher 
Th17-related cytokines. Accordingly, Th17 blockade seems to be another way to fight against COVID-19, 
especially in extreme cases. One study showed that fedratinib reduced Th17 related cytokines in mouse 
models. Fedratinib is a JAK 2 inhibitor[86].

It was shown that the Th17 subgroup of T cells is increased relative to the other subgroups in severe 
COVID-19 cases. The role of these cells in SARS-CoV-2 patients with lung injuries has been revealed. 
Drugs with anti-IL-17 activities include ixekizumab, secukinumab, and brodalumab, and they are used 
in moderate to severe cases of psoriasis[87,88]. Ixekizumab is an anti-IL-17 antibody and is currently 
being evaluated in a COVID-19 clinical trial. Inclusion criteria in this study are those with high serum 
levels of IL-6 and not admitted to the ICU[89]. When IL-17 is secreted from Th17 cells, it causes target 
cells to produce inflammatory mediators, including IL-6, TNF-α, chemokine C-C motif 2 (CCL2), and IL-
1β. These procedures lead to CRS and clinical worsening in SARS-CoV-2[87]. IL-17 is also related to the 
cutaneous manifestations of COVID-19[90]. However, recent evidence has shown undetectable 
quantities of IL-17A expression in COVID-19 patients[91]. In a previous study, secukinumab, an anti-IL-
17A selective antibody, resulted in clinical improvement in severe SARS-CoV-2 patients[92].

CONCLUSION
According to the above-mentioned data, IL-6 blockade alone with anti-IL-6R monoclonal antibodies has 
no significant benefits in improving the prognosis of patients, except for those in a critical condition and 
in the hyper-inflammatory state before mechanical ventilation. Many factors are related to a patient's 
response to IL-6 blockade, such as baseline IL-6 level and disease severity. It may also be associated with 
some worrying side effects. According to recent data, a combination of anti-inflammatory agents is more 
effective than any one agent alone. Other ways to inhibit IL-6, such as a selective trans-signaling 
pathway and JAK-STAT inhibition, should be investigated further.
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Abstract
Older adults faced unique challenges in the pandemic due to their increased 
vulnerability to coronavirus disease 2019 (COVID-19) and its complications. 
Pandemic-related restrictions such as physical distancing, stay-at-home orders, 
lock-down, and mandatory face cover affected older adults in unique ways. 
Additionally, older adults experienced psychosocial concerns related to discrim-
ination based on ageism and emotional distress from exposure to conflicting 
messages in the media. They experienced several forms of loss and associated 
grief and survivor guilt. Pandemic added to their loneliness and social isolation. 
Furthermore, older adults experienced the fear and anxiety related to COVID and 
the fear of contracting the disease and dying from it. Pandemic experience 
included events potential to generate the desire and capability for suicide. Several 
studies report varying symptoms such as loneliness, anxiety, and depression 
among older adults during the pandemic. However, during the initial months of 
the pandemic, there were reports on coping and resilience among this population. 
The impact of COVID-19 on older adults’ mental health may have long-term 
implications. This narrative review examines the impact of COVID-19 on older 
adults’ mental health and psychosocial wellbeing. Additionally, the review 
highlights various factors that affected their psychosocial wellbeing during the 
COVID-19 pandemic.
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Core Tip: Coronavirus disease 2019 (COVID-19) disproportionately affected older adults. Several studies 
report varying symptoms such as loneliness, anxiety, and depression among older adults during the 
pandemic. However, during the initial months of the pandemic, there were reports on coping and resilience 
among this population. Implications of COVID-19 on older adults’ mental health can have long-lasting 
consequences. This review focuses on several factors that impacted older adults’ psychosocial wellbeing 
during the pandemic.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) has a disparate effect on older adults due to their increased risk 
for developing severe disease and poor disease outcomes[1]. Stay–at–home orders, lock-down, and 
mandatory face-covering created unique challenges for older adults. The impact of COVID and COVID-
related restrictions can have long-lasting effects on older adults’ mental health and wellbeing. During 
the pandemic’s initial months, healthcare professionals from several countries expressed their concern 
over the pandemic’s potential mental health effects and alerted the global community[2-5]. Over a year 
into the pandemic, it may be beneficial to review the pandemic’s psychosocial impact on the older adult 
population. This narrative review focuses on the pandemic’s impact on older adults’ psychosocial 
wellbeing and highlights various elements that influenced the pandemic’s impact on older adults’ 
mental health.

PANDEMIC AND MENTAL HEALTH
Several studies globally explored the pandemic’s effect on older adults’ mental health (Table 1). During 
the initial weeks of the pandemic, Klaiber et al[6] examined emotional wellbeing and reactivity to 
COVID-19 stressors among adults living in the United States and Canada and noted that older adults 
reported better emotional wellbeing and less reactivity to stressors with similar exposure to COVID-19 
stressors as young adults. Similarly, van Tilburg et al[7] reported stable mental health and wellbeing 
despite increased loneliness among the older adults in Netherland. A large study among Spanish adults 
also reported that older adults had lower depression, anxiety, and post-traumatic stress in the early 
weeks of the pandemic than young adults[8]. However, this Spanish study[8] had a low representation 
of older adults.

In June 2020, the Centers for Disease Control and Prevention[9] reported the findings of a survey 
conducted among adults in the United States where the prevalence of depressive symptoms, anxiety 
and trauma-related stress, suicidal ideations, and substance abuse to cope up with the pandemic related 
stress was low among older adults as compared to other age groups. This survey’s follow-up in 
September 2020 also supported the lower prevalence of mental health concerns among older adults than 
young adults[10]. However, in a longitudinal study, Krendl and Perry[11] reported an increase in 
depressive symptoms and loneliness among older adults living in the United States. Studies from some 
other countries also reported similar results, as noted below.

In a longitudinal study among community-dwelling older adults in Japan, Fujita et al[12] compared 
the participant’s mental health before and during the pandemic. They reported worsening depressive 
symptoms and apathy among the participants. Additionally, participants 65 years to 75 years of age 
reported worse symptoms[12]. In Hong Kong, Wong et al[13] explored the level of loneliness, anxiety, 
depression, and insomnia among an established cohort of older adults with multiple chronic medical 
conditions. Compared to pre-COVID data, these participants reported increased loneliness, anxiety, 
depression, and insomnia[13]. In Greece, a cross-sectional survey[14] among older adults conducted in 
the early period of the pandemic noted moderate to severe depressive and anxiety symptoms in 80% of 
the participants. A similar study from Turkey[15] also reported depressive symptoms (37.5%) and 
anxiety (29.8%) among the participants.

COVID-related stress and the resulting emotional distress can be explained based on Neuman’s 
systems model, where each client is considered a unique system[16]. Several lines of intrapersonal, 
interpersonal, and extrapersonal stressors act on the environment of the client system and affect its 
stability. Each individual has an imaginary ‘central core’ to survive the effect of such stressors[17]. 
Several imaginary ‘lines of defense’ protect the ‘central core.’ The individual’s wellness and adaptation 
serve as the ‘inner line of defense,’ whereas the flexible ‘outer line of defense’ responds to each stressor. 
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Table 1 Studies exploring the impact of pandemic on mental health

Ref. Title of the study Type of study Sample size and 
country Outcomes

Klaiber et al
[6], 2021

The Ups and Downs of Daily Life During COVID-
19: Age Differences in Affect, Stress, and Positive 
Events

Short term longit-
udinal study

n = 776, Canada 
and the United 
States

Older adults showed better emotional 
well-being and less reactivity to COVID-
related stressors

van Tilburg et 
al[7], 2020

Loneliness and mental health during the COVID-
19 pandemic: A study among Dutch older adults

Longitudinal 
study

n = 1679, The 
Netherlands

Increased loneliness in older adults. 
However, mental health remained roughly 
stable

González-
Sanguino et al
[8], 2020

Mental health consequences during the initial 
stage of the 2020 Coronavirus pandemic (COVID-
19) in Spain

Cross-sectional 
study

n = 3480, Spain Older age group was negatively related to 
depression, anxiety and post traumatic 
stress disorder

Czeisler et al
[9], 2020

Mental Health, Substance Use, and Suicidal 
Ideation During the COVID-19 Pandemic - United 
States June 24-30, 2020

Representative 
panel surveys

n = 5470, United 
States

Prevalence of mental health symptoms 
15.1% in older adults and 74.9% in young 
adults

Czeisler et al
[10], 2021

Follow-up Survey of US Adult Reports of Mental 
Health, Substance Use, and Suicidal Ideation 
During the COVID-19 Pandemic, September 2020

Representative 
panel surveys

n = 5285, United 
States

Mental health symptoms were less 
prevalent among older adults than in 
younger adults

Krendl and 
Perry[11], 2021

The Impact of Sheltering in Place During the 
COVID-19 Pandemic on Older Adults’ Social and 
Mental Well-Being

Longitudinal 
study

n = 93, United 
States

Older adults reported increased depressive 
symptoms over sheltering in-place period

Fujita et al[12], 
2021

Mental Health Status of the Older Adults in Japan 
During the COVID-19 Pandemic

Longitudinal 
study

n = 519, Japan Community-dwelling older adults had 
worsening of mood. Worse symptoms in 
adults 65-75 yr of age

Wong et al
[13], 2020

Impact of COVID-19 on loneliness, mental health, 
and health service utilization: a prospective cohort 
study of older adults with multimorbidity in 
primary care

Longitudinal 
study

n = 583, Hong 
Kong

A pre-existing cohort of older adults 
reported significant worsening of 
loneliness, anxiety, and insomnia, after the 
onset of the pandemic

Parlapani et al
[14], 2020

Intolerance of Uncertainty and Loneliness in Older 
Adults During the COVID-19 Pandemic

Cross-sectional 
study

n = 103, Greece Moderate to severe depressive symptoms 
(81.6%) anxiety (84.5%), disrupted sleep 
(37.9%)

Cigiloglu et al
[15], 2021

How have older adults reacted to coronavirus 
disease 2019?

Cross-sectional 
study

n = 104, Turkey 37.5% reported depressive symptoms and 
29.8% reported anxiety; Worse symptoms 
in those with age ≥ 85 yr

COVID-19: Coronavirus disease 2019.

The ‘line of resistance’ determines the individual’s response to the stressors. In Neuman’s system model, 
the environment constitutes internal and external factors that influence the client or are influenced by 
the client. If the lines of defense and the line of resistance are strong enough to keep the stressors away 
from the core, the stressors will not impact the individual. Additionally, the individual’s perception of 
the stressors as beneficial strengthens the core stability, whereas the opposite perception weakens the 
core stability[16]. The individual’s immediate life circumstances impact the flexible outer line of defense. 
During the pandemic, older adults faced several life circumstances, potential stressors that affected the 
core’s stability.

CONTRIBUTORS OF EMOTIONAL DISTRESS
Several elements such as culture, socio-economic status, prior mental illness, and poor access to care 
may determine the pandemic’s impact on older adults’ mental health and resilience. Physical distancing, 
stay-at-home mandates, anxiety about contracting Corona viral disease, and fear of death from complic-
ations of the disease may have created unique challenges for older adults. Whitehead and Torossian[18] 
explored the older adults’ pandemic experience and assessed their ‘stresses and joys.’ An online survey 
of 825 United States adults aged 60 and above[18] reported confinement and restrictions from the lock-
down, isolation, and loneliness from physical distancing and concern for others as the participants’ 
everyday stressors during the pandemic.

Physical distancing and lock-down
In an attempt to contain the virus, government authorities and public health professionals advocated for 
non-essential service shutdowns, travel bans, and mandatory stay-at-home orders. Physical distancing 
mandates urged people to avoid or limit face-to-face interactions, group events, travel, and visiting 
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places of worship, shopping places, and healthcare facilities. Most of the services were closed for in-
person activities. Such restrictions affected older adults, especially those with limited technology access 
or technology skills.

Activity restrictions
During the pandemic, concerns related to the difficulty in performing everyday activities, wearing face 
cover, inability to leave home for the job or voluntary activities, inability to attend religious and social 
activities such as entertainment and sports events, canceled healthcare visits, and the inability to go to 
stores and select merchandise were contributing to stress[19]. Older adults with solid religious affili-
ations reported unmet spiritual needs leading to social isolation and sadness[2]. Moreover, physical 
distancing led to stress factors such as helplessness, concerns related to dependency and timely help, 
and worry about the pandemic and future[19].

Bereavement and grief
During the pandemic, the global community suffered COVID-related death and loss of life from other 
causes. Unlike regular times, many of these people died alone. Several of them did not receive the usual 
religious rights and social rituals. Many people could not see their loved ones and say final goodbyes. 
Survivor guilt can contribute to intense grief. In the normal process, people adapt to grief gradually 
without additional effort. However, in situations with unresolved grief, which happens when 
something about the loss is troubling for the bereaved person, the stalled grief can give rise to 
prolonged grief disorder[20]. Death during the pandemic has characteristics such as the sudden and 
unexpected event in the absence of familiar people, which can precipitate grief that is difficult to 
resolve.

Ageism and stereotyping
As the pandemic emerged, discussion on older adults increased risk for contracting the disease, 
developing severe illness and complications, and poor disease outcomes dominated in healthcare, 
media, and public discussions. The concept of high vulnerability might have created anxiety and fear 
among older adults. As Previtali et al[21] argued, generalizing older adults’ increased risk based on their 
chronological age was probably an expression of ageism, which was unfair. During the pandemic’s 
initial months, the media highlighted fatality among older adults while giving a relatively minor focus 
on fatality in other age groups. Older adults’ heightened COVID fears might have contributed to higher 
social isolation and basic needs dependency. Stereotyping older adults based on their age is unfair as 
several factors determine their overall health status. During the initial months of the pandemic, there 
was a shortage of resources and associated fear about ‘triaging’ and rationing the care, which might 
have created anxiety and worsened older adults’ emotional discomfort. Emotional trauma from COVID 
positive status and isolation and fear of dying alone might have aggravated emotional discomfort 
among older adults who tested positive for COVID.

Effect of social media
There was an ‘infodemic’ related to the pandemic. Social media and communication outlets contributed 
to the fear and anxiety by spreading conflicting information. Social media expressions such as “Boomer 
Remover,” a trending hashtag on Twitter in March 2020 was potentially hurtful to older adults. During 
the pandemic, Jimenez-Sotomayor et al[22] analyzed the tweets related to COVID-19 and older adults 
and found that 21.1% of the tweets communicated the notion that older adults’ lives were less valuable. 
Gao et al[23] identified a positive association between social media exposure and mental health concerns 
in Chinese citizens. Though this study included adults in general, not just older adults, the results may 
have implications on older adults who access social media.

Data related to older adults’ mental health implications mainly included the experience of 
community-dwelling participants who had web or telephone access and physical and cognitive ability 
to respond to the surveys. Long-term care facilities, assisted living facilities, and group care homes 
house older adults who require care for their chronic illnesses, disability related to physical or mental 
illness, or cognitive dysfunction. Residents in care homes encountered additional challenges during the 
pandemic.

CHALLENGES IN CARE FACILITIES
Van der Roest et al[24] examined the impact of COVID-19 measures on long-term care residents’ mental 
health in the Netherlands. In this cross-sectional analysis, 77% of the participants reported loneliness, 
and 51% reported poor mental health. Furthermore, most of the staff noted increased agitation, 
depression, irritability, and anxiety among the residents[24]. Care facilities are high-risk settings for 
transmitting infectious diseases and were inadequately prepared to manage the pandemic[25]. To 
combat the pandemic, these facilities employed several interventions that inadvertently affected 
resident’s psychosocial wellbeing. For instance, facilities employed strict visitation policies and physical 
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distancing policies. As a result, facilities canceled or modified activities such as community dining, 
group recreational activities and worship services, group exercises, celebrations, and out-of-facility 
pleasure trips. Physical distancing policies required the residents to stay in their rooms and keep the 
doors closed. Stopping visitations from family, volunteers, and pets limited older adults’ opportunities 
for socialization. Several care facilities had to employ temporary staff leading to inconsistent caregiving. 
Receiving care from unfamiliar staff could be anxiety-provoking even for older adults without prior 
mental health concerns or dementia. Care from healthcare professionals wearing personal protective 
equipment potentially decreased the ‘human touch’ in the care. Healthcare professionals limited their 
face-to-face time with the residents due to the physical distancing policy that worsened the residents’ 
loneliness. Fear about contracting the illness from the asymptomatic carriers and regular surveillance 
screening and waiting for the results can make the residents anxious. These are some of the examples of 
challenges that exposed care home residents’ vulnerability to emotional distress.

PANDEMIC AND EMOTIONAL DISTRESS
During the pandemic, the initial three levels of Maslow’s hierarchy of needs- physiological need, need 
for safety and security, and the need for love and belongingness dominated people’s needs irrespective 
of their pre-pandemic position in the hierarchy of needs[26]. Therefore, a rapid change in needs and the 
reassignment to a lower level of need in the hierarchy could create negative emotions in people. These 
negative emotions manifest in several forms.

Suicide risk
Before COVID, evidence supported older adults’ increased risk for suicide[27-29]. Direct impact of 
COVID-19 on the suicidal risk of older adults is yet to be known. However, the pandemic’s mental 
health consequences can precipitate the risk factors of suicidal behavior. According to the interpersonal 
theory of suicide, the simultaneous presence of ‘thwarted belongingness’ and ‘perceived burden-
someness’ produced the desire for suicide. Furthermore, the repeated exposure to painful and fear-
inducing experiences contributes to the capability of suicide behavior[30]. Pandemic’s effect on mental 
health, such as social isolation, perceived ageism, and fear of delayed or denied healthcare, may 
contribute to the interpersonal constructs of thwarted belongingness and feelings of burdensomeness. 
Additionally, emotional distress may contribute to the feeling of hopelessness and increase older adults’ 
risk for suicide[31]. Emotional experiences become distressing under several circumstances.

Social isolation
Heid et al[19] explored older adults’ adherence to physical distancing mandates and their pandemic 
stressors. Participants were community-dwelling older adults from New Jersey, the state once 
considered the pandemic’s epicenter in the United States. The majority of the participants reported 
avoidance of usual activities that required in-person presence. Participants identified that continuing 
their social relationships and following activity restrictions were their significant challenges related to 
physical distancing[19]. Participants also reported stress related to missed social interactions with family 
and friends, especially grandchildren, and canceled social events[19]. Kim and Jung[32] analyzed the 
link between social isolation and mental wellbeing in older adults from 62 countries who responded to 
an online survey, ‘Global Behaviors and Perceptions in the COVID-19’. The survey[32] response 
supported social isolation related to physical distancing and its association with psychological distress. 
Since social connectedness positively impacts health and longevity[33-35], appropriate interventions to 
improve social connectedness while maintaining physical distancing were essential. A feeling of 
inadequate social connectedness gives rise to loneliness.

Loneliness
Loneliness, the subjective feeling of being alone, has physical and mental health effects in older adults. 
Kotwal et al[36] examined the experience of loneliness and social isolation among community-dwelling 
older adults in San-Francisco, California, during the shelter-in-place period. Fifty-four percent of the 
participants reported worsening loneliness due to the pandemic leading to worsening depression and 
anxiety[36]. Krendl and Perry[11] also reported increased depressive symptoms and loneliness during 
the shelter-in-place period. In a similar study in Austria, Stolz et al[37] reported increased loneliness in 
2020 than in previous years, resulting from the pandemic-related social isolation. Furthermore, 
loneliness was more significant during the lock-down period than the reopening phase[37]. Researchers 
reported sleep deprivation and depressive symptoms in older adults with subjective or objective social 
isolation and loneliness even before the pandemic[38]. Moreover, pre-pandemic studies supported the 
positive impact of resilience on sleep in other populations[39,40]. Grossman et al[41] reported increased 
sleep concerns and insomnia in older adults who reported loneliness during the pandemic and 
attributed it to their insecurity from loneliness leading to alertness preventing them from getting a 
restful night’s sleep. Further, the sleep deprivation-loneliness connection was stronger in those with 
more COVID-related worries or low resilience[41].
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RESILIENCE IN OLDER ADULTS DURING THE PANDEMIC
Despite experiencing stressful situations and facing hardships associated with emotional distress, older 
adults used their coping skills and created resilience during the pandemic. Several studies attest that 
older adults did reasonably well in their emotional status compared to other age groups[42]. This 
observation is similar to the strength and vulnerability integration model, which suggests older adults’ 
ability to regulate their emotions constructively and navigate their stressful experiences compared to 
other age groups[43]. Furthermore, coping skills accumulated over time might have helped the older 
adults employ better coping mechanisms and stay positive. Older adult’s coping strategies during 
COVID-19 are yet to be explored. However, older adults tend to anticipate hardships and take proactive 
measures to cope with possibly stressful situations in life[44]. In addition, proactive coping might have 
led the older adults to employ wishful thinking, support seeking, and empathetic responding, common 
coping mechanisms reportedly beneficial in past disasters[45].

CONCLUSION
During the pandemic, older adults experienced unique challenges with detrimental effects on their 
mental health and wellbeing. Older adults’ pandemic-related psychosocial challenges may harbinger 
their post-pandemic mental health needs. Post pandemic psychosocial implications are overwhelming. 
Communities and care homes implemented multidimensional interventions to mitigate the psychosocial 
impact of the pandemic. Evaluating those interventions’ success and adopting the successful 
interventions as a standard of practice will help create resilience and improve older adults’ coping.
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Abstract
Omicron, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
variant that is now spreading across the world, is the most altered version to 
emerge so far, with mutations comparable to changes reported in earlier variants 
of concern linked with increased transmissibility and partial resistance to vaccine-
induced immunity. This article provides an overview of the SARS-CoV-2 variant 
Omicron (B.1.1.529) by reviewing the literature from major scientific databases. 
Although clear immunological and clinical data are not yet available, we 
extrapolated from what is known about mutations present in the Omicron variant 
of SARS-CoV-2 and offer preliminary indications on transmissibility, severity, and 
immune escape through existing research and databases.
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Core Tip: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant, Omicron 
(B.1.1.529), was first reported to World Health Organization from South Africa on November 24, 2021. 
Omicron has been labeled a variant of concern because of genetic changes that increase transmissibility 
and decrease the effectiveness of health measures, vaccines, and therapeutics. This variant has 32 
mutations in the spike protein, which is problematic because vaccinations designed to prevent SARS-CoV-
2 infections target spike proteins. Despite some evidence that vaccination alone may not be enough, non-
pharmaceutical practices such as continued use of face masks, proper hygiene precautions, and social 
distancing, are required to successfully combat this variant.

Citation: Sanyaolu A, Marinkovic A, Prakash S, Haider N, Williams M, Okorie C, Badaru O, Smith S. SARS-CoV-
2 Omicron variant (B.1.1.529): A concern with immune escape. World J Virol 2022; 11(3): 137-143
URL: https://www.wjgnet.com/2220-3249/full/v11/i3/137.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i3.137

INTRODUCTION
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant, Omicron (B.1.1.529), was 
first reported to the World Health Organization (WHO) from South Africa on November 24, 2021[1]. 
The Omicron infection was first confirmed from a sample collected on November 9, 2021[1,2]. The 
variant was also detected in Botswana in samples collected on November 11, 2021[1,3]. As of January 10, 
2021, B.1.1.529 had spread across 105 countries, with most states and territories in the United States 
testing positive for the variant[3,4]. The Centers for Disease Control and Prevention (CDC) reported that 
of the 43 Omicron cases initially detected in the United States, 34 had been fully vaccinated, and 25 cases 
were adults aged 18 years to 39 years[5,6]. By the week of December 25, 2021, the Omicron variant 
accounts for approximately 95.4% of circulating SARS-CoV-2 strains, while Delta accounts for 4.6%[3].

Many of the cases included mild symptoms such as coughing, congestion, and fatigue; among the less 
frequently reported symptoms are nausea and vomiting, diarrhea, shortness of breath, difficulty 
breathing, and loss of smell or taste[6]. As of November 28, 2021, there is no evidence that the symptoms 
linked with Omicron are distinct from those associated with other variants, according to the WHO[1]. 
The severity of the condition, as well as its precise signs and symptoms, are still unknown[3].

Omicron has been labeled a variant of concern (VOC) by the WHO and European Center for Disease 
Prevention and Control (ECDC) on November 26, 2021, because it contains genetic changes that are 
predicted to increase transmissibility and decrease the effectiveness of social and public health measures 
along with available vaccines and therapeutics[7,8]. Its genetic profile consists of 26 unique mutations 
that make it significantly different from other existing variants and indicate that it is a new lineage of 
SARS-CoV-2[9]. This variant carries 32 mutations in the spike protein alone[7]. Omicron poses an issue 
because vaccines that have been created to mitigate SARS-CoV-2 infections target spike proteins. Studies 
in Germany, South Africa, Sweden, and Pfizer have shown a 25 to 40 times decrease in the ability of 
antibodies created by the Pfizer BioNTech vaccine to neutralize the variant after two doses[10,11]. 
However, severe coronavirus disease 2019 (COVID-19) can still be managed with the use of corticost-
eroids to induce T-cell apoptosis and act as an NF-KB inhibitor, and interleukin 6 (IL-6) receptor 
blockers, which act by targeting the IL-6/IL-6R/JAK pathway to suppress the overreaction of the 
immune system in COVID-19 patients and blocking the binding of IL-6 to its receptor[1]. Other studies 
underway to assess treatment efficacy against the Omicron variant include British drugmaker GSK and 
its United States partner Vir Biotechnology. According to data from their investigation, all spike 
mutations are effectively treated by their antibody-based COVID-19 therapy[12]. Although science and 
knowledge about this variant keep changing as they emerge, this report evaluates the literature from 
key scientific databases to provide an overview of the SARS-CoV-2 variant Omicron (B.1.1.529).

GLOBAL EPIDEMIOLOGY OF THE OMICRON VARIANT
Despite efforts to better understand viral neutralization and how antibodies and T-cells respond to the 
SARS-CoV-2 variant, Omicron remains a mystery[13]. On November 11, 2021, the variation was 
discovered in samples collected in Botswana and then in South Africa by November 14, 2021[3,8,13]. 
Depicted in Figure 1, most countries and territories have been affected by the Omicron variant, with the 
United Kingdom, United States, Denmark, France, and Germany most severely impacted, as this variant 
is presumed to spread more easily, even among the vaccinated population and those who do not show 
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Figure 1 Confirmed Omicron cases worldwide. Data recreated and reported by GISAID as of January 10, 2022, with 242159 Omicron genome sequences 
reported across 105 countries[4].

symptoms; therefore, increasing the overall proportion of COVID-19 cases[3,4].

Genomic sequence
As a result of genomic surveillance, thousands of mutations have been found in the SARS-CoV-2 
genome[14-16]. Numerous viral variants with mutations in the spike protein, including Alpha, Beta, and 
Delta, have been found[17]. These variants exhibited alterations in the receptor-binding domain (RBD), 
and the 25 amino acids connected to the spike protein showed an increased affinity for the angiotensin-
converting enzyme 2 (ACE2) receptor, boosting transmissibility[14,18].

A recent report presented by Dejnirattisai et al[14] compared neutralization titers of the SARS-CoV-2 
Omicron variant with the titers of the Victoria, Beta, and Delta variants[14,19]. Sera were acquired from 
individuals who received the AstraZeneca or Pfizer vaccine, both of which were administered in two 
doses[14,20]. According to the findings, there was a considerable decrease in neutralization titers, with 
evidence that some individuals were unable to neutralize at all; this can lead to breakthrough vaccine 
infections in previously infected patients or those who completed double doses of vaccination[21-23].

Although the amino acid sequence of the Omicron spike protein can be altered by nine different 
mutations (S: N440K, S: G446S, S: S447N, S: T4+78K, S: E484A, S: Q493R, S: G496S, S: Q298R, and S: 
N501Y), the research found that antibodies can still adhere to the mutated spike protein[24]. The 
Omicron variant mutations do not show any structural changes that would suggest antibody evasion; 
nevertheless, alterations in amino acid attachments to various locations of the binding site can cause 
interference when engaging with antibodies[24].

Mutations
Approximately 30 mutations in the viral spike protein have been discovered, including three small 
deletions and one small insertion[8]. Roughly half of the mutations affect the RBD, which serves as the 
virus's principal site of interaction of the virus with human cells and the target protein for several 
current COVID-19 vaccines[8,13]. Previously, many SARS-CoV-2 variant strains revealed distinct 
mutations; however, the Omicron variant shows numerous types of mutations, as well as novel 
mutations[13]. Although the actual origin of Omicron is unknown, numerous possibilities are now 
being pursued, including evolution in animal reservoirs and human reinfection, or co-infection with 
seasonal human coronaviruses (HCoVs), such as HCoV-229E[25-27]. Chronically infected individuals 
are suggested to be the source of origin, as evidenced by viral sequencing[25]. Additional research 
revealed that when faced with a strong immune response, SARS-CoV-2 may acquire the ability to avoid 
antibodies through two deletions in the N-terminal domain and a mutation in the spike protein[28]. 
Finally, it has been proposed that natural selection can arise as a result of mutations that increase viral 
infectivity, antibody resistance, and vaccine breakthrough[25,29-32]. Evolutionary descent of the 
Omicron lineages showed that mutations arose under selection pressure due to antibodies elicited by 
infection, vaccination, or both, in the human population on a large scale. As of February 2022, the 
Omicron variant has mutated into three lineages: BA.1, BA.2, and BA.3. A sub-lineage of BA.1 with an 
R346K substitution in the spike protein is classified as BA.1.1. BA.1 emerged first, which was followed 
by BA.2 and BA.3. Like BA.1, the earlier strains of BA.2, BA.3, and BA1.1 were detected in the Gauteng 
Province in South Africa. It thus suggests that the diversification of Omicron occurred in South Africa. 
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Although BA.1 is spreading quicker than BA.2, the BA.2 lineage has become more prominent in several 
nations after January 2022. The genetic sequence in the spike protein of the BA.2 lineage differs from the 
BA.1 lineage suggesting it may confer greater immune resistance against antibodies[33-35].

Containment strategy
The U.S. Food and Drug Administration (FDA) Emergency Use Authorization (EUA) diagnostic 
developer, DTPM, identifies and develops assays capable of diagnosing COVID-19[36]. However, due 
to a nine-nucleotide deletion in the N gene, exclusive to the Omicron variant, this single target test 
known as the reverse transcription-polymerase chain reaction (RT-PCR) of DTPM is predicted to fail, 
resulting in false-negative findings in patients[36]. The specific deletion of nine nucleotides is unique to 
the Omicron variant and poses a potential diagnostic problem, although previously detected variants 
should not be affected[36].

Mutations have the potential to change the accuracy of these tests, resulting in unpredictable 
analytical performance characteristics and false-negative results. Using a widely available commercial 
assay, a G-to-U transversion (nucleotide 26372) was found in the SARS-CoV-2 E gene in three cases with 
low viral detection efficiency[37]. Current SARS-CoV-2 PCR tests still detect the Omicron variant[7,36]. 
According to reports, one of the three target genes is not detected in a commonly used PCR test[7]. This 
targeted gene is referred to as an S gene dropout or S gene target failure[7]. As a result, pending 
sequencing confirmation, this test can be utilized as a marker for the Omicron variant[7]. Furthermore, 
the FDA is continuing to assess the impact of Omicron on SARS-CoV-2 diagnostic tests in partnership 
with government authorities and test producers[36]. The FDA’s current investigation shows that the 
performance of some EUA-authorized molecular tests (i.e., PCR) may be affected by the mutations in the 
SARS-CoV-2 Omicron variant[36]. As a response, the FDA has classified the different tests into two 
categories: those that are predicted to fail to identify the Omicron variant and those that are expected to 
detect the variant using a unique gene dropout detection pattern[36]. In addition to molecular 
diagnostics (i.e., PCR), early evidence suggests that antigen tests can detect the SARS-CoV-2 Omicron 
form, although that sensitivity may be low[36].

There is much to learn about the reinfected population and effective treatment and management 
procedures with the Omicron variant, which has led many healthcare providers to doubt existing 
treatment modalities[38]. Mayer et al[38] conducted a recent case series investigation after a rise in 
people with mild respiratory symptoms of SARS-CoV-2 infections in the Western Cape province. After 
the patients received confirmation of their COVID-19 using molecular assays, they were placed in 
isolation and required a daily diary to record their symptoms[38]. A total of 7 patients were studied; of 
which, 6 of the 7 were fully vaccinated with a respective booster shot, and 5 of the 7 presented with the 
Omicron genome sequence[38]. Although the study reported breakthrough infections experienced by 
completely vaccinated patients and some who had also received a booster vaccine, all cases had 
increased levels of antibodies against the spike protein, a common finding in patients vaccinated with a 
booster dose[38,39]. Despite the inability to get accurate RNA viral loads, it is hypothesized that these 
individuals will have an increase in viral loads, suggesting that the Omicron variant could evade 
vaccine-induced immunity[38]. In another study on naive individuals following a booster shot (third 
dose), a 14-fold reduction in neutralizing activity against Omicron was observed; thus, the findings 
suggest the need for a third dose vaccination to provide robust neutralizing antibody responses against 
the Omicron variant[40].

Most COVID-19 vaccines have remained successful in preventing severe COVID-19, hospitalization, 
and death for all preceding variants, due to T-cell immune responses being more significant than 
antibodies[2]. In a matched study of more than 9000 Omicron cases in Ontario, the risk of hospital-
ization or death was lower for Omicron cases when compared with Delta cases[41]. Importantly, the 
implications of the remaining Omicron mutations are unknown, leaving a great deal of ambiguity about 
how the complete mix of deletions and mutations may affect viral behavior and vulnerability to natural 
and vaccine-mediated immunity[2]. Furthermore, a brief clinical course indicated that fully vaccinated 
patients who had received a booster dose retained sufficient protection against severe COVID-19 
infections; thus, this supported the continued use of booster doses to help combat the spread of the 
Omicron variant[38,42].

COVID-19 has presented different lessons and challenges to various regions and countries of the 
world, and long-term data will be needed to assess vaccine efficacy in the face of the potential 
appearance of novel variants like Omicron[43]. Despite some evidence that vaccination alone may not 
be enough to prevent symptomatic infection, non-pharmaceutical practices such as continued use of 
face masks in the public despite vaccination and booster status of the vaccine, proper hygiene 
precautions, and social distancing, as well as genomic surveillance, are required to successfully combat 
this variant[38,44].

CONCLUSION
The emergence and global spread of Omicron, which may be antibody-resistant and appears to be 



Sanyaolu A et al. SARS-COV-2 variant Omicron

WJV https://www.wjgnet.com 141 May 25, 2022 Volume 11 Issue 3

highly transmissible, emphasize the importance of genomic surveillance in conjunction with immune 
profiling. Reduced antibody titers may impair the ability of vaccines to prevent infection, but protection 
against severe disease is likely to be maintained. To avoid or minimize further spread and mutations, 
preventive measures such as adequate patient care management, early detection of suspicious cases, 
outbreak tracing, isolation protocols for the infected, continued adherence to social distancing, wearing 
a face mask, and vaccination must be accepted by the public and encouraged by public health profes-
sionals, government officials, and community leaders.
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Abstract
BACKGROUND 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants are 
currently a new hazard. Since the first appearance of classical SARS-CoV-2 in late 
2019, pathogen genetic alterations have continued to occur, and some new 
hazardous forms have already emerged. The underlying pathophysiological 
process leading to clinical issue is molecular change caused by genetic mutation.

AIM 
To determine the change in the interaction between receptor binding domain of 
omicron variant SARS-CoV-2 and the angiotensin-converting enzyme 2 (ACE2).

METHODS 
The researchers investigated how alterations in the binding area of the SARS 
receptor CoV2 interacted electrostatically with the ACE2 receptor. In this report, 
three important coronavirus disease 2019 variants, beta, delta, and omicron, were 
investigated.

RESULTS 
According to this study, there was a change of electrostatic interactions between 
the receptor binding domain of SARS-CoV-2 with the ACE2 receptor due to each 
studied variant. The most change was detected in omicron variant followed by 
delta variant and beta variant.

CONCLUSION 
Our results may support the clinical finding that the omicron variant is more 
transmissible than the wild type and other variants.
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Core Tip: Change of electrostatic interactions between receptor binding domain of severe acute respiratory 
syndrome coronavirus 2 with the angiotensin-converting enzyme 2 receptor can support the clinical 
observation that the omicron variant has increased transmissibility compared to the wild type and other 
variants.

Citation: Mungmunpuntipantip R, Wiwanitkit V. Omicron variant and change of electrostatic interactions between 
receptor binding domain of severe acute respiratory syndrome coronavirus 2 with the angiotensin-converting 
enzyme 2 receptor. World J Virol 2022; 11(3): 144-149
URL: https://www.wjgnet.com/2220-3249/full/v11/i3/144.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i3.144

INTRODUCTION
In late 2019, a novel coronavirus epidemic emerged in Asia and quickly spread throughout the world
[1]. A pandemic occurred, resulting in millions of cases of coronavirus disease 2019 (COVID-19) all 
across the world. The disease has already infected over 200 million individuals worldwide, resulting in 
millions of deaths. Since the initial appearance of classical severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) in late 2019, scientists have been keeping a tight eye on the pathogen's 
genetic mutations all across the world[2]. Several pathogenic genetic mutations have been identified, 
and several variants have already proven to be troublesome novel variants[2,3].

The delta variant is one of the dangerous mutations that has spread globally[4,5]. Because 
transmission of the delta variation is higher than that of COVID-19, it can provide a concern in disease 
control. A newer form, the delta plus variant, has also been discovered, and it is now being considered 
in clinical practice[6,7]. The impact of novel variations on disease epidemiology and clinical character-
istics is interesting. The newest troublesome variant of concern, the omicron variant, was discovered in 
Africa in November 2021[8]. There are various structural alterations in this new variant molecule. 
Omicron is spreading in a rapid manner, and many nations have already reported cases[9].

Clinically, the underlying pathophysiological mechanism that can result in a clinical disease is 
molecular change caused by genetic mutation. The impact of molecular changes is interesting, but it has 
received little research. The clinical impact of the omicron mutation is unknown. Pathogenesis may 
change as a result of molecular changes. A change in the interaction between receptor binding domain 
of SARS-CoV-2 with the ACE2 is an interesting issue. The authors conducted this study to see how 
mutations are associated with electrostatic interactions between the receptor binding domain of SARS-
CoV-2 and the ACE2 receptor. In this report, three important COVID-19 variants, beta, delta, and 
omicron, are investigated.

MATERIALS AND METHODS
The current research is in the field of medical molecular bioinformatics. It is part of a series of 
experiments aimed at determining the effects of molecular changes in mutants of SARS-CoV-2. The goal 
of this research is to see how electrostatic interactions between SARS-CoV-2 and ACE2 receptor change 
according to the emerging variants. For the investigation of change of electrostatic interactions between 
receptor binding domain of SARS-CoV-2 with the ACE2 receptor, the authors applied a conventional 
informatics technique, as described in a recent publication[10].

Various protein-protein interactions are known to be dominated by electrostatic interactions[11]. 
Analysis was performed according to the published protocol[10]. Briefly, we examined the impact of 
electrostatic interactions on binding energetics. At the molecular level, both molecular mechanics and 
Monte Carlo simulations were used to assess the interaction between the receptor binding domain of 
spike viral protein and ACE2. The protein structure was obtained from the protein data bank and used 
in all computations (PDB ID: 6m17). To begin, the crystal structure was optimized using the python-
based open technique[12]. Then, using multiconformation continuum electrostatics[13], rotamers were 
created, with each rotatable bond rotated by 60 degrees to sample precisely the sidechain conformations. 
Finally, the Poisson Boltzmann equation was utilized to calculate electrostatic interactions using 
optimized protein structures with the most occupied conformers[10]. When DELPHI was used to 
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calculate pairwise electrostatic interactions between conformers, it is referred to as DELPHI[10]. The 
Boltzmann distribution for all conformers was then estimated using Monte Carlo sampling for the WT 
and altered structures at pH 7 using multiconformation continuum electrostatics. For single and double 
mutant structures, as well as the wild type, the electrostatic and van der Waals contributions to the 
interaction energies of SARS-CoV-2/ACE2 were estimated[10].

The research type of SARS-CoV-2 included both wild type and mutation-free SARS-CoV-2. In silico 
mutation assignment was by PyMol (PyMol, version 2.4). The variants studied are: (1) Beta (K417N, 
E484K, and N501Y assigned mutations); (2) Delta (T478K, P681R, and L452R assigned mutations); and 
(3) Omicron (K417N, E484K, and N501Y assigned mutations) (A67V, T95I, G142D, L212I, G339D, S371L, 
S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R, G496S, Q498R, N501Y, Y505H, 
T547K, D614G, H655Y, N679K, P681H, N764K, D796Y, N856K, Q954H, N969K, and L981F assigned 
mutations).

The overall electrostatic interactions value for wild type was derived from the previously mentioned 
bioinformatic procedure. The already described molecular changes were used for simulation to get the 
overall electrostatic interactions value for each specific variant. We then calculated the effects of the 
aforementioned mutations and compared our findings to those of the wild type (native) protein. In 
brief, the effect of variant on electrostatic interactions was calculated based on a direct comparison to the 
baseline electrostatic interactions value in wild type. For calculation, the derived overall electrostatic 
interactions for wild type and each SARS-CoV-2 variant were used as basic parameters. For each type, 
the change of electrostatic interactions compared to wild type was calculated by the formula “change of 
electrostatic interactions comparing to wild type = 100 x (electrostatic interactions in that type/ electro-
static interactions of wild type)” and presented in percentage.

RESULTS
The electrostatic interactions between the receptor binding domain of SARS-CoV-2 with the ACE2 
receptor for wild type, beta variant, delta variant, and omicron variant SARS-CoV-2 are presented in 
Figure 1. The values are equal to -39.38, -41.26, -163.82, and -643.71 kcal/mol, respectively.

There were differences in electrostatic interactions between the receptor binding domain of SARS-
CoV-2 with the ACE2 receptor among the variants studied. The most change was detected in the 
omicron variant, followed by delta variant and beta variant (Table 1).

DISCUSSION
In clinical genetics, a genetic change may occur, which may result in a new clinical condition. The 
clinical problem caused by the pathogen's genetic variation has already been noticed in COVID-19[4,5]. 
In clinical virology, a mutation in the SARS-CoV-2 virus could occur, and the new variety could be 
clinically significant. SARS-CoV-2 variations have been reported in a number of places. The changes 
occur at the receptor-binding region of the spike glycoprotein, which is critical for binding to the ACE2 
receptor. The interaction between receptor and SARS-CoV-2 is a significant factor of sickness, according 
to pathophysiology.

Basically, several alterations have been discovered in the omicron variant's molecular structure. The 
mutations could lead to a shift in molecular pathogenesis. A key feature, electrostatic interaction with 
receptor, was evaluated in this study. The ability of SARS-CoV-2 to bind to a receptor is a critical factor 
in its transmission. There is no doubt that the new variant spreads quickly[7], which can be explained by 
the change in electrostatic interactions between receptor and SARS-CoV-2.

As a result, measuring changes in virus-receptor electrostatic interactions can help researchers better 
understand disease pathogenesis. According to this study, there has been a significant change in electro-
static interactions. The change of electrostatic interaction has been well described in the delta variant
[10], and a change was also observed in the omicron variant. In delta variant, a replacement due to 
mutation resulted in electrostatic interaction change, and the increased magnitude of electrostatic 
interactions corresponded to the increased transmissibility of the virus[14].

According to this study, there is a different change of electrostatic interactions between receptor 
binding domain of SARS-CoV-2 and the ACE2 receptor due to different SARS-CoV-2 variants. The most 
change was detected in omicron variant, followed by delta variant and beta variant. According to 
Table 1, the greatest percentage of change compared to wild type was detected in omicron variant. The 
greatest degree of change indicates the most changes in electrostatic interactions, which can also 
indicate major changes in clinical features. When compared to wild type, the omicron variant poses 
around 16 times more electrostatic interactions, implying a significantly stronger connection between 
the virus and its receptor.

This finding can support the clinical observation that the omicron variant has an increased transmiss-
ibility compared to the wild type and other variants. The data from this preliminary study are useful for 
explaining the pathogenesis of the omicron variant. Further studies on the detailed flexibility of 
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Table 1 Change of electrostatic interactions between receptor binding domain of severe acute respiratory syndrome coronavirus 2 and 
the angiotensin-converting enzyme 2 receptor

Electrostatic interactions
Types Mutations Overall, 

kcal/mol
Change compared 
to wild type, %

Wild type No -39.38 0

Beta 
variant

T478K, P681R, and L452R -41.26 104.8

Dela 
variant

T478K, P681R, L452R, and K417N -163.82 416.0

Omicron 
variant

A67V, T95I, G142D, L212I, G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N, T478K, 
E484A, Q493R, G496S, Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K, P681H, N764K, D796Y, 
N856K, Q954H, N969K, and L981F

-634.71 1611.8

Figure 1 Graphical result showing electrostatic interactions between receptor binding domain of severe acute respiratory syndrome 
coronavirus 2 and the angiotensin-converting enzyme 2 receptor.

molecular binding, molecular mass change, and immunological epitope change will add to our under-
standing of the virological properties of the variant.

CONCLUSION
Each studied variant affects the electrostatic interactions between the SARS-CoV-2 receptor binding 
domain and the ACE2 receptor, according to this study. The omicron form demonstrated the greatest 
change, followed by the delta and beta variants. These results could support the clinical finding that the 
omicron variant is more contagious than the wild type and other SARS-CoV-2 variants.

ARTICLE HIGHLIGHTS
Research background
According to this study, each investigated variant altered the electrostatic interactions between the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) receptor binding domain and the 
angiotensin-converting enzyme 2 (ACE2) receptor. The omicron variant showed the biggest alteration, 
followed by the delta and beta variants. This finding could back up the clinical observation that the 
omicron variant is more transmissible than the wild type and other SARS-CoV-2 variants.

Research motivation
Each studied variant affected the electrostatic interactions between the SARS-CoV-2 receptor binding 
domain and the ACE2 receptor. The omicron form, followed by the delta and beta variants, displays the 
most change. This could support the clinical finding that the omicron variant is more contagious than 
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the wild type and other SARS-CoV-2 variants.

Research objectives
The authors conducted a study to see how mutations are associated with alterations of electrostatic 
interactions between receptor binding domain of SARS-CoV-2 with the ACE2 receptor.

Research methods
The researchers investigated how mutations affect electrostatic interactions between the SARS-CoV-2 
receptor binding domain and the ACE2 receptor. In this report, three important coronavirus disease 
2019 variants, beta, delta, and omicron, were investigated.

Research results
There was a change of electrostatic interactions between the receptor binding domain of SARS-CoV-2 
with the ACE2 receptor due to each studied variant compared to wild type. The most change was 
detected for the omicron variant, followed by delta variant and beta variant.

Research conclusions
Our findings can support the clinical observation that the omicron variant has an increased transmiss-
ibility comparable to the wild type and other variants.

Research perspectives
Our findings are consistent with the clinical observation that the omicron variation is more 
transmissible than the wild type and other variants.
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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) pandemic altered education, exams, 
and residency applications for United States medical students.

AIM 
To determine the specific impact of the pandemic on US medical students and its 
correlation to their anxiety levels.

METHODS 
An 81-question survey was distributed via email, Facebook and social media 
groups using REDCapTM. To investigate risk factors associated with elevated 
anxiety level, we dichotomized the 1-10 anxiety score into low (≤ 5) and high (≥ 6). 
This cut point represents the 25th percentile. There were 90 (29%) shown as low 
anxiety and 219 (71%) as high anxiety. For descriptive analyses, we used 
contingency tables by anxiety categories for categorical measurements with chi 
square test, or mean ± STD for continuous measurements followed by t-test or 
Wilcoxson rank sum test depending on data normality. Least Absolute Shrinkage 
and Selection Operator was used to select important predictors for the final 
multivariate model. Hierarchical Poisson regression model was used to fit the 

https://www.f6publishing.com
https://dx.doi.org/10.5501/wjv.v11.i3.150
mailto:a.gholamrezanezhad@yahoo.com


Frank V et al. COVID-19 pandemic impact on medical students

WJV https://www.wjgnet.com 151 May 25, 2022 Volume 11 Issue 3

final multivariate model by considering the nested data structure of students clustered within 
State.

RESULTS 
397 medical students from 29 states were analyzed. Approximately half of respondents reported 
feeling depressed since the pandemic onset. 62% of participants rated 7 or higher out of 10 when 
asked about anxiety levels. Stressors correlated with higher anxiety scores included “concern 
about being unable to complete exams or rotations if contracting COVID-19” (RR 1.34; 95%CI: 
1.05-1.72, P = 0.02) and the use of mental health services such as a “psychiatrist” (RR 1.18; 95%CI: 
1.01-1.3, P = 0.04). However, those students living in cities that limited restaurant operations to 
exclusively takeout or delivery as the only measure of implementing social distancing (RR 0.64; 
95%CI: 0.49-0.82, P < 0.01) and those who selected “does not apply” for financial assistance 
available if needed (RR 0.83; 95%CI: 0.66-0.98, P = 0.03) were less likely to have a high anxiety.

CONCLUSION 
COVID-19 significantly impacted medical students in numerous ways. Medical student education 
and clinical readiness were reduced, and anxiety levels increased. It is vital that medical students 
receive support as they become physicians. Further research should be conducted on training 
medical students in telemedicine to better prepare students in the future for pandemic planning 
and virtual healthcare.

Key Words: Medical student; SARS-CoV-2; Anxiety; Stress; Psychological; Impact clinical

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The severe acute respiratory syndrome coronavirus 2 (coronavirus disease 2019) pandemic 
resulted in a significant impact on medical student education. Education was switched to on-line, examin-
ations were changed, and students’ faced dismissal from hospital wards. In this study we analyzed the 
unique stressors that resulted in higher anxiety levels in medical students. From the results, we can agree 
that the development of medical school curricula for public health and mass casualty planning as well as 
providing further mental health support for medical students is necessary and should be further studied.
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INTRODUCTION
In March 2020, the World Health Organization (WHO) declared the novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) a worldwide pandemic. Starting in China, SARS-CoV-2 
[coronavirus disease 2019 (COVID-19)] went on to globally infect more than 426 million people and 
affect their community healthcare systems, calling on healthcare workers to work overtime to cover the 
exceeding demand for care[1]. American hospitals faced tremendous difficulty in not only providing 
enough hospital beds and ventilators for critically ill COVID-19 patients, but also in maintaining the 
care of existing critically ill patients recovering from a prolonged hospital course. Moreover, hospitals 
nationwide have faced a severe shortage of personal protective equipment (PPE) for front-line workers 
and healthcare workers in general[2]. These shortages with the necessity for slowing the rate of infection 
resulted in several isolation measures, including the temporary dismissal of many medical students 
from the hospital wards. Medical students amid their clinical training were placed in a particularly 
difficult spot; neither physicians, nurses, nor local public health departments were able to come to a 
consensus on whether or not medical students were to be considered “essential workers” amid the 
pandemic[3]. As a result, medical schools across the US varied in their placement of medical students 
during this time, either pulling medical students off the wards and away from progressing through 
their clinical training or fast-tracking their graduations to allow for additional assistance in hospitals 
and emergency departments with an overabundance of ill patients[4].

Classes were switched to online education to abide by local public health laws mandating stay-at-
home orders. Students faced closures of their medical schools as well as postponements, cancellations, 
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or changes to their National Board of Medical Examiners (NBME) board and shelf exam[1] dates. In 
addition clinical rotation NBME shelf exams were switched from in-person proctored exams to online
[5]. The United States Medical Licensing Examination (USMLE) Step series of board exams continued to 
be administered at Prometric and other official testing centers, but with far fewer available spots, 
causing many students to go without any test date. To address this problem, the USMLE had designated 
specific medical schools as eligible testing centers for board exam administration in late May[5]. 
Additionally, there had been modifications to the residency application cycle, calling for the suspension 
of all in-person interviews in favor of virtual interviews. This presents significant challenges in allowing 
institutions and students to get to know each other on the only personal, in person, level that was 
possible for a typical residency application cycle[6].

Clearly, COVID-19 has had a significant impact on medical students, perhaps with lasting 
consequences that may affect their future careers. We aim to understand the extent to which COVID-19 
has affected medical students by focusing on educational impact and clinical outcome with corres-
ponding levels of anxiety. More specifically, our goal is to qualitatively evaluate the cancellation of 
academic activities, USMLE exam planning and preparation, or change of school year end date due to 
COVID-19 as well as psychological and financial impacts of the pandemic on the medical students. By 
knowing how global health crises affect future physicians, healthcare systems, national organizations 
and medical institutions can take steps to best prepare medical students while ensuring a stable 
trajectory towards training as well as healthy personal well-being and morale.

MATERIALS AND METHODS
The online survey was designed to be anonymous to more accurately understand the impact of COVID-
19 on medical students. A subset of questions were adapted from a survey studying the impact of 
COVID-19 on spine surgeons[7]. Only less than 30% of the questions were adopted from the survey on 
spine surgeons and the majority of questions were specifically designed for medical students. The 
questions went through several rounds of review and revision by the attendings of the medical school to 
verify they reliably assess the impact of COVID-19 on students. The Institutional Review Board of USC 
determined this study to be exempt from review (application number UP-20-00314).

Study design and survey
A list of medical school contacts, including medical students and presidents from medical student 
associations, were compiled from 51 medical schools within the US through the students contributing to 
this survey. The survey was distributed using a secure web-based platform, REDCapTM (Research 
Electronic Data Capture), provided by our institution[8,9]. All invitations were sent via email or an 
online social networking platform with a short explanation of the study. Participants included medical 
students located in the United States in their pre-clinical, clinical, and research years. Participants were 
also encouraged to share the survey with their fellow medical students to expand the response rate. Due 
to the urgency of pandemic, we did not use any sampling strategy such as clustered sample or stratified 
sample. Instead, a broadcasting email went out to reach as many students as possible in a short period 
of time.

Two medical students drafted the survey questions, which were reviewed by a team that included 
medical students, research personnel, and physicians, and a pilot test was run prior to launch of the 
survey (Figure 1). A total of 81 questions were included in the survey with a 10-min estimated duration 
time. The survey analyzed the general demographics of participants including age, sex, medical school 
year, and the state in which medical school is located. The survey data included the following groupings 
on the impact of COVID-19: General impact, educational duties, medical school preparedness, exams 
and residency application impact, volunteering, working during the pandemic, financial, and psycho-
logical impact. For example, participants were asked about their local government restrictions, 
educational impact with closure of in-person medical schools, and how well their medical schools 
adapted. Further questions included changes made to exams, process of applying to residency changes, 
and levels of anxiety elicited by these changes and the uncertainty of the pandemic. The response 
options included: binary (yes/no), “non-applicable” and “I don’t know”; use of Likert scales on rating 
participants agreement on provided statements, and selection of items from a list also including text 
boxes for further elaboration.

Data collection
The survey was distributed on May 6, 2020 via email and online social networking platforms using a 
secure web-based platform, REDCapTM. To protect the identity of the participants, no personal 
identifiers were saved such as IP address tracking, browser activities, read receipts, email activity, or 
similar data. Participants were encouraged to complete the survey on their own time and in a private 
environment. Results were collected over a 14-d period and the survey was closed on May 20, 2020. 
After the survey closure, the collected results were downloaded from REDCapTM and data analysis was 
initiated.
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Figure 1 Flowchart of the study process. LASSO: Least Absolute Shrinkage and Selection Operator.

Data analysis 
Mean age, response distribution percentage, Chi-squared test for categorical data, and independent t-
tests for continuous measurements were used for descriptive analysis. To investigate risk factors 
associated with elevated anxiety level, we dichotomized the 1-10 anxiety score into low (≤ 5) and high (≥ 
6). This cut point represents the 25th percentile of the original scale. We dichotomized items in order to 
maximize the number of cases and improve statistical power based on a recent study[10].

For descriptive analyses, we used contingency tables by anxiety categories for categorical 
measurements with chi square test, or mean ± STD for continuous measurements followed by t-test or 
Wilcoxon rank sum test depending on data normality. Least Absolute Shrinkage and Selection Operator 
(LASSO) was used to select important predictors for the final multivariate model[11]. Hierarchical 
Poisson regression model was used to fit the final multivariate model by considering the nested data 
structure of students clustered within State. Statistical analysis was performed using SAS software 
version 9.4 (SAS Institute Inc., Cary, NC, United States).

RESULTS
Participant characteristics
397 medical students (61.17% women, overall participant mean age = 26 ± 2.43 years) who responded to 
the survey from 29 states were included in the analysis. The distribution across the United States is 
shown in Table 1, and the demographics of the respondents is demonstrated in Table 2. Of the 
respondents, 33% were in their first year, 22% second years, 25% third years, and 18% in their fourth 
year. The remaining 2% were either MD/PhD track students or in their research year. The results of the 
survey are presented below.

Anxiety assessment
The anxiety scale (1-10) had a distribution of 6.8 ± 2.4, with median of 7, Q1-Q3 of 5-9. When 
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Table 1 Respondent distribution across the United States

State N = 397 (%)

Missouri 139 (35.0)

California 68 (17.13)

Pennsylvania 39 (9.82)

Massachusetts 33 (8.31)

Washington 28 (7.05)

Florida 25 (6.3)

Texas 17 (4.28)

Nebraska 8 (2.02)

Illinois 5 (1.26)

New York 4 (1.01)

Wisconsin 4 (1.01)

New Jersey 3 (0.76)

Colorado 3 (0.76)

Ohio 3 (0.76)

Minnesota 2 (0.50)

Alabama 2 (0.50)

Nevada 2 (0.50)

Michigan 1 (0.25)

Arizona 1 (0.25)

North Carolina 1 (0.25)

Virginia 1 (0.25)

Maine 1 (0.25)

Georgia 1 (0.25)

Washington DC 1 (0.25)

Louisiana 1 (0.25)

South Carolina 1 (0.25)

North Dakota 1 (0.25)

Kansas 1 (0.25)

Idaho 1 (0.25)

dichotomized by Q1, there were 90 (29%) shown as low anxiety and 219 (71%) as high anxiety.

General impact of COVID-19
When asked in the survey about medical students’ usual living situation during the school year, prior to 
the pandemic, 87% of participants selected “off-campus housing apartment-home” (Table 3). Approx-
imately 39% of respondents noted a change in living situation due to the pandemic. Almost all 
participants (99%) selected “no” when asked if they currently feel sick with symptoms of COVID-19. 
The vast majority (95%) had not been tested for COVID-19. Notably, only 27% of respondents had a 
close relative or friend test positive for COVID-19. When asked to select all resources used to educate 
oneself about COVID-19 the top two were the World Health Organization (WHO)/the Center for 
Disease Control and Prevention (CDC) (86%) and reading publications (76%). It was important to 
understand which resources medical students utilized to receive information and how these sources 
affected their anxiety level. Medical students who educated themselves with reliable resources, such as 
WHO/CDC and medical publications, exhibited a lower anxiety level compared to those who relied on 
information seen on social media. Furthermore, more than half of respondents (75%) did not know what 
personal protective equipment their medical school or center provided, while 15% noted “none.”
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Table 2 Sample population characteristics

Characteristics N = 309 (%)

Age (years)1 26 (2.43)

Gender

Male 119 (38.51)

Female 189 (61.17)

Prefer not to say 1 (0.32)

Current year of medical school

1 101 (32.79)

2 68 (22.08)

3 77 (25)

4 56 (18.18)

MD 3 (0.97)

Research year 2 (0.65)

Other 1 (0.32)

1Reported as mean ± SD. All data are presented as numerators and denominators with percentages in parentheses unless otherwise specified.

Educational impact
When asked if their current academic activity (clinical rotations, in-person class, etc.) was cancelled and 
had not moved online, 73% of participants responded with “no” (Table 4). This implies that students 
who were removed from campuses and hospitals continued their medical education and training 
through online supplementation. 44% of participants also reported cancellation of their future academic 
activities. For those who answered “yes” to cancellation of academic activities, 33% noted a 2-6-mo 
cancellation, while 30% answered with “I am not sure.” Almost all participants (94%) had information 
being supplemented through distance or online learning. When asked how their overall workload was 
affected by the pandemic, more than half of the participants (54%) noted a decrease, while 14% had an 
increase in overall workload. 29% of participants also noted a decrease in research productivity. It is 
important to note that 45% of participants selected “does not apply,” meaning they were not involved in 
research.

Out of the respondents, 80% agreed there was no change in the school year end date and 54% also 
noted no change in school exam dates. 41% of participants who stated they were taking the USMLE 
exams noted a postponement in the exam dates. Medical students spend months preparing for the 
USMLE exams, a requirement for applying to residency, and any uncertainty regarding the exam can 
cause an increased anxiety level. Half of the participants (51%) strongly agreed to being concerned how 
the pandemic would affect their continuing semesters or residency positions, if it were to extend past 
August.

Psychosocial impact
Respondents were asked using a Likert scale to rate their agreement with the statement “I am worried 
about the COVID-19 pandemic in general” (Table 5). 40% of participants strongly agreed and 43% 
agreed with the statement. Respondents were asked to rate their level of stress and anxiety using a scale 
from 1-10, with mean 6.7 ± 2.4 IQR (5, 8). The self-reported use of mental health resources compared to 
their previous experiences showed 59% remained unchanged, however there was an increase amongst 
some participants (17%). We asked to rate the accessibility to mental health services (psychologist, 
psychiatrist, 24-h emergency hotline, other) on a scale of 1 to 10. An average of 6.78 (SD = 2.33) was self-
reported by the respondents. Half of the respondents (50%) reported experiencing an episode of 
depression during this time. The stressors which were most common amongst participants were waiting 
for campuses and clinical sites to reopen to students (51%), family well-being (46%), and personal well-
being (41%). The self-care activities reported which were the most helpful to respondents were talking 
to friends (84%), television (81%), and exercise (77%).

Hierarchical Poisson regression model showed students who experienced episodes of depression 
during this time was a strong risk of high anxiety level (RR 1.6; 95%CI: 1.38–1.85, P < 0.01). However, 
those participants who selected “Participated in volunteer activities for child care for health care 
workers” (RR 0.68; 95%CI: 0.49–0.93, P = 0.02); “USMLE exams or equivalent state exams NOT 
postponed” (RR 0.87; 95%CI: 0.76–0.99, P = 0.03); “Experienced support from school administration and 
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Table 3 Univariate analysis on sample population general impact of coronavirus disease 2019

General impact Low anxiety, N = 90 
(%)

High anxiety, N = 219 
(%)

Total, N = 309 
(%) Sig.

Usual living situation during the school year (i.e. before the pandemic) 0.97

Home with family 8 (30.77) 18 (69.23) 26 (8.41)

Off-campus housing Apartment- House 78 (28.89) 192 (71.11) 270 (87.38)

Campus housing – School dormitory or apartment 4 (30.77) 9 (69.23) 13 (4.21)

Change in living situation during the pandemic 0.04

No 63 (33.33) 126 (66.67) 189 (61.17)

Yes 27 (22.5) 93 (77.5) 120 (38.83)

Currently living with 0.54

Alone 13 (28.89) 32 (71.11) 45 (14.56)

With spouse partner 36 (34.29) 69 (65.71) 105 (33.98)

With family 27 (25.47) 79 (74.53) 106 (34.3)

With roommates 14 (29.17) 34 (70.83) 48 (15.53)

Temporarily staying with friends or couch surfing 0 (0) 3 (100) 3 (0.97)

Other 0 (0) 2 (100) 2(0.65)

I have easy access to testing for COVID-19 through my medical 
school/center if needed 

0.23

1 = Strongly disagree 9 (21.95) 32 (78.05) 41 (13.27)

2 = Disagree 18 (22.5) 62 (77.5) 80 (25.89)

3 = Neutral 26 (31.71) 56 (68.29) 82 (26.54)

4 = Agree 22 (31.88) 47 (68.12) 69 (22.33)

5 = Strongly agree 15 (40.54) 22 (59.46) 37 (11.97)

Do you currently feel sick with symptoms of COVID-19? 0.36

No 90 (29.32) 217 (70.68) 307 (99.35)

Yes 0 (0) 2 (100) 2 (0.65)

Have you been tested for COVID-19 0.82

No 86 (29.35) 207 (70.65) 293 (95.13)

Yes, awaiting test result 1 (25) 3 (75) 4 (1.3)

Yes, result was negative 3 (33.33) 6 (66.67) 9 (2.92)

Yes, result was positive 0 (0) 2 (100) 2 (0.65)

Has a close relative or friend tested positive for COVID-19? 0.2

No 70 (31.25) 154 (68.75) 224 (72.73)

Yes 20 (23.81) 64 (76.19) 84 (27.27)

Resources used to educate about COVID-19-WHO CDC? 0.67

No 14 (31.82) 30 (68.18) 44 (14.24)

Yes 76 (28.68) 189 (71.32) 265 (85.76)

Resources used to educate about COVID-19-Reading publications? 0.9

No 22 (29.73) 52 (70.27) 74 (23.95)

Yes 68 (28.94) 167 (71.06) 235 (76.05)

Resources used to educate about COVID-19-Lectures educational resources 
from school?

0.52

No 27 (76.73) 74 (73.27) 101 (32.69)
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Yes 63 (30.29) 145 (69.71) 208 (67.31)

Resources used to educate about COVID-19-Social media? 0.17

No 40 (33.61) 79 (66.39) 119 (38.51)

Yes 50 (26.32) 140 (73.68) 190 (61.49)

Medical school or center providing adequate access to PPE: Gowns 0.27

No 81 (28.32) 205 (71.68) 286 (92.56)

Yes 9 (39.13) 14 (60.87) 23 (7.44)

Medical school or center providing adequate access to PPE: Gloves 0.35

No 81 (28.42) 204 (71.58) 285 (92.23)

Yes 9 (37.5) 15 (62.5) 24 (7.77)

Medical school or center providing adequate access to PPE: Face shield or 
eye protection

0.21

No 81 (28.22) 206 (71.78) 287 (92.88)

Yes 9 (40.91) 13 (59.09) 22 (7.12)

Medical school or center providing adequate access to PPE: Surgical mask 0.35

No 81 (28.42) 204 (71.58) 285 (92.23)

Yes 9 (37.5) 15 (62.5) 24 (7.77)

Medical school or center providing adequate access to PPE: N95 or FF3 
masks

0.14

No 82 (28.18) 209 (71.82) 291 (94.17)

Yes 8 (44.44) 10 (55.56) 18 (5.83)

Medical school or center providing adequate access to PPE: None < 
0.01

No 85 (32.2) 179 (67.8) 264 (85.44)

Yes 5 (11.11) 40 (88.89) 45 (14.56)

Medical school or center providing adequate access to PPE: I do not know 0.02

No 14 (18.42) 62 (81.58) 76 (24.6)

Yes 76 (32.62) 157 (67.38) 233 (75.4)

COVID-19: Coronavirus disease 2019; CDC: The Center for Disease Control and Prevention; PPE: Personal protective equipment; WHO: World Health 
Organization.

faculty regarding COVID-19” (RR 0.75; 95%CI: 0.65–0.87, P < 0.01); and “Less concerned about being 
unable to complete exams or rotations if I contract COVID-19” (RR 0.77; 95%CI: 0.62–0.96, P = 0.02) were 
less likely having high anxiety (Table 6). Therefore, these would propose a protective effect on the level 
of anxiety experienced.

Clinical impact 
Respondents were asked to rate their level of agreement with the statement “COVID-19 has increased 
the community perception of physicians and healthcare workers as heroes” (Table 7). 23% strongly 
agreed with the statement and 19% were neutral regarding it. Most of the respondents (96%) were not 
assisting in the healthcare system at the time of the survey due to restraints caused by COVID-19. 
Respondents were asked to rate their level of preparedness working with COVID-19 patients on a scale 
of 1-5. It was important to know if medical students felt ready to care for patients, especially if they 
were required to volunteer. A lack of preparedness can further increase the anxiety and stress level 
medical students may already be experiencing. Approximately 45% felt not prepared at all, while 32% 
gave a rating of 2. When asked if they have the option to volunteer in the hospital for COVID-19, many 
students responded with no (78%). Out of the respondents, 49% would like to volunteer, however a 
portion were unable to volunteer due to external factors. The greatest external factor were respondents 
living or helping with family and/or friends and they did not want to risk exposure. It should be noted 
that medical students in their pre-clinical years are more likely to feel less prepared to volunteer in the 
hospital, compared to those students in their clinical and post-graduate years who have more 
experience on the hospital wards.
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Table 4 Univariate analysis on sample population educational impact of coronavirus disease 2019

Educational impact Low anxiety, N 
= 90 (%)

High anxiety, N = 
219 (%)

Total, N = 
309 (%) Sig.

Was your current academic activity (for example clinical rotations, in-personal class, etc.) 
cancelled, and not moved online?

0.29

Yes 20 (24.39) 62 (75.61) 82 (26.62)

No 69 (30.53) 157 (69.47) 226 (73.38)

Were your future academic activities cancelled? 0.02

Yes 31 (22.63) 106 (77.37) 137 (44.34)

No 59 (34.3) 113 (65.7) 172 (55.66)

Is information being supplemented through distance/online learning? < 
0.01

No 0 (0) 17 (100) 17 (5.52)

Yes 89 (30.58) 202 (69.42) 291 (94.48)

How has your overall workload been affected? < 
0.01

Increased 5 (11.36) 39 (88.64) 44 (14.24)

Decreased 60 (36.14) 106 (63.86) 166 (53.72)

Unchanged 25 (26.6) 69 (73.4) 94 (30.42)

Does not apply 0 (0) 5 (100) 5 (1.62)

How has your research productivity been affected? < 
0.01

Increased 15 (38.46) 24 (61.54) 39 (12.62)

Decreased 23 (25.56) 67 (74.44) 90 (29.13)

Unchanged 20 (50) 20 (50) 40 (12.94)

Does not apply 32 (22.86) 108 (77.14) 140 (45.31)

Has the school year end date been: 0.04

Cancelled 1 (14.29) 6 (85.71) 7 (2.27)

Postponed 0 (0) 8 (100) 8 (2.59)

Unchanged 76 (30.89) 170 (69.11) 246 (79.61)

Moved forward 2 (16.67) 10 (83.33) 12 (3.88)

Does not apply 8 (53.33) 7 (46.67) 15 (4.85)

I don’t know 3 (14.29) 18 (85.71) 21 (6.8)

Has graduation been: 0.24

Cancelled 15 (23.08) 50 (76.92) 65 (21.1)

Postponed 3 (60) 2 (40) 5 (1.62)

Unchanged 44 (32.59) 91 (67.41) 135 (43.83)

Moved forward 0 (0) 5 (100) 5 (1.62)

Does not apply 21 (30.43) 48 (69.57) 69 (22.4)

I don’t know 7 (24.14) 22 (75.86) 29 (9.42)

If applicable have your USMLE exams or equivalent state exams been postponed? < 
0.01

Yes 25 (19.84) 101 (80.16) 126 (40.78)

No 11 (36.67) 19 (63.33) 30 (9.71)

Does not apply 53 (38.41) 85 (61.59) 138 (44.66)
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Not sure 1 (6.67) 14 (93.33) 15 (4.85)

If the COVID-19 pandemic extends until or past August, I am concerned it will have a 
major effect on my continuing semesters or residency position

< 
0.01

1 = Strongly disagree 3 (100) 0 (0) 3 (0.97)

2 = Disagree 12 (70.59) 5 (29.41) 17 (5.5)

3 = Neutral 6 (26.09) 17 (73.91) 23 (7.44)

4 = Agree 34 (41.98) 47 (58.02) 81 (26.21)

5 = Strongly agree 27 (17.2) 130 (82.8) 157 (50.81)

Does not apply 8 (28.57) 20 (71.43) 28 (9.06)

How effectively have your medical school leadership been managing this outbreak? < 
0.01

Inadequate 11 (13.58) 70 (86.42) 81 (26.47)

Appropriate 79 (36.07) 140 (63.93) 219 (71.57)

Excessive 0 (0) 6 (100) 6 (1.96)

Which of the following best describes your medical school communication efforts to 
students?

< 
0.01

Overly frequent updates 8 (33.33) 16 (66.67) 24 (7.79)

Adequately frequent updates 69 (35.38) 126 (64.62) 195 (63.31)

Infrequent updates 11 (14.47) 65 (85.53) 76 (24.68)

No regular updates 2 (15.38) 11 (84.62) 13 (4.22)

COVID-19: Coronavirus disease 2019; USMLE: The United States Medical Licensing Examination.

Financial impact 
When presented with the statement “has the pandemic affected you financially,” participants were 
asked to respond in a Likert scale format (Table 8) in which 21% agreed with the statement. Financial 
assistance availability was present for 34% of respondents, and 41% did not know if any was present. 
When asked which available emergency funds were accessible the highest response rate (19.2%) was 
through the school financial aid office.

Future impact 
The anticipation of having similar outbreaks in the future was presented with a Likert scale and 
respondents were asked to rate the statement in which 51% agreed with the statement (Table 9). 
Respondents were asked to rate on a scale of 1-5 their fear of how future public health crises will be 
handled. 48% of participants agreed, and 22% strongly agreed, that the lessons learned from this 
outbreak will help us cope with future crises. The need for medical school curricula in local mass 
casualty planning was addressed in a Likert scale, in which 50% of respondents agreed and 22% 
strongly agreed with the statement.

DISCUSSION
Currently, there is minimal literature on medical students experiencing a pandemic and how a public 
health crisis may affect medical education. In our study, we have used a 1-10 scale to quality anxiety 
level, then dichotomized base one Q1 value of 5 into “At least some anxiety (≥ 6) “ or “low to no anxiety 
(≤ 5)”. By treating the anxiety measurements as a continuous scale, it is more likely to dilute important 
information. The difference between a scoring of 1 vs 3, 4 vs 6, or 7 vs 9 is the same, however a scoring of 
1 and 3 or 7 and 9 will belong to the same level of anxiety. Dichotomizing a continuous anxiety/stress 
scale has been used in literature. In most cases, studies would like to detect high risk populations who 
had higher anxiety/stress level and the risk factors associated with the elevated anxiety level. The 
benefit of dichotomizing includes providing more clinical meaningful result and better statistical power 
compared to the modeling approach using outcome with multiple categories[12,13].

Our study was designed to rapidly respond to a worldwide pandemic. To maintain data accuracy, we 
used the QC procedure to examine any missing data. 19.6% of our survey results were returned with 
some missing data. Among those, only four participants with more than four missing items were found, 
from a total of 308 survey questions. The sensitivity analysis was conducted with and without the 
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Table 5 Univariate analysis on sample population psychosocial impact of coronavirus disease 2019

Psychosocial impact Low anxiety, N = 90 
(%)

High anxiety, N = 219 
(%)

Total, N = 309 
(%) Sig.

I am worried about COVID-19 pandemic in general < 
0.01

1 = Strongly disagree 3 (75) 1 (25) 4 (1.29)

2 = Disagree 11 (68.75) 5 (31.25) 16 (5.18)

3 = Neutral 15 (48.39) 16 (51.61) 31 (10.03)

4 = Agree 46 (34.59) 87 (65.41) 133 (43.04)

5 = Strongly Agree 15 (12) 110 (88) 125 (40.45)

I am worried about contracting COVID-19 < 
0.01

1 = Strongly disagree 11 (55) 9 (45) 20 (6.47)

2 = Disagree 25 (39.06) 39 (60.94) 64 (20.71)

3 = Neutral 31 (34.44) 59 (65.56) 90 (29.13)

4 = Agree 21 (18.92) 90 (81.08) 111 (35.92)

5 = Strongly agree 2 (8.33) 22 (91.67) 24 (7.77)

If applicable, how has your utilization of mental health resources 
changed? 

< 
0.01

Increased 9 (17.31) 43 (82.69) 52 (16.83)

Decreased 2 (7.41) 25 (92.59) 27 (8.74)

Unchanged 59 (32.07) 125 (67.93) 184 (59.55)

Does not apply 20 (43.48) 26 (56.52) 46 (14.89)

Mental health services the university provides: Psychologist 0.29

No 31 (33.33) 62 (66.67) 93 (30.1)

Yes 59 (27.31) 157 (72.69) 216 (69.9)

Mental health services the university provides: Psychiatrist 0.84

No 59 (29.5) 141 (70.5) 200 (64.72)

Yes 31 (28.44) 78 (71.56) 109 (35.28)

Mental health services the university provides: 24 hour emergency 
hotline

0.7

No 41 (28.08) 105 (71.92) 146 (47.25)

Yes 49 (30.06) 114 (69.94) 163 (52.75)

Mental health services the university provides: Does not apply 0.02

No 73 (26.84) 199 (73.16) 272 (88.03)

Yes 17 (45.95) 20 (54.05) 37 (11.97)

On a scale of 1-10, how accessible do you find mental health services? 0.21

1 3 (33.33) 6 (66.67) 9 (2.95)

2 0 (0) 5 (100) 5 (1.64)

3 4 (21.05) 15 (78.95) 19 (6.23)

4 1 (11.11) 8 (88.89) 9 (2.95)

5 10 (19.23) 42 (80.77) 52 (17.05)

6 8 (25.81) 23 (74.19) 31 (10.16)

7 17 (32.08) 36 (67.92) 53 (17.38)

8 20 (36.36) 35 (63.64) 55 (18.03)
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9 4 (19.05) 17 (80.95) 21 (6.89)

10 20 (39.22) 31 (60.78) 51 (16.72)

Most Stress: Residency applications 0.03

No 68 (33.01) 138 (66.99) 206 (66.67)

Yes 22 (21.36) 81 (78.64) 103 (33.33)

Most Stress: Community well-being 0.12

No 56 (26.42) 156 (73.58) 212 (68.61)

Yes 34 (35.05) 63 (64.95) 97 (31.39)

Most Stress: Personal well-being 0.31

No 57 (31.32) 125 (68.68) 182 (58.9)

Yes 33 (25.98) 94 (74.02) 127 (51.1)

Most Stress: Family well-being 0.08

No 56 (33.33) 112 (66.67) 168 (54.37)

Yes 34 (24.11) 107 (75.89) 141 (45.63)

Most Stress: Clinical education related to COVID-19 0.05

No 70 (32.41) 146 (67.59) 216 (69.9)

Yes 20 (21.51) 73 (78.49) 93 (30.1)

Most Stress: Limited to only essential activities 0.04

No 47 (24.87) 142 (75.13) 189 (61.17)

Yes 43 (35.83) 77 (64.17) 120 (38.83)

COVID-19: Coronavirus disease 2019.

missing data. The findings between the two data sets were consistent. Therefore, we have concluded 
that this minimal amount of missing data did not influence our findings from the study.

From our study, we have found that COVID-19 has significantly impacted medical students across 
the United States. 54.87% of respondents were first- and second-year medical students and 43.18% were 
third-year medical students, most of whom were suddenly disrupted during the peak of their clinical 
education. Regardless of their progress through medical school, nearly all students have faced abrupt 
changes in medical education and clinical training, resulting in concern and uncertainty with regard to 
their paths towards residency programs. Most students noted restrictions in their cities, including 
medical school closure, shelter or safer-at-home measures, social distancing, limited restaurant 
operations, and mandates to keep only essential businesses open. The majority of respondents reported 
that their current academic activities had been cancelled and moved online to a distance learning 
curriculum, predominantly via Zoom, and approximately half felt it was not beneficial to them. Of these 
respondents, decreased motivation with online learning and an inadequate quality of virtual curriculum 
were cited as the biggest issues. Due to the unforeseen nature of the pandemic, schools were not 
prepared to teach medical students remotely. This consequentially resulted in decreased medical 
student workloads. Restrictions from going on campus and to corresponding medical centers may have 
contributed to a decrease in students’ research productivity as well.

Of those facing postponements in their USMLE or equivalent state exams, almost half of respondents 
felt very or extremely concerned about the impact of COVID-19 on the residency application process. 
With this year’s residency application deadline looming at the end of October 2020, it is worrisome for 
students to consider submitting an incomplete application to a system that is already extremely 
competitive. In an effort to reduce unnecessary exposure and further viral spread, virtual residency 
interviews will be held for the 2021 Match. It is expected to cause many difficulties in the application 
process and perhaps negatively impact the applicant even further. It is anticipated that applicants will 
accept more interviews because of the reduced cost and time needed to travel to each institution, adding 
to the already growing hyperinflation in the application process. With these changes, programs will 
ultimately spend less money and time on each applicant. This begs the question if there will be an 
increase in the number of interview invites. Medical students may anticipate saving money with these 
adjustments as well, thus being more likely to apply to an increased number of residency programs. 
While this may seem like a positive result of the pandemic, with more competitive medical students 
overapplying, less competitive students may consequentially have more difficulty securing a virtual 
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Table 6 Multivariate analyses of anxiety association factors after Least Absolute Shrinkage and Selection Operator

Survey questions Rate ratio Confidence interval Sig.

I feel disenchanted with the healthcare system due to inadequate response, lack of PPE, lack of testing, etc.

Disagree (2) vs Strongly disagree (1) 0.93 0.5-1.72 0.81

Neutral (3) vs Strongly disagree (1) 1.39 0.85-2.27 0.19

Agree (4) vs Strongly disagree (1) 1.48 0.95-2.31 0.09

Strongly agree (5) vs Strongly disagree(1) 1.39 0.86-2.25 0.18

Does not apply vs Strongly disagree (1) 0.93 0.5-1.72 0.81

Volunteer Activities - Child care for health care workers: Yes vs No 0.68 0.49-0.93 0.02

Is the distance learning beneficial to you?

Agree vs Strongly agree 0.87 0.6-1.27 0.47

Neutral vs Strongly agree 0.93 0.62-1.37 0.7

Disagree vs Strongly agree 0.98 0.66-1.46 0.93

Strongly disagree vs Strongly agree 0.84 0.57-1.23 0.36

If applicable, have your USMLE exams or equivalent state exams been postponed?

No vs Yes 0.87 0.76-0.99 0.03

Does not apply vs Yes 1.01 0.87-1.18 0.85

Not sure vs Yes 1.19 0.96-1.48 0.12

How concerned are you that COVID-19 will affect the residency application process?

Slightly concerned (2) vs Not concerned (1) 1.3 0.79-2.13 0.3

Moderately concerned (3) vs Not concerned (1) 1.22 0.79-1.88 0.36

Very concerned (4) vs Not concerned (1) 0.86 0.58-1.26 0.43

Extremely concerned (5) vs Not concerned (1) 1 0.6-1.68 1

Does not apply vs Not concerned (1) 1.3 0.79-2.13 0.3

On a scale of 1-5 how supportive have school administration and faculty been regarding COVID-19?

2 vs Not supportive 0.81 0.63-1.04 0.1

Moderately supportive vs Not supportive 0.75 0.65-0.87 < 0.011

4 vs Not supportive 0.79 0.6-1.03 0.09

Extremely supportive vs Not supportive 0.89 0.78-1.02 0.11

Have you experienced episodes of depression during this time? 1.6 1.38-1.85 < 0.011

I am concerned about being unable to complete exams or rotations if I contract COVID-19

Strongly disagree (1) vs Strongly agree (5) 0.66 0.26-1.7 0.39

Disagree (2) vs Strongly agree (5) 0.77 0.62-0.96 0.02

Neutral (3) vs Strongly agree (5) 1.11 0.95-1.3 0.2

Agree (4) vs Strongly agree (5) 1.05 0.84-1.31 0.68

Does not apply vs Strongly agree (5) 0.88 0.69-1.14 0.34

1These covariates were significant using a cut-off P value of < 0.01. COVID-19: Coronavirus disease 2019.

interview. To avoid this issue, a fifteen-interview limit per applicant, per specialty, could allow below-
average applicants an equal opportunity, but there is no guarantee that AAMC will implement such a 
regulation[6].

Less than half of medical student respondents indicated wanting to volunteer during the pandemic, 
perhaps because none reported previous or current infection. Based on survey respondent comments, 
many based this on their attempt to preserve their own health and the health of family members and 
friends. Additionally, this finding may emphasize that medical students feel vastly ill-prepared to work 
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Table 7 Univariate analysis on sample population clinical impact of coronavirus disease 2019

Clinical, future, and financial impact Low anxiety, N = 
90 (%)

High anxiety, N = 
219 (%)

Total, N = 
309 (%) Sig.

COVID-19 has increased the community perception of physicians and healthcare 
workers

0.1

1 = Strongly disagree 1 (25) 3 (75) 4 (1.29)

2 = Disagree 7 (26.92) 19 (73.08) 26 (8.41)

3 = Neutral 11 (18.64) 48 (81.36) 59 (19.09)

4 = Agree 44 (30.14) 102 (69.86) 146 (47.25)

5 = Strongly agree 25 (34.72) 47 (65.28) 72 (23.3)

Does not apply 2 (100) 0 (0) 2 (0.65)

Are you required to assist in the healthcare system currently due to COVID-19? 0.06

Yes I am being put to work wherever I a needed 0 (0) 3 (100) 3 (0.97)

Yes I am continuing to work in the same clinical role that I was in pre-pandemic 0 (0) 10 (100) 10 (3.24)

No 90 (30.41) 206 (69.59) 296 (95.79)

Do you have the option to volunteer to work in the hospital for COVID-19? 0.31

No 66 (27.5) 174 (72.5) 240 (77.92)

Yes 23 (33.82) 45 (66.18) 68 (22.08)

Would you like to volunteer? 0.34

Yes 46 (30.26) 106 (69.74) 152 (49.35)

No 28 (32.94) 57 (67.06) 85 (27.6)

Cannot due to external factors 16 (22.54) 55 (77.46) 71 (23.05)

Cannot volunteer due to external factors: I live or help out with family and or friends 
who I do not want to risk exposure

0.1

No 81 (30.92) 181 (69.08) 262 (84.79)

Yes 9 (19.15) 38 (80.85) 47 (15.21)

Cannot volunteer due to external factors: I am concerned about my own safety 0.56

No 88 (29.63) 209 (70.37) 297 (96.12)

Yes 2 (16.67) 10 (83.33) 12 (3.88)

Cannot volunteer due to external factors: I have to work elsewhere for financial reasons 0.11

No 90 (29.7) 213 (70.3) 303 (98.06)

Yes 0 (0) 6 (100) 6 (1.94)

Volunteer activities: Fundraising or obtaining PPE for hospitals 0.52

No 81 (29.89) 190 (70.11) 271 (87.7)

Yes 3 (21.43) 29 (76.32) 38 (12.3)

Volunteer Activities: Helping answer COVID-19 phone lines 0.41

No 84 (29.79) 198 (70.21) 282 (91.26)

Yes 6 (22.22) 21 (77.78) 27 (8.74)

Volunteer Activities: Child care for healthcare workers 0.02

No 78 (27.37) 207 (72.63) 285 (92.33)

Yes 12 (50) 12 (50) 24 (7.77)

On a scale of 1-5, how prepared to you feel to work with COVID-19 patients? 0.38

1 = Not at all prepared 37 (72.79) 99 (72.79) 136 (44.16)

2 26 (26.26) 73 (73.74) 99 (32.14)
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3 = Adequately prepared 14 (42.42) 19 (57.58) 33 (10.71)

4 5 (27.78) 13 (72.22) 18 (5.84)

5 = Extremely well prepared 0 (0) 3 (100) 3 (0.97)

Does not apply 7 (36.84) 12 (63.16) 19 (6.17)

On a scale of 1-5, how prepared to you feel to work in the general healthcare system 
(caring for internal medicine patients, surgical patients, etc.)?

0.5

1 = Not at all prepared 17 (34) 33 (66) 50 (16.18)

2 25 (28.74) 62 (71.26) 87 (28.16)

3 = Adequately prepared 23 (25.27) 68 (74.73) 91 (29.46)

4 17 (33.33) 34 (66.67) 51 (16.5)

5 = Extremely well prepared 2 (13.33) 13 (86.67) 15 (4.85)

Does not apply 6 (40) 9 (60) 15 (4.85)

COVID-19: Coronavirus disease 2019; PPE: Personal protective equipment.

Table 8 Univariate analysis on sample population financial impact of coronavirus disease 2019

Financial impact Low anxiety, N = 90 (%) High anxiety, N = 219 (%) Total, N = 309 (%) Sig.

Has the pandemic affected you financially? < 0.01

Strongly Agree 1 (5.56) 17 (94.44) 18 (5.83)

Agree 13 (20.31) 51 (79.69) 64 (20.71)

Neutral 25 (22.73) 85 (77.27) 110 (35.6)

Disagree 36 (39.56) 55 (60.44) 91 (29.45)

Is financial assistance available to you if needed? 0.3

Yes 37 (35.24) 68 (64.76) 105 (33.98)

No 10 (20.83) 38 (79.17) 48 (15.53)

I do not know 35 (27.34) 93 (72.66) 128 (41.42)

Does not apply 8 (28.57) 20 (71.43) 28 (9.06)

in a pandemic environment. It is difficult for medical students to feel prepared and secure if they do not 
see this reflected in their own institution. A majority of students did not have adequate or any access to 
PPE gowns, N-95 or FF3 masks during this time. In light of the lack of preparative measures to protect 
healthcare workers, and by extension medical students, in a pandemic or public health crisis, it is no 
surprise that more than half of respondents believe their medical school should offer curricula in 
national mass casualty planning[14]. In order for medical schools to be prepared for future public health 
crises, we now know that measures must be in place to allow for the continuation of quality medical 
school education regardless of outbreak or mass casualty status. In addition to the evident need for 
better PPE preparation across the US, a preparation that should include all students working in a 
clinical setting, there is concern over how the COVID-19 pandemic, and possible future public health 
crises, will affect medical students’ ability to work clinically and prevent early burnout. Based on our 
results, medical students already feel disenchanted with the US healthcare system with an overarching 
sense of worry for the current state of affairs and what is to come with future health crises. In a career 
path previously touted as stable, nothing seems predictable now. Almost half of respondents have been 
most stressed by their inability to go to campus or clinical sites. These destinations are not only a source 
of education for students, but also a source of community. As our data shows, this disruption has 
caused a predictable increase in anxiety. The additional stress of being limited to essential activities and 
worrying about residency applications also does not bode well for mental health outcomes in these 
future physicians. This crisis has exacerbated existing medical student mental health issues in addition 
to instilling fear for the future, which an overwhelming majority of respondents indicated experiencing.

Clearly, medical students and residency program applications care about hands-on education. 
However, given the current situation, an effort to teach future physicians how to practice non-
traditionally is needed, which may include telemedicine and tele-education. Recent research into remote 
and virtual medical education may prove to be a solution for future needs. Some studies have even 
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Table 9 Univariate analysis on sample population future impact of coronavirus disease 2019

Future impact Low anxiety, N = 90 
(%)

High anxiety, N = 219 
(%)

Total, N = 309 
(%) Sig.

I anticipate having similar outbreaks in the future 0.35

1 = Strongly disagree 1 (100) 0 (0) 1 (0.32)

2 = Disagree 6 (46.15) 7 (53.85) 13 (4.22)

3 = Neutral 11 (31.43) 24 (68.57) 35 (11.36)

4 = Agree 46 (29.3) 111 (70.7) 157 (50.97)

5 = Strongly agree 25 (25) 75 (75) 100 (32.47)

Does not apply 1 (50) 1 (50) 2 (0.65)

I am fearful of how future public health crises will be handled? < 
0.01

1 = Strongly disagree 2 (100) 0 (0) 2 (0.65)

2 = Disagree 15 (65.22) 8 (34.78) 23 (7.52)

3 = Neutral 16 (43.24) 21 (56.76) 37 (12.09)

4 = Agree 31 (24.8) 94 (75.2) 125 (40.85)

5 = Strongly agree 25 (21.19) 93 (78.81) 118 (38.56)

Does not apply 1 (100) 0 (0) 1 (0.33)

I think the lessons we learn from this outbreak will help us cope with 
future crises?

0.04

1 = Strongly disagree 3 (37.5) 5 (62.5) 8 (2.59)

2 = Disagree 11 (34.38) 21 (65.63) 32 (10.36)

3 = Neutral 9 (17.65) 42 (82.35) 51 (16.5)

4 = Agree 38 (25.68) 110 (74.32) 148 (47.9)

5 = Strongly agree 28 (40.58) 41 (59.42) 69 (22.33)

Does not apply 1 (100) 0 (0) 1 (0.32)

I think we need medical school curricula in national mass casualty 
planning?

0.13

1 = Strongly disagree 0 (0) 4 (100) 4 (1.3)

2 = Disagree 7 (41.18) 10 (58.82) 17 (5.52)

3 = Neutral 22 (28.21) 56 (71.79) 78 (25.32)

4 = Agree 49 (33.56) 97 (66.44) 146 (47.4)

5 = Strongly agree 11 (17.74) 51 (82.26) 62 (20.13)

Does not apply 0 (0) 1 (100) 1 (0.32)

shown virtual reality to be a useful tool for both learning motivation and learning competency in 
medical students[15]. With the AAMC recommendation to remove students from the wards to conserve 
PPE, new modalities of clinical education have already been put into place, such as remote grand 
rounds via Zoom, virtual reality cadaver dissections, and case discussions through online curriculum 
platforms such as Aquifer[16]. We recommend more research into these methods, as well as medical 
student exposure to participating in clinical care via telemedicine. These changes, understandably, bring 
feelings of uncertainty and instability to not only educators, but also medical students. In addition to the 
changes brought about by the pandemic, medical students face uncertainty with what to expect this 
school year and perhaps beyond graduation. We found that 74.6% feel concerned about the pandemic 
affecting continuing semesters or their residency position were the pandemic to extend past August 
2020. 55.6% indicated concern over being unable to complete rotations and/or exams were they to be 
infected with COVID-19. Medical students make an immense investment by committing to medical 
school, both financially and mentally, and many cite the job’s stability and satisfaction as primary 
factors for choosing to go into medicine in the first place. It is understandable that lacking the clear path 
towards a career so often cited as a stable and predictable journey has stirred up discomfort for the 
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entire medical community. For medical students in particular, anxiety had already been on the rise, and 
now further exacerbated by the pandemic[17].

We conducted our multivariate analysis to specifically look at the effect of these educational and 
clinical changes on the anxiety of medical students. The level of anxiety of the participant, or lack of, 
may impact the response rate to those survey questions dealing with anxiety. It is not uncommon to 
have a high percentage of “no response” rate. The missing data is not necessarily problematic in every 
instance. Participants may not report on one variable because of the anxiety exhibited from it or because 
of it. For example, a study which examined the tobacco use of adolescent smokers who smoked heavily 
found that the number of cigarettes smoked per day was not reported. It is assumed that due to the 
illegality of smoking for these individuals, many participants may have experienced fear of reper-
cussions, thus limiting their response rate[18]. This concept seen in adolescent smokers can provide a 
valuable explanation on the “no response” rate seen on those questions using anxiety as its variable in 
this study. Thus, we grouped non-respondents and high-level of anxiety respondents vs low-level of 
anxiety respondents in the multivariate analysis, which looked at educational impact and clinical 
outcome as the main variables causing an effect on anxiety.

Uncertainty has been one of the main drivers of anxiety among medical students. We found that 
those who were unsure whether their USMLE or equivalent state exams would be postponed were more 
likely to have a higher level of anxiety. Those who primarily used the WHO and CDC websites as a 
source of their education regarding COVID-19 were less likely to have high levels of anxiety. Those who 
reported experiencing episodes of depression during this time were more likely to have high levels of 
anxiety. Those who indicated being worried about contracting COVID-19 were more likely to have high 
levels of anxiety as well. Medical schools have made attempts to better wellness programs for their 
students and to make mental health resources more available, and perhaps the accessibility of these 
resources is indeed reaching students in need. We found that those who selected or knew their school 
offered a psychiatrist were more likely to have high levels of anxiety. We can interpret that because of 
their anxiety, they have contemplated seeking or have sought the aid of a psychiatrist, and thus were 
knowledgeable about their school having this resource available.

The need for mental health resource accessibility for medical students remains clear; approximately 
33% of medical students worldwide have anxiety, a significantly greater prevalence than the general 
population[19]. This anxiety does not stop after medical school graduation. The anxiety, stress, and 
susceptibility to depression continues throughout residency and into attending life if help-seeking 
behaviors are not encouraged early on in the work environment[20]. Availability of mental health 
resources for medical students has a lasting effect, helping future physicians develop healthy stress-
reducing habits early on in their careers. Adequate mental health should not only be a concern for 
physicians-in-training and physicians, but also for patients. Studies have found that physicians are less 
likely to make medical errors when less stressed[20]. Now more than ever, there need to be adequate 
mental health programs in place. The pandemic has only further exacerbated psychosocial issues that 
were already problems for student doctors and physicians[21]. Undeniably, the best way to improve 
health outcomes and patient care is to support our doctors and doctors-in training, and this includes 
doctors supporting each other. Without this, we risk a devastating mental health crisis that would affect 
all[21].

There is minimal information regarding the effects of the COVID-19 pandemic on medical students. 
The study of Harries et al[22] shows that more than two third of medical students believe the pandemic 
has significantly disrupted their education. More than half of the students expressed desire to return to 
their normal clinical rotations, accepting the risk of infection with COVID-19. In another study by 
Alsoufi et al[23] more than 85% of the participating medical students reported suspended educational 
programs, lectures, and clinical rotations during the pandemic. However, the reported studies suffer 
from significant limitations, such as limited survey response rate (although the students were directly 
contacted from their medical school leadership), and therefore, further studies in this field were 
recommended.

Perhaps this surreal time in our lives has indicated we need to conduct medical education differently. 
The pandemic has revealed the flaws in medical education when curriculum is devoted entirely or 
predominantly towards in-person learning. We need to incorporate nontraditional learning into medical 
education. This may include educating and preparing medical students for practicing in nontraditional 
ways, such as via telemedicine. We have found that clinic visits can be conducted successfully over a 
remote interface, posing the question if follow-up in-person visits are actually essential to quality 
medical care. In fact, the pandemic has highlighted much of what is truly essential in healthcare, and a 
closer look at what has been emphasized and successfully conducted during this time can guide medical 
school curriculum committees on where to emphasize their medical education efforts.

There are several limitations to this study. The sample population was largely composed of medical 
students with access to social media, neglecting those who may limit their social media presence. 
Furthermore, survey responses were dependent upon the point in time in which respondents filled out 
the survey, as responses would surely vary at different times during the pandemic. Most of the studied 
subjects were from California, Florida, Massachusetts, Missouri, Pennsylvania, and Washington. 
However, we may say that those six states with the highest participants are from West, Central, and 
East of the USA, which somehow can represent a sample of the entire nation’s students. These states are 
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also very popular to receive students from other states, which again helps in generalizability of the 
results to the entire country. Additionally, our survey may not ask all pertinent questions assessing the 
holistic impact of COVID-19 on medical students. The majority of students participating in the survey 
were in their beginning four years of their studies. This highlights an additional limitation as the final 
two years are the clinical training years and students faced dismissal from the hospital wards. Lastly, 
our survey was voluntary, potentially biasing our results to respondents who may have felt strongly 
about sharing their experiences. Although our study has some limitations, it focuses on some aspects of 
the medical student education, such as preparation and planning for USMLE exams and school year end 
date, that have not been assessed in the published reports. More importantly, respondent distribution 
across the United States in our study is geographically different from the limited available reports, 
which is another important advantage of our study. Given the fact that the geographic distribution of 
COVID-19 is not uniform, its psychosocial effects on the population is also not homogeneous. More 
specifically, different medical schools have implemented different strategies to respond to the 
pandemic, which certainly result in different effects on their medical students. As research on the 
impact of pandemics on medical students is limited, adding to the pool of these reports and data could 
positively improve our understanding about how pandemics affect medical schools, which areas of 
educational programs are more vulnerable, and which supporting strategies are important to employ to 
subdue the effects of pandemics effectively and safely on the education.

CONCLUSION
This study provides insight and important information about how medical students have experienced 
and been affected by the pandemic. Ultimately, we found that medical students have been significantly 
impacted in numerous ways. From our results, we now know that amid a public health crisis, medical 
student education and clinical readiness were reduced, with predictably negative outcomes on medical 
student anxiety and presumably, residency applications. As no prior research has been done on the 
effect of a global pandemic on medical students and medical education, we recommend that efforts be 
placed in healthcare system readiness for public health crises[24], the development of medical school 
curricula for public health and mass casualty planning, and further mental health support that starts 
with changing physician culture and stigma and encouraging mental health resource utilization. 
Furthermore, we encourage research on medical student education that is focused on what has been 
found to be critically essential. This includes training students in telemedicine and virtual care where 
applicable. We hope that the results of this study will initiate a restructuring of medical education that 
will consider medical students’ experiences and the potential consequences of future challenges as well 
as training in non-traditional ways.

ARTICLE HIGHLIGHTS
Research background
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic prompted abrupt 
closures of medical schools affecting education, exams, and residency applications for United States 
medical students.

Research motivation
The survey was drafted by two medical students who faced on-campus closure's of their medical 
schools and the uncertainty of it's impact on medical education. We wanted to determine potential 
outcomes caused by the SARS-CoV-2 pandemic on medical students and examine what measures 
should be taken in the future to better prepare students for pandemics.

Research objectives
The aim of the study was to determine what specific factors impacted medical students, their anxiety, 
and the effect on medical education. It is important to examine these factors and determine what can be 
done in the future to prevent similar outcomes.

Research methods
The survey was drafted by two medical students, revised by multiple attending physicians, and a pilot 
test was performed prior to the survey launch. Anxiety scores were dichotomized to a 1-10 score and for 
descriptive analysis contingency tables by anxiety categories for categorical measurements and mean ± 
STD for continuous measurements followed by t-test or Wilcoxson rank were performed. Least 
Absolute Shrinkage and Selection Operator was utilized to select important predictors for the final 
multivariate model. The final model was fitted by Hierarchical Poisson regression model.
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Research results
The SARS-CoV-2 pandemic greatly impacted medical students' anxiety levels. There was a strong 
educational and clinical impact and students were faced with many uncertainties, driving up their 
anxiety levels. It has become evident the need for mental health resource accessibility for medical 
students is crucial. We still need to better understand the long term effects the pandemic will have on 
these students as they transition into becoming doctors and how medical schools can better prepare 
students for future pandemics or global health crises.

Research conclusions
This study provides insight on important information about how medical students have experienced 
and been affected by the pandemic. We recommend that efforts be placed in the healthcare system 
readiness for public health crisis, the development of medical school curricular for public health and 
mass casualty planning, along with further mental health support. We encourage research on medical 
education that is focused on what has been found to be critically essential: training students in tele-
medicine and virtual care.

Research perspectives
Further research should be focused on the long-term effects of the pandemic on medical students, 
especially as they transition into residency. Research should also be conducted on training students in 
virtual care and preparedness for future public health crises.
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Abstract
Vaccination for coronavirus disease 2019 (COVID-19) is a critical strategy in 
controlling the current pandemic of severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2). After widespread COVID-19 vaccine imple-
mentation, isolated case reports about myocarditis as a potential adverse reaction 
started coming. As of November 12, 2021, Centers for Disease Control and 
Prevention (CDC) has reported 1793 cases of myocarditis or pericarditis among 
young people with age 12-29 years, most cases have been reported in the male 
adolescent age group after the second dose of mRNA COVID-19 vaccines. It is 
very important to monitor the safety standards and adverse reactions of vaccines 
to effectively implement the vaccination policies. The CDC and the United States 
Food and Drug Administration actively monitor vaccine-associated adverse 
reactions a well-known platform such as Vaccine Adverse Event Reporting 
System. CDC continues to recommend COVID-19 vaccines and booster doses for 
eligible individuals (age limit according to the type of vaccine) after careful 
consideration from risk-benefit assessment and favorable outcomes from 
vaccination. Mechanisms behind COVID-19 vaccine-induced myocarditis are not 
clear yet but several possibilities such as molecular mimicry between the spike 
protein of SARS-CoV-2 and self-antigens, immune response to mRNA, and 
activation of host immunological system, trigger of the pre-existing dysregulated 
immunological system have been documented in the literature. Overall, data 
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suggests a good prognosis, especially in young patients. In this review article, we cover currently 
available data on COVID-19 vaccine-related myocarditis incidence, concerns, possible mechanisms 
of myocarditis, current treatment, and outcome trends, risk vs benefit assessment of COVID-19 
vaccination in this current pandemic.

Key Words: Coronavirus disease 2019 vaccine; Myocarditis; mRNA vaccine; Severe acute respiratory 
syndrome coronavirus-2; Vaccine complications; Risk assessment
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Core Tip: Coronavirus disease 2019 (COVID-19) vaccination campaign is progressing successfully, and 
more than 400 million vaccine doses have been administered in the United States. We support the 
COVID-19 vaccination drive given positive data on preventing significant morbidities from COVID-19 
disease in fully vaccinated people and relatively rare occurrences of serious side effects. Many questions 
remain open such as: whether patients with a history of vaccine-associated myocarditis should receive the 
subsequent vaccines or booster doses, the long-term effect of vaccine-associated myocarditis, how to 
identify the high-risk individuals for such adverse reactions to selectively save vulnerable populations, etc. 
There is still substantial research to be done in this direction to answer unsolved questions.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19), a disease that originated from a viral infection caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was declared a global pandemic on March 11, 
2020, by the World Health Organization. Since the declaration of the pandemic, tremendous efforts have 
been made towards the development of safe and effective COVID-19 mitigation, specifically through the 
administering of vaccines. Three of the COVID-19 vaccines were approved by the United States Food 
and Drug Administration (FDA) for emergency use: the first approval was for Pfizer-BioNTech COVID-
19 Vaccine on August 23, 2020[1], the second approval was for Moderna COVID-19 vaccine on 
December 18, 2020[2] and the third approval was for Janssen COVID-19 vaccine on February 27, 2021[3].

Viral infections are known to cause acute myocarditis by a direct effect on cardiac myocytes causing 
myonecrosis[4]. Additionally, other mechanisms have also been described including autoimmune 
response and vasculitis leading to injury. Post-immunization myocarditis as a rare adverse reaction after 
vaccination has been reported historically after the administering of the smallpox, anthrax, 
Haemophilus type B, influenza type B, BCG, typhoid fever, influenza and hepatitis B vaccines[5]. The 
Centers for Disease Control and Prevention (CDC) and the FDA monitor vaccine-associated adverse 
reactions through the use of a system known as the Vaccine Adverse Event Reporting System (VAERS)
[6]. The CDC and FDA use extensive data and statistical methods to generate recommendations relative 
to vaccine safety and continue to recommend COVID-19 vaccination among everyone ages 5 and older
[7]. VAERS is also contingent upon reporting bias, including underreporting (mild adverse events) and 
overreporting (especially with intense media attention and public awareness)[6].

The data and literature continue to accumulate each day regarding COVID-19 vaccine-related adverse 
events. Myocarditis, in general, has been reported as a rare adverse reaction after the 2nd dose of the 
COVID-19 vaccine, especially in young males. Within the contents of this review article, we intend to 
expound upon COVID-19 vaccine-related myocarditis incidence, available data and statistics, possible 
mechanisms of vaccine-related myocarditis, current treatment trends, outcomes of such events, and risk 
vs benefit assessments of COVID-19 vaccination in the current pandemic. PRISMA flow diagram for 
article review is shown in Figure 1.

COVID-19 VACCINE-RELATED MYOCARDITIS INCIDENCE AND CLINICAL PRESEN-
TATION
The CDC reported that more than 448 million doses of the COVID-19 vaccine had been administered in 
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Figure 1 PRISMA flow diagram.

the United States as of November 19, 2021. Furthermore, upwards of 195 million people have been fully 
vaccinated, and 33.5 million people have received the COVID-19 booster vaccine[8]. The CDC has 
reported 1793 cases of myocarditis or pericarditis among young individuals (age 12-29 years) vaccinated 
for COVID-19, predominantly in adolescent males after the second dose of mRNA COVID-19 vaccines
[9].

The estimated incidence rate appears to be very low; a comprehensive cohort study from Israel 
reported 2.13 cases per 100000 vaccinated persons with an incidence rate per 100000 persons for disease 
severity as 1.62 for mild myocarditis, 0.47 for intermediate myocarditis, and 0.04 for fulminant 
myocarditis[10]. Another study observed an incidence of 0.8 cases per 1 million doses of first dose 
COVID-19 vaccine and 5.8 cases per 1 million doses of second dose in 10-d observation window[11]. 
There is substantial heterogeneity in the incidence rate of vaccine-associated myocarditis, in respect to 
age and sex of the population as well. Numerous case series and case reports have reported findings 
consistent with post-COVID-19 immunization myocarditis. Such association was not found in clinical 
trials for these vaccines. One of the explanations could be a rarity of such adverse reactions, which 
gained clinical attention after the beginning of the global scale vaccine administration program.

Data from the available literature suggest patients experienced the symptoms within 12 h to 5 d and 
primarily after the second dose of COVID-19 vaccine administration; the majority were young male 
individuals and had good clinical outcomes[12-14]. A study from Israel reported 54 cases of postimmun-
ization myocarditis within approximately 3 to 5 d after the second dose of the vaccine; only one case 
was fulminant and required extracorporeal membrane oxygenation, 83% of patients did not have co-
existing medical conditions, 69% of patients developed myocarditis after the second dose of COVID-19 
vaccine[10].

The key to identifying such cases is a high index of suspicion in young patients presenting with chest 
pain or cardiac symptoms within a few days of COVID-19 immunization. A review of the literature 
suggests patients with acute myocarditis typically present with chest pain (100% cases); myalgia, 
fatigue, fever (33%-86% cases); palpitations, dyspnoea, fatigue[15]. Blood work shows elevated 
troponin, C-reactive protein, brain natriuretic peptide; common electrocardiography (EKG) findings are 
ST-segment elevation, diffuse ST-T changes, ventricular and supraventricular tachycardias, but no EKG 
changes have also been reported. Echocardiogram findings varied from being normal to reduced 
systolic heart function, but a review article has reported primarily normal cardiac function in patients 
ages 18 years and younger, and more systolic dysfunction in patients ages 30 years and older. Cardiac 
magnetic resonance imaging was only available in a selective number of patients; late gadolinium 
enhancement in anterolateral and inferolateral cardiac walls was consistently noticed, few patients had 
myocardial edema on T2 mapping. Cardiac biopsy is a confirmatory test for acute myocarditis, it was 
noted very infrequently in available literature[10,15,16].

POSSIBLE MECHANISM OF MYOCARDITIS
The Pfizer-BioNTech and Moderna COVID-19 vaccines are mRNA vaccines, which contain nucleoside 
modified mRNA encoding the SARS-COV-2 viral spike protein. Once administered, mRNA particles 
induce viral spike protein synthesis in the host cells which then stimulates adaptive immune response to 
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produce IgG antibodies to this spike proteins. Such vaccine induced IgG antibodies help neutralising the 
virus by preventing the attachment of SARS-COV-2 virus to host cell receptors via spike protein[15].

The generation of heart reactive autoantibodies against multiple antigens can have a functional effect 
on cardiac cells[17]. Autoantibodies develop more frequently in first degree relatives of patients with 
cardiomyopathy, raising possibility of genetically susceptible subgroup of patients. The role of 
molecular mimicry between the spike protein in the SARS-COV-2 virus and self-antigens has been 
extensively studied. A study has demonstrated possible cross-reactions between viral spike protein and 
many tissue proteins including alfa-myosin[18] which may potentially play a role in molecular mimicry 
mechanism affecting cardiomyocytes. Nucleoside modification plays a critical role in effective and safe 
mRNA vaccine development as it selectively activates the innate immune system to appropriate target 
cells and regulates the immune response which is essential in vaccine development[19]. The innate 
immune system can recognize genetic materials of pathogen that usually lack RNA modifications[19]. A 
potential immune mediated adverse event such as triggering of the pre-existing dysregulated immune 
pathways in susceptible individuals leading to exaggerated immune response could be a potential 
mechanism of myocarditis after mRNA vaccination, such hypothesis have already been generated for 
COVID-19 viral infection[20]. The overresponse and overproduction of the innate immune system with 
adaptive mechanisms leads to pathological response. The overexpression of interferon-gamma that 
drives innate and viral responses to the vaccine booster leads to cardiac events which involve MAPK 
and JAK-STAT pathways[21]. A report demonstrated no significant elevation of IgM and IgG antibody 
levels in patients with myocarditis compared to patients without myocarditis after mRNA vaccination
[22], provided an evidence against a hyperimmune response as a potential mechanism in general 
population. Young male predominance for myocarditis cases have been reported in the literature but 
there is no clear understanding of it. One possibility may be that gender differences in the stimulation of 
neutrophils and release of cytokines such as TNF-α and IFN-γ with predisposition in males and higher 
hormonal stimulation at puberty may explain propensity of males to get higher rate of vaccine 
associated myocarditis, but this needs to be validated[23]. Significant research is still required to better 
understand the molecular and genetic aspects of such potential mechanisms and vaccine complications.

MANAGEMENT AND OUTCOMES OF COVID-19 VACCINE RELATED MYOCARDITIS 
Fortunately, most cases of myocarditis after COVID-19 vaccination had favorable outcomes. Those 
patients responded well to medical therapy and recovered from their symptoms within a short period. 
All patients presenting with chest pain within a week after receiving the COVID-19 vaccination should 
undergo complete evaluation for broad differentials of diagnoses. Initial evaluation includes EKG, 
troponin levels, and inflammatory markers such as erythrocyte sedimentation rate and C-reactive 
protein. Further workups including echocardiography, cardiac catheterization, and cardiac magnetic 
resonance imaging should be considered to establish the diagnosis of myocarditis/pericarditis. Besides 
cardiology, infectious diseases and rheumatology should also be consulted to rule out other causes of 
myocarditis/pericarditis[15]. All these cases should be reported to VAERS. Further management of 
these patients is based on their clinical presentation, hemodynamic and rhythmic stability, and disease 
progression. Patients with acute chest pain, up-trending troponins, EKG changes, or signs of 
hemodynamic/rhythm instability need to be hospitalized and closely monitored. Many patients 
responded well with supportive care, nonsteroidal anti-inflammatory drugs, colchicine, and steroids. In 
patients with left ventricular systolic failure, it may be reasonable to consider additional treatments such 
as beta-blockers, aspirin, and angiotensin-converting enzyme inhibitors. The average duration of 
hospital stay is found to be less than a week in the cases reported so far[15,24]. Recently, a case report 
was published mentioning fulminant myocarditis after COVID-19 vaccination, which unfortunately 
proved to be fatal for one patient in particular[25]. While such an outcome is certainly alarming, the 
CDC has not confirmed any death that could be directly attributed to myocarditis related to COVID-19 
vaccination.

RISK ASSESSMENT OF VACCINATION
Despite reports of myocarditis, COVID-19 vaccination data is reassuring in terms of safety standards. 
The CDC reports a significantly higher rate of hospitalization for unvaccinated adults compared to 
vaccinated adults; risk is 10 times higher for unvaccinated adolescents ages 12 to 17 years, 9 times 
higher for unvaccinated adults more than 18 years of age, 14 times higher for unvaccinated adults 18 to 
49 years of age, 13 times higher for unvaccinated adults 50 to 64 years of age, and around 6 times higher 
in unvaccinated adults older than 65 years of age[26]. In terms of mortality risk, CDC data from August 
2021 reported unvaccinated individuals had a risk of death from COVID-19 related complications 
around 11 times higher compared to vaccinated individuals[27]. Infection rate and mortality rate were 
lower in vaccinated individuals irrespective of vaccine brand (Pfizer, Moderna, or Janssen). As of 
November 19, 2021, more than 448 million doses of the COVID-19 vaccine have been administered in 
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the United States[8] and during this time, VAERS has received 9810 reports of death (0.0022%) related to 
the COVID-19 vaccine[9]. Reports of adverse events including mortality reports do not necessarily mean 
a vaccine-related complication. Total deaths from COVID-19 disease as of November 20, 2021 are more 
than 770461 in United States alone[28]. Considering the risks and benefits of COVID-19 vaccines, it is 
evident that vaccines have a positive impact on COVID-19 related morbidity and mortality. Therefore, 
the CDC continues to recommend COVID-19 immunisation to all eligible individuals and continues to 
monitor upcoming data very closely.

CONCLUSION
In conclusion, the COVID-19 vaccination campaign is progressing successfully, and more than 400 
million vaccine doses have been administered in the United States. The CDC and other organizations 
are actively monitoring the safety standards and adverse reactions related to COVID-19 vaccination. 
After a thorough evaluation of risk vs benefit, the CDC continues to recommend COVID-19 vaccination 
in everyone ages 5 or older[7]. We support the COVID-19 vaccination drive given positive data on 
preventing significant morbidities from COVID-19 disease in fully vaccinated people and relatively rare 
occurrences of serious side effects. Many questions remain open such as: whether patients with a history 
of vaccine-associated myocarditis should receive the subsequent vaccines or booster doses, the long-
term effect of vaccine-associated myocarditis, how to identify the high-risk individuals for such adverse 
reactions to selectively save vulnerable populations, etc. There is still substantial research to be done in 
this direction to answer unsolved questions.

FOOTNOTES
Author contributions: Dhaduk K conceptualized the manuscript; Dhaduk K, Khosla J, Hussain M and Mangaroliya V 
wrote the manuscript; Chauhan S, Kumar A and Gupta R performed the literature review, concept modification; Pal 
S provided expert review of the manuscript; All authors have read and approved the final manuscript.

Conflict-of-interest statement: No conflict-of-interest to declare.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United States

ORCID number: Kartik Dhaduk 0000-0002-2324-0301; Jagjit Khosla 0000-0001-5342-9781; Muzna Hussain 0000-0003-1533-
6634; Vrunda Mangaroliya 0000-0002-3901-6646; Shaylika Chauhan 0000-0002-0253-3973; Kumar Ashish 0000-0002-2225-
3936; Rahul Gupta 0000-0002-2511-2119; Suman Pal 0000-0002-2051-9788.

S-Editor: Zhang H 
L-Editor: A 
P-Editor: Zhang H

REFERENCES
Comirnaty and Pfizer-BioNTech COVID-19 Vaccine. [cited 19 November 2021]. In: Food and Drug Administration. 
Available from: https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-
19/comirnaty-and-pfizer-biontech-covid-19-vaccine

1     

Moderna COVID-19 Vaccine. [cited 19 November 2021]. In: Food and Drug Administration. Available from: 
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine

2     

Janssen COVID-19 Vaccine. [cited 19 November 2021]. In: Food and Drug Administration. Available from: 
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/janssen-covid-19-vaccine

3     

Leonard EG. Viral myocarditis. Pediatr Infect Dis J  2004; 23: 665-666 [PMID: 15247607 DOI: 
10.1097/01.INF.0000132280.36984.A9]

4     

Su JR, McNeil MM, Welsh KJ, Marquez PL, Ng C, Yan M, Cano MV. Myopericarditis after vaccination, Vaccine Adverse 
Event Reporting System (VAERS), 1990-2018. Vaccine  2021; 39: 839-845 [PMID: 33422381 DOI: 
10.1016/j.vaccine.2020.12.046]

5     

Shimabukuro TT, Nguyen M, Martin D, DeStefano F. Safety monitoring in the Vaccine Adverse Event Reporting System 
(VAERS). Vaccine  2015; 33: 4398-4405 [PMID: 26209838 DOI: 10.1016/j.vaccine.2015.07.035]

6     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-2324-0301
http://orcid.org/0000-0002-2324-0301
http://orcid.org/0000-0001-5342-9781
http://orcid.org/0000-0001-5342-9781
http://orcid.org/0000-0003-1533-6634
http://orcid.org/0000-0003-1533-6634
http://orcid.org/0000-0002-3901-6646
http://orcid.org/0000-0002-3901-6646
http://orcid.org/0000-0002-0253-3973
http://orcid.org/0000-0002-0253-3973
http://orcid.org/0000-0002-2225-3936
http://orcid.org/0000-0002-2225-3936
http://orcid.org/0000-0002-2511-2119
http://orcid.org/0000-0002-2511-2119
http://orcid.org/0000-0002-2051-9788
http://orcid.org/0000-0002-2051-9788
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/comirnaty-and-pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/comirnaty-and-pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/janssen-covid-19-vaccine
http://www.ncbi.nlm.nih.gov/pubmed/15247607
https://dx.doi.org/10.1097/01.INF.0000132280.36984.A9
http://www.ncbi.nlm.nih.gov/pubmed/33422381
https://dx.doi.org/10.1016/j.vaccine.2020.12.046
http://www.ncbi.nlm.nih.gov/pubmed/26209838
https://dx.doi.org/10.1016/j.vaccine.2015.07.035


Dhaduk K et al. COVID-19 vaccination and myocarditis

WJV https://www.wjgnet.com 175 July 25, 2022 Volume 11 Issue 4

Clinical Considerations: Myocarditis after mRNA COVID-19 Vaccines. [cited 14 November 2021]. In: Centers for Disease 
Control and Prevention. Available from: https://www.cdc.gov/vaccines/covid-19/clinical-considerations/myocarditis.html

7     

CDC COVID-19 Response Team, Food and Drug Administration. Allergic Reactions Including Anaphylaxis After 
Receipt of the First Dose of Moderna COVID-19 Vaccine - United States, December 21, 2020-January 10, 2021. MMWR 
Morb Mortal Wkly Rep  2021; 70: 125-129 [PMID: 33507892 DOI: 10.15585/mmwr.mm7004e1]

8     

Selected Adverse Events Reported after COVID-19 Vaccination. [cited 19 November 2021]. In: Centers for Disease 
Control and Prevention. Available from: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/adverse-events.html.

9     

Witberg G, Barda N, Hoss S, Richter I, Wiessman M, Aviv Y, Grinberg T, Auster O, Dagan N, Balicer RD, Kornowski R. 
Myocarditis after Covid-19 Vaccination in a Large Health Care Organization. N Engl J Med 2021; 385: 2132-2139 [PMID: 
34614329 DOI: 10.1056/NEJMoa2110737]

10     

Simone A, Herald J, Chen A, Gulati N, Shen AY, Lewin B, Lee MS. Acute Myocarditis Following COVID-19 mRNA 
Vaccination in Adults Aged 18 Years or Older. JAMA Intern Med 2021; 181: 1668-1670 [PMID: 34605853 DOI: 
10.1001/jamainternmed.2021.5511]

11     

Montgomery J, Ryan M, Engler R, Hoffman D, McClenathan B, Collins L, Loran D, Hrncir D, Herring K, Platzer M, 
Adams N, Sanou A, Cooper LT Jr. Myocarditis Following Immunization With mRNA COVID-19 Vaccines in Members of 
the US Military. JAMA Cardiol 2021; 6: 1202-1206 [PMID: 34185045 DOI: 10.1001/jamacardio.2021.2833]

12     

Marshall M, Ferguson ID, Lewis P, Jaggi P, Gagliardo C, Collins JS, Shaughnessy R, Caron R, Fuss C, Corbin KJE, 
Emuren L, Faherty E, Hall EK, Di Pentima C, Oster ME, Paintsil E, Siddiqui S, Timchak DM, Guzman-Cottrill JA. 
Symptomatic Acute Myocarditis in 7 Adolescents After Pfizer-BioNTech COVID-19 Vaccination. Pediatrics 2021; 148: 
e2021052478 [PMID: 34088762 DOI: 10.1542/peds.2021-052478]

13     

Schauer J, Buddhe S, Colyer J, Sagiv E, Law Y, Mallenahalli Chikkabyrappa S, Portman MA. Myopericarditis After the 
Pfizer Messenger Ribonucleic Acid Coronavirus Disease Vaccine in Adolescents. J Pediatr  2021; 238: 317-320 [PMID: 
34228985 DOI: 10.1016/j.jpeds.2021.06.083]

14     

Bozkurt B, Kamat I, Hotez PJ. Myocarditis With COVID-19 mRNA Vaccines. Circulation  2021; 144: 471-484 [PMID: 
34281357 DOI: 10.1161/CIRCULATIONAHA.121.056135]

15     

Das BB, Moskowitz WB, Taylor MB, Palmer A. Myocarditis and Pericarditis Following mRNA COVID-19 Vaccination: 
What Do We Know So Far? Children (Basel)  2021; 8 [PMID: 34356586 DOI: 10.3390/CHILDREN8070607]

16     

Caforio AL, Mahon NJ, Tona F, McKenna WJ. Circulating cardiac autoantibodies in dilated cardiomyopathy and 
myocarditis: pathogenetic and clinical significance. Eur J Heart Fail  2002; 4: 411-417 [PMID: 12167378 DOI: 
10.1016/S1388-9842(02)00010-7]

17     

Vojdani A, Kharrazian D. Potential antigenic cross-reactivity between SARS-CoV-2 and human tissue with a possible link 
to an increase in autoimmune diseases. Clin Immunol 2020; 217: 108480 [PMID: 32461193 DOI: 
10.1016/j.clim.2020.108480]

18     

Karikó K, Buckstein M, Ni H, Weissman D. Suppression of RNA recognition by Toll-like receptors: the impact of 
nucleoside modification and the evolutionary origin of RNA. Immunity  2005; 23: 165-175 [PMID: 16111635 DOI: 
10.1016/j.immuni.2005.06.008]

19     

Caso F, Costa L, Ruscitti P, Navarini L, Del Puente A, Giacomelli R, Scarpa R. Could Sars-coronavirus-2 trigger 
autoimmune and/or autoinflammatory mechanisms in genetically predisposed subjects? Autoimmun Rev 2020; 19: 102524 
[PMID: 32220633 DOI: 10.1016/j.autrev.2020.102524]

20     

Hajjo R, Sabbah DA, Bardaweel SK, Tropsha A. Shedding the Light on Post-Vaccine Myocarditis and Pericarditis in 
COVID-19 and Non-COVID-19 Vaccine Recipients. Vaccines (Basel)  2021; 9 [PMID: 34696294 DOI: 
10.3390/VACCINES9101186]

21     

Muthukumar A, Narasimhan M, Li QZ, Mahimainathan L, Hitto I, Fuda F, Batra K, Jiang X, Zhu C, Schoggins J, Cutrell 
JB, Croft CL, Khera A, Drazner MH, Grodin JL, Greenberg BM, Mammen PPA, Morrison SJ, de Lemos JA. In-Depth 
Evaluation of a Case of Presumed Myocarditis After the Second Dose of COVID-19 mRNA Vaccine. Circulation  2021; 
144: 487-498 [PMID: 34133883 DOI: 10.1161/CIRCULATIONAHA.121.056038]

22     

Aomatsu M, Kato T, Kasahara E, Kitagawa S. Gender difference in tumor necrosis factor-α production in human 
neutrophils stimulated by lipopolysaccharide and interferon-γ. Biochem Biophys Res Commun 2013; 441: 220-225 [PMID: 
24140406 DOI: 10.1016/j.bbrc.2013.10.042]

23     

Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, Chaudhri S, Damluji AA, de Lemos JA, Desai SS, Emaminia 
A, Flanagan MC, Khera A, Maghsoudi A, Mekonnen G, Muthukumar A, Saeed IM, Sherwood MW, Sinha SS, O'Connor 
CM, deFilippi CR. Myocarditis Temporally Associated With COVID-19 Vaccination. Circulation  2021; 144: 502-505 
[PMID: 34133885 DOI: 10.1161/CIRCULATIONAHA.121.055891]

24     

Verma AK, Lavine KJ, Lin CY. Myocarditis after Covid-19 mRNA Vaccination. N Engl J Med 2021; 385: 1332-1334 
[PMID: 34407340 DOI: 10.1056/NEJMc2109975]

25     

Rates of laboratory-confirmed COVID-19 hospitalizations by vaccination status. [cited 19 November 2021]. In: Centers for 
Disease Control and Prevention. Available from: https://covid.cdc.gov/covid-data-tracker/#covidnet-hospitalizations-
vaccination

26     

Rates of COVID-19 Cases and Deaths by Vaccination Status. [cited 21 November 2021]. In: Centers for Disease Control 
and Prevention. Available from: https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status

27     

United States COVID-19 Cases, Deaths, and Laboratory Testing (NAATs) by State, Territory, and Jurisdiction. [cited 21 
November 2021]. In: Centers for Disease Control and Prevention. Available from: https://covid.cdc.gov/covid-data-
tracker/#cases_totalcases

28     

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/myocarditis.html
http://www.ncbi.nlm.nih.gov/pubmed/33507892
https://dx.doi.org/10.15585/mmwr.mm7004e1
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/adverse-events.html
http://www.ncbi.nlm.nih.gov/pubmed/34614329
https://dx.doi.org/10.1056/NEJMoa2110737
http://www.ncbi.nlm.nih.gov/pubmed/34605853
https://dx.doi.org/10.1001/jamainternmed.2021.5511
http://www.ncbi.nlm.nih.gov/pubmed/34185045
https://dx.doi.org/10.1001/jamacardio.2021.2833
http://www.ncbi.nlm.nih.gov/pubmed/34088762
https://dx.doi.org/10.1542/peds.2021-052478
http://www.ncbi.nlm.nih.gov/pubmed/34228985
https://dx.doi.org/10.1016/j.jpeds.2021.06.083
http://www.ncbi.nlm.nih.gov/pubmed/34281357
https://dx.doi.org/10.1161/CIRCULATIONAHA.121.056135
http://www.ncbi.nlm.nih.gov/pubmed/34356586
https://dx.doi.org/10.3390/CHILDREN8070607
http://www.ncbi.nlm.nih.gov/pubmed/12167378
https://dx.doi.org/10.1016/S1388-9842(02)00010-7
http://www.ncbi.nlm.nih.gov/pubmed/32461193
https://dx.doi.org/10.1016/j.clim.2020.108480
http://www.ncbi.nlm.nih.gov/pubmed/16111635
https://dx.doi.org/10.1016/j.immuni.2005.06.008
http://www.ncbi.nlm.nih.gov/pubmed/32220633
https://dx.doi.org/10.1016/j.autrev.2020.102524
http://www.ncbi.nlm.nih.gov/pubmed/34696294
https://dx.doi.org/10.3390/VACCINES9101186
http://www.ncbi.nlm.nih.gov/pubmed/34133883
https://dx.doi.org/10.1161/CIRCULATIONAHA.121.056038
http://www.ncbi.nlm.nih.gov/pubmed/24140406
https://dx.doi.org/10.1016/j.bbrc.2013.10.042
http://www.ncbi.nlm.nih.gov/pubmed/34133885
https://dx.doi.org/10.1161/CIRCULATIONAHA.121.055891
http://www.ncbi.nlm.nih.gov/pubmed/34407340
https://dx.doi.org/10.1056/NEJMc2109975
https://covid.cdc.gov/covid-data-tracker/#covidnet-hospitalizations-vaccination
https://covid.cdc.gov/covid-data-tracker/#covidnet-hospitalizations-vaccination
https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status
https://covid.cdc.gov/covid-data-tracker/#cases_totalcases
https://covid.cdc.gov/covid-data-tracker/#cases_totalcases


WJV https://www.wjgnet.com 176 July 25, 2022 Volume 11 Issue 4

World Journal of 

VirologyW J V
Submit a Manuscript: https://www.f6publishing.com World J Virol 2022 July 25; 11(4): 176-185

DOI: 10.5501/wjv.v11.i4.176 ISSN 2220-3249 (online)

MINIREVIEWS

Air leaks in COVID-19

Deven Juneja, Sahil Kataria, Omender Singh

Specialty type: Critical care 
medicine

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B, B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Munteanu C, 
Romania; Santulli G, United States 
A-Editor: Yao QG

Received: February 2, 2022 
Peer-review started: February 2, 
2022 
First decision: April 8, 2022 
Revised: April 11, 2022 
Accepted: June 27, 2022 
Article in press: June 27, 2022 
Published online: July 25, 2022

Deven Juneja, Sahil Kataria, Omender Singh, Institute of Critical Care Medicine, Max Super 
Speciality Hospital, Saket, New Delhi 110017, India

Corresponding author: Deven Juneja, DNB, Director, Institute of Critical Care Medicine, Max 
Super Speciality Hospital, Saket, 1, Press Enclave Road, New Delhi 110017, India.  
devenjuneja@gmail.com

Abstract
Coronavirus disease 2019 (COVID-19) continues to create havoc and may present 
with myriad complications involving many organ systems. However, the 
respiratory system bears the maximum brunt of the disease and continues to be 
most commonly affected. There is a high incidence of air leaks in patients with 
COVID-19, leading to acute worsening of clinical condition. The air leaks may 
develop independently of the severity of disease or positive pressure ventilation 
and even in the absence of any traditional risk factors like smoking and un-
derlying lung disease. The exact pathophysiology of air leaks with COVID-19 
remains unclear, but multiple factors may play a role in their development. A 
significant proportion of air leaks may be asymptomatic; hence, a high index of 
suspicion should be exercised for enabling early diagnosis to prevent further 
deterioration as it is associated with high morbidity and mortality. These air leaks 
may even develop weeks to months after the disease onset, leading to acute 
deterioration in the post-COVID period. Conservative management with close 
monitoring may suffice for many patients but most of the patients with pneumo-
thorax may require intercostal drainage with only a few requiring surgical 
interventions for persistent air leaks.

Key Words: Air leak; COVID-19; Pneumothorax; Pneumomediastinum; SARS-CoV-2; 
Subcutaneous emphysema
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Core Tip: Air leaks are an under-recognized and under-reported complication of coronavirus disease 2019 
(COVID-19). Air leaks may also develop in spontaneously breathing patients without any underlying risk 
factors. Because these leaks may be asymptomatic and may even develop weeks to months after the onset 
of disease, a high index of suspicion is warranted to ensure early diagnosis and timely intervention. Still, 
patients with air leaks have poorer overall outcomes with greater need for ventilatory support, longer 
length of hospitalizations, and higher mortality rates. A better understanding of its pathophysiology may 
help in preventing the development of air leaks and improve outcomes.

Citation: Juneja D, Kataria S, Singh O. Air leaks in COVID-19. World J Virol 2022; 11(4): 176-185
URL: https://www.wjgnet.com/2220-3249/full/v11/i4/176.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i4.176

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is a multisystem disorder that can lead to a myriad of complic-
ations. The pathogenesis of respiratory failure is complex and covers different clinical scenarios such as 
pneumonia, acute respiratory distress syndrome (ARDS) with normal to low lung compliance, 
pulmonary embolism, and heart failure. Air leak (AL) injury is a well-documented but rare complication 
of COVID-19, leading to increased morbidity and mortality, particularly in the intensive care unit (ICU) 
setting[1]. AL is a clinical phenomenon associated with the leakage of air from a cavity that contains air 
into spaces that usually, under normal circumstances, do not have air[2]. The AL syndrome (ALS) is the 
presence of AL with associated symptoms of respiratory distress[2]. The AL may be classified as 
pneumothorax (air within the pleural cavity), pneumomediastinum (air in the mediastinum), 
pneumopericardium (air within the pericardial sac), pneumoperitoneum (air within the peritoneal 
cavity), subcutaneous emphysema (air within the subcutaneous tissue), pneumorrhachis (air within the 
spinal canal), and retroperitoneal emphysema (air within the retroperitoneum area).

Because of the possible inherent component of COVID-19, the patients are more prone to develop AL 
than other ICU patients. It can be spontaneous, occurring without any precipitating event, or iatrogenic 
due to invasive or non-invasive mechanical ventilation[1]. Pneumothorax has been reported as the most 
common cause of AL, followed by pneumomediastinum, and subcutaneous emphysema, with a few 
case reports of pneumopericardium and pneumoperitoneum[1,3]. However, pneumomediastinum may 
be under-recognized and under-reported as most patients are asymptomatic, and pneumomediastinum 
may be easily missed in chest X-rays. Some case series have reported that pneumomediastinum may be 
the commonest form of AL and may also be a predictive factor for pneumothorax[4,5].

The literature on AL in COVID-19 patients is limited to case reports, case series, and meta-summaries. 
The data on the guidelines and management of AL does not explicitly address the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2)-infected patients. This review aims to examine the 
breadth of the available literature on this challenging clinical entity concerning the ongoing pandemic, 
its clinical effects, and its management strategies.

EPIDEMIOLOGY
The exact incidence of AL remains uncertain in COVID-19 patients, as most studies on the subject did 
not have a specific imaging protocol for the diagnosis. The reported incidence of AL in patients with 
severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome is 12%-30% and 15%-
30%, respectively[6-8]. However, the incidence is lower (0.6%-1%) among COVID-19 patients, but a 
higher incidence (12.8%-28.6%) has been reported in critically ill patients[1,9]. Compared with non-
COVID-19 acute respiratory distress syndrome (ARDS), the patients with COVID-19 related ARDS 
(CARDS) requiring invasive mechanical ventilation (IMV) had a seven times higher incidence of AL, 
despite using lung-protective mechanical ventilation[10,11].

A retrospective analysis of the SARS-CoV database identified the mean presentation of AL at 19.6 ± 
4.6 d from the onset of symptoms[12]. While most of the data show variability in the onset of AL from 9 
to 19.6 d from the time of COVID-19 admission[9], it has been seen up to 60 d in some case reports[13]. 
In patients requiring IMV, it is generally detected after 4-14 d of its initiation[9].

Risk factors
ALs have been shown to occur more commonly in the older population with COVID-19, and there is a 
higher incidence in males (M:F = 4:1)[3,14,15]. Nevertheless, this age difference could result from the 
selection bias of elderly patients who tend to run a more severe course of COVID-19.

https://www.wjgnet.com/2220-3249/full/v11/i4/176.htm
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While pulmonary diseases like asthma, chronic obstructive airway disease (COPD), interstitial lung 
disease, lung bulla, and a history of smoking are known risk factors for pneumothorax in the general 
patient population, no such correlation has been observed in COVID-19 patients[3,9,13-15]. In fact, 
studies have shown that non-smoking COVID-19 patients have a 5.5 times increased risk of developing 
pneumothorax[15]. Several other risk factors have been reported in different studies, as enumerated in 
Table 1.

PATHOGENESIS
The pathogenesis of SARS-CoV-2 causing AL injuries is complex and not entirely comprehended. 
Whether CARDS represents a typical or atypical form of ARDS remains a matter of debate. The primary 
target site of SARS-CoV-2 is angiotensin-converting enzyme-2 (ACE-2) receptors. The higher affinity of 
ACE-2 receptors for SARS-CoV-2 than that for the SARS coronavirus-1 (SARS-CoV1) may be responsible 
for the high infectivity of the former[16]. ACE-2 receptors are mainly expressed in type II pneumocytes, 
besides the vascular endothelium, myocardium, proximal tubules of the kidneys, and intestines[16]. 
Down-regulation of ACE-2 receptors by SARS-CoV-2 leads to the loss of ACE2 protective function in the 
local renin-angiotensin system of the lung on inflammation, fibrosis, and pulmonary arterial 
hypertension. Endothelial dysfunction plays a pivot role in the pathogenesis of SARS-CoV-2 infection 
by: (1) Unopposed angiotensin II upregulation causing vasoconstriction, increasing the dead space, and 
producing arterial hypoxemia; (2) coagulation and complement system activation, leading to a 
thrombotic macro- and micro-angiopathy; and (3) maladaptive immune response and exaggerated 
inflammatory response[17]. Eventually, these elements cause a lung injury characterized by interstitial 
inflammatory infiltrates, interstitial alveolar edema, hyaline membrane formation, airway inflammation, 
and microvascular thrombosis[1,16,17,18]. These factors increase the frailty of airways and alveoli, with 
early cyst or bullae formation and extensive alveolar destruction, forming cavitary lesions over time, 
mainly in the non-dependent and caudal region. The peripherally located cysts can either rupture 
spontaneously or during positive pressure ventilation (PPV) due to increased alveolar pressures, 
especially in the advanced stages when the lung has undergone fibrotic changes. While PPV may be a 
contributing factor, data suggest that 30-40% of the patients with COVID-19 who developed ALs were 
never on invasive ventilation, suggesting that mechanisms apart from barotrauma may play a 
significant role in the development of AL[3,14].

AL in spontaneously breathing patients
Macklin phenomenon: The marginal alveoli have bases in the bronchi, bronchioles, blood vessels, and 
pleura separated by a connective tissue layer or interstitium. Increased intrathoracic pressure, by 
coughing, vomiting, sneezing, defecation, or in cases of asthma or COPD exacerbation, results in 
increased intra-alveolar pressure and overinflation of the alveoli creating a large pressure gradient 
between the damaged marginal alveoli and lung interstitium. A pressure gradient may also develop 
during the Valsalva maneuver by reducing the calibration of pulmonary vasculature without affecting 
alveolar pressure. This can rupture the marginal alveoli causing the air to leak with centripetal 
dissection along the bronchovesicular sheath towards the lung's hilum and follow to the low-pressure 
mediastinum causing spontaneous pneumomediastinum. Pressure in the mediastinum is relieved by the 
escape of the air into the subcutaneous tissue resulting in subcutaneous emphysema, mainly at the root 
of the neck, as the cervical fascia is continuous with the mediastinum. Air can then further tract to 
various cavities causing pneumothorax, pneumopericardium, and retroperitoneal emphysema 
(Figure 1)[19].

Patient self-inflicted lung injury: Patient self-inflicted lung injury (P-SILI) signifies the possibility of 
lung injury induced by or worsened by the patient's intense inspiratory effort. P-SILI is a vicious cycle as 
worsening lung injury increases the respiratory drive, resulting in further strong respiratory efforts. A 
strong inspiratory effort in a previously injured lung can lead to the following changes[20]: (1) Swings in 
transpulmonary pressure causing the inflation of large volumes, i.e., excessive strain; (2) abnormal 
decrease in the alveolar pressure below the positive end-expiratory pressure (PEEP) during assisted 
ventilation increasing the transvascular hydrostatic pressure, favoring the aggravation of negative-
pressure pulmonary edema; (3) significant regional transpulmonary pressure differences in the 
dependent (posterior) regions than non-dependent (anterior) ones are accompanied by a pendelluft 
phenomenon, an intrapulmonary shift of gas from non-dependent to dependent lung regions at the very 
onset of inspiratory effort, even before the start of ventilator insufflation. These effects lead to regional 
volutrauma and increased cyclic inflation of the dependent regions that were collapsed during 
expiration (atelectrauma); and (4) diaphragm injury caused by injurious eccentric contractions.

Early intubation was recommended earlier during the pandemic; however, with the increasing 
incidence of morbidity and mortality associated with IMV, a trial of high-frequency nasal cannula 
(HFNC) or non-invasive ventilation (NIV) is generally recommended for respiratory support at the 
outset. Although these strategies might delay IMV, they can still contribute to AL injury by increasing P-
SILI. In addition, NIV and HFNC may be associated with a higher incidence of barotrauma than 
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Table 1 Risk factors for air leaks in coronavirus disease 2019

Risk factors Probable mechanism

Comorbidities like hypertension, diabetes mellitus, and morbid obesity By increasing the risk of diffuse alveolar damage

Persistent cough Significant strain by causing sudden alveolar distension

Time from symptom onset Increased risk of P-SILI

Mode of ventilation

Non-invasive: HFNC and NIV Increasing the risk of P-SILI

Invasive mechanical ventilation Ventilation associated lung injury

Corticosteroids Weakening the interstitial tissue, lowering immunity, and impairing healing

HFNC: High frequency nasal cannula; P-SILI: Patient self-induced lung injury; NIV: Non-invasive ventilation.

Figure 1 Macklin effect. A: Macklin effect - Increase in pressure gradient between the damaged marginal alveoli and lung interstitium due to increase in 
intrathoracic pressure and or decrease pulmonary intravascular pressure, leads to alveoli rupture and development of interstitial emphysema; B: Air disseminates in 
the peribronchovascular space up to the pulmonary hila; C: Pnemomediastinum; D: Subcutaneous emphysema; E: Pneumothorax; F: Pneumopericardium; G: 
Retroperitoneal emphysema.

standard low-flow oxygen therapies[21]. Hence, delaying intubation and initiation of IMV may also 
increase the chances of AL. Therefore, the time from symptom onset to intubation is an independent 
predictor of AL development[11].

Secondary bacterial infections may enhance the inflammatory mechanism of lung injury triggered by 
SARS-CoV-2 infection, thus increasing the susceptibility to persistent ALs (PALs). Necrotizing lung 
infections caused by Klebsiella pneumoniae, Staphylococcus aureus, and Aspergillus spp. may also increase 
the susceptibility to AL (Figure 2).

CLINICAL FEATURES
As already stated, ALs generally develop later in the disease course, but a minority of patients (less than 
1%) have been shown to have AL at the initial presentation[15]. Clinical manifestations can vary from 
being asymptomatic to having life-threatening conditions. AL may be an incidental finding in 50% of 
the patients as they may be asymptomatic or have symptoms that might be attributed to disease 
progression rather than AL[3].
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Figure 2 Pathogenesis of air leaks in coronavirus disease 2019. COVID-19: Coronavirus disease 2019; ACE-2: Angiotensin-converting enzyme-2; P-
SILI: Patient self-inflicted lung injury; VILI: Ventilator-induced lung injury.

In some studies, pneumothorax in COVID-19 is primarily unilateral and predominately on the right 
side[1,3]. The most common symptoms of pneumothorax include chest pain and dyspnoea, causing 
respiratory distress and requiring hospital admission, or worsening of pre-existing respiratory 
symptoms with increased oxygen requirement. Chest pain is of sudden onset, often sharp, and stabbing 
type of pleuritic pain, which radiates to the ipsilateral shoulder or arm. The patient might be 
tachypnoeic and tachycardic, with reduced chest movements and absent breath sounds on examination.

Pneumomediastinum is generally benign; however, retroperitoneal chest pain, dyspnoea, coughing 
spells, neck pain, or dysphagia can be present[22]. Mediastinal crunching over the cardiac apex and the 
left sternal border, synchronous with the heartbeat, known as the Hamman's sign, can be heard on 
auscultation. Subcutaneous emphysema causes painless swelling over the neck and chest, which on 
palpation gives a feeling of tissue paper in the hands, known as crepitus. This may be the first sign 
suggestive of an AL. On physical examination, pneumopericardium can be detected by water wheel 
sound ("bruit de Moulin").

Malignant pneumomediastinum, pneumopericardium, or tension pneumothorax can result in 
mechanical obstruction, causing a decrease in venous return, hemodynamic instability, and circulatory 
collapse. This compels a prompt diagnosis and intervention.

CLINICAL EVALUATION
Thorough clinical history and physical assessment remains the key to diagnosing ALs. Apart from 
pulmonary embolism and acute coronary syndrome, a high index of suspicion for ALS is advised in 
COVID-19 patients with acute onset of hemodynamic instability, worsening hypoxemia, and or 
hypercapnia.

Laboratory parameters
As such, there is no single laboratory parameter that may assist in making the diagnosis or confirming 
AL. In patients with SARS-CoV AL, high lactate dehydrogenase (LDH) levels were associated; however, 
in COVID-19 patients, LDH levels are not significantly high, and mixed results are observed[21,23,24]. 
Other laboratory parameters associated with increased incidence of AL are increased serum bilirubin 
and C-reactive protein levels[11]. Arterial blood gases may be helpful to document hypoxemia and 
sometimes hypercapnia. The resultant respiratory distress or shock may lead to hyperlactatemia.
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Imaging
Chest radiography: Chest radiography is the first investigation performed as it is simple, inexpensive, 
and rapid. Chest X-ray has a pooled sensitivity of 52-60% and specificity of 88-95% for diagnosing 
pneumothorax and pneumomediastinum[25]. The best diagnostic film for pneumomediastinum or 
pneumothorax is a lateral chest X-ray, with the affected side up for the latter. However, the lateral view 
is challenging to achieve in the ICU setting. Pneumomediastinum can be differentiated from 
pneumopericardium on chest X-ray as the former shows air around the heart anteriorly (behind the 
sternum) and superiorly lifting the thymus but not below (diaphragmatic border). In contrast, air 
surrounds all the heart's borders in pneumopericardium.

Chest ultrasonography: Ultrasonography is a readily available bedside tool in evaluating critically ill 
patients and is the only imaging modality that allows scouring for reversible causes of non-arrhyth-
mogenic cardiac arrest during ongoing resuscitation. Ultrasound has a pooled sensitivity of 88%-95% 
and specificity of 100% for diagnosing pneumothorax. However, the presence of subcutaneous 
emphysema can affect the accuracy of ultrasound[26]. Features of lung ultrasound for the diagnosis of 
pneumothorax include: Absence of lung sliding (high sensitivity and specificity), absence of comet-tail 
artifact (high sensitivity and low specificity), and presence of lung point (high specificity and low 
sensitivity).

Pneumopericardium and pneumomediastinum are arduously diagnosed by ultrasound. In the case of 
a large pneumopericardium, an echocardiogram shows "no heart" or absent cardiac images, especially 
during systole as the heart is pushed further away from the transducer by the air and then returns with 
diastole. This finding is also known as an "air gap sign" found in pneumomediastinum and pneum-
opericardium, seen using M-mode[27]. One distinguishing factor between the two is the inability to see 
the heart in the subxiphoid view in the case of pneumopericardium. In contrast, the heart is usually well 
visualized in pneumomediastinum due to its direct contact with the diaphragm without an obstructing 
air artifact[28]. However, similar findings are often seen with respiratory interference, which may 
develop if the patient is tachypnoeic. Spontaneous or swirling bubbles may be seen in the pericardial 
space in patients with pneumopericardium. Ultrasonography is heavily operator-dependent, and its 
sensitivity further drops in patients with ARDS. In addition, it cannot be used to discriminate between a 
COPD-associated bleb and pneumothorax.

Computed tomography: Computed tomography (CT) is the gold standard in diagnosing ALs and 
differentiating bullous disease from pneumothorax. Nevertheless, transporting a critically ill patient on 
mechanical ventilation and vasopressors to the imaging facility could be perilous. Also, the risk-benefit 
should be contemplated owing to radiation risk with CT. In addition, the risk of spread of infection 
should also be kept in mind in patients with active COVID-19 disease.

The Macklin effect on lung parenchyma in CT images is a linear collection of air contiguous to the 
broncho-vascular sheath. CT has a sensitivity of 89.2% (95% confidence interval [CI]: 74.6–96.9), 
specificity of 95.6% (95%CI: 90.6–98.4), and accuracy of 94.2% (95%CI: 89.6-97.2) to detect the Macklin 
effect. Macklin's effect on CT can accurately predict AL development in CARDS patients 8.5 d in 
advance[29].

CLASSIFICATION OF SEVERITY 
The most straightforward and widely used technique to quantify AL is asking the patient to cough 
while observing the water column and the water seal column in the chest tube drainage system. During 
this maneuver, no air bubbles in the water seal suggest that pleural space is devoid of air. If the intensity 
of bubbles remains the same on repeated coughs, it is likely to be an active leak. The AL is deemed 
significant if bubbling is even present during normal breathing or while the patient is talking. However, 
this method lacks standardization and validation among observers.

The other most commonly used classification is the Cerfolio system[30], which is also based on 
observation but is less subjective and is a validated classification. It is based on the degree of the leak 
(measured with an AL meter) and the phase of respiration in which it appears (Table 2). However, there 
is no specific classification for AL in COVID-19 patients.

PERSISTENT AIR LEAK
Persistent AL (PAL) refers to the continued airflow from the endobronchial tree to the pleural space, 
which can occur due to an abnormal connection between the pleural space and airways (bronchopleural 
fistula, BPF) or alveolus. An AL is referred to as a PAL when it persists longer than 5–7 d. This typically 
used 5-d cut-off to define PAL was initially derived from the expected length of stay following 
pulmonary resection, where an AL for several days was not uncommon[31,32]. However, some authors 
suggest that an AL in the setting of secondary spontaneous pneumothorax should be considered 
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Table 2 Cerfolio classification of air leaks

Grade Description 

Grade 1, FE During forced expiration only, typically when asking the patient to cough

Grade 2, E During expiration only

Grade 3, I During inspiration only

Grade 4, C Continuous bubbling both during expiration and inspiration 

persistent after 48 h[31]. Although the exact incidence of PAL is unknown, it may be prevalent in 
patients with COVID-19. Before diagnosing PAL, one must inspect the chest tube drainage circuit, as a 
leak in the circuit or malfunctioning three-way stop cock may masquerade as BPF.

MANAGEMENT
The treatment option for COVID-19 associated ALs depends on their type and severity. Currently, there 
are no guidelines for managing ALs in COVID-19 patients. Many patients with ALs may be managed 
conservatively, gradually absorbing the air in the following days. The patient should be closely 
monitored for any clinical deterioration. If possible, PPV should be avoided in such patients, and low-
flow oxygen delivery devices for oxygen supplementation or, if required, an HFNC might be preferable 
over NIV. No independent lung ventilation strategies are consistently effective in expediting the 
resolution of ALs in a patient on PPV. Although reducing the tidal volume, PEEP, and inspiratory time, 
if feasible, can promote closure of the pleural defect[33].

Even though most of the COVID-19 patients with pneumomediastinum and around 30% of patients 
with pneumothorax may be managed conservatively, the remaining patients will require intercostal 
drainage (ICD), and a few will require further surgical intervention[34]. Tension pneumothorax, 
pneumomediastinum, or pneumopericardium can be fatal and require immediate decompression. For 
tension pneumothorax, needle drainage may be performed through the second intercostal space 
anteriorly in the mid-clavicular line, followed by chest tube drainage. For tension pneumomediastinum 
drains on the anterior thoracic wall, and for tension pneumopericardium pericardiocentesis may be 
performed for decompression.

As per British Thoracic Society guidelines, in bubbling chest drains in patients with COVID-19, viral 
filters should be installed onto the suction port of a chest drain bottle. An alternative approach to 
reducing the risk of spread of infection through droplets is the use of digital drain circuits (for example, 
Thopaz+, Medela), though they do not contain a viral filter[35].

Management of PAL
The management of PAL can prove to be a challenging task, with the first step being localization of AL. 
The lack of predictive models to identify patients in whom a resolution of AL is likely to occur conser-
vatively leads to incertitude. As a result, management strategies have been highly variable among 
different centres. There are reports of 80% of cases having been treated conservatively for 14 d with 
success; however, a delay in surgery may detrimentally affect surgical outcomes and prolong hospital 
stay. Therefore, an individualized approach to PAL is suggested to improve patient outcomes[31]. As 
per the two guidelines on the management of PAL, based on the consensus of expert panels, one should 
consider early surgery in case that the AL persists beyond 4 d, followed by pleurodesis to prevent 
recurrence[36,37]. However, surgical repair may not be feasible in critically ill patients with CARDS due 
to a further increase in morbidity or mortality. In the case of an expected conservative resolution, ICD 
for a prolonged duration may be preferred[3]. The other promising option is the bronchoscopic 
placement of a one-way endobronchial valve, which appears to be a reasonable minimally invasive 
therapeutic option with a high success rate. Again, the risk of spread of infection while performing 
bronchoscopy should be considered in patients with active COVID-19. Autologous blood pleurodesis, 
Heimlich valve positioning, and albumin-glutaraldehyde tissue adhesives are additional less invasive 
options for recurrent and refractory cases[38].

Negative pressure suction 
It is common to apply negative suction to chest tubes to enhance pleural apposition. There is no 
unanimity on whether or not applying suction to the chest tube is beneficial or hazardous. A water seal 
is usually not helpful or even contraindicated in patients with severe restrictive lung disease and a 
substantial risk of bleeding. An "alternate suction" protocol with suction pressure of –10 cm H2O during 
the night and water seal only during daytime appears to be a safe option in such patients. It may 
decrease AL or chest tube duration in patients without a relevant pneumothorax, progressive 
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subcutaneous emphysema, or cardiorespiratory deterioration[39]. There is no data regarding the use of 
suction in COVID-19 patients. While managing COVID-19 patients, if no viral filter is attached to the 
suction port, the drainage system can be placed on suction with a suction canister, and the medical gas 
vacuum lines exhaust providing negative pressure.

PREVENTION OF AIR LEAK SYNDROME
As the development of AL is associated with substantial morbidity and mortality, every measure should 
be taken to prevent AL. If the CT scan demonstrates the Macklin effect, such patients should take extra 
care to avoid further damage, e.g., avoiding PPV, avoiding high airway pressure, and favoring extracor-
poreal technologies instead.

Conceptually, HFNC could limit P-SILI risks compared to NIV, but the tidal volume in the former is 
difficult to monitor. Also, clinicians should be aware that HFNC may be associated with a higher 
incidence of barotrauma than the standard, low-flow oxygen therapies, which should be preferred if the 
patient's condition allows.

In patients on IMV, using a lung-protective ventilation strategy by reducing the alveolar pressure and 
distension reduces the risk of developing pneumothorax. Judicious use of neuromuscular blockers in 
patients with high airway pressures or those with patient-ventilator dyssynchrony may also reduce the 
chances of AL by reducing the negative pressure and shear stress in the pleural cavity.

An excessive and insufficient respiratory effort may result in deleterious anatomical and functional 
modifications of the diaphragm. Thus, if feasible, using lung and diaphragm protective ventilation 
simulates a normal inspiratory effort, which also benefits early weaning by reducing the sedation 
requirement. Transposing this notion into clinical practice needs assessment of the patient's inspiratory 
effort and potentially perilous patient-ventilator interactions, which may be significantly facilitated by 
oesophageal pressure (Pes) monitoring. If Pes is unavailable, meticulous clinical assessment and 
analysis of tidal volume, flow, and airway pressure waveforms from the ventilator can help detect 
situations at risk of P-SILI. Nonetheless, no clinical study has demonstrated improved patient outcomes 
by limiting P-SILI risk[20,40].

Lastly, timely application of extracorporeal carbon dioxide removal and extracorporeal membrane 
oxygenation with lung-protective ventilation strategy may play a key role in preventing pneumothorax 
in critically ill patients with severe ARDS and refractory hypoxemia.

OUTCOME
The overall prognosis of patients with AL is guarded. The development of AL has been associated with 
a higher need for IMV, prolonged hospitalization, and higher in-hospital mortality[1,9,13]. High 
mortality rates ranging from 40% to 74% have been reported. Patients with pneumothorax have been 
reported to have higher mortality than patients with pneumomediastinum. Also, patients developing 
AL while on PPV may have higher mortality rates[1,3,9,33].

CONCLUSION
As our clinical knowledge of COVID-19 expands, we must recognize that AL is not an uncommon 
complication of COVID-19. It is likely a sequela of COVID-19 progression resulting from an inflam-
matory insult and increase in respiratory effort that may foist changes within the lung parenchyma. A 
high level of clinical suspicion is merited for an early diagnosis as most patients are asymptomatic, and 
it should be suspected when there is sudden respiratory or hemodynamic deterioration. One should be 
vigilant when choosing to continue oxygen therapy via various oxygen delivery devices in patients with 
a high respiratory drive, as P-SILI can aggravate the disease progression, especially in patients who 
have evidence of Macklin effect on CT. Patients with AL may be managed conservatively but under 
strict observation. ALS is associated with increased morbidity and mortality, especially in the elderly 
and patients on IMV despite lung-protective ventilation.
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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) pandemic has brought fundamental 
changes to our problems and priorities, especially those related to the healthcare 
sector. India was one of the countries severely affected by the harsh consequences 
of the COVID-19 pandemic.
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AIM 
To understand the challenges faced by the healthcare system during a pandemic.

METHODS 
The literature search for this review was conducted using PubMed, EMBASE, Scopus, Web of 
Science, and Google Scholar. We also used Reference Citation Analysis (RCA) to search and 
improve the results. We focused on the published scientific articles concerned with two major vital 
areas: (1) The Indian healthcare system; and (2) COVID-19 pandemic effects on the Indian 
healthcare system.

RESULTS 
The Indian healthcare system was suffering even before the pandemic. The pandemic has further 
stretched the healthcare services in India. The main obstacle in the healthcare system was to 
combat the rising number of communicable as well as noncommunicable diseases. Besides the 
pandemic measures, there was a diversion of focus of the already established healthcare services 
away from the chronic conditions and vaccinations. The disruption of the vaccination services may 
have more severe short and long-term consequences than the pandemic’s adverse effects.

CONCLUSION 
Severely restricted resources limited the interaction of the Indian healthcare system with the 
COVID-19 pandemic. Re-establishment of primary healthcare services, maternal and child health 
services, noncommunicable diseases programs, National Tuberculosis Elimination Program, etc. 
are important to prevent serious long-term consequences of this pandemic.

Key Words: COVID-19; Healthcare system; Pandemic; India; Healthcare services
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Core Tip: The interaction of the Indian healthcare system with the coronavirus disease 2019 pandemic was 
limited by restricted resources. Lack of infrastructure, low percentage of gross domestic product 
expenditure on health, and deficiency of skilled manpower play a critical role in the healthcare system to 
manage infectious diseases, noncommunicable diseases and maternal and child health services.
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Shah A, Sachdeva V. COVID-19 pandemic effects on the distribution of healthcare services in India: A systematic 
review. World J Virol 2022; 11(4): 186-197
URL: https://www.wjgnet.com/2220-3249/full/v11/i4/186.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i4.186

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic, since its start at the end of 2019 in Wuhan, China, 
has changed the face of our planet. The pandemic affects almost every detail in our daily life, from 
dietary consumption to education and obviously to healthcare utilization, the primary sector affected by 
the pandemic[1]. The evolution of the pandemic has created extra challenges to the different healthcare 
sectors across the world, either those dealing with patients directly or those responsible for logistic 
supplies to the healthcare facilities[2]. The healthcare sectors in the developing countries were especially 
affected, suffering from the limited public health infrastructure and medical supplies even before the 
pandemic[3-5]. In India alone, COVID-19 infected > 10 million citizens, and > 45000 had died by the end 
of September 2021, and the number is increasing every day[6].

The strain and fast changes created by the pandemic have put the Indian healthcare services in an 
impending collapse due to the destructive waves of the pandemic[7]. Before the pandemic, the Indian 
healthcare services were struggling to meet the primary healthcare (PHC) demands of the public 
affected by a variety of communicable diseases and noncommunicable diseases (NCDs)[8]. Besides 
COVID-19, other medical conditions with a public health concern like acquired immune deficiency 
syndrome, tuberculosis (TB), and malaria outbreaks continue to pose a strain on the healthcare services 
and continuous monitoring is required to detect and manage these conditions at an early stage[9]. Also, 
NCDs are now the leading cause of death in India, accounting for about 60% of all deaths across the 
country[10]. The emergence of the COVID-19 pandemic at the end of 2019 has forced many secondary 
and tertiary healthcare centers designated to receive millions of daily patients to be dedicated only for 
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COVID-19 presumptive cases. These effects have created a huge gap in the provision of healthcare 
services in managing chronic cases[11].

A recent multicenter survey conducted by Raman et al[12] has demonstrated that the COVID-19 
pandemic has a significant negative effect on healthcare providers with an exaggerated feeling of 
inadequacy: [odds ratio (OR) = 3.015], inappropriateness: (OR = 2.225), and discontinuity of care: (OR = 
6.756) together with associated depression and social loneliness. India, which was already suffering 
from an unacceptably high maternal mortality rate of 41.4 per 1000 live births in 2013, developed a 
significant interruption in the maternal and child health services during the pandemic[13,14]. This 
negative effect has extended to almost all established maternal/child healthcare services, including 
antenatal care and immunization services. For instance, some regions have demonstrated a decrease in 
institutional deliveries by about 2.26%. Antenatal health services were badly affected, with a decline 
estimated to be 22.9%[15]. Prenatal care visits in China have dropped, healthcare infrastructure has been 
stretched, and possibly damaging practices have been introduced with insufficient proof[16]. Garg et al
[15] has demonstrated that PHC services were severely disrupted. They have also surveyed the 
readiness of PHCs across India and demonstrated a severe shortage in infection control measures, i.e., 
infection prevention and control. Twenty-nine of 51 participating PHCs had inadequate ventilation in 
the workplace, while NK95 masks were available only in half of the centers[15,17]. During the pandemic 
in Australia, healthcare utilization fell by roughly a third, with significant variance, and with more 
considerable decreases among persons with less severe disease[18].

This narrative review discusses the different factors associated with the unavailability of resources in 
healthcare facilities during the COVID-19 pandemic in India. We also highlight how the deficiency of 
PHC services may contribute to the sustainability of the COVID-19 pandemic in India.

MATERIALS AND METHODS
The review was carried out through the following methodological steps (Figure 1). Different search 
terms related to the Indian healthcare system formulated two health strategies. The first health strategy 
was used to target the characteristics of the Indian healthcare system before the pandemic together with 
its associated challenges, which include: (((("India"[Mesh]) AND "Delivery of Health Care"[Mesh]) OR 
"Community Health Planning"[Mesh]) OR "Health Services"[Mesh]) AND "Epidemiology"[Mesh]. The 
second health strategy was centered on the Indian healthcare system and health situation during the 
pandemic using the following terms ((("India"[Mesh]) OR ("COVID-19"[Mesh] OR "SARS-CoV-
2"[Mesh])) AND "Delivery of Health Care"[Mesh]) OR "Delivery of Health Care, Integrated"[Mesh]. 
PubMed, EMBASE, Scopus, Reference Citation Analysis (RCA), Web of Science, and Google Scholar 
were used to search the related literature. We also employed Reference Citation Analysis, an open 
multiple disciplines citation analysis database powered by artificial intelligence technologies. All of the 
papers were stacked and screened initially by title to categorize the papers into eligible or noneligible. 
Eligible literature was further screened using full text to exclude any irrelevant information. References 
of the relevant studies were also screened to track any missed helpful literature. The above 
methodology was consistent with the previously reported methodology of narrative reviews studies.

RESULTS
The healthcare situation in India before the pandemic
India has a large and diverse healthcare system that suits the cultural diversity of the community[5]. 
The healthcare system in India was initially built to ensure that all citizens have access to essential 
healthcare services regardless of their socioeconomic status[19]. However, the ambitious healthcare 
system plans were not associated with considerable funds from the governmental agencies. In 2015, 
India spent only 1.2% of its gross domestic product (GDP) on health, considered among the lowest in 
the world[20]. The inadequacy of government healthcare services has resulted in the simultaneous 
evolution of the private health sector[21]. Subsequently, India has one of the highest proportions of 
household out-of-pocket expenditures on health globally, estimated at 71.1% in 2008-2009[22]. In 
addition, India has the lowest doctor-patient ratios as it has one doctor for 1000 and a specialist for 
every 1445 people[23]. The low healthcare expenditure in India had a severe negative impact on health 
status even before the COVID-19 pandemic. The pandemic further stretched the fragile nonimmune 
Indian healthcare system, leading to a collapse in providing healthcare services in order to contain 
COVID-19.

Among its 1.3 billion citizens, NCDs are responsible for 5.78 million (60%) of all deaths in India each 
year. The significant NCD-related deaths are usually attributed to cardiovascular disease, cancer and 
diabetes[24]. The rising NCD trend is a common phenomenon seen in developing countries where rapid 
urbanization leads to an overall economic improvement and has considerable adverse effects on public 
health[25]. The Indian health system has adopted multiple changes aiming to bring down NCD-related 
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Figure 1 PRISMA flowchart.

mortality by < 25% by 2025[26]. Although some progress has been achieved in decreasing tobacco and 
alcohol consumption, an increasing trend was found for overweight and obesity among Indian adults 
aged 15-49 years[24]. Reddy and Kar[26] have demonstrated that the Indian Government’s efforts were 
insufficient to achieve its ambitious targets by 2025, even before the pandemic.

Since the start of the epidemiological transition in 1970, there have been significant changes in the 
pattern of different diseases across every state in India[27]. Omran’s theory[28,29] describes the 
epidemiological transition as a shift in the causes of morbidity and mortality, primarily from infectious 
diseases to NCDs. However, the situation was different in India, where the burden of NCDs has been 
added to the burden of infectious disease, resulting in a double burden on the undeveloped Indian 
healthcare system[27,30]. In India, the epidemiological transition has led to the development of a new 
theory based on the concept of the double burden of both infectious diseases and NCDs[31]. The burden 
of communicable diseases has declined from 47.7% to only 22.1% between 1970 to the mid-1990s[31].

Even after 40 years from the start of the epidemiological transition in 2011, infectious diseases still 
pose a challenge to the Indian health system and account for about 30% of the disease burden[32]. It was 
estimated that an Indian citizen had a 15 times greater burden of infectious diseases than United 
Kingdom citizens in 2004 and that about 30% of the disease burden in India is attributable to infections
[32]. The lack of strong staple public healthcare infrastructure has contributed largely to stagnation of 
the infectious disease burden in addition to the burden of NCDs[30,32]. For instance, in 2009, India 
recorded about 2 million new cases of TB, which is considered one of the highest incidences globally
[32]. After 10 years in 2019, India reported about 2.9 million new cases of TB, contributing to about 27% 
of all TB cases worldwide[33]. However, India started its TB control program early, in 1960, but failed to 
significantly reduce the incidence of new TB cases compared to other countries with similar epidemi-
ological transitions[34,35]. Concerns have been raised about the spread of TB and NCDs, specifically, 
diabetes mellitus, which are associated with a more fulminant course of TB[36,37].

Besides TB, multiple endemic infections affect Indian cities and states, such as cutaneous anthrax, 
dengue fever, malaria, cholera and viral hepatitis (A and B)[38-43]. Some of these infections are substan-
tially preventable by vaccines[44]. Unfortunately, India contributes to about 10% of 20 million 
unimmunized and partially immunized populations[45]. Additionally, India is considered to have one 
of the largest rates of endemic hepatitis B, with the second largest burden of chronic hepatitis B, with > 
50 million cases[46]. Despite being integrated into the Indian National Immunization Program in 2011, 
about 23.2% of children aged 5–8 years were vaccinated against hepatitis B virus[47]. Different causes 
have been proposed behind the low vaccination coverage of hepatitis in India; for instance, major causes 
are related to the poor management of the available health resources such as poor record-keeping, 
improper management of vaccine stocks and lack of inventory control, lack of staff training, and use of 
multidose vials. Strikingly, healthcare workers have been reported to be reluctant to open a vial of the 
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vaccine when there are a few children to be vaccinated for fear of wastage[48]. It is well noted that even 
before the COVID-19 pandemic, India’s healthcare system was strained between the pre-existing 
communicable disease challenges and the evolving NCD pattern created by the epidemiological 
transition. All of the above challenges are further aggravated by the limited Government funds 
allocated to developing the healthcare system (Figure 2).

DISCUSSION
COVID-19 situation in India
The number of people infected with COVID-19 has exceeded 9 million since the report of the first cases 
in the state of Kerala on January 30, 2020[1,6]. Following this, the country has witnessed a drastic 
increase in the total number of reported cases. The recovery rate across India was 80.83% as of 
September 22, 2020, with a case fatality rate of 2.82% as of June 1, 2020[49]. The development of the 
pandemic has primarily affected the rapidly developing Indian economy with shrinkage of the GDP by 
about 23.9% in April-June 2020[50]. Today, Indian citizens continue to be frightened into compliance 
and are afraid to restart their lives normally. Although many states of India have flattened their COVID-
19 infection curve, authorities across the nation are now in fear from the onset of other subsequent 
waves of the COVID-19 pandemic secondary to a decreased commitment of health directives of taking 
precautionary measures, i.e., social distancing and wearing face masks. Government authorities have 
advised citizens to take precautionary measures like social distancing and wearing masks during public 
gatherings. Furthermore, a few states, such as Maharashtra, Rajasthan and Gujarat, have introduced 
new restrictions such as travel restrictions and night curfew to battle the subsequent waves of the 
COVID-19 pandemic[50].

Lack of health resources to fight the COVID-19 pandemic
In India, besides the chronic shortage of healthcare workers, there were significant deficiencies in 
different domains of healthcare services and their logistic determinants[51]. For instance, healthcare 
facilities have severe deficiencies in infection control measures, i.e., advance infection prevention and 
control facilities to contain infected patients and prevent the spread of COVID-19. In 2010, the Indian 
Government adopted national guidelines on airborne infection control in healthcare facilities with a 
special focus on preventing TB transmission[52]. Five years later, a baseline survey of healthcare 
facilities has demonstrated poor adherence to infection control measures aimed to control airborne 
infection[53]. Multiple studies have demonstrated several loopholes in the infection control policy, 
including insufficient training of staff, unavailability of protective masks, poor compliance to personal 
protective practices by health workers, i.e., proper use and disposal of personal protective equipment 
(PPE) and other control measures, inadequate disinfection, and sterilization of equipment, lack of health 
workers surveillance, lack of counseling of cough etiquette and sputum disposal at registration of 
hospitals[54-56].

In 2020, Indian health authorities recently updated the comprehensive national guidelines for 
infection control[51]. However, infection control measures across different PHC centers in Indian 
districts were grossly deficient, especially related to airborne infection[15]. The shortage was limited to 
the infection control measures, but it further extended to the PPE intended to protect the workforce 
from infection during the COVID-19 pandemic. It is reported that there is a persistent dearth of PPE in 
two private hospitals in Mumbai[57]. Reports from different areas across India have reported that 
doctors treat patients suspected of severe acute respiratory syndrome coronavirus 2 infection without 
masks or with less-protective surgical masks instead of recommended NK95 masks for healthcare 
providers[58]. Unfortunately, the shortage of PPE and high demands have forced healthcare workers to 
reuse or extend the use of PPE, which increases their risk of COVID-19[59]. The above behavior, despite 
being expected, highlights a lack of proper knowledge and training regarding infection control 
measures, usage of PPE, and their proper disposal. In fact, it is one of the rights of healthcare workers to 
be adequately trained before exposure to COVID-19 patients[60]. The lack of essential training of 
healthcare workers has been reported in several South Asian countries, including India[61]. Multiple 
studies have highlighted suboptimal knowledge and practice regarding infection control measures 
across Indian health workers[62,63]. Raj et al[54] have reported that only less than half of the healthcare 
workers of Kerala, India, were trained on proper infection control practices.

COVID-19 pandemic and provision of childhood and maternal healthcare services
The growing distribution of the pandemic across different countries has delayed or even stopped the 
basic childhood vaccination programs as a response to the lockdown or the stretching of the healthcare 
resources as a response to the COVID-19 pandemic[64]. The World Health Organization (WHO) has 
reported that > 80 million children did not receive routine vaccination globally[65]. This may have 
serious long-term consequences even more than COVID-19 itself. For instance, the evolution of the 
Ebola outbreak in Africa resulted in halting multiple essential healthcare services, which increased 
mortality related to several other infections, including TB, human immunodeficiency virus, and measles 
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Figure 2 Challenges faced by healthcare system during coronavirus disease 2019 pandemic. COVID-19: Coronavirus disease 2019; GDP: Gross 
domestic product; NCDs: Non-communicable diseases; IMR: Infant mortality rate; MMR: Maternal mortality ratio.

which have exceeded the mortality rate from Ebola[66].
In India, the evolution of the pandemic has initially enforced complete stoppage of the whole 

childhood vaccination programs secondary to the major lockdown. It was estimated that about 27 
million children missed diphtheria tetanus pertussis, resulting in a 40% increase in mortality in the next 
year. It has also been estimated that there is an expected 49000 child deaths and 2300 maternal deaths 
within a month if the PHC services continue to be disrupted[67,68]. As a response, the Indian 
Government has approved the continuation of the vaccination services and consider it an essential 
health service[69]. The resumption of the immunization activities was based on the WHO guidelines to 
minimize both morbidity and mortality from other diseases[70,71].

Maternal healthcare services have also been severely affected by the development of the pandemic. 
Globally, healthcare services have restricted pregnant women’s access to healthcare facilities for fear of 
virus transmission and the unknown adverse effects on the newborn, considering the Zika virus in the 
background[72,73]. The Health and Family Welfare Ministry has declared pregnant women as high risk 
during the COVID-19 pandemic and provides guidelines to provide essential maternal healthcare 
services to pregnant women, including the suspected and confirmed cases of COVID-19[74]. Goyal et al
[75] have demonstrated a 45.1% decline in deliveries during the pandemic at their center. They have also 
noticed a surge in the number of high-risk pregnancies to about 7.2%. Additionally, more than one-third 
of women had no or inadequate prenatal visits, with more than half of them mentioning the lockdown 
as a cause of inadequacy of antenatal care.

Effects of COVID-19 pandemic on management of patients with chronic diseases
Since reporting the first case of COVID-19, patients with chronic disease have had significant difficulties 
accessing their routine healthcare services worldwide[76]. The presence of chronic conditions like 
chronic kidney disease, cardiovascular disease, hypertension, diabetes mellitus, chronic obstructive 
pulmonary disease, and malignancy in a patient with COVID-19 has been tied to poorer outcome with 
about 10-fold higher risk than those without associated comorbidity[77,78]. WHO has reported that half 
of 163 countries have attempted partial or complete disruption of healthcare services for hypertension, 
diabetes mellitus, and related complications during the pandemic. Additionally, one-third of the 
countries have reported disruption of healthcare services designated for cardiovascular emergencies
[79].

Low- and middle-income countries have sustained considerable difficulty in assuring access to 
healthcare services to patients with chronic conditions compared with western countries[80]. Pati et al
[81] conducted a community-based study in Odisha, India, and found that 43% of the patients with 
comorbid conditions have reported difficulty in accessing healthcare services. They have also reported 
that the most challenging problem was the physician consultation, accounting for 43% of cases. Another 
telephone-based survey targeting more than 1000 chronic patients reported that > 80% of the 
participants found it challenging to access healthcare services, and 17% of the participants found it 
difficult to obtain their medications. The same study also reported that > 50% of the participants 
reported a loss of income, and 38% had completely lost their jobs[82]. These clear negative impacts have 
forced health authorities to search for more cost-effective approaches to continue healthcare services to 
those patients with chronic medical conditions.
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Telemedicine is defined by the WHO as the delivery of healthcare services, where distance is a critical 
factor, by all healthcare professionals using information and communication technologies for the 
exchange of valid information for the diagnosis, treatment and prevention of disease and injuries, 
research, and evaluation, and for the continuing education of healthcare providers, all in the interests of 
advancing the health of individuals and their communities[83]. Before the COVID-19 pandemic, India 
had a few worthy examples of telemedicine models, including mammography services at Sri Ganga 
Ram Hospital, Delhi, and oncology at Regional Cancer Center, Trivandrum[84,85]. During the COVID-
19 pandemic, the contribution of telemedicine in healthcare management has been highlighted. Kumar 
et al[86] reported that 71.43% of the orthopedic patients were managed without needing any physical 
visits to the outpatient clinics. Additionally, they have reported that 92% of the patients were satisfied 
with the telemedicine intervention.

Health-centered solutions learned from the COVID-19 pandemic
The catastrophic health expenditure of < 2% of GDP in India must be increased at least to meet the 
expenditures of the surrounding developing Asian countries[87]. The COVID-19 pandemic has 
indicated that dependence on the private healthcare sector, assuming that an increase in the overall 
income of the individuals can cover their health expenditures, cannot be a good approach to healthcare 
management[88]. India also needs to establish a national stock level of PPE and other essential medical 
supplies like ventilators together with an efficient network to monitor and deliver upon need[89]. 
Learning from other Asian neighbors, both Taiwan and Singapore have established a similar network of 
PPE management which proved to be critical and efficient in the PPE management during the pandemic
[90,91].

Establishing national manufacturing units is also essential to maintain an adequate supply to the 
Indian hospitals and other healthcare facilities even at times of global catastrophes. The enhancement of 
local manufacturing on a mass scale should be essentially accompanied by maintaining the ban of PPE 
exportation[89,92]. Together with providing adequate equipment to fight the pandemic, there is an 
impending need to enhance and maintain the training of healthcare workers regarding critical topics 
like infection control practices[93]. Diwan et al[94] have reported that attending training sessions have 
significantly impacted and improved hand hygiene among healthcare workers in rural India. In 
adjacent countries/territory like Singapore, Japan and Hong Kong, a high level of readiness of 
healthcare workers has played a critical role in early controlling the pandemic[95].

Besides empowering the healthcare system, it is also essential to engage the healthcare professionals 
in decision-making to avoid collateral, sometimes fatal, damage of halting essential services like 
vaccination and maternal healthcare services even for a short period. Establishing and empowering 
telemedicine is another crucial lesson that should be considered in the future. Integration of 
telemedicine even after the pandemic should be encouraged and continue as it has proved to be 
effective in the diagnosis, management of chronic disease, and guiding the treatment for different 
medical conditions in a cost-effective way[96,97].

RCA was used in this manuscript to improve the results and highlights[98].

CONCLUSION
During the COVID-19 pandemic, India’s healthcare system is overstretched in terms of resources, with 
all essential healthcare services, including maternal and child healthcare services, jeopardized. India 
needs to increase the investment and proportion of GDP in developing and improving its universal 
healthcare system to accommodate future pandemics/disasters or outbreaks. Intersectorial coordination 
and partnership with private entities, at a fast pace, are needed to meet the demands of the healthcare 
delivery system and provide universal standard healthcare to every citizen of India.

ARTICLE HIGHLIGHTS
Research background
India was one of the countries worst hit by the  devastating effects of the coronavirus disease 2019 
(COVID-19) pandemic. The healthcare system was unable to manage the situation.

Research motivation
The underperformed healthcare system during the pandemic exposed the crisis.

Research objectives
To identify the challenges faced by the Indian healthcare system during the pandemic.
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Research methods
The review was conducted using a literature search from the database of PubMed, Web of Science, 
EMBASE, Scopus, etc. The main focus was on the Indian healthcare system and the impact of a 
pandemic.

Research results
The Indian healthcare system was already under pressure before the pandemic. The overburden of 
patients and essential health services were not handled efficiently. Many healthcare facilities were 
lacking the basic standards of patient care. The vaccination and chronic disease services were hampered 
due to the shifting of focus to COVID-19.

Research conclusions
Universal Health Coverage should be provided to each person. Increase in percentage expenditure of 
gross domestic product for the health sector, escalate infrastructure development, and increment of 
skilled manpower required.

Research perspectives
To meet the incremental demand in health care services during and after the pandemic, India needs to 
invest more in this sector with a goal of Universal Health Coverage.
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Abstract
BACKGROUND 
Persistent hiccups, lasting more than 48 h, have been described as an atypical 
presentation of coronavirus disease 19 (COVID-19) in the general population. To 
the best of our knowledge, this is the first report of persistent hiccups and non-ST 
elevation myocardial injury (NSTEMI) as an atypical presentation of COVID-19 in 
a peritoneal dialysis (PD) patient.

CASE SUMMARY 
A 70-year old man, who had been on PD for 3 years with a history of ischemic 
heart failure and reduced ejection fraction, presented for a scheduled radionuclide 
myocardial scan. Upon arrival, he complained of anorexia, nausea for 5 d, and 
unremitting hiccups for the previous 48 h. Clinical and laboratory examinations 
revealed an NSTEMI plus a positive nasopharyngeal reverse transcriptase 
polymerase chain reaction testing for severe acute respiratory syndrome 
coronavirus 2. COVID-19 lung involvement was mild and was resolved without 
specific treatment. Myocardial injury was managed by coronary catheterization 
and stenting, while hiccups responded only to baclofen per os.

CONCLUSION 
Persistent hiccups and NSTEMI can be atypical presentations of COVID-19 in 
peritoneal dialysis patients, which may be due to involvement of the central 
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nervous system and myocardial injuries.
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Core Tip: A 70-year old man with end-stage kidney disease on peritoneal dialysis, presented for a 
scheduled myocardial scan due to ischemic heart failure. Upon arrival, he complained of persistent hiccups 
during the last 2 d along with anorexia and vomiting for the last 5 d. He was diagnosed with coronavirus 
disease 2019 (COVID-19) and non-ST elevation myocardial infarction (NSTEMI). Hiccups and NSTEMI 
are postulated to represent atypical COVID-19 manifestations involving the nervous system and the heart.

Citation: Bacharaki D, Giannakopoulos P, Markakis K, Papas C, Theodorou A, Zoi V, Tsivgoulis G, Lionaki S. 
COVID-19 presenting with persistent hiccup and myocardial infarction in a peritoneal dialysis patient: A case 
report. World J Virol 2022; 11(4): 198-203
URL: https://www.wjgnet.com/2220-3249/full/v11/i4/198.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i4.198

INTRODUCTION
The usual presentation of coronavirus disease 19 (COVID-19) includes fever and cough in the general 
population and in dialysis patients[1]. Gastrointestinal symptoms including anorexia, nausea, and vomit 
have also been described, although more rarely than in chronic renal patients[2]. Persistent hiccups, i.e., 
lasting more than 48 h, have been infrequently described in the general population with COVID-19[3,4]. 
To the best of our knowledge, this is the first case of COVID-19 presenting with persistent hiccups and 
non-ST elevation myocardial injury (NSTEMI) in a peritoneal dialysis (PD) patient.

CASE PRESENTATION
Chief complaints
A 70-year-old man with end-stage kidney disease (ESKD) maintained on PD, presented in April 2021 for 
a scheduled myocardial scan, having ischemic heart failure with reduced ejection fraction (35%). Upon 
arrival, he complained for anorexia, nausea, and vomit tendency and unremitting hiccups.

History of present illness
Gastrointestinal (GI) symptoms started 5 d ago and persistent hiccups 2 d ago, preventing him from 
eating and considerable sleeping. He denied any abdominal pain, stool change, cloudy PD fluids, fever, 
chest discomfort, symptoms suggestive of gastroesophageal reflux, or change of his custom PD regimen. 
His medications included metoprolol, monosorbide, ramipril, simvastatin/ezetimibe, furosemide, 
acetylsalicylic acid, pantoprazole, folic acid, and darbepoetin injections. He denied any new drug 
initiation or new dietary habits.

History of past illness
The patient’s past medical history was significant for cardiorenal syndrome following myocardial 
infarction in 2000, with coronary angioplasty and stent insertion, arterial hypertension, dyslipidemia, 
and a recent diagnosis (one month) of seronegative rheumatoid arthritis. Notably, 15 d prior to 
presentation, he had been admitted due to anemia (hemoglobin fall to 7.7 g/dL), nausea, and appetite 
loss, all attributed to recent initiation of leflunomide 10 mg daily for rheumatoid arthritis. At that time, 
C reactive protein was 141mg/L (reference < 6 mg/L), white blood cell count 6280/μL, serum urea 89 
mg/dL, creatinine 6.5 mg/dL, and ferritin 642 ng/mL.

He was managed with red blood cells infusions and discontinuation of leflunomide. He was 
discharged in 2 d with Hb 9.4 g/dL, stable high sensitive troponin 209 pg/mL (reference < 14 pg/mL, 
while the patient’s high sensitive troponin routine assessment values were between 255-430 pg/mL), 
free of gastrointestinal symptoms, with good appetite and negative nasopharyngeal reverse 
transcriptase polymerase chain reaction (RT-PCR) testing for severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2).

https://www.wjgnet.com/2220-3249/full/v11/i4/198.htm
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Personal and family history
ESKD due to cardiorenal syndrome; PD initiated 3 years ago; carpal tunnel syndrome diagnosed 1 year 
ago; former truck driver; and no special family history.

Physical examination
Physical examination revealed a weight loss of nearly 2 kg (74 kg), temperature of 36.5 °C, oxygen 
saturation 98% on room air, and low blood pressure (117/73 mmHg, heart rate 90 beats per minute in 
sitting position). No signs of peripheral edema nor pulmonary congestion were noted. Abdominal 
examination was negative, as was heart and lung auscultation. The patient appeared ill with persistent 
hiccups, weakness, anorexia, and vomit tendency, in contrast with his relatively good clinical condition 
on discharge 13 d ago.

Laboratory examinations
Peritoneal dialysis fluid analysis revealed a normal cytology and biochemistry and negative Gram 
staining. Serum laboratory examination revealed C reactive protein of 36.8 mg/L, hemoglobulin of 9.8 
g/dL, white blood cell count 4530/μL (neutrophils 58%, lymphocytes 28%), stable serum urea and 
creatinine, ferritin 855 ng/L, but troponin elevation to 1650 pg/mL.

Electrocardiography showed a sinus rhythm with left bundle branch block, not different compared to 
previous tracings while echocardiography revealed worsening of ejection fraction to 25%. Routine 
nasopharyngeal RT-PCR arranged upon admission revealed a positive result and he was transferred to 
the COVID clinic.

Imaging examinations
Due to severe co-morbidities and a positive RT-PCR test for SARS-CoV-2, chest computed tomography 
was performed, showing signs of mild COVID-19 pneumonia, i.e., less than 10% degree of lung infilt-
ration in the right upper lobe, as small areas of ground glass opacities and small areas of atelectasis 
(Figure 1).

FINAL DIAGNOSIS
Mild COVID-19 pneumonia; NSTEMI; and persistent hiccups due to SARS-CoV-2 nervous system 
involvement.

TREATMENT
Due to mild pneumonia, the patient did not receive any specific treatment for COVID-19. Regarding 
NSTEMI, he received dual antiplatelet therapy and Enoxaparin subcutaneously on a daily basis. He 
continued his usual ambulatory PD regimen of four daily glucose-based PD exchanges, 2000 mL each 
(glucose 1.5% and 2.25% alternating) with a daily ultrafiltration of 1000-1200 mL. Due to persistent 
hiccups and anorexia that prevented him from eating and drinking, he received intravenously one liter 
of semi-isotonic glucose solution daily with potassium supplementation. Metoclopramide injections 
three times per day were prescribed for hiccups and then replaced by Chlorpropamide 25 mg three 
times per day after 2 d of intractable hiccups. On the 7th day, Baclofen tablets was given orally, at a dose 
of 10 mg per os daily for 5 d.

OUTCOME AND FOLLOW-UP
Upon initiation of baclofen tablets, the patient’s hiccups improved significantly and they ceased 
completely within 48 h. As a result, the patient was able to eat and sleep, claiming to be in good 
condition despite NSTEMI and COVID-19. He remained euvolemic with stable arterial pressure records 
(around 110/70 mmHg, 70 pulses/min). He did not experience any chest discomfort and his troponin 
values gradually fell to previous baseline levels. Maximum temperature was 37.3 °C but oxygen 
saturation remained stable at 98% on room air.

A coronary angiogram was performed on the 12th day of hospitalization (on negative COVID-19 
PCR), which revealed a significant stenosis at the proximal segment of the first obtuse marginal branch, 
while the previous stent was intact. A coronary angioplasty was performed 1 mo later with stent 
implantation and recovering of ejection fraction to 35%.
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Figure 1 Chest computed tomography at admission.

DISCUSSION
This patient presented for as scheduled appointment, complaining of nausea, anorexia, and unremitting 
hiccups. He had not changed his PD regimen, nor his dietary habits or medical prescription. Clinical 
assessment revealed NSTEMI and mild COVID-19 pneumonia of the upper right lobe. Unremitting 
hiccups remained his main problem while hospitalized.

Hiccup is caused by diaphragmatic muscle contractions with early glottis closure terminating 
inspiration. Its pathogenesis is still obscure but lately is considered a deranged neural loop connecting 
the brain stem and diaphragm[5]. Persistent hiccups, lasting more than 48 h, have been associated with 
central nervous system, cardiovascular, thoracic, metabolic, and gastrointestinal disorders[5].

Uremia as a potential cause of gastrointestinal symptoms and/or hiccups was excluded, due to stable 
biochemical parameters and unchanged urinary output or PD regimen. Electrolyte and acid base 
disturbances were absent. Another potential cause of persistent hiccups could be gastro-esophageal 
reflux[6], which is a common complication of PD[7], but the symptoms were missing. Pneumonia 
caused by common pathogens[8] as well as by SARS-CoV-2[3,4] has been reported as a cause of 
persistent hiccups. Interestingly, apart from cases of lower lobe pneumonia, which would suggest direct 
irritation of the diaphragm as a potential mechanism resulting in hiccups[8], the association of persistent 
hiccups with COVID-19 has increasing publications with other sites of lung involvement[9]. 
Noteworthily, our patient had only minor infiltration in the upper lobe on chest computed tomography 
(Figure 1). Persistent hiccups have also been reported as an associated symptom in cases of myocardial 
infarction, primarily in the inferior myocardial wall, thus in proximity with the diaphragm, suggesting 
that hiccups could be triggered by irrigation of the phrenic nerves or alternatively by the vagus nerve 
supplying the pericardium, but rarely as the only presenting symptom[10]. There is a case report of 
persistent hiccups as an atypical presentation of non-ST elevation myocardial injury[11]. In our case, 
there was a gradual fall of cardiac troponin levels while the hiccup was still persisting, responding 
eventually only to baclofen. The stenosed vessel, as revealed by angiography (the proximal segment of 
the first obtuse marginal branch), perfuses the infero-lateral myocardial wall.

Furthermore, nausea and vomiting can be associated symptoms of myocardial infarction[12] and 
more rarely the presenting symptom in atypical cases[13].

On the other hand, there are numerous reports associating myocardial injuries and infarctions with 
COVID-19, with potential causes being direct myocyte injury and prothrombotic effect of SARS-CoV-2 
infection[12]. Nevertheless, it is still difficult to differentiate between non-COVID acute coronary 
syndrome and COVID-19 induced acute myocardial injury[14]. Noteworthy, gastrointestinal symptoms, 
such as diarrhea (more often) nausea and vomiting, often accompany COVID-19, either by direct 
infection of GI cells or indirectly[15], although diarrhea was absent in our patient. Since the underlying 
mechanisms of persistent hiccups are various disorders (structural, infectious, and inflammatory) that 
impact either the central nervous system or the phrenic nerves or their branches[16], one could 
speculate that COVID-19 could be linked causally with hiccups by nervous system involvement[17].

Baclofen is a gamma-aminobutyric acid B receptor agonist approved as a medication to control 
spasticity[18]. It has been used successfully for persistent hiccups of different etiologies with an action 
attributed to either reduction of dopamine release in the central nervous system, which could interrupt 
hiccup's reflex arc or induction of transient lower esophageal sphincter relaxations, by stimulating 
gamma-aminobutyric acid B receptors in the motor nucleus of the vagal nerve and nucleus tract 
solitarious[18]. Hiccups attributed to COVID-19 have been managed with hydroxychloroquine, metoclo-
pramide, and chlorpropamide, as well as a combination scheme with baclofen included[3,4,9]. In this 
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case, hiccups did not respond to metoclopropamide nor chlorpropamide, but on the contrary had an 
immediate and complete response to baclofen.

Based on the above, COVID-19 may be the unifying cause of all. Anorexia, vomit tendency, and 
hiccup could be manifestations of SARS-CoV-2 gastrointestinal[15] and/or nervous system involvement
[16,17,18,19]. Non-ST myocardial infraction could also be a manifestation of COVID-19[11]. COVID-19 
induced endotheliitis could be the underlying pathophysiology of nervous system and heart 
involvement[18,20].

CONCLUSION
A case of atypical presentation of COVID-19 in a PD patient with persistent hiccups and NSTEMI is 
described here. We may speculate that they could be the result of SARS-CoV-2 involvement of the 
nervous system and heart, respectively. Baclofen seems to be the drug of choice for persistent hiccups 
even in patients with ESKD.
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Abstract
Patients with lymphoid malignancies are at a higher risk of coronavirus disease 
2019 (COVID-19) infection due to their immunocompromised state and results in 
higher mortality rates in these patients. Anti-CD 20 therapy is one of the leading 
causes of immunosuppression that worsens in COVID-19 cases. COVID-19 
vaccines, on the other hand, appear to be less beneficial to these patients. App-
ropriate treatment and recommendations are required for these COVID-19 
patients with lymphoid malignancies.

Key Words: COVID-19; Lymphoid malignancy; Lymphoma; Vaccination; Immuno-
suppression
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Core Tip: Patients with hematologic conditions are two times more likely than others to 
be admitted to the hospital. They are being treated with anti-cancer drugs, which 
weakens their immune system. As a result, these patients are always at risk of 
coronavirus disease 2019 (COVID-19). As we know, the COVID-19 is very lethal, and 
hematological malignancies are likely to increase the risk of negative outcomes from 
this viral infection. Currently, there are no guidelines for treating COVID-19 infected 
patients with hematological malignancies.

https://www.f6publishing.com
https://dx.doi.org/10.5501/wjv.v11.i4.204
mailto:henu.verma@yahoo.com


Sahu T et al. SARS-CoV-2 infection in lymphoid malignancies

WJV https://www.wjgnet.com 205 July 25, 2022 Volume 11 Issue 4

Citation: Sahu T, Verma HK, Lvks B. Management of SARS-CoV-2 infection is a major challenge in patients with 
lymphoid malignancies: Warrants a clear therapeutic strategy. World J Virol 2022; 11(4): 204-207
URL: https://www.wjgnet.com/2220-3249/full/v11/i4/204.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i4.204

TO THE EDITOR
In March 2019, the World Health Organization declared the novel coronavirus disease 2019 (COVID-19), 
caused by the severe acute respiratory syndrome coronavirus 2, as a pandemic. Nearly one-third of 
patients with lymphoid malignancies experienced severe complications of COVID-19 and required 
hospitalization[1,2]. According to the 2017 World Health Organization classification, there are more 
than 80 different types of mature lymphoma, which are divided into three major categories: B-cell 
neoplasms, T-cell and natural killer cell neoplasms, and Hodgkin lymphomas[3]. We recently read the 
paper from Riches[4] entitled “Impact of COVID-19 in patients with lymphoid malignancies” in your 
prestigious journal “World Journal of Virology”. I sincerely thank the author for providing vital 
information about the effect of COVID-19 in patients with lymphoid malignancies.

Patients with lymphoid malignancies are highly susceptible to COVID-19 infection because they are 
already immunocompromised due to active cancer treatments. In this review article, the author mainly 
focused on the impact of COVID-19 on chronic lymphocytic leukemia, which is the most common form 
of leukemia in western countries[5]. In the present article the author included case studies, cohort 
studies, systematic reviews, and meta-analyses. Several lines of evidence suggested that the type of 
hematological malignancy and target antineoplastic therapy, older age, and various preexisting 
conditions such as hypertension and diabetes are all linked to mortality in lymphoma patients[6-8]. A 
retrospective study of 343 patients with hematologic malignancies and hematopoietic stem cell 
transplantation found that severe acute respiratory syndrome coronavirus 2 infection progressed to 
pneumonia in 119 patients (35%), including those with leukemia, those over the age of 65 years, and 
those with severe neutropenia or lymphopenia. It also found that more than 85% of patients with 
lymphoid malignancies required hospital admission, with 9% admitted to the intensive care unit and an 
overall mortality rate of 34.5%[9].

The information available on the effects of COVID-19 in patients with various hematologic diseases is 
limited. A series of case reports of COVID-19 patients with various hematological malignancies 
increases the risk of adverse complications due to immunosuppression caused by the underlying cancer 
and treatment effects[10-13].

The author does not have much data to show the impact of lymphoma on COVID-19 vaccination at 
the time of writing his paper. In this context, we would like to mention two recent studies that analyzed 
the efficacy of the BNT162b2 mRNA COVID-19 vaccine in patients with chronic lymphocytic leukemia 
and multiple myeloma. According to these studies, BNT162b2 mRNA COVID-19 vaccine negatively 
affects the production of neutralizing antibodies in patients treated with anti-chronic lymphocytic 
leukemia and anti-myeloma therapies[14-16]. As hematologic malignancies are life-threatening 
conditions and the majority of the medications are immunosuppressive agents that progress to the 
severe/critical stage and collapse of patients, data for medications in these conditions with COVID-19 
are limited[17,18]. To avoid severe conditions and death, researchers/clinicians must develop an 
appropriate medication guideline for lymphoma patients infected with COVID-19. Percival et al[19] 
compiled a list of treatment recommendations for patients with hematologic malignancies during the 
COVID-19 pandemic. Further, more trials on COVID-19 vaccines on these patients should be done along 
with current therapies of hematologic disease to reveal the appropriate therapies in which these 
vaccines are effective.
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Abstract
We were intrigued by Hanum et al, who published a study on the prevalence of 
human immunodeficiency virus (HIV) in homosexual, bisexual, and other men 
who have sex with men at sexual health clinics in England and the relationship 
between baseline variables and future HIV occurrence. Chemically-enhanced 
sexual experience (chemsex) is becoming a global phenomenon. There are 
increasing medical and academic concerns about chemsex, where substances are 
used to boost sexual satisfaction, which is prevalent in groups, especially among 
homosexuals. Lesbians, gays, bisexuals, transgenders, and queers have become 
increasingly visible, valued, and committed community. However, chemsex 
requires urgent attention.

Key Words: Men who have sex with men; Methamphetamine; Application of novel 
psychoactive substances; Drug abuse; Lesbians, gays, bisexuals, transgenders; Chemsex
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Core Tip: The human immunodeficiency virus/acquired immunodeficiency syndrome 
epidemic and substance abuse have become global concerns in Hong Kong and 
everywhere else. It is our opinion that chem-sex exposes the risk factor and affects the 
men who have sex with men (MSM) subset of homosexual men and other MSM.

https://www.f6publishing.com
https://dx.doi.org/10.5501/wjv.v11.i4.208
mailto:elsie.yan@polyu.edu.hk


Chan ASW et al. Chemsex and HIV

WJV https://www.wjgnet.com 209 July 25, 2022 Volume 11 Issue 4

Citation: Chan ASW, Tang PMK, Yan E. Chemsex and its risk factors associated with human immunodeficiency 
virus among men who have sex with men in Hong Kong. World J Virol 2022; 11(4): 208-211
URL: https://www.wjgnet.com/2220-3249/full/v11/i4/208.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i4.208

TO THE EDITOR
In Hong Kong, men who have sex with men (MSM) have coined the phrase “chemfun” to describe 
having sex while high on drugs such as methamphetamine and γ-hydroxybutyric acid (GHB). It is also 
called chemsex or sexualized drug usage elsewhere[1]. Since time immemorial, MSM have used drugs 
to enhance the experience of sex, regardless of sexual orientation. Public concern has only recently 
surfaced, however, as we have seen some of the serious ramifications of this habit. Resurging sexually 
transmitted infections, including human immunodeficiency virus (HIV) and hepatitis C, addiction-
related social and mental health issues, and overdose fatalities, are all part of the problem[2].

Chemsex involves various complicated relationships between sexual and drug-use behaviors[1,3]. It 
may include two or more people and may take place at sex-on-premises establishments such as saunas 
or clubs. However, it is most often seen in private settings such as houses or leased rooms. Because 
methamphetamine has a longer half-life than other stimulants such as cocaine, chemsex sometimes lasts 
for a lengthy period of time, such as 10-12 h or even several days. Individuals exhibit various chemsex 
patterns and frequencies. They may opt to discontinue after their first experience of usage, prolong, or 
increase the intensity or frequency of their usage at various stages in their life. In the United Kingdom, 
approximately 20% of HIV-negative MSM surveyed in sexual health clinics and 30% of sexually active 
HIV-positive men recently had chemsex[4].

According to the recommended HIV/acquired immunodeficiency syndrome (AIDS) Strategies for 
Hong Kong by the Hong Kong Advisory Council on AIDS (2022), chemsex is now a slang term used by 
homosexual men and other MSMs to describe sex involving psychotropic substances, typically 
methamphetamine and GHB, to improve sex lives. In the HIV and AIDS Response indicator Survey 
(HARiS) 2020, 8.6% of MSM participants admitted engaging in chemsex over the last half year, a small 
increase from 7.3% in HARiS 2018[5]. According to this report, poppers, ice, and GHB were the most 
popular drugs. Usually, chemsex users have a better understanding of health issues than those who do 
not. This may be due to the greater perceived danger of contracting HIV among MSM. Specifically, 
chemsex participants revealed higher levels of HIV testing and pre-exposure prophylaxis (PrEP) use 
than non-chemsex participants.

There is a risk of developing addiction to psychotropic chemicals used in chemsex. This includes 
symptoms such as high cravings, psychological problems such as impatience, and trouble managing the 
dosage. A person’s genetic or biological susceptibility, the type of drugs taken, and the frequency, 
duration, and method of administration all play a role in the likelihood of acquiring this problem. 
Epidemiological research shows that those with a history of drug use disorders have a 2-5 times greater 
chance of having psychiatric problems, including depression. It is possible that both mental health 
issues and drug use come from shared risk factors including a history of trauma and underprivileged 
upbringing.

Depending on the chemsex behavior, protective or behavioral risk factors may be identified. This 
study examined the prevalence of condom usage among important demographics in Hong Kong. 
Among MSM, condom use for sexual activity with ordinary partners was relatively low. The prevalence 
of persistent condom usage among MSM is inadequate and far below the objective. MSM may use 
condoms arbitrarily based on the sex partner/activity[1,6]. Recently, the use of PrEP has increased, 
which may be partially responsible for the decline in condom usage[7]. In 2019, there was a near-
successful effort to reduce sharing of needles with other individuals among persons who inject drugs 
(PWID); however, there was a resurgence of this trend in 2020. The frontline non-government 
organization in Hong Kong stated that the coronavirus disease 2019 pandemic had caused the majority 
of PWID to remain at home, and pharmacies to shut down due to insufficient needle supplies[8].

Majority of the data regarding the mental health repercussions of chemsex come from studies of drug 
use among homosexual males, regardless of the context of usage. Being part of a sexual minority group 
increases the risk of developing a mental illness by around 2-3 times than that of heterosexual 
colleagues. The total prevalence of mental illnesses among sexual minority groups associated with drug 
use disorders was significantly greater. A recent Australian study discovered that 20%-30% of an online 
sample of homosexual males tested positive for mild anxiety or depression. A greater prevalence of 
mental disorders was associated with earlier cannabis and methamphetamine use. Moreover, almost 
half of these males (46%) had signs of depression. Depression is often characterized by persistent poor 
mood, loss of interest in formerly enjoyable activities, changes in sleeping habits and food, and, in 
extreme cases, a sense of regret, despair, and suicidal ideation[9,10]. Methamphetamine can cause 
psychosis with characteristics comparable to those of schizophrenia[1]. According to a previous study, 
up to 15% of chronic methamphetamine users developed psychosis. This danger is greater for 
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individuals who use marijuana on a regular, chronic, or injectable basis. They are often characterized by 
auditory hallucinations and inability to suspend one’s views in the absence of adequate proof 
(delusions), which are frequently persecutory in nature, as though one is being observed or plotted 
against. Consequently, disordered, aggressive, or self-harming behaviors may develop[6]

Over 50% of the research participants recently engaged in condomless anal intercourse, including 26 
who ultimately tested positive [hazard risk (HR): 3.75, 95%CI: 1.31–10.74]. The number of sexual 
partners and the chances of contracting HIV have increased progressively. For instance, five of 60 males 
who had five to ten condom-free relationships in the preceding three months tested positive (HR: 9.60, 
95%CI: 2.58–35.76)[9].

HIV infection is not linked to age, housing status, economic standing, family situation, previous HIV 
screening, fisting, sex toys, PrEP, tobacco use, drinking, or depressive or anxiety disorders. In an era of 
expanding access to rapid HIV therapy and PrEP, the findings underscore dangerous situations and 
behaviors[7]. The increased risk associated with drug use may reflect subsequent sexual behavior; 
however, transmission via shared needles is also a factor.
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Abstract
Despite relative effectiveness of current hepatitis B therapies, there is still no 
curative agents available. The new emerging approaches hold promise to achieve 
cure and loss of hepatitis B surface antigen. Studies or clinical trials investigating 
new therapies remain small and either focus on patients with low viral load and 
without hepatotoxic injury or patients with hepatitis D co-infection, which makes 
it challenging to assess their effectiveness and side effect profile in hepatitis B 
population.

Key Words: Hepatitis B; Hepatitis B virus; Hepatitis B virus entry inhibitor; Bulevirtide; 
Transcription activator-like effector nucleases; Zinc-finger nucleases; Clustered regularly 
interspaced short palindromic repeats-associated 9; Nucleocapsid assembly modulators; 
Hepatitis B virus transcription inhibitors; Hepatitis B surface antigen release inhibitors
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Core Tip: Hepatitis B could become a curable disease in the near future. As our 
understanding of pathophysiology of hepatitis B infection advances, more therapeutic 
targets are becoming available. Many new therapies have only been investigated in 
small groups of patients with low viral load and without hepatotoxic injury or in patients 
with hepatitis D co-infection, which makes it difficult to predict efficacy and side effect 
profile when applied to the population of interest. Larger clinical trials in hepatitis B 
patients are needed to further investigate the emerging new therapies, so that more 
patients can safely benefit from them.
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TO THE EDITOR
We read with great pleasure the article by Leowattana et al[1] about new emerging therapies in 
treatment of chronic hepatitis B. They presented a comprehensive review of currently available 
therapies, pathophysiology of the hepatitis B infection, and developing new therapies. While current 
therapies, such as nucleosides, are effective in suppressing viral replication and preventing progression 
of chronic hepatitis to cirrhosis or hepatocellular carcinoma, they are unable to achieve cure from 
hepatitis B infection. As a result, new therapies are now being investigated that are aimed at a complete 
cure and loss of hepatitis B surface antigen (HBsAg).  Leowattana et al[1] presented a comprehensive 
discussion of developing new therapies, which include agents that inhibit entry of hepatitis B virus 
(HBV) into hepatocytes, interfere with cccDNA or HBV transcription, alternate nucleocapsid assembly, 
and prevent HBsAg release from the hepatocytes. The authors are hopeful that given currently available 
evidence on these emerging therapies, chronic hepatitis B could become a curable disease in the near 
future. While we share their sentiment and are hopeful for these therapies to be successful in curing 
hepatitis B infection, we would like to recommend cautious optimism when assessing these new 
therapeutic agents.

HBV entry inhibitor, bulevirtide, was originally intended to be used for hepatitis D treatment. 
Wedemeyer et al[2] presented results of a phase 2b trial in 2019 which included 60 patients with chronic 
HBV/ hepatitis D virus (HDV) co-infection. While their results were encouraging, the population under 
investigation was small and all of the patients had both viruses present, which makes it more difficult to 
apply these results to patients with HBV infection alone. Wedemeyer et al[2] documented increased bile 
acid concentration in patients on bulevirtide and rebound in viral load after therapy discontinuation, 
which may cause more liver damage. The increase in bile acid concentration while on bulevirtide was 
also investigated by the Blank et al[3] They confirmed increased bile acid concentration associated with 
bulevirtide without cholestasis, however, their study was limited to 12 healthy volunteers and did not 
include patients with pre-existing chronic liver disease or with hepatitis B infection, which makes it less 
applicable to the population of interest. While there are no ongoing clinical trials with hepaitits B 
patients on bulevirtire, there is phase 3 trial on bulevirtide use in HDV infection which includes 150 
adults with HDV infection[4]. It will help reveal long term effects of therapy and help us better 
understand the adverse events associated with it. The downside of this phase 3 trial is that it is limited 
to HDV patients. There is still no long-term data on side effect profile of bulevirtide in HBV patients 
exclusively. We hope there will be new trials to investigate its application in HBV patients.

Gene editing tools such as the transcription activator-like effector nucleases, zinc-finger nucleases, 
and clustered regularly interspaced short palindromic repeats-associated 9 could be a new exciting 
therapy option in curing chronic hepatitis B. The authors did a comprehensive review of the available 
options for gene editing. It is important to note, however, that like with any genetic intervention there is 
a risk of off-target cleavage[5], so more studies and large clinical trials are needed to investigate this 
therapeutic option.

Nucleocapsid assembly modulators are another exciting modality reported by Leowattana et al[1] but 
it is another therapy that should be treated with caution until more data from larger clinical trials is 
available. Zhang et al[6] reported that 75% of patients in their study evaluating nucleocapsid assembly 
modulators experienced elevations in aminotransferases with 4 out of 24 patients requiring to stop 
therapy and receive glutathione.

HBV transcription inhibitors are another emerging therapy that is currently being investigated. There 
were two clinical trials evaluating HBV transcription inhibitors in phase II[7,8] and one clinical trial in 
phase I[9] that were discontinued because of the observed lethal toxicity of the EX1 delivery 
formulation. More studies are needed to investigate the safety profile of this therapy before it can be 
considered for clinical application. Another practical consideration with any emerging therapy that 
requires a viral vector to be delivered into the cells is the risk of pre-existing immunity to vectors or 
development of host immunity to vectors during treatment, which will ultimately render therapy 
ineffective[10].

Lastly, HBsAg release inhibitors have been under investigation in various clinical trials. Alanine 
aminotransferase flares were observed in 90% of patients treated with HBsAg release inhibitors[11,12]. 
Additionally, because most of the data came from patients with low viral load, safety and efficacy in 
patients with high viral load is still to be determined. Similar to bulivertide, there were reports that 
discontinuation of HBsAg release inhibitors caused viral rebound precipitating liver decompensation in 
patient with significant chronic liver disease[13].
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We commend Leowattana et al[1] for their comprehensive review of the emerging new therapies that 
have the potential to cure chronic hepatitis B. Our goal was to merely add caution to the optimism and 
hopefully prompt larger clinical trial specific to hepatitis B population, so that more patients can safely 
benefit from the new therapies in the near future.
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Abstract
Coronavirus disease 2019 (COVID-19) is associated with poor cardiovascular 
outcomes in patients with heart failure (HF) of all categories of ejection fraction 
(EF), but mainly in patients with HF with reduced EF. Moreover, cardiac 
transplant patients exhibit worse cardiovascular prognosis, high mortality, and 
more admissions to the intensive care unit. In general, COVID-19 seems to de-
teriorate the clinical status of HF and favors the development of acute respiratory 
distress syndrome and multiorgan failure, especially in the presence of 
cardiovascular comorbidities such as diabetes mellitus, kidney dysfunction, and 
older age. COVID-19 may induce new-onset HF with complex mechanisms that 
involve myocardial injury. Indeed, myocardial injury comprises a large category 
of detrimental effects for the myocardium, such as myocardial infarction type 1 or 
type 2, Takotsubo cardiomyopathy, microvascular dysfunction and myocarditis, 
which are not easily distinguished by HF. The pathophysiologic mechanisms 
mainly involve direct myocardial damage by severe acute respiratory syndrome 
coronavirus 2, cytokine storm, hypercoagulation, inflammation, and endothelial 
dysfunction. The proper management of patients with COVID-19 involves careful 
patient evaluation and ongoing monitoring for complications such as HF.

Key Words: Heart failure; COVID-19; Prognosis; Intensive care unit; New onset heart 
failure; Ejection fraction
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Core Tip: Coronavirus disease 2019 poses a serious threat to patients with pre-existing heart failure (HF) 
and might induce new-onset HF in hospitalized patients, with complex mechanisms that involve 
myocardial injury. Cytokine storm, described as excessive inflammation and coagulation, results in 
microvascular dysfunction, myocardial ischemia and myocarditis, which might not be easily distin-
guishable from HF. Patients with advanced HF, such as those with reduced ejection fraction, exhibit worse 
cardiovascular outcomes. Treatment should take into consideration patient-specific characteristics and 
includes a thorough cardiologic assessment along with obtainment of evidence following published 
guidelines.

Citation: Tsigkou V, Siasos G, Oikonomou E, Bletsa E, Vavuranakis M, Tousoulis D. “Heart failure in COVID-19 
patients: Critical care experience”: A letter to the editor. World J Virol 2022; 11(4): 216-220
URL: https://www.wjgnet.com/2220-3249/full/v11/i4/216.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i4.216

TO THE EDITOR
We read with interest the systematic review of John et al[1], who presented the interaction between 
coronavirus disease 2019 (COVID-19) and heart failure (HF) from a critical care perspective. After 
discussing evidence from 26 observational studies, the authors concluded that patients with HF have 
higher mortality during hospitalization for COVID-19, as well as more complications and admissions to 
the intensive care unit (ICU)[1]. Furthermore, they found that patients with HF with reduced ejection 
fraction (HFrEF) exhibited worse outcomes in comparison to patients with HF with mildly reduced 
ejection fraction (HFmrEF) and with preserved EF (HFpEF)[1].

Patients with HF and COVID-19 develop serious complications, according to the literature; these 
include severe hypotension, acute respiratory distress syndrome (ARDS), and death[2]. This comes in 
accordance with the authors’ conclusions that HF is a risk factor for COVID-19 and that patients with 
HF might require hospitalization or develop more complications post hospitalization in ICU, possibly 
due to an additional organ injury[1]. Patients with HF often need mechanical ventilation and develop 
venous thromboembolism, sepsis, acute kidney injury, and stroke[3]. In clinically unstable patients with 
COVID-19 recommendations suggest the discontinuation of chronic cardioprotective medications, such 
as angiotensin-converting enzyme (ACE) inhibitors or the angiotensin receptor-neprilysin inhibitor due 
to hypotension[4]. Among the literature there is uncertainty about the safety of these drugs in patients 
with HF since severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) binds to the ACE2 
receptor and administration of these regimens increase the expression of ACE2 in the heart[5,6]. Several 
clinical trials are under progress, nevertheless, the current recommendation is to continue these drugs in 
clinically stable patients and in infected patients at risk of complications[6].

Heart transplant patients with comorbidities exhibit poorer cardiovascular outcomes and a need for 
ICU therapeutic modalities[7]. John et al[1] have also resulted in this conclusion, although the prognosis 
of critically ill heart transplant patients was, according to them, somewhat similar to the critically ill 
non-heart transplant patients. As mentioned by the authors, patients with HFrEF and COVID-19 have a 
poorer overall prognosis[1]. Indeed, COVID-19 is linked to poor prognosis of patients with advanced 
HFrEF, which is reflected by the need for inotropes and/or an intra-aortic balloon pump, increased 
incidence of lethal arrhythmias and/or cardiogenic or septic shock, and the need for transplantation[8]. 
However, evidence from the literature indicates that HFpEF might also be a risk factor for adverse 
complications, as well as a consequence of COVID-19 due to direct myocardial damage, which hi-
ghlights the need for proper follow-up care of the infected patients[9,10].

COVID-19 may worsen myocardial injury in patients with HF due to the release of pro-inflammatory 
cytokines, the so-called ‘cytokine storm’[11]. On the other hand, COVID-19 might ignite de novo left 
ventricular dysfunction posthospital admission[2]. Indeed, the risk of de novo HF post hospital 
admission, according to the authors, is greater, especially for patients who have been admitted to the 
ICU[1]. The diagnosis of de novo HF is challenging, since patients might suffer from subclinical 
myocarditis, sepsis-induced cardiomyopathy, Takotsubo cardiomyopathy, or subclinical ischemia[12,
13]. According to the authors, in most of the studies cardiac injury was defined as the increase in cardiac 
troponin I > the 99th percentile upper reference limit or new electrocardiography/echocardiography 
findings; however, not all the studies reported strict definitions about chronic and de novo HF[1]. 
Actually, symptoms of COVID-19 might be similar to HF, and pneumonia and pulmonary edema might 
coexist, thereby complicating the diagnosis of both entities[14]. Interestingly, this comes in accordance 
with the authors conclusions about the diagnostic difficulties among patients with severe ARDS due to 
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COVID-19 and acute decompensation of HF[1].
COVID-19 induces direct and indirect injury in the myocardium via various mechanisms that involve 

excessive inflammation, hypercoagulation, endothelial dysfunction, and sympathetic system activation
[15]. Myocardial injury in patients with COVID-19 is mediated by ischemic and non-ischemic 
mechanisms, which lead to different clinical consequences and therapeutic implications[16]. SARS-CoV-
2 binds to human cells on the ACE2 receptor, which is overexpressed in patients with cardiovascular 
diseases and exerts harmful effects through direct inoculation of the myocardium[17]. Moreover, the 
virus stimulates an immune response, which involves T lymphocytes and cell-mediated cytotoxicity; 
these mechanisms may be associated with the induction of myocarditis post-infection[18]. Myocarditis 
might present as acute HF in serious cases and diagnosis must be carried out with considerations of 
findings from medical history-taking, laboratory examinations, electrocardiograms, echocardiography, 
and cardiovascular magnetic resonance studies; however, a definite diagnosis also involves 
endomyocardial biopsy, which is not routinely performed[13].

On the other hand, SARS-CoV-2 has been implicated in cardiac ischemia of several types[19]. The 
imbalance between oxygen supply and demand is reflected by the increase in cardiac troponins and 
reflects type 2 myocardial infarction (MI) ischemia, which is a common characteristic of pneumonia due 
to hypotension and blood hypoxemia, especially in patients with pre-existing coronary heart disease
[19]. Also, type 1 MI might be the result of pre-existing coronary plaques that become unstable due to 
the proinflammatory and procoagulant states of the infection[20]. Additionally, the virus induces 
microvascular dysfunction in patients through endothelial dysfunction; in fact, proinflammatory 
biomarkers and the development of microthrombi may induce endothelial dysfunction at the level of 
microcirculation[21]. Lastly, there is evidence that acute coronary microvascular dysfunction may result 
in Takotsubo syndrome in patients with COVID-19 and especially among those with pre-existing 
comorbidities, but the specific mechanisms are under investigation[22].

Great effort is needed in order to improve our understanding of the therapeutic needs of patients 
with HF and COVID-19[23]. Lockdown policies might have reduced visits to general practitioners and 
have led to lower rates of diagnosis of heart disease, which could then result in more de novo HF 
diagnoses[24]. Targeting the cytokine storm with anti-inflammatory medications such as corticosteroids 
has been linked to decreased morbidity and mortality from virus infection[25]. On-going inflammation 
is also present in survivors of COVID-19 infection and poses a great risk for the development of HF, 
indicating the need for novel therapeutic advances[25]. The development of myocardial injury following 
COVID-19 infection and specifically of de novo HF might result in more hospitalizations and higher 
mortality; therefore, understanding the pathophysiology of COVID-19 is the cornerstone for therapeutic 
success[26]. This comes in accordance with the authors conclusions about the need of future studies in 
order to elucidate the pathophysiology of the complex effects of COVID-19 in the heart[1]. The 
management of patients with COVID-19 and prior or de novo acute HF should be similar and identify at 
an early stage possible complications, along with the treatment of oxygenation abnormalities, bleeding 
events and arrhythmias[27]. A detailed cardiac assessment of the structural and functional character-
istics of the infected patients should be performed in order to identify the acute or worsening function 
of the heart[27]. Moreover, guideline-directed treatment should be continued in patients with HF 
according to their clinical status, irrespectively of COVID-19[26]. The increase of our knowledge from 
the on-going studies as well as the course of the pandemic might provide a more robust evidence for the 
management of the patients[26].
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Abstract
Based on mucosal immunization to promote both mucosal and systemic immune 
responses, next-generation coronavirus disease 2019 (COVID-19) vaccines would 
be administered intranasally or orally. The goal of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) vaccines is to provide adequate immune 
protection and avoid severe disease and death. Mucosal vaccine candidates for 
COVID-19 including vector vaccines, recombinant subunit vaccines and live 
attenuated vaccines are under development. Furthermore, subunit protein vac-
cines and virus-vectored vaccines have made substantial progress in preclinical 
and clinical settings, resulting in SARS-CoV-2 intranasal vaccines based on the 
previously successfully used nasal vaccines. Additional to their ability to trigger 
stable, protective immune responses at the sites of pathogenic infection, the 
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https://dx.doi.org/10.5501/wjv.v11.i5.221
mailto:tsvelikova@medfac.mu-sofia.bg


Miteva D et al. Mucosal COVID-19 vaccines

WJV https://www.wjgnet.com 222 September 25, 2022 Volume 11 Issue 5

development of ‘specific’ mucosal vaccines targeting coronavirus antigens could be an excellent 
option for preventing future pandemics. However, their efficacy and safety should be confirmed.

Key Words: SARS-CoV-2; COVID-19 vaccine; Mucosal immunity; Intranasal vaccination; Oral vaccines; 
Resident memory T cells; Vaccine safety; Vaxart; OraPro-COVID-19 vaccine; RPS-vector system platform

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Oral or nasal vaccination against coronavirus disease 2019 (COVID-19) would stimulate both 
the humoral and cellular immune responses and may exert many socioeconomic benefits. Mucosal 
vaccines are promising for preventing infections and reducing the transmission, morbidity and mortality of 
COVID-19. Mucosal vaccination may be used prophylactically in human populations at high risk for 
severe acute respiratory syndrome coronavirus 2. Currently, only a limited number of oral vaccines are 
approved for human use, and some others are included in preclinical and clinical trials to validate their 
efficacy and safety.

Citation: Miteva D, Peshevska-Sekulovska M, Snegarova V, Batselova H, Alexandrova R, Velikova T. Mucosal 
COVID-19 vaccines: Risks, benefits and control of the pandemic. World J Virol 2022; 11(5): 221-236
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/221.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.221

INTRODUCTION
The current coronavirus disease 2019 (COVID-19) pandemic, characterized by the ongoing rapid spread 
and high mutation rate of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), emphasizes 
the need for more efficient vaccinations to avoid preventable illness and mortality. In addition, SARS-
CoV-2 is a mucosal pathogen that spreads via person-to-person respiratory droplets[1] and infects 
human respiratory epithelial cells and gastrointestinal tract by attaching to angiotensin-converting 
enzyme 2 via the spike (S) receptor-binding domain[2]. Thus, mucosal immunity will be primary for 
adequate and long-term viral protection[3].

To date, there are over 300 potential anti-SARS-CoV-2 vaccines at various stages of preclinical and 
clinical trials and 24 vaccines approved for emergency use in humans[4-6], (https://covid19.track
vaccines.org/trials-vaccines-by-country/). Approved vaccines and most of the preparations under 
development are intended to be administered intramuscularly to provide high levels of antibodies 
against systemic viral infection[7]. This method of administration is the most common immunization 
method. While it is not the most efficient option to protect against pathogens entering through the 
mucous membranes, it is still an effective method.

Thus, current vaccines against COVID-19 fail to fully prevent viral infection, which is partly due to 
the lack of mucosal immune activation. On the other hand, mucosal immunization has the ability to 
promote both mucosal and systemic immune responses[8].

Over 10 different vaccines against SARS-CoV-2 are in various stages of development, including virus-
based vaccines, recombinant subunit vaccines and live attenuated vaccines[9-13]. Their development 
and application are encouraging because of the expected efficacy of the mucosal and systemic immune 
response they will elicit.

Despite the emergence of SARS-CoV-2 variants, people will prefer the next generation COVID-19 
vaccine (i.e. intranasal immunization). This vaccine is expected to be very effective in producing both 
mucosal and systemic immune responses[13].

Various intranasal vaccines against SARS-CoV-2 are now being studied, even though they are not yet 
approved, with 12 candidates advancing to multiple stages of clinical trials, including virus-vectored 
vaccines, recombinant subunit vaccines and live attenuated vaccines[14].

NATURAL AND VACCINE-INDUCED MUCOSAL IMMUNITY: PRINCIPLE OF MUCOSAL 
VACCINES
The rationale for the need for effective COVID-19 vaccines that elicit mucosal immunity is to use early 
mucosal immune responses against the virus to prevent the virus from entering mucosal layers and 
causing infection. This is also called “sterilizing immunity”[15]. So far, the data show that people 
naturally infected with SARS-CoV-2 produce mucosal immunoglobulin (Ig)A antibodies (e.g., saliva, 
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nasal swab/wash or bronchoalveolar lavage fluid) and systemic IgG antibodies[16,17].
However, firstly, when SARS-CoV-2 infiltrates the nasal and/or oral cavities, nasopharynx-associated 

lymphoid tissue, bronchial-associated lymphoid tissue and mucosa-associated lymphoid tissue act as 
the first line of defense against viral infection[18]. In addition, all components of the innate immunity of 
the upper respiratory tract and/or the gastrointestinal tract (phagocytic neutrophils, macrophages, 
dendritic cells, resident microfolded M cells, innate lymphoid cells, natural killer cells and mast cells)
[19] and immune molecules (i.e. galectins, collectins, cytokines and others) are involved in the immune 
response against the virus in various ways[20]. Additionally, T helper (Th)1- and Th2 cells, IgA-
switched B cells are also rapidly activated after the initial interaction of SARS-CoV-2 with the innate 
immunity of the host[21].

These immune cells can work together to produce an integrated system that includes pattern-
recognition receptors such as toll-like receptor 7 or toll-like receptor 8[22]. They identify molecular 
patterns (i.e. single-stranded RNA) associated with viral pathogens, resulting in increased production of 
proinflammatory cytokines such as type I interferon. Interferons have an essential role in the early 
stages of viral infection[23]. However, SARS-CoV-2 possesses the ability to suppress the production of 
interferons. The complement system is a vital part of innate immunity against SARS-CoV-2, which 
contributes to acute respiratory distress syndrome and cytokine storm[24]. Therefore, it is important to 
consider antibody-based treatments and vaccines when developing strategies to fight SARS-CoV-2.

After the innate immune system activation through dendritic cells, T and subsequent B cells specific 
to SARS-CoV-2 are recruited, mainly in the systemic bloodstream[25]. However, the simultaneous 
expansion of CD4+ T-helper cells, CD8+ cytotoxic T cells and plasma cells is crucial for viral elimination. 
Specific SIgA protects against SARS-CoV-2 by neutralizing it, suppressing its adhesion ability and 
agglutinating. This allows for a stronger anti-inflammatory response[26].

Traditional injectable vaccines are not very effective at inducing mucosal immunity. Furthermore, the 
benefits of such vaccination that leads to mucosal (SIgA) and circulating (IgG and IgA) antibody 
formation as well as SARS-specific effector and memory T cell responses have not been demonstrated in 
conventional vaccines[27,28].

However, a study showed induced S1-specific neutralizing IgA and IgG responses in the nasal 
mucosa following BNT162b2 but not after inactivated virus vaccine[29]. Additionally, it was shown that 
nasal immunization after an intramuscular vaccine could induce robust mucosal immunity to prevent 
mucosal pathogen entrance and development. A recent animal study showed promising results for 
using mucosal booster immunizations after mRNA priming to elicit mucosal immunity in addition to 
systemic responses[30].

There is evidence that SARS-CoV-2 nasal vaccination provides protection against both ancestral and 
mutant strains (i.e. variants of concern, B.1.1.7 and B.1.351)[31]. Furthermore, the authors suggest that 
adenovirus (Ad)-vectored multivalent vaccination delivered via the respiratory mucosa is a viable next-
generation COVID-19 vaccine approach for inducing overall mucosal immunity against existing and 
future variants of concern[31].

Similarly, a combination of mucosal prime and systemic booster vaccines has been shown to increase 
the lifespan of lung CD8+ resident memory T cells[32]. In addition, CD4+ resident memory T cells are 
essential to developing protective CD8+ memory cells and B lymphocytes[33,34]. The ability of nasal 
vaccinations to induce resident memory T cells in the respiratory and gastrointestinal tract considerably 
increases their effectiveness. The development of nasal vaccines also relies on the data that mucosal 
immunization can elicit a wide range of adaptive immune responses, including SIgA antibodies and 
resident memory T cells[35]. Nasopharynx-associated lymphoid tissue is an important location for the 
induction of mucosal immune responses. Th1- and Th2-polarized lymphocytes, as well as IgA-secreting 
B cells, proliferate there. SIgA antibodies neutralize toxins and pathogens via immunological exclusion, 
antigen excretion and intracellular neutralization[36-38].

Additionally, we must keep in mind that mucosal SIgA levels raise up rapidly in babies, and these 
levels reach adult levels early in the childhood[39]. This should be considered when developing 
vaccines for children[40]. Also, although the titers of protection are not known now, virus-neutralizing 
antibodies are needed to protect and control the infection[41].

Nasal vaccination successfully stimulates resident memory T cell production, and persistent antigens 
in the lungs and gut can support long-term memory cell maintenance[42]. Resident memory T cells 
(especially CD8+) in the mucosa may help protect the body against virus infection by producing 
cytokines that mediate tissue antiviral resistance and chemokines that attract additional immune cells
[43]. It is known that resident memory T cells are more effective at protecting the lungs than circulating 
T cells[44]. Furthermore, these memory cells can move from the lungs to mediastinal lymph nodes via a 
mechanism known as “retrograde migration” to maintain the memory phenotype and provide long-
term protection[45].

The principle of intranasal vaccines, the vaccine-induced immune responses, mucosal involvement 
and benefits are shown in Figure 1.

Intranasal and oral COVID-19 vaccines promise to generate both local and systemic immune 
responses. Fortunately, the local activation of innate antigen-presenting cells by viral antigens leads to 
the stimulation of adaptive immune cells and an efficient immune response against the virus. Once this 
occurs, this local immune response has the potential to spread to other mucosal surfaces in the 
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Figure 1 Intranasal and oral coronavirus disease 2019 vaccines promise to induce both local and systemic immune responses. ACE2: 
Angiotensin-converting enzyme 2; DCs: Dendritic cells; Mф: Macrophages; NALT: Nasopharynx-associated lymphoid tissue; Ig: Immunoglobulin; TMPRSS2: 
Transmembrane serine protease 2.

organism. It is assumed that local immunity will prevent virus entry and shedding and keep low levels 
of inflammation in the mucous membranes. Some adaptive cells remain in the mucosa and act as 
effector T cells or specific IgA-plasmacytes. Some of them exert systemic antiviral effects by going to the 
periphery. Additionally, activated innate and adaptive immune cells can clear the virus at the infection 
site, leading to undetectable viral RNA in airways and gut mucosa, leading to long-term immunity.

SUCCESSFUL MUCOSAL VACCINES IN HISTORY
Humans have been licensed to eight oral and one intranasal vaccines against various mucosal infections. 
All of these vaccines are complete viral vaccines[1,32]. These types of vaccines are exceptionally 
preferred since they do not involve needles. In addition, subunit protein vaccines and virus-vector 
vaccines have significant advantages. Therefore, using all the scientific data and knowledge gained over 
the years about these types of vaccines, the scientific community is trying to create nasal vaccines SARS-
CoV-2 based on already used vaccines in human history[32].

Oral vaccination can be used prophylactically in human populations at high risk for SARS-CoV-2. 
Thus, it could be the most cost-effective and efficient way to reduce the transmission of infection and 
morbidity. As we already stated, a needle-free vaccine eliminates the risk of transmitting blood-borne 
infections. Another benefit is that healthcare staff can perform oral vaccination without medical 
training. Pain and discomfort from a needle stick are avoided, as is the need to monitor side effects[32].

Type 1 and 2 monovalent oral poliovirus (OPV) vaccines (serotypes 1 or 3) and bivalent containing 
serotypes 1 and 3 were approved and licensed in 1961 and type 3 monovalent OPV vaccine in 1962. A 
trivalent OPV vaccine was approved in 1963. The World Health Organization (WHO) has announced 
that types 2 and 3 have been eradicated in 2015 and 2019, respectively. It turns out that OPV is the most 
effective and successful polio vaccine by inducing poliovirus-specific mucosal immunity[46].
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The OPV contains a live poliovirus strains (Sabin). The strains are derived from wild polioviruses and 
have been reduced in virulence. Poliovirus is a member of the enterovirus subgroup of the 
Picornaviridae family. Picornaviruses are small viruses with an RNA genome, characterized by three 
poliovirus serotypes (type1, type 2 and type 3). Scientists have proven that immunity to one serotype 
does not confer significant immunity to other serotypes[47,48]. The virus enters the mouth and spreads 
throughout the oropharynx and gastrointestinal tract. The poliovirus is usually present in the 
nasopharynx for 1 wk to 2 wk and can be excreted in the feces for several weeks after infection. Even 
people with mild symptoms or without illness can be sources of infection[49].

In 2020, a global campaign was launched to end OPV use and switch to inactivated polio vaccination. 
But the last reports show that the neutralizing antibodies found in the nasopharynx of patients treated 
with OPV were more than those treated with inactivated polio vaccination[50].

After being ingested, the OPV vaccine replicates in the intestinal mucosa and lymphoid cells in the 
oropharynx and intestine. It behaves similarly to wild poliovirus. Vaccine strains are excreted in the 
feces of the vaccinated individual up to 6 wk after a dose, with maximum excretion occurring in the first 
1-2 wk.

The OPV vaccine is very effective in protecting people from poliovirus. Interference among serotypes 
was observed during replication in the gut. A single dose of trivalent OPV elicits immune responses to 
all three vaccine viruses in half of recipients[51].

It is crucial that the OPV vaccine produces localized immunity in the intestines. This decreases the 
amount of virus that is shed when someone is re-infected with the same poliovirus serotype and 
reduces the chance of potential transmission. Subsequent vaccine doses reduce interference during gut 
replication. In contrast, three doses of vaccine provide immunity to all three poliovirus serotypes in 
more than 95% of recipients in industrialized countries. The immunity from the OPV is probably 
lifelong[52,53].

The OPV vaccine has been proven to have many benefits over the years, including providing non-
specific protection against other infections. In addition, various studies have been conducted to research 
the effects of OPV and live enterovirus vaccines on the induction of non-specific immune responses, 
which show the non-reactogenicity and safety of vaccines[54-57].

All these studies demonstrated that cytopathic agents in the gastrointestinal tract decrease and reduce 
isolated infections of influenza, Ad, parainfluenza, herpesviruses, etc. According to these findings, OPV 
may offer protection against other viral respiratory infections.

In 2015, another research group conducted a retrospective cohort study in Denmark. They studied 
how the incidence of infection among the children with various infections changes depending on the 
last vaccine children received: OPV, DTap- inactivated polio vaccination-Hib (diphtheria-tetanus-
acellular pertussis-inactivated poliovirus-Haemo type b) or measles, mumps, rubella (MMR)[58]. A 
similar study was conducted in the United States. The results show the most significant reduction in 
non-specific infections with live vaccines[59].

When COVID-19 cases began to rise worldwide, the researchers began studying the effects of OPV 
vaccines in symptomatic and asymptomatic patients because the SARS-CoV-2 virus suppresses the 
innate immune system, which affects adaptive immunity[60]. Suppose the damage to the innate 
immune system is crucial for the transmission and infection of SARS-CoV-2. In that case, it may be 
suggested that preparing the immune system before infection can alleviate the course of the COVID-19 
disease. Furthermore, evidence suggests that the prophylactic use of OPV or other live vaccines prior to 
COVID-19 may activate innate immunity and strengthen the immune system for the subsequent SARS-
CoV-2 infection[61-63]. Therefore, it is necessary to consider the potential benefits of the OPV vaccine 
and its application before or together with the available COVID-19 vaccines.

Since the start of the COVID-19 pandemic, scientists have been scrutinizing rotavirus vaccines. 
Rotavirus is a double-stranded RNA virus (Reoviridae family). The outer capsid contains two important 
proteins, VP7 (G-protein) and VP4 (P-protein), which stimulate neutralizing antibodies. It is believed 
that they play an important role in immune protection[64]. The scientists proved that up to 60%-70% of 
children with severe rotavirus gastroenteritis demonstrate rotavirus antigen and RNA in serum 
(antigenemia). However, the immune correlates of protection for rotavirus are still not fully understood
[64].

The antibodies against VP7 and VP4 that are found in the serum and mucosa probably play a crucial 
role in protecting against disease. Cell-mediated immunity probably helps to protect from infection and 
recover from it. Unfortunately, immunity usually does not last long after a vaccine is given. Re-infection 
can happen at any age[64].

Two live oral rotavirus vaccines, RV5 (RotaTeq) and RV1 (Rotarix), are currently approved for use
[65]. In Finland and the United States, Phase III clinical efficacy trials of the RV5 vaccine were 
conducted. The data proved 74% efficacy after a 3-dose series against G1-G4 rotavirus gastroenteritis 
and 98% against severe G1-G4 rotavirus gastroenteritis, during the first entire rotavirus season after 
vaccination. Furthermore, scientists observed children during the first 2 years of life in a large health 
care utilization study. Among them, the RV5 vaccine decreased the incidence of G1-G4 rotavirus 
gastroenteritis: medical visits by 86%, emergency department visits by 94% and hospitalizations by 96%
[66].
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In Latin America and Europe, phase III clinical efficacy trials of RV1 vaccine were conducted. This 
study found that the 2-dose series against severe rotavirus gastroenteritis is 85% effective to age 1 year. 
The European study estimated the vaccines efficacy against severe rotavirus gastroenteritis is 96% 
through the first rotavirus season and 87% against any rotavirus gastroenteritis. The trial data also 
showed that vaccinating against rotavirus resulted in a 96% reduction in the number of hospitalizations 
for rotavirus gastroenteritis in the second season after vaccination[67].

In the United States, several RV5 and RV1 case-control vaccine effectiveness evaluations have been 
conducted among children between 2 years or 3 years or younger. The scientists found that the vaccine 
effectiveness against the combined outcome of emergency department visits or hospital admission for 
rotavirus was estimated at 84% for the RV5 and 83% for the RV1 vaccine. Evaluations of vaccine effect-
iveness tends to increase as the severity of rotavirus disease. Both vaccines have been shown to be 
effective against a wide range of rotavirus genotypes[68].

The exact duration of immunity with rotavirus vaccine is still unknown. However, effectiveness has 
been demonstrated in the first 2 years to 3 years of life in the United States. Vaccine efficacy was 
generally lower in the 2nd year of life than in the 1st year in low-income countries[66,69,70].

In the last 2 years, two more vaccines have received much attention concerning COVID-19. These are 
the tuberculosis vaccine Bacille Calmette-Guerin (BCG) and MMR vaccine.

BCG vaccination is an effective intervention against tuberculosis, and the researchers could make an 
effort to create a novel BCG-based vaccine for COVID-19. However, many studies reported non-specific 
cross-protective effects of the vaccine against other infectious diseases. For example, in 1932 the BCG 
vaccine was introduced for tuberculosis prevention in Northern Sweden[71]. Later, two groups studied 
the protective effect of BCG and, for the first time, reported a 45% reduction in child mortality from 
respiratory infections in West Africa[72,73]. Other examples of BCG-mediated non-specific effects were 
also reported by Stensballe et al[74] and Wardhana et al[75].

Furthermore, the BCG vaccine has recently been found to protect against different virus infections 
such as influenza virus, herpes simplex virus, human papillomavirus, respiratory syncytial virus and 
virus for yellow fever[76].

With the worldwide occurrence of the SARS-CoV-2, different agencies, including the WHO, have 
called to explore every possible solution, even already approved therapies and vaccines, to slow 
transmission and reduce the effects of the COVID-19 pandemic. However, the obtained data suggest 
that BCG does not reduce COVID-19 mortality. Still, BCG vaccination may reduce the incidence of 
frequency during the COVID-19 crisis[77,78].

Only randomized controlled trials will show whether BCG reduces the frequency and severity of 
COVID-19. A recent study, a phase III ACTIVATE trial (NCT03296423), confirmed that adults over 65 
years who have recently been vaccinated against BCG are less likely to get new virus infections. The 
study found that the incidence of new respiratory infections after receiving a placebo vaccine (42.3%) 
was different from the incidence of new respiratory infections after receiving BCG vaccine (25.0%)[78].

Another clinical trial in Brazil, BATTLE (NCT04369794), is designed to test BCG-like therapeutic 
vaccination. The aim is to show if it affects the elimination of SARS-CoV-2 and the degree of serocon-
version and titration (IgA, IgG and IgM)[79]. In murine models, the new BCG:CoVac form, which 
combines BCG with the stable form of S protein, simultaneously stimulates SARS-CoV-2 and T-cell 
responses even at levels equivalent to or higher than expected by current vaccines[80].

In March 2020, with the rise of COVID-19 cases in the United Arab Emirates, the Emirates Interna-
tional Hospital Safety Committee decided to offer a BCG booster vaccination to hospital staff, which is 
280 people. Seventy-one received the BCG vaccine. None of the 71 people who received the BCG booster 
vaccine tested positive for the SARS-CoV-2 virus. For the other 209 individuals that had not received 
booster BCG, there were 18 positive PCR cases of COVID-19. There were no available reports of 
complications with the BCG booster group[81]. In conclusion, BCG vaccination may protect medical 
staff who work or who are vulnerable to SARS-CoV-2 infection. Further studies are needed to determine 
if BCG vaccine is effective against COVID-19.

MMR (measles-mumps-rubella) vaccine is another childhood vaccine relevant to the COVID-19 
pandemic. Homologies of the amino acid sequence between SARS-CoV-2 and measles, rubella and 
mumps viruses have been found[82,83]. A study found that there is a strong correlation between 
mumps IgG titers and the severity of COVID-19 in people vaccinated with the MMR vaccine in 
childhood[84]. There are also data that recently vaccinated MMR people had less severe COVID-19 and 
lower mortality rate[85].

Until the end of 2021, a placebo-controlled randomized clinical trial was conducted with 30000 
individuals to investigate the protective effect of MMR vaccination after a positive test and symptomatic 
COVID-19[86]. A case-control study indicated that there may be a protective effect of the MMR vaccine 
against SARS-CoV-2 in males but not in females[87]. Several other studies have shown that recently 
receiving the MMR vaccine may protect against SARS-CoV-2 and/or the development of severe 
COVID-19[88-90]. They showed that the MMR vaccine can stimulate innate immunity inducing non-
specific protection against other infections. Compared with those in the placebo group, participants who 
received at least one dose of MMR had a significantly decreased risk for symptomatic COVID-19 and 
need for treatment.



Miteva D et al. Mucosal COVID-19 vaccines

WJV https://www.wjgnet.com 227 September 25, 2022 Volume 11 Issue 5

These data were used to make assumptions about the potential efficacy of COVID-19 vaccine 
administered live or nasal/oral. We summarize the information in Table 1.

MUCOSAL VACCINES FOR COVID-19: RISKS AND BENEFITS
Since the discovery of the first vaccine, it has always been a question about the benefits and risks of 
vaccines. However, over the years, vaccination programs that have been introduced and updated have 
managed to achieve their goals: Smallpox has been eradicated, polio and measles have been almost 
eradicated, and other diseases have been controlled[91].

The vaccines being administered now are given by injection. The mucosal vaccines can be superior to 
this process because they will elicit protective immune responses from the mucosa, blocking infection at 
the site of infection. The nature of the infection should be well known when developing mucosal 
vaccines: invasive (in intestinal pathogens), locally invasive (in shigellosis) or strictly mucosal (in 
cholera)[36,91,92]. This will affect the proper access of the circulating antibodies as well as the longevity 
of the immune response.

A large part of the population is willing to accept vaccines, but the claims about their risks have a 
greater impact than before. Therefore, the risks associated with a potential decision must be discussed in 
light of the best available scientific information.

When countries are faced with the decision to include a new vaccine in their national immunization 
programs, the relevant scientific, clinical, epidemiological and economic factors of the immunization 
program need to be considered.

Today, many vaccine production platforms vary in complexity and cost[93]. For example, the live 
attenuated OPV has a significantly lower cost of production. In contrast, the highly complex pneumo-
coccal conjugate vaccine is much more expensive[94]. Financial cost-effectiveness is one of the most 
important factors when choosing a financial product or service. When a vaccine is cost-effective, it can 
help to manage both the health and financial consequences in a country. Oral vaccines offer great 
potential for preventing pandemics because they are very efficient, low cost, require no medical 
personnel and can elicit both systemic and mucosal immune responses. This type of vaccine is one of the 
most successful and cost-effective public health investments a country can make to improve people’s 
health.

Oral vaccines require protection in the harsh environment of the gastrointestinal tract, where the pH 
is low and the proteases are present. Under normal circumstances, antigens that enter orally are treated 
as nutrients. If a vaccine does not trigger the appropriate danger signals, it is recognized as non-
pathogenic by the intestinal tissue[95]. High doses are usually required for successful immunization, but 
this may increase the risk of tolerance[96]. These barriers are the main reasons there are so few effective 
oral vaccines.

Mucosal vaccines against SARS-CoV-2 are incredibly challenging to develop and confirm their safety. 
However, they will offer the ability to trigger stable, protective immune responses at the sites of 
pathogenic infection. Unfortunately, mortality and morbidity associated with various infectious diseases 
caused by mucosal pathogens have remained very high over the last 10 years.

Data so far demonstrated several attempts to develop intranasal vaccines against SARS-CoV and 
Middle East respiratory syndrome, based on viral vector, subunit, DNA, virus-like particle, inactivated 
and live-attenuated, described extensively elsewhere[97-101]. Based on our experience with mucosal 
vaccine platforms for SARS and Middle East respiratory syndrome, effective mucosal vaccines against 
SARS-CoV-2 could be developed. There are different types of correlates of protection, both humoral and 
cellular, that are associated with different goals of vaccination: prevention of infection at the mucosal or 
systemic level. However, until their efficacy and safety have been proven in clinical trials, their use is 
not recommended.

According to WHO data from 2020, lower respiratory tract infections are the fourth leading cause of 
death worldwide[102]. Developing an effective vaccine to protect against SARS-CoV-2 infection is a 
worthwhile endeavor. An extensive risk-benefit analysis of COVID-19 vaccines was published in 2021
[103]. The study was focused on thrombocytopenia and thromboembolism. It demonstrated that the 
risks of thrombocytopenia, venous or arterial thromboembolism, cerebral venous sinus thrombosis and 
ischemic stroke were much higher after SARS-CoV-2 infection than after vaccination.

The COVID-19 pandemic will continue and will hit low-income countries. Although there are already 
effective vaccines against SARS-CoV-2, mass production is still difficult, with no global coverage. The 
development of ‘specific’ mucosal vaccines targeting coronavirus antigens could be an excellent option 
for preventing future pandemics.

INTRANASAL AND ORAL COVID-19 VACCINES ON THE GO
As mentioned earlier, intramuscular injections are not effective at reducing viral replication or nasal 
secretions in the upper respiratory tract. This leads to asymptomatic or mild symptomatic disease, 
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Table 1 Approved vaccines that have received the attention of the scientific community concerning coronavirus disease 2019 as 
potential prototypes for developing mucosal coronavirus disease 2019 vaccines

Name of vaccine Form Immunity Dosage Route

OPV (oral poliovirus 
vaccine)

Live attenuated poliovirus (Sabin 
strain types 1, 2 or 3)

Poliovirus-specific mucosal immunity 2 doses Oral

BCG (Bacille Calmette-
Guerin)

Live attenuated bacteria Mycobac-
terium bovis 

Mycobacterium-specific mucosal and 
systemic immunity

0.05 mL until 1 yr of 
age; 0.1 mL thereafter

Intradermal injection 
subcutaneous

MMR (measles, mumps 
and rubella vaccines)

Weakened forms of the measles, 
mumps and rubella viruses

Measles, mumps and rubella-specific 
systemic and mucosal immunity

2 doses Subcutaneous injection

RV1 (Rotarix®) Live-attenuated rotavirus Rotavirus-specific mucosal immunity 2 doses Oral

RV5 (RotaTeq®) Live-attenuated rotavirus Rotavirus-specific mucosal immunity 3 doses Oral

which helps to spread the virus. On the other hand, intranasal vaccinations may generate sterilizing 
immunity against mucosal infections[104]. In addition, the principle of antigens exposed at the initial 
site of the viral infection will help to elicit a stable immune response in the mucosa[105]. The systemic 
immune response induced by intranasal vaccination is equivalent to or even stronger than the response 
caused by intramuscular immunization. This suggests that a lower dose will be needed to increase the 
efficacy and safety of vaccination.

Intranasal vaccination with chimpanzee Ad vector SARS-CoV-2 vaccine (ChAd-SARS-CoV-2-S) was 
shown to generate more significant levels of S-specific neutralizing antibodies in hamsters[106]. Such 
vaccination can produce pan-reactive antibodies[107], which is particularly attractive given the 
emergence of new SARS-CoV-2 mutants. The development of this type of vaccine would have a 
significant socioeconomic impact. A huge population could be vaccinated in a very short time in a 
global pandemic, such as COVID-19. The vaccines are supplied with nasal devices, which are preferred 
and convenient for patients. It is unnecessary from very low storage temperatures and a sterile 
environment that make them suitable for use. Furthermore, mucosal vaccination may hasten herd 
immunity, owing to its ease of delivery to impoverished individuals in low- and middle-income 
countries[98].

Because most clinical trial results have not yet been available, preclinical research is required to 
investigate the immunogenicity and safety of intranasal COVID-19 vaccines.

Preclinical studies of intranasal COVID-19 vaccines include a variety of mechanisms, which have 
been extensively described by Alu et al[8]. Studies on intranasal/mucosal COVID-19 vaccines, both 
preclinical and clinical trials[8], are shown schematically in Figure 2.

Oral mucosal COVID-19 vaccine: Vaxart
Vaxart’s vaccine is an tablet vaccine that contains an adenoviral vector. The vector encodes the SARS-
CoV-2 S and nucleocapsid proteins. The vaccine has progressed to a phase I trial (NCT04563702). 
Therefore, the film-coated tablets provide mucosal immunity by dissolving in the digestive tract. In 
addition, the active ingredient is protected from the aggressive action of the stomach’s acidic 
environment by its enteric coating[7].

Studies show a significant increase in the titer of neutralizing antibodies against SARS-CoV-2 2 wk 
after the first vaccination in all animals that received the vaccine compared to the unvaccinated group
[108]. Comparing the mucosal application of full-length wild-type S-protein antigens and those of the 
S1-domain or stabilized S-antigen, mucosal administration induced higher neutralizing antibody titers 
in the lungs and periphery.

Vaxart’s tablet vaccine studies have shown that both low and high doses induce antigen-specific CD4+ 
and CD8+ cells. It is in the process of undergoing clinical phase evaluation[108].

OraPro-COVID-19™ vaccine - IosBio’s (Sabilitech’s)
Another interesting project underway is the IosBio Pharma’s vaccine (United Kingdom). They also 
participated in the rat race for the golden choice SARS-CoV-2 vaccine by developing an oral dual-
antigen COVID-19 vaccine in capsule form called OraPro-COVID-19[109]. This candidate is based on a 
human adenoviral vector (hAd5). It expresses modified SARS-CoV-2 S protein and nucleocapsid protein 
genes with enhanced T-cell stimulation domain, which is predicted to enhance major histocompatibility 
class II responses[110]. Gabitzsch et al[111] first investigated this adenoviral vector platform against 
various viral antigens such as influenza, HIV-1 and Lassa fever. Their previous and current results show 
that this immunization model both promotes humoral and cell-mediated immunity[111-114].

In investigating the role of T-cell-mediated immunity in SARS-CoV-2 infection, Sekine et al[115] 
highlighted its importance by detecting virus-specific T-cells in the serum of patients with SARS-CoV-2 
negative antibodies, including asymptomatic individuals or exposed family members.
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Figure 2 Preclinical and clinical trials on intranasal/mucosal coronavirus disease 2019 vaccines. PIV5: Parainfluenza Virus 5; hPIV2: Human 
parainfluenza virus 2; NDV: Newcastle disease virus; VSV: Vesicular stomatitis virus; LAIV: Live attenuated influenza vaccine; RSV: Respiratory syncytial virus; 
COVID-19: Coronavirus disease 2019.

Gabitzsch et al[116] also developed a dual vaccine model to ensure T-cell activation and more 
durative protective immunity. First, they studied a murine model using hAd5 S-Fusion + nucleocapsid 
protein genes with enhanced T-cell stimulation domain. They proved that this type of immunization 
elicits not only a protective humoral but also a Th1-dominant T-cell response. Furthermore, they found 
that if the vaccine was stored at room temperature, subcutaneous application followed by oral boost 
elicited both antibody-mediated and T-cell responses. In addition, they also demonstrated that applic-
ations of hAd5 S-Fusion + nucleocapsid protein genes with enhanced T-cell stimulation domain 
inhibited viral replication in both nasal and pulmonary mucosa within 24 h, with complete clearance 7 d 
after administration.

Human clinical trials are still underway to determine dose strengths and the number of vaccine 
applications. However, more research is needed to determine if this oral dual vaccine model is effective 
in managing COVID-19.

COVID-19 oral mucosal vaccine: Recombinant poliovirus Sabin 1-vector system platform
DNA vaccines have some limitations, such as the need for high doses, suitable adjuvants and unique 
technologies for delivering them to specific sites in the body[117,118]. So poliovirus has been used as a 
vaccine vector to overcome these barriers due to its safety, low cost and ability to be used orally.

One of the potential platforms for developing an effective vaccine against COVID-19 for oral mucosa 
is based on the Sabin-1 poliovirus cDNA-based recombinant poliovirus Sabin 1 (RPS) vector system. 
Sabin-1 is one of three attenuated poliovirus serotypes (OPV). The Sabin strains are safe and easy to 
store and manipulate experimentally. Therefore, they are ideal vaccine vectors for foreign antigen 
expression. There are two variants of this system: RPS-Vax and RPS-cytoplasmic transduction peptide 
(CTP). The RPS-Vax has the multiple cloning site and 3C-protease cutting site, which allow the cloning 
of a vaccine gene and the release of the vaccine protein from the viral particle during replication[119]. 
The RPS-CTP vector system is a modified version of the RPS-Vax vector system, which contains CTP 
right above the multiple cloning site.

Based on the RPS-CTP platform, the vaccine is designed to be used orally instead of parenterally or 
intramuscularly. In this regard, it has advantages that can make it convenient for patients with COVID-
19: easy to apply and no loss during application[120]. In addition, it has also been well established that 
OPV can induce long T-cell and B-cell memory[121]. Therefore, OPV is an effective and preferred 
vaccine in most of the world because it has the potential to quickly halt viral transmission. Furthermore, 
it successfully mimics infection that is naturally acquired due to its oral application.
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OPV also has the hypothetical ability to “vaccinate” indirectly through close contact of vaccine 
recipients, who spread OPV through nasopharyngeal secretions and feces[122]. These results suggest 
that the vector system RPS-CTP can be used to develop preventive or therapeutic mucosal vaccines 
against COVID-19 and other diseases.

NEXT-GENERATION RESPIRATORY MUCOSAL DELIVERY OF COVID-19 VACCINE CAN 
PROVIDE PROTECTION AGAINST SARS-COV-2 AND CONTROL THE PANDEMIC
Although challenging, oral vaccination has many socioeconomic benefits and stimulates both the 
humoral and cellular immune responses. They are easy to use, even in areas without medical staff, with 
relatively few side effects and lower cost. Although there are many oral vaccines currently undergoing 
clinical trials, only a limited number of these vaccines have been approved for human use. According to 
the WHO, most COVID-19 vaccines are designed to be administered by the intramuscular route[123] in 
order to produce high titers of neutralizing antibodies. It is well established that mucosal vaccines offer 
robust protective potential in pathogen infection sites. Additionally, the adaptive immunity induction at 
mucosal sites comprises secretory antibody production and T cell responses, preventing infection and 
developing disease symptoms[7]. These data support developing an oral or nasal mucosal vaccine 
against SARS-CoV-2, as this type of vaccine is known to activate the mucosal immune system and have 
been successful in protecting people from other infections in the past[124].

Identifying safe and effective mucosal adjuvants allied to innovative antigen delivery plays a crucial 
role in advancing mucosal COVID-19 vaccines. The complex mechanisms of innate and adaptive 
mucosal immunity regulation are not yet fully understood. But the significant progress that has been 
made in recent years will help create more effective oral vaccines. In addition, oral tablet versions of a 
COVID-19 vaccine will also reach regions without healthcare staff and healthcare infrastructure.

In addition, because the gut is already colonized with microorganisms, oral vaccines do not require 
extensive and expensive antigen purification. This simplifies the entire production process and reduces 
the cost. These benefits of oral vaccination may be preferred over conventional vaccination methods 
during pandemic situations like COVID-19.

The production of effective oral vaccines for COVID-19 must comply with high safety standards, 
stability and immunogenicity. When oral vaccines succeed in generating protective and therapeutic 
immune responses, we will be able to overcome the global COVID-19 pandemic that has changed 
people’s lives worldwide[125].

CONCLUSION
A mucosal SARS-CoV-2 vaccine that targets the mucosal surfaces such as the nose or mouth would be 
ideal if it were shown to be safe. However, there are still major regulatory issues concerning stability 
and effectiveness. It is fascinating to see if the intranasal application of SARS-CoV-2 mRNA vaccines 
may induce resident memory T cells and B cells and protect the lungs and gut. Recent and ongoing 
studies highlight the importance of understanding local immune responses and suggest that mucosal, 
innate and vaccine-mediated immunity to SARS-CoV-2 has enormous therapeutic implication value.
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Abstract
The coronavirus disease 2019 (COVID-19) pandemic continues to be a global 
problem with over 438 million cases reported so far. Although it mostly affects the 
respiratory system, the involvement of extrapulmonary organs, including the 
liver, is not uncommon. Since the beginning of the pandemic, metabolic com-
orbidities, such as obesity, diabetes, hypertension, and dyslipidemia, have been 
identified as poor prognostic indicators. Subsequent metabolic and lipidomic 
studies have identified several metabolic dysfunctions in patients with COVID-19. 
The metabolic alterations appear to be linked to the course of the disease and 
inflammatory reaction in the body. The liver is an important organ with high 
metabolic activity, and a significant proportion of COVID-19 patients have 
metabolic comorbidities; thus, this factor could play a key role in orchestrating 
systemic metabolic changes during infection. Evidence suggests that metabolic 
dysregulation in COVID-19 has both short- and long-term metabolic implications. 
Furthermore, COVID-19 has adverse associations with metabolic-associated fatty 
liver disease. Due to the ensuing effects on the renin-angiotensin-aldosterone 
system and ammonia metabolism, COVID-19 can have significant implications in 
patients with advanced chronic liver disease. A thorough understanding of 
COVID-19-associated metabolic dysfunction could lead to the identification of 
important plasma biomarkers and novel treatment targets. In this review, we 
discuss the current understanding of metabolic dysfunction in COVID-19, 
focusing on the liver and exploring the underlying mechanistic pathogenesis and 
clinical implications.
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Core Tip: In coronavirus disease 2019 (COVID-19) patients, the virus induces a complex viral-host 
interaction that leads to metabolic reprogramming, altered immunological responses, and a variety of 
clinical consequences. In metabolomic and lipidomic studies, a variety of alterations in amino acids, lipids, 
carbohydrates, and energy metabolism have been identified in such patients. The liver is the primary 
metabolic organ; thus, these metabolic alterations may have a major impact on patients with liver diseases 
and metabolic comorbidities that are common in COVID-19 patients. Therefore, this review article 
discusses the pathophysiological aspects and clinical implications of metabolic dysfunction in COVID-19 
patients with a focus on the liver.

Citation: Kumar R, Kumar V, Arya R, Anand U, Priyadarshi RN. Association of COVID-19 with hepatic metabolic 
dysfunction. World J Virol 2022; 11(5): 237-251
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/237.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.237

INTRODUCTION
Patients with metabolic disorders such as obesity, hypertension, diabetes mellitus (DM), and non-
alcoholic fatty liver disease (NAFLD) are more likely to develop a severe case of coronavirus disease 
2019 (COVID-19)[1-5]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection per se is 
linked to the changes in numerous metabolic pathways involving glucose, lipids, and amino acids[6-8]. 
The metabolic reprogramming that occurs in COVID-19 patients performs several roles, including 
providing energy and substrates for viral replication and modulating the immunological response. Pre-
existing metabolic comorbidities may fire up metabolic reprogramming more strongly due to the 
varying amounts of metabolites and their influence on the immune response. Untargeted metabolomic 
and lipidomic methods provide new insight into the host’s response to COVID-19 infection. Hyper-
glycemia, new-onset DM, dyslipidemia, and worsening of pre-existing metabolic abnormalities have all 
been described in COVID-19 patients[9-11]. As the liver is a primary metabolic hub, it is crucial in 
orchestrating systemic metabolic alterations during infection. The angiotensin-converting enzyme 2 
(ACE2) that allows SARS-CoV-2 to enter the body is normally present in the liver and is overexpressed 
in patients with chronic liver disease (CLD)[12,13]. Additionally, ACE2 is an integral part of the renin-
angiotensin-aldosterone system (RAAS), which plays a major role in the pathophysiology of liver 
cirrhosis[14].

Obesity and DM have been associated with a poor disease prognosis since the outset of the COVID-19 
pandemic[15,16]. As these metabolic conditions are still among the world's most common public health 
issues, a sizable section of the population is at risk of severe COVID-19 infection. Compelling evidence 
suggests that patients with metabolic comorbidities also have a higher risk of post-infection sequels[17,
18]. Furthermore, NAFLD is common in subjects with obesity and DM. When compared to non-NAFLD 
COVID-19 patients, those with NAFLD have a higher risk of disease progression (6.6% vs 44.7%), a 
higher likelihood of impaired liver function (70% vs 11.1%), and a longer viral shedding period (17.5 vs 
12.1 d)[19]. Moreover, patients with COVID-19 frequently have elevated liver enzyme levels, and this 
has been linked to poor clinical outcomes[20,21]. Similarly, COVID-19 has been proven to have a 
negative impact on the complications and outcomes of CLD patients[21].

Infections trigger a wide range of responses in the host, including inflammation, tissue injury, and 
healing. In this context, evidence suggests that COVID-19 has both immediate and long-term metabolic 
consequences associated with inflammation[4,7,17,22,23]. Immunometabolism, which is the direct link 
between metabolic diseases and inflammation, has recently emerged as a key study subject. Correlation 
analyses reveal strong links between metabolites and proinflammatory cytokines and chemokines[22,
23]. In this sense, studies have found that arginine, tryptophan, and purine metabolism have a 
regulatory interaction with inflammation. Therefore, targeting metabolism to modulate the release of 
proinflammatory cytokines could be a viable method for treating cytokine storms in COVID-19 patients. 
This review article discusses the spectrum of metabolic dysfunctions in COVID-19 patients, their 
pathophysiological aspects, and clinical implications in patients with underlying metabolic 
comorbidities and liver disorders.
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ALTERATIONS IN METABOLIC AND BIOSYNTHETIC PATHWAYS IN COVID-19
In patients with severe COVID-19, considerable changes in hepatic metabolic and biosynthetic 
pathways have been discovered[6-8,24-28]. Lipids, glycoproteins, amines, aromatic compounds, amino 
acids, steroids, and flavone metabolism were all found to be altered (Table 1). A study on liver autopsy 
samples of COVID-19 patients has demonstrated a significant downregulation of transcripts implicated 
in the metabolic pathways. The most downregulated genes were acyl-CoA dehydrogenases 11 (involved 
in mitochondrial β-oxidation and metabolism of long-chain fatty acyl-CoAs), CIDEB (a liver-specific 
regulator of lipids metabolism), glycine N-methyltransferase (contributes to liver steatosis and fibrosis), 
and glycerol-3-phosphate acyltransferase (implicated in triglyceride biosynthesis)[6,24-26]. The 
suppression of lipid and amino acid metabolism has resulted in the accumulation of amino acids and 
steroids in the sera of COVID-19 patients[7]. More than 100 Lipids were discovered to be downreg-
ulated in COVID-19 patient sera, including sphingolipids, glycerophospholipid, and fatty acids, most 
likely due to liver damage. Many steroid hormones, such as progesterone, androgens, and estrogens, 
have been found to accumulate, which can enhance immune cell activation. Increased levels of 21-
hydroxypregnenolone could imply that corticosterone is protective against COVID-19[7].

In this context, many such metabolic changes aid SARS-CoV-2 replication and have been linked to the 
severity of COVID-19 cases. Glycolysis and glutaminolysis were found to be required for virus 
replication[8,27]. In this regard, glutaminolysis is a process that converts glutamine to tricarboxylic acid 
(TCA) cycle intermediates and is required for protein, lipid, and nucleic acid production. Inhibiting 
glutaminolysis has been shown to impede viral replication and production. Furthermore, patients with 
severe COVID-19 disease had higher glucose and mannose levels in their blood[8], and mannose was 
found to be a reliable biomarker for the severity of COVID-19 disease. Chen YM found that the TCA 
cycle and glycolytic pathways were significantly dysregulated in COVID-19 patients[28]. Significant 
suppression of cytochrome P450 enzymes has been observed in COVID-19 patients, suggesting a 
compromised hepatic detoxification capacity[6]. In a metabolomic study, Shen et al[7] have detected 
elevated levels of glucuronate, which is a bilirubin degradation product, and bile acid derivatives in 
severe COVID-19 patients, also indicating a decline in the liver’s detoxification function. It is 
noteworthy that the suppressed hepatic metabolic pathways in COVID-19 patients are consistent with 
mitochondrial dysfunction[6]. In this regard, Scozzi et al[29] have reported that circulating levels of 
mitochondrial DNA (MT-DNA), inflammatory nucleic acids released by injured tissues, were highly 
elevated in patients who eventually died or required ICU admission. Thus, MT-DNA in blood could be 
a potential early prognostic marker for poor outcomes in COVID-19 cases. Moreover, mitochondrial 
dysfunction also appears to play a role in COVID-19-induced porphyrin accumulation occurring due to 
interference with the heme biosynthetic pathway[30]. Heme synthesis is dependent on the sequential 
action of eight enzymes, which are mainly expressed in the liver and erythroid cells.

ALTERATIONS IN AMINO ACIDS, LIPIDS, AND SUGAR 
Amino acids
Amino acids (AAs), which are mostly synthesized in the liver, are essential for metabolism, immuno-
logical function, and redox balance[31]. The potential effects of glutamine, arginine, methionine, and 
cysteine on immunological function have been well documented[32]. Branched-chain amino acids 
(BCAAs) play an important role in metabolism and inflammation. In this sense, BCAAs stimulate the 
synthesis of glycogen and proteins such as albumin via activating the mammalian target of rapamycin 
complex 1 (mTORC1) signaling[33]. Serine and glycine are important components of the one-carbon 
cycle, which aids redox balance and several biosynthetic activities[34].

BCAA levels in the blood increase in severe COVID-19 patients[35]. Through the transcription factor 
NF-kB, elevated levels of BCAA increase reactive oxygen species generation and proinflammatory 
responses in endothelial cells[33]. Additionally, BCAAs also cause insulin resistance (IR) via activating 
mTORC1[36]. Furthermore, increased BCAA levels in the blood are linked to a higher risk of metabolic 
diseases, including DM. On the other hand, a decrease in the BCAA/aromatic amino acids ratio, also 
known as Fischer's ratio, has been linked to hepatic impairment in COVID-19 patients[37]. A meta-
bolomics study has linked the severity of COVID-19 to a reduction in serotonin and increased plasma 
levels of aspartate, glutamate, phenylalanine, and succinic acid[38]. The rise in such amino acids and 
succinic acid could be related to a dysregulation of central carbon metabolism in the liver as well as 
metabolic and oxidative stress.

On another note, changes in tryptophan metabolism along the kynurenine pathway have been 
reported in COVID-19 patients[39]. This pathway is activated by proinflammatory cytokines such as 
interleukin-6 (IL-6) in response to diverse situations. Indeed, the kynurenine and tryptophan ratio (KTR) 
is frequently used to assess inflammation and immunological responses in a variety of disorders. In 
COVID-19 patients, an increased KTR was also indicative of the disease severity and progression[40]. 
Other alterations indicative of hepatic dysfunction in COVID-19 patients include elevated levels of 
taurine and ethanolamine[37]. Increased taurine levels in the blood have been identified as indicators of 
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Table 1 Metabolic alterations in coronavirus disease 2019 with implications

Metabolite alteration Implications/association

Increased branched chain amino-acids Insulin resistance, reactive oxygen species production, and pro-inflammatory responses

Decreased tryptophan; Increased kynurenine Increased kynurenine tryptophan ratio indicates inflammatory response

Increased glutamic acid; Decreased glutamine Lower glutamine level is associated with insulin resistance and an increased risk of 
diabetes

Decrease arginine; Increased ornithine Attempt to suppress virus-specific CD8+ T cell. Delayed interferon response or 
metabolic syndrome tend to increase arginine/ornithine ratio, causing tissues damage

Increased spermidine and spermine Help structural assembling and genome replication

Increased serum triglycerides and VLDL; Decreased total 
cholesterol, HDL and LDL; Upregulation of fatty acid synthesis

Viral replication, inflammation, atherogenic risk, hepatic steatosis

Increased ketone bodies and 2-hydroxybutyric acid Altered energy metabolism and oxidative stress

Decreased glycerophospholipid; Increased lysophospholipids Indicates inflammation and tissue damage

increased levels of pyruvate, pyruvate kinase and lactate 
dehydrogenase

Indicates enhanced glucose metabolism. Increased glycolysis promotes replication of 
SARS-CoV-2 and cytokine storm

Increased methionine sulfoxide levels; Decreased glutathione 
levels

Indicative of increased oxidative stress

HDL: High-density lipoprotein; LDL: Low-density lipoprotein; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; VLDL: Very-low-density 
lipoprotein.

liver failure. Furthermore, glutamate and glutamine are important in energy metabolism. In this regard, 
glutamic acid levels are higher in COVID-19 patients; however, glutamine levels are much lower, and 
this is linked to IR and an increased risk of DM[41]. Low glutamine levels in COVID-19 patients may be 
due to an abnormal cysteine catabolism secondary to increased hepatic glutathione biosynthesis, 
induced by proinflammatory cytokines[42]. On another note, the hepatic urea cycle is dysregulated in 
severe COVID-19 patients[40]. The urea cycle, which converts ammonia to urea, is the principal 
metabolic pathway implicated in detoxification processes, with a fumarate shunt connecting the urea 
cycle and the TCA cycle[43]. In moderate and severe COVID-19 patients, an increased level of ornithine, 
the main metabolite of the urea cycle, is observed. This, along with increased levels of aspartate and 
glutamate, which are also linked to the cycle, suggests that SARS-CoV-2 disturbs the hepatic urea cycle. 
Moreover, ornithine and glutamate demonstrate a positive correlation with lactic acid in severe COVID-
19[38].

In viral infections, modification of liver metabolism and the urea cycle may be an endogenous 
immunoregulatory mechanism to minimize tissue damage[44]. The reprogramming of liver metabolism 
that occurs after a viral infection is correlated with type I interferon (IFN-I) responses. In this sense, the 
IFN-I response modifies the urea cycle, resulting in lower arginine and higher ornithine concentrations 
in the blood, thus suppressing virus-specific CD8+ T-cell responses and reducing the liver damage[45]. 
However, in COVID-19 patients, the IFN-I response is frequently delayed, and this may weaken the 
protective response. Metabolic syndrome, which is common in COVID-19 patients, causes decreased 
arginine availability and an elevated arginine/ornithine ratio, which may further worsen tissue damage
[46]. Furthermore, the synthesis of polyamines may be increased if ornithine metabolism is dysreg-
ulated. Metabolomics analysis has reported increased levels of spermidine and spermine in the serum of 
COVID-19 patients[47]. As polyamines are involved in various viral activities, including viral assembly 
and genome replication, blocking polyamine synthesis could be a useful antiviral strategy.

Lipids
Lipids play an important role throughout the viral life cycle, and viruses exploit host lipid metabolism 
to facilitate their replication. Several studies have looked at lipidomic profiling in COVID-19 patients. 
Even though these studies are heterogeneous, several consistent findings have been reported[48]. 
COVID-19 patients exhibited downregulation of several serum lipids, including sphingolipids, glycero-
phospholipids, and fatty acids[49]. The liver damage caused by SARS-CoV-2 infection has been linked 
to dyslipidemia and oxidative stress[50]. In this regard, the levels of blood triglycerides and very-low-
density lipoprotein are significantly elevated, whereas the levels of high-density lipoprotein and low-
density lipoprotein are much lower[37,50,51]. Notably, COVID-19-related dyslipidemia occurs primarily 
in patients with high severity and not in those who recover from a mild uneventful infection. Bruzzone 
et al[50] used nuclear magnetic resonance spectroscopy to determine the lipidomic serum profile of 389 
COVID-19 patients, revealing a pathogenic redistribution of lipoprotein particle size and composition 
with atherosclerosis risk. In the same study, the metabolomics analysis revealed unusually high levels of 
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ketone bodies, which are produced in the liver from free fatty acids, and 2-hydroxybutyric acid, which 
is a marker of oxidative stress and a consequence of glutathione synthesis in the liver. Ketosis in 
COVID-19 patients has been associated with a longer hospitalization and increased mortality rates[52]. 
Furthermore, a shift to fatty acid oxidation is a common metabolic response observed during many 
severe illnesses, and COVID-19 is no exception[49,53]. In this regard, a reduction in sphingosine-1-
phosphate (S1P), which is a sphingosine molecule that regulates a variety of biological processes such as 
inflammation and apoptosis, is observed in COVID-19 patients[7,54]. In a study, serum level of S1P was 
found to be inversely associated with COVID-19 severity[55]. Additionally, glycerophospholipid levels 
are also reduced, whereas the levels of the corresponding lysophospholipids are increased, indicating 
increased phospholipase A2 activation[7,54,56]. Elevated levels of phospholipase A2 may be an early 
marker of severe COVID-19.

Glucose
On another note, SARS-CoV-2 infection is also associated with dysregulated glucose metabolism. 
Regardless of previous diabetes status, hyperglycemia frequently develops in COVID-19 patients, and 
many develop new-onset DM and diabetes ketoacidosis[9-11,57]. Furthermore, the abnormal glucose 
metabolism has been reported to persist even after recovery from COVID-19. In a hospitalized sample of 
551 COVID-19 patients, 46% were hyperglycemic, and glycemic abnormalities were detected for at least 
2 mo following COVID-19 recovery[58]. In several observational studies, more severe hyperglycemia 
has been linked to a worse prognosis in COVID-19 patients[2,8,9,10,59]. IR and/or decreased insulin 
production are the primary causes of abnormal glucose metabolism in COVID-19 patients, and 
proinflammatory cytokines play an essential role in this process. The increased glucose metabolism due 
to sustained hyperglycemia may further enhance entry of SARS-CoV-2, with exacerbated immune 
response[60]. In this sense, elevated glucose levels and glycolysis lead to an increase in SARS-CoV-2 
replication[27,61]. Furthermore, COVID-19 causes glycemic control to deteriorate in patients with pre-
existing DM, and new-onset hyperglycemia is an independent predictor of mortality in such patients[11,
62,63]. As glycemic control deteriorates, the severity of illness and the risk of mortality increases.

PATHOPHYSIOLOGY OF METABOLIC DYSFUNCTIONS IN COVID-19
The occurrence of metabolic dysfunction in COVID-19 has been well documented; however, the 
molecular mechanisms behind these dysfunctions are sparsely known. Infection with SARS-CoV-2 can 
affect several metabolic organs such as the liver, pancreas, adipose tissue, and muscles, either directly or 
indirectly. Proinflammatory cytokines, oxidative stress, and IR all appear to contribute to metabolic 
dysregulation in COVID-19, and the association between metabolism and inflammation is well-known 
and still being investigated. The by-products of glycolysis increase cytokine maturation and, as a result, 
T-cell proliferation[64]. One such glycolytic metabolite necessary for IL-1β synthesis is 3-phosphogly-
cerate. Moreover, alterations in the levels of fatty acids and tryptophan metabolites have been associated 
with inflammatory markers in COVID-19 patients[40]. A study found high-affinity interactions between 
the viral spike protein and toll-like receptors (TLRs), particularly TLR4[65]. TLR4 activation is known to 
cause inflammation and cellular metabolic alterations[66]. Additionally, hyperglycemia has been linked 
to delayed IFN response and cytokine storm in COVID-19 patients[67,68].

Entry of SARS-CoV-2 into host cells
The interaction between the spike protein and ACE2 allows SARS-CoV-2 to enter host cells. Virus entry 
is facilitated through the priming of spike proteins by specific proteases such as transmembrane serine 
protease 2 (TMPRSS2) and furin protease. At first, SARS-CoV-2 targets epithelial cells in the lungs; 
however, viral RNA has been found in a variety of organs, including the liver, suggesting that other 
organs could be targeted as well. ACE2 is expressed by many cells, and its expression is further 
upregulated in a variety of conditions, including inflammatory and liver diseases[12,69]. As a result, 
increased ACE2 expression could be a risk factor as well as an effect of SARS-CoV-2 infection. In 
particular, the delta and omicron variants of SARS-CoV-2 have an even higher affinity for ACE2 than 
other variants[70]. While ACE2 expression is low in healthy livers, cirrhotic livers exhibit higher levels 
of ACE2 expression[12]. As a result, patients with liver cirrhosis may be more susceptible to SARS-CoV-
2 infection.

Alterations in the RAAS
SARS-CoV-2 infection significantly influences the RAAS since ACE2 is a key part of it[71]. The 
discovery of functional local RAAS in several organs, including the liver, has changed our knowledge of 
the RAAS[14]. Alternative RAAS pathways mediated by ACE2 in the local RAAS result in the opposite 
effects of classic RAAS (Figure 1). ACE2 is a major regulator in the alternative RAAS pathways, 
regulating the production of angiotensin 1–7 (Ang 1-7) from angiotensin II (Ang II). Additionally, ACE2 
converts angiotensin I to angiotensin 1–9 (Ang 1-9), which can be further converted to Ang 1–7 by the 
angiotensin-converting enzyme. Importantly, the protective arm of the RAAS is made up of ACE2, Ang 
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Figure 1 Interaction between severe acute respiratory syndrome coronavirus 2 and renin–angiotensin–aldosterone system system via 
angiotensin converting enzymes 2 as receptor. The interaction between the cellular spike protein and angiotensin converting enzymes 2 (ACE2) allows 
severe acute respiratory syndrome coronavirus 2 to enter host cells. ACE2 mediates alternative renin–angiotensin–aldosterone system (RAAS) pathways in the local 
RAAS system. ACE2 regulates the production of angiotensin 1–7 from angiotensin II (Ang II) and angiotensin 1–9. ACE2 after binding to virions is internalised, 
reducing its availability on the cellular surface. Once ACE2 is downregulated, Ang II gets upregulated which upon binding to the Ang II receptors, causes 
proinflammatory, profibrotic, vasoconstrictive, and antidiuretic responses. Overactivation of the RAAS has been linked to the development of refractory ascites, 
hepatorenal syndrome, and circulatory dysfunction in cirrhosis. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; RAAS: renin-angiotensin-aldosterone 
system; ACE2: Angiotensin converting enzymes 2, CLD: Chronic liver disease, MAFLD: metabolic associated fatty liver disease, ADH: Antidiuretic hormone; Na: 
Sodium; H2O: Water; SNS: Sympathetic nervous system, AD: Acute decompensation, ACLF: Acute-on-chronic liver failure.

1–7, and its Mas receptor, and this results in anti-inflammatory and antifibrotic responses (Figure 1). 
However, when ACE2 is downregulated, Ang II gets upregulated, and upon binding to the Ang II 
receptors, it causes proinflammatory, profibrotic, vasoconstrictive, and antidiuretic responses that can 
lead to end-organ damage[71]. The plasma level Ang II rises in COVID-19 patients and is linearly 
associated with viral load[72]. Ultimately, SARS-CoV-2 infection causes inflammatory reactions due to 
the downregulation of ACE2[71-73]. Generally, ACE2 coupled to virions is internalized, reducing its 
availability on the cellular surface. Moreover, some unknown mechanism induces the gene expression 
of disintegrins and metalloproteinase domain-17 (ADAM-17)[74]. ADAM-17 is a membrane sheddase 
protease that releases ACE2, IL-4, and IFN from cell membranes. Finally, free IFN-γ and IL-4 suppress 
membrane-bound ACE2, further shifting the RAAS to a higher Ang II and lower Ang1-7 tone[71,74].

Alterations in one-carbon pathways
The one-carbon pathway is a metabolic network that include the methionine and folate cycles and is 
involved in many biological functions such as synthesis of amino acids, polyamines, nucleic acids, 
adenosine triphosphate, phospholipids and glutathione[75]. In particular, the metabolic pathways of 
methionine, folate, and choline have been implicated in the pathogenesis of hepatic steatosis[76]. One-
carbon metabolism appears to have a crucial role in COVID-19[78-83]. In this regard, SARS-CoV-2 uses 
folate and one-carbon metabolism to gain a competitive advantage in replication[77]. It modifies host 
folate metabolism at the post-transcriptional level to enhance de novo purine synthesis. Several observa-
tional studies on COVID-19 patients have linked one-carbon metabolism to the disease severity, 
although mechanistic insights are still being developed[78]. The results of various studies on the link 
between one-carbon metabolism and COVID-19 have been varied and conflicting, except for a few 
metabolites such as glutathione, choline, and methionine sulfoxide, which were consistently altered by 
COVID-19[78]. These discrepancies could be related to the confounding effects of non-matched study 
subjects, variances in disease severity, and the time points at which samples were collected in different 
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studies.
Furthermore, metabolomic studies have ascertained that S-adenosylmethionine (SAM), the universal 

methyl donor, is significantly increased in severe and fatal cases of COVID-19[79,80]. As the generation 
of SAM requires vitamin B12-dependent methionine synthase, many symptoms of long COVID-19 are 
similar to those of vitamin B12 deficiency, a condition in which methylation is disturbed[81]. Multiple 
independent metabolic studies have reported higher serum levels of methionine sulfoxide in COVID-19 
patients, implying increased oxidative stress[82,83]. Moreover, glutathione, the most important an-
tioxidant, is consistently depleted in COVID-19 patients and is often associated with increased lipid 
peroxidation markers[84]. In children with mild COVID-19, higher levels of methylmalonic acid 
(MMA), which is a catabolic product of certain amino acids, have been found[83]. A vitamin B12-
dependent enzyme further metabolizes MMA to succinic acid, which is a TCA cycle substrate. The 
antiviral and anti-inflammatory properties of MMA are thought to protect children from severe 
infection. Polyamines, including as spermidine and spermine, have been found to have a role in the 
replication and attachment of SARS-CoV-2, with serum levels of these compounds being greater in 
COVID-19 patients[47]. Overall, it appears that the virus exploits one-carbon metabolism pathways for 
its replicative advantages, producing metabolic disturbance in the host cells.

Pathogenesis of hyperglycemia
The pathophysiological basis of hyperglycemia in COVID-19 patients appears to be the development of 
IR and pancreatic β-cell dysfunction (Figure 2). Peripheral IR is caused by SARS-CoV-2-induced 
hyperinflammation and cytokine storm. Metaflammation, defined as a rise in TNF, IL-6, and IL-1 Levels 
in patients with metabolic syndrome, can further increase IR[85]. Furthermore, pancreatic damage with 
subsequent impairment of insulin secretion is evident in COVID-19 patients[10,86]. However, SARS-
CoV-2 does not appear to infect β-cells. directly, as ACE2 and TMPRSS2 have only been detected in 
pancreatic microvasculature and ducts, not in β-cells[87]. Pancreatic injury caused by SARS-CoV-2 
increases the release of pancreatic lipase, resulting in lipolysis and the release of unsaturated fatty acids, 
thus causing mitochondrial damage and inflammation[86,88]. When ACE2 is downregulated in the 
intestinal epithelium, SGLT1 is upregulated, resulting in hyperglycemia[89]. The unopposed action of 
Ang II leads to oxidative stress that triggers β-cell damage and further impairment of insulin secretion. 
Hyperglycemia per se can cause β-cell dysfunction by upregulating the Ang II receptor on β-cells and 
causing glucolipotoxicity[11]. Furthermore, persistent hyperglycemia may exacerbate COVID-19 by 
glycating ACE2, which facilitates the entry of SARS-CoV-2[10]. Recently, a circulating protein GP73, 
which is a glucogenic hormone that enhances hepatic gluconeogenesis, has been found in COVID-19 
patients, and it appears to modulate SARS-CoV-2-induced glucose metabolic alteration[90].

CLINICAL IMPLICATIONS OF METABOLIC ALTERATIONS IN COVID-19
COVID-19 and metabolic diseases
Multiple studies have found that metabolic comorbidities are more common in COVID-19 patients and 
are associated with poorer outcomes. However, the pathophysiologic mechanisms that underpin this 
adverse metabolic interaction are still poorly understood. The proinflammatory environment in patients 
with metabolic disorders may aggravate immune dysregulation, inflammation, microvascular 
dysfunction, and thrombosis, which may intensify the essential interaction between virus and host 
components. Additionally, patients with metabolic illnesses are more likely to respond to infection in a 
proinflammatory rather than protective manner, which could contribute to increased cytokines in 
COVID-19 infection. Obesity[91,92], DM[2,59], hypertension[93], dyslipidemia[94,95], and metabolic-
associated fatty liver (MAFLD)[5,96] have all been shown to be associated with a more severe disease 
course and increased mortality in COVID-19 (Table 2). A pooled data analysis of 20 studies determined 
that obese individuals had a 46% (Odds ratio [OR]: 1.46) higher chance of testing positive for COVID-19 
than non-obese people[97]. Moreover, a history of prior bariatric surgery is associated with a reduced 
severity in COVID-19 patients[98]. In severe COVID-19 patients, the prevalence of DM (OR: 3.5) and 
hypertension (OR: 2.6) is higher than that in non-severe patients[99]. In a meta-analysis of 33 studies, 
including 16003 COVID-19 patients, the pooled odds ratio of mortality or severity in presence of DM 
was 2.16 (95%; CI: 1.74-2.68; P < 0.01)[59]. Poor outcome of COVID-19 associated with DM or hyper-
glycemia may be attributed to higher glucose levels that provide huge substrates for increased 
glycolysis thus producing energy and substrates for SARS-CoV-2 replication. On the other hand, 
improved glycemic control is associated with better outcomes in COVID-19 patients with DM[62]. Lactic 
acidosis has been documented frequently in severe COVID-19 patients with DM treated with metformin
[100]. A meta-analysis of 7 studies (n = 6922) showed that dyslipidemia is associated with severe 
COVID-19 infections [RR 1.39][95].

COVID-19 and liver diseases
SARS-CoV-2 produces steatosis and lobular and portal inflammation in the liver[101]. Microthrombi 
have been found in the hepatic sinusoids in fatal cases due to coagulopathy and endothelial 
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Table 2 Meta-analyses of associations between coronavirus disease 2019 and metabolic diseases

Ref. Metabolic 
condition

COVID-19 (N); 
Studies/Patients Main results

Ho et al[91] Obesity 61/270241 Obesity was associated with more severe disease (OR 3.13, 95%CI: 1.41-6.92) and 
mortality (OR 1.36, 95%CI: 1.09-1.69)

Yang et al[92] Obesity 50/18 260 378 Obesity was associated with a higher risk of SARS-CoV2 infection (OR: 1.39, 95%CI: 1.25-
1.54), increased disease severity (OR: 3.74, 95%CI: 1.18-11.87) and mortality (OR: 1.65, 
95%CI: 1.21-2.25)

Huang et al[2] DM 30/6452 DM was associated with composite poor outcome (RR 2.38 [1.88, 3.03], P < 0.001)

Kumar et al[59] DM 33/16003 The combined corrected pooled OR of mortality or severity was 2.16 (95%CI: 1.74-2.68; P 
< 0.01)

Atmosudigdo et 
al[94] 

Dyslipidemia 09/3663 Dyslipidemia was associated with poor outcome (RR 1.39 [1.02, 1.88], more so in patients 
with older age, male, and hypertension

Hariyanto et al
[95] 

Dyslipidemia 07/6922 Dyslipidemia was associated with severe disease (RR 1.39 (95%CI: 1.03-1.87)

Du et al[93] Hypertension 24/99918 Patients with hypertension had a 1.82-fold higher risk for critical COVID-19 (OR: 1.82; 
95%CI: 1.19-2.77; P = 0.005) and a 2.17-fold higher risk for COVID-19 mortality (OR: 2.17; 
95% CI: 1.67-2.82; P < 0.001)

Zuin et al[4] Metabolic 
syndrome

06/209.569 Pre-existing metabolic syndrome was associated with higher risk of mortality (OR: 2.30, 
95%CI: 1.52-3.45). Meta-regression showed a direct correlation with hypertension, DM 
and hyperlipidaemia

Tao et al[5] MAFLD 07/2141 MAFLD increased the risk of severe COVID-19 (OR: 1.80, 95%Cl: 1.53-2.13)

Pan et al[96] MAFLD 06/1293 MAFLD increased the risk of disease severity, with a pooled OR of 2.93 (95%CI: 1.87, 
4.60)

COVID-19: Coronavirus disease 2019; CI: Confidence interval; DM: Diabetes mellitus; RR: Relative risk, OR: Odds ratio; MAFLD: Metabolic associated 
fatty liver disease.

dysfunction. Despite the preponderance of ACE2 on the biliary epithelium, significant cholestasis is 
rare. In a histological study of patients who died of complications of COVID-19, macrovesicular 
steatosis was the most common finding as it was observed in 75% of patients, and PCR for viral 
ribonucleic acid in liver tissue was positive in 55% of patients tested[102]. Such a high frequency of 
hepatic steatosis suggests a role of some metabolic derangements associated with COVID infection, 
which in turn lead to fatty liver disease. In this regard, COVID-19 patients with NAFLD have a higher 
risk of developing liver injury[103], a higher risk of disease progression (44.7% vs 6.6%), more likelihood 
of impaired liver function, and a longer viral shedding time compared to those without NAFLD[19]. It is 
noteworthy that NAFLD is now known as MAFLD, which refers to the hepatic manifestation of 
metabolic health. In two meta-analyses, MAFLD was found to increase the risk of severe COVID-19 
(OR: 1.8 and 2.9, respectively)[4,5]. After adjusting for confounders, the pooled OR for severe COVID-19 
in NAFLD was 2.358, demonstrating that NAFLD alone, without confounding factors, may contribute to 
worse COVID-19 outcomes; however, the exact explanation is still unknown[104]. Therefore, further 
research on the impact of NAFLD in COVID-19 patients is needed.

In patients with liver cirrhosis, the RAAS plays a key role in the development of portal hypertension 
and ascites[14,105,106]. The hyperdynamic circulation seen in portal hypertension is caused by overex-
pression of ACE2 and enhanced Ang1-7 production in the mesenteric arterioles[105,106]. As per the 
combined SECURE-liver and COVID-Hep registries, 38% of patients with cirrhosis and COVID-19 had 
worsening ascites, acute kidney injury (AKI), or encephalopathy[107]. In cirrhosis, RAAS activation 
occurs as a compensatory response to the systemic and splanchnic arterial vasodilation, resulting in 
renal water and sodium retention, which contributes to the development of the complications of 
cirrhosis such as ascites and AKI[14,108,109]. COVID-19 can increase the risk of these complications by 
interacting with the RAAS. On another note, hyperammonemia has been reported in COVID-19 
patients, and it could be linked to hepatic dysfunction and urea cycle interference[110]. Ammonia is a 
neurotoxin that affects astrocytes and plays a role in the development of cerebral edema and hepatic 
encephalopathy. By causing IR and pancreatic dysfunction, COVID-19 can increase the risk of hepato-
genous diabetes in patients with liver cirrhosis, and it can aggravate pre-existing gut dysbiosis in 
cirrhosis. On the one hand, gut dysbiosis can result in the translocation of endotoxins and bacteria 
leading to inflammation; on the other hand, it reduces the anti-inflammatory effects by reducing the 
production of commensal bacterial metabolites such as butyrate, bile acid derivatives, and indole[111]. 
Overall, the proinflammatory environment with metabolic alterations in COVID-19 patients with liver 
cirrhosis leads to the development of acute decompensation, acute-on-chronic liver failure, and 
increased mortality[109,112].
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Figure 2 The pathophysiological mechanism linking coronavirus disease 2019 with hyperglycemia. The pathophysiological basis of 
hyperglycaemia in coronavirus disease 2019 patients is still poorly understood but appears to be due to the development of insulin resistance and pancreatic β-cell 
dysfunction in which upregulation of angiotensin II, inflammation, and oxidative stress play important role. ACE2: Angiotensin converting enzymes 2; Ang II: 
Angiotensin II; SGLT1: Sodium glucose transport protein1; ROS: Reactive oxygen species; ADAM-17: Disintegrin and metalloproteinase domain-17; IL-6: Interleukin-
6, TNF: Tumour necrosis factor.

METABOLIC CHANGES DURING AND FOLLOWING RECOVERY FROM COVID-19
During the early convalescence of COVID-19 patients, distinct profiles of metabolites and cytokines 
have been observed. One study reported a reduction in saturated fat palmitic acid while unsaturated 
fatty acids such as docosapentaenoic acid and docosahexaenoic acid were elevated[29]. These changes 
correspond to the prevention of hepatocyte apoptosis and facilitation of liver repair. Furthermore, a rise 
in tryptophan levels was observed, and this could aid in the reversal of liver injury by preserving 
protein synthesis activity[113]. On another note, the glycemic abnormalities persist for at least 2 mo 
following recovery from COVID-19[58]. A long-term follow-up study on patients who had recovered 
from the original SARS-CoV-1 infection found a significant prevalence of hyperlipidemia (68%) and 
glycemic abnormalities (60%)[114]. Given the structural similarity of the SARS-CoV-2 virus to the 
original SARS-CoV-1 virus, comparable outcomes can be expected; however, this remains to be seen. 
The metabolic abnormality appears to persist more in patients with metabolic comorbidities. In this 
sense, a study with 1-year follow-up following discharge reported significant abnormalities in metabolic 
indicators such as blood lipids, uric acid, and liver function in obese COVID-19 patients compared to 
non-obese ones[18]. Another study demonstrated incomplete metabolic phenorversion in post-COVID 
patients. Even though most metabolic markers showed a high level of normalization, plasma taurine, 
and lower glutamine/glutamate ratios indicated little normalization in the majority of patients, 
indicating probable liver and muscle injury[17]. Further research is needed to determine the long-term 
clinical implications of these findings. In a study published recently, MAFLD was highly prevalent after 
hospital discharge, indicating potential long-term metabolic health implications. The prevalence of 
MAFLD was 55.3% at follow-up, while it was 37.3% on admission[115]. As metabolic alterations such as 
dysglycemia, hyperlipidemia, and inflammation are important in the progression of MAFLD, a high 
prevalence of MAFLD-induced advanced CLD may be expected in the years to come.

CONCLUSION
Human SARS-CoV-2 infection triggers a complex viral-host interaction that results in metabolic 
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reprogramming, altered immunological response, and a variety of clinical consequences. As the liver is 
the metabolic hub of the body, it is targeted in this process. In metabolomics and lipidomic studies on 
COVID-19 patients, a variety of alterations in amino acids, lipids, carbohydrates, and energy 
metabolism have been identified. Although the impact of each metabolic change remains to be 
determined, pathophysiological alterations in the RAAS, insulin sensitivity, pancreatic functions, 
biosynthesis pathways, and ammonia metabolism can be used to make various extrapolations in the 
clinical setting. Furthermore, evidence suggests a direct link between metabolic changes and inflam-
matory responses in the body. Patients with underlying low-grade chronic inflammation, such as 
metabolic syndrome or CLD, may be particularly affected by COVID-19-induced metabolic changes. 
Therefore, obesity, DM, hypertension, dyslipidemia, and MAFLD in COVID-19 patients have all been 
associated with a more severe disease course and higher mortality. Moreover, preliminary data suggest 
that metabolic changes in COVID-19 can also have long-term health implications. Improved metabolic 
parameters such as blood glucose, blood pressure, and body weight may help control the systemic 
inflammatory response and reduce the severity of COVID-19 disease. Furthermore, metabolic changes 
may reflect the molecular profile of SARS-CoV-2-infected individuals, opening up new avenues for 
targeted therapeutic interventions.
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Abstract
Since the discovery of the coronavirus disease 2019 outbreak, a vast majority of 
studies have been carried out that confirmed the worst outcome of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in people with 
preexisting health conditions, including diabetes, obesity, hypertension, cancer, 
and cardiovascular diseases. Likewise, diabetes itself is one of the leading causes 
of global public health concerns that impose a heavy global burden on public 
health as well as socio-economic development. Both diabetes and SARS-CoV-2 
infection have their independent ability to induce the pathogenesis and severity of 
multi-system organ failure, while the co-existence of these two culprits can 
accelerate the rate of disease progression and magnify the severity of the disease. 
However, the exact pathophysiology of multi-system organ failure in diabetic 
patients after SARS-CoV-2 infection is still obscure. This review summarized the 
organ-specific possible molecular mechanisms of SARS-CoV-2 and diabetes-
induced pathophysiology of several diseases of multiple organs, including the 
lungs, heart, kidneys, brain, eyes, gastrointestinal system, and bones, and sub-
sequent manifestation of multi-system organ failure.

Key Words: SARS-CoV-2; Diabetes; Neurological dysfunction; Cardiovascular compli-
cations; Renal dysfunction; Bone loss
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Core Tip: There is no therapeutic approach yet that can eradicate diabetes and its complications from 
human life, as the etiopathology of diabetes is very complex. Before the outbreak of coronavirus disease 
2019, it was almost unknown that diabetes is a leading risk factor that could fuel the pathogenesis of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-induced multi-organ dysfunction and 
subsequent mortality. Additionally, SARS-CoV-2-infected children and young people have been shown to 
develop diabetes. Therefore, identifying the precise molecular mechanisms of diabetes-induced SARS-
CoV-2 susceptibility and subsequent manifestation of multi-organ dysfunction may help us to develop 
drugs that prevent millions of human lives.

Citation: Roy B, Runa SA. SARS-CoV-2 infection and diabetes: Pathophysiological mechanism of multi-system 
organ failure. World J Virol 2022; 11(5): 252-274
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/252.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.252

INTRODUCTION
Diabetes mellitus (DM) is a multi-faceted metabolic syndrome that induces or exacerbates the 
pathophysiology of several complications, including neuropathy, nephropathy, retinopathy, cardio-
vascular diseases, pulmonary dysfunction, gastrointestinal (GI) dysfunction, and osteoporosis[1]. DM 
and its complications are increasing day by day while decreasing life expectancy and increasing the cost 
of diagnosis and treatment. According to the most recent Centers for Disease Control and Prevention 
(CDC) report, 37.3 million Americans have diabetes, and another 96 million US population have 
prediabetes[2].

Recently, coronavirus disease 2019 (COVID-19) has been the most discussed topic worldwide due to 
its devastating physiological and socioeconomic impacts since its discovery in December 2019 in 
Wuhan, China. As of 21 June 2022, the World Health Organization has reported 539119771 globally 
diagnosed COVID-19 cases, including 6322311 COVID-19-associated mortalities (WHO Coronavirus 
Dashboard. Available online: https://covid19.who.int). Although the overall COVID-19 positive case 
numbers declined from the previous years, the post-COVID-19 impact is still increasing. As time goes 
by, the trend of the pathogenicity for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has shifted from acute to long-term. Many studies determined the physiological consequences of the 
acute phase of SARS-CoV-2 infection and the post-COVID-19 effects on human health and diseases, 
including diabetes. However, few studies have been carried out to characterize the long-term risks and 
burden of diabetes in the post-acute phase of COVID-19. A recent study in a cohort that recruited 
181280 participants who tested positive for SARS-CoV-2 and a contemporary control that recruited 
4118441 participants showed that people with COVID-19 exhibited an increased risk and excess burden 
of incident diabetes as well as increased risk of antihyperglycemic use compared with the contemporary 
control group[3]. Another retrospective cohort study that recruited 126710 participants with one or 
more nasal swabs positive for SARS-CoV-2 and 2651058 participants with no positive swab showed that 
SARS-CoV-2 was associated with a higher risk of incident diabetes in men but not in women, compared 
with no positive tests. This study further demonstrated that among hospitalized COVID-19 patients, 
SARS-CoV-2 was associated with a higher risk of diabetes at 120 d and the end of follow-up in men but 
not in women[4]. However, the exact mechanism of SARS-CoV-2-induced increase in diabetic incidence 
and subsequent multiorgan dysfunction is unknown. This review provides ideas about the organ-
specific cellular mechanism through which SARS-CoV-2 and diabetes mellitus results in multi-system 
organ dysfunction.

METHODS
We searched our queries using Google Scholar, PubMed Central, ResearchGate, and the CDC databases. 
For this manuscript, we used articles published recently in standard peer-reviewed journals. We tried to 
avoid using review articles as much as possible; instead, we used research articles and case studies. We 
recruited research articles based on the following hierarchy: studies in humans > studies in animals > 
and studies in cell culture models. We thoroughly read the selected articles and picked the findings 
supporting our query.

https://www.wjgnet.com/2220-3249/full/v11/i5/252.htm
https://dx.doi.org/10.5501/wjv.v11.i5.252
https://covid19.who.int
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SARS-CoV-2 INFECTION EXACERBATES DIABETES-INDUCED MULTI-SYSTEM ORGAN 
FAILURE
SARS-CoV-2 infection exacerbates diabetes-induced pulmonary dysfunction
Many studies have been carried out to determine the pathophysiology of diabetes-induced pulmonary 
dysfunction. For instance, a retrospective, longitudinal cohort study on 1811228 subjects showed that 
the prevalence of asthma, chronic obstructive pulmonary disease (COPD), fibrosis, and pneumonia was 
significantly higher in diabetic patients relative to their age and sex-matched non-diabetic controls[5]. 
Another retrospective cohort study with 1332 patients with concomitant asthma and diabetes showed 
that the use of metformin, a well-known diabetic drug, significantly reduced the risk of asthma[6]. 
Findings from this study suggest that diabetes induces the development of asthma in humans. A 
prospective multicenter study that employed 5334 COPD patients with or without diabetes showed that 
COPD patients with comorbid diabetes had a more severe profile and higher hospitalization costs[7]. A 
study in 162 T2DM patients without diabetes complications and 55 healthy control subjects showed that 
pulmonary function in T2DM patients is negatively correlated with vascular endothelial functional 
index, e.g., flow-mediated dilation and nitric oxide (NO), whereas positively correlated with endothelin-
1 (ET-1) and glycosylated hemoglobinA1c (HbA1c)[8]. This study suggests that T2DM-induced vascular 
EC dysfunction is an important biomarker of pulmonary dysfunction. Hyperglycemia or insulin 
resistance (IR)-induced diabetic ketoacidosis (DKA) is associated with reduced serum potassium levels 
that subsequently cause respiratory muscle weakness and culmination of acute respiratory failure[9]. 
Additionally, DKA may contribute to the pathogenesis of pulmonary edema results from an acute shift 
of a large volume of fluid into the extracellular compartment and subsequent elevation of pulmonary 
venous pressure (hydrostatic pulmonary edema) as well as increased pulmonary capillary permeability 
(non-hydrostatic pulmonary edema) due to pulmonary microangiopathy[9]. A study in 26 diabetic 
patients showed a significant increase in angiotensin converting enzyme-2 (ACE2) protein levels in both 
alveolar tissue and bronchial epithelium compared to the control subjects, independent of smoking, 
chronic obstructive pulmonary disease, body mass index (BMI), renin-angiotensin-aldosterone system 
(RAAS) inhibitor use, and other potential confounders[10]. A study in 34239 patients (with or without 
diabetes) with a pneumonia-related hospitalization and 342390 healthy control subjects showed that 
poor long-term glycemic control in T1DM and T2DM increases the risk of hospitalization with pneu-
monia[11]. In addition to humans, a vast majority of studies have been carried out in rodents to 
determine the role of diabetes in pulmonary dysfunction. For instance, streptozotocin (STZ)-induced 
diabetic rats showed increased pulmonary basal membrane thickness, increased inflammatory reaction 
due to mononuclear cell infiltration in their lungs, and increased levels of protein carbonyl content, a bi-
product of oxidative stress, relative to their age-matched controls[12]. Likewise, myocardial ischemia-
reperfusion in STZ-induced diabetic rats demonstrated an increase in alveolar wall thickness and lung 
tissue damage along with increased infiltration or aggregation of neutrophils in lung tissue compared 
with their age-matched wild-type controls[13]. Another study in STZ-induced diabetic rats showed that 
the lung tissue and lamellar bodies were significantly collapsed along with a significant reduction in 
SOD activity and the mRNA expression and protein levels of aldehyde dehydrogenase 2, an alcohol 
detoxifying mitochondrial enzyme in the lung tissue of diabetic rats[14]. STZ-induced diabetic rats 
developed pulmonary fibrosis along with increased inflammation in the lung tissue as evaluated by 
increased expression and levels of several profibrotic and proinflammatory biomarkers, including 
fibronectin, connective tissue growth factor (CTGF), plasminogen activator inhibitor-1 and tumor 
necrosis factor (TNF)-α[15]. Additionally, the expression of NADPH oxidase (NOX), an important 
mediator of oxidative and nitrative stress, significantly increased along with increased protein nitration 
and upregulation of angiotensin II (Ang II) and its receptor angiotensin II type 1 (AT1) in diabetic lung 
tissue. This study again reported that chronic administration of Ang II in normal mice induced diabetes-
like lung fibrosis and inflammation (Figure 1), and the effects of Ang II were completely abrogated with 
losartan treatment, a potential AT1 inhibitor[15]. All the studies I stated so far revealed mostly the 
association between diabetes and different types of lung dysfunction. However, the precise underlying 
mechanism of diabetes-induced pathophysiology of lung disease is not well understood. Hyper-
glycemia and hyperinsulinemia in diabetes increase oxidative stress, non-enzymatic glycation of tissue 
proteins, activation of protein kinase C (PKC), nuclear factor-κB (NF-ĸB), and polyol pathways, and 
eventually lead to the development of pulmonary dysfunction through autonomic neuropathy, 
micro/macroangiopathy in the lung, impairment in pulmonary elastin and collagen content, alteration 
of pulmonary connective tissue, surfactant dysfunction and malfunctioning of respiratory muscles 
(Figure 1)[16].

It is well established that ACE-2 is predominantly expressed in pulmonary endothelial cells and 
airway epithelial cells (AECs), the main cellular entry of SARS-CoV-2 to start the pathogenesis of 
COVID-19 manifestation. A phenome-wide Mendelian randomization study in 898130 T2DM subjects 
showed an increase in ACE2 expression in their lung tissue compared with non-diabetic healthy 
controls[17]. Another study in humans showed an increased expression of ACE2 and transmembrane 
serine protease 2 (TMPRSS2) in the upper and lower airway tissue in adults than in children. This study 
further showed an elevated expression of ACE2 and TMPRSS2 in the airway tissue of smokers and 
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Figure 1 Possible mechanism of diabetes and severe acute respiratory syndrome coronavirus 2-induced pulmonary dysfunction. 
Hyperglycemia and insulin resistance in diabetes is associated with impaired cell signaling, oxidative stress, inflammation, and altered metabolism and subsequently 
lead to the manifestation of pulmonary dysfunction due to increased airway hyperresponsiveness, fibrosis, autonomic neuropathy, T helper 2, mast cell degranulation, 
Inflammatory macrophage, airway smooth muscle cell proliferation, deposition of extracellular matrix in the lung tissue, epithelial-mesenchymal transition, whereas 
reduced mucociliary clearance, respiratory muscle strength and synthesis of SP-A and SP-D. On the other hand, platelet or complement activation, endothelial 
damage, and inflammation in severe acute respiratory syndrome coronavirus 2 infection lead to the pathogenesis of pulmonary dysfunction due to elevated 
thrombosis, IL-6, IL-8, procoagulants, fibrosis, vasoconstriction, pulmonary edema, and angiogenesis. IR: Insulin resistance; NFκB: Nuclear factor-κB; PKC: Protein 
kinase C; PI3K: Phosphoinositide 3-kinases; STAT3: Signal transducer and activator of transcription 3; CTGF: Connective tissue growth factor; TGFβ: Transforming 
growth factor beta; Rho/RocK: Ras homologous/Rho-associated coiled-coil kinase; ROS: Reactive oxygen species; RNS: Reactive nitrogen species; RCS: Reactive 
carbonyl species; AGE: Advanced glycation end products; NOX: Nitrogen oxides; Ang II: Angiotensin II; Th2: T helper 2; SMC: Smooth muscle cell; ECM: 
Extracellular matrix; SP-A: Surfactant proteins A; SP-D: Surfactant proteins D; FFA: Free fatty acid; LDL: low-density lipoprotein; NADPH: Reduced nicotinamide 
adenine dinucleotide phosphate; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

COPD patients[18]. A study in 55, 44 COVID-19 post-mortem lung samples showed increased 
expression of ACE2 along with increased diffuse alveolar damage, acute bronchopneumonia, and acute 
lung injury in severe COVID-19 patients relative to the lung samples from healthy subjects[19]. There 
are contradictory findings regarding the prevalence of ACE2 expression in pulmonary vascular 
endothelial cells vs airway epithelial cells/pneumocytes. Findings from a vast majority of studies 
confirmed that ACE2 is predominantly expressed in airway epithelial cells. For instance, a study in two 
cohorts in Australia showed that gene expression and protein levels of ACE2 in the lower AECs were 
significantly higher in older age and male sex compared with younger age and females, respectively
[20]. However, another study in humans suggests that pulmonary endothelial cells express twice as 
many ACE2 receptors for viral entry than pneumocytes[21].

A study in lungs from patients who died from COVID-19 as well as patients who died from acute 
respiratory distress syndrome secondary to influenza A (H1N1) infection showed alveolar damage with 
perivascular T-cell infiltration along with severe endothelial injury associated with the presence of 
intracellular virus and disrupted cell membranes. Additionally, pulmonary vessels in patients with 
Covid-19 showed widespread thrombosis with microangiopathy. This study further demonstrated that 
the prevalence of alveolar-capillary microthrombi was nine times higher in the Covid-19 patients 
relative to patients with influenza[21]. Another study in the lung tissue from 11 Covid-19 deaths 
showed an increased loss of alveolar wall integrity, detachment of lung tissue pieces, fibroblast prolif-
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eration, and extensive fibrosis[22]. SARS-CoV-2 infected human AECs showed an increased cytopathic 
effect which was determined through a lack of cilium beating on the surface of AECs after 96 h of 
inoculation. However, SARS-CoV-2 infected Vero E6, and Huh-7 cell lines did not show any cytopathic 
effect[23]. Another case series study employing ultrasound-guided minimally invasive autopsy (MIA-
US) in 10 fatal cases of COVID-19 showed exudative/proliferative diffuse alveolar damage, intense 
pleomorphic cytopathic effects on the respiratory epithelium, including airway and alveolar cells, 
increased fibrinous thrombi in alveolar arterioles and elevation of alveolar megakaryocyte numbers. 
This study further showed that small thrombi formation was less frequent in other tissues, including the 
glomeruli, spleen, heart, dermis, testis, and liver sinusoids, compared to the lungs[24]. Findings from 
this study suggest that COVID-19 is a systemic disease that predominantly infects the lungs through 
severe epithelial injury and microthrombotic vascular phenomena, along with damage to other organs 
and tissues. Immunohistochemistry of the lung tissue biopsy from a 72-year-old man with a history of 
diabetes and hypertension showed denuded alveolar lining cells, increased reactive type II pneumocyte 
hyperplasia, and increased intra-alveolar fibrinous exudates, along with loose interstitial fibrosis, and 
chronic inflammatory infiltrates. This study further confirmed the presence of SARS-Cov-2 in alveolar 
epithelial cells due to the presence of SARS-CoV-2 Rp3 NP protein[25]. A study in 108 individuals 
showed increased alveolar type II-pneumocyte injury as confirmed by elevated plasma levels of 
surfactant protein D, a biomarker of alveolar type II-pneumocyte injury, along with increased 
interleukin (IL)-6 serum levels in critically ill COVID-19 patients[26].

Other studies also showed that the use of ET-1 receptor antagonist, Bosentan has been approved as a 
drug to treat pulmonary arterial hypertension in New York Heart Association functional classification 
II-IV and in scleroderma patients, as it decreases the systemic levels of profibrotic and proinflammatory 
cytokines including IL-2, IL-6, IL-8 and interferon (IFN)-γ in scleroderma patients, as well as slows 
down the progression of fibrosis and vascular damage[27]. The possible mechanisms of diabetes and 
SARS-CoV-2-induced pulmonary dysfunction are stated in Figure 1.

SARS-CoV-2 infection exacerbates diabetes-induced immune dysfunction
The complement system, a complex innate immune surveillance system, contributes to the 
destruction/neutralization of pathogens, including viruses and bacteria, that invade our body[28]. The 
complement system is composed of plasma proteins synthesized mainly by the liver or membrane 
proteins expressed on the cell surface, whose main functions are to promote the opsonization and 
phagocytosis of microorganisms and apoptotic cells through macrophages and neutrophils to induce 
their degradation[28,29]. A study showed that hyperglycemia inhibited complement-mediated 
opsonization of S. aureus in diabetic rats[30]. Another study reported that hyperglycemia caused direct 
glycosylation of proteins and altered the tertiary Structure of complement proteins, and subsequently 
inhibited immunoglobulin-mediated opsonization of bacteria[31].

Thrombotic microangiopathy (TMA) is a pathological condition that is associated with thrombosis in 
capillaries and arterioles, which leads to microangiopathic hemolytic anemia, thrombocytopenia, and 
organ damage, such as neurological, renal and cardiac dysfunction[32]. There are several risk factors 
that can contribute to the pathogenesis of TMA, including viruses, bacteria, drugs, oxidative stress, 
complement hyperactivation, and congenital predisposing conditions. All these factors directly or 
indirectly induce vascular endothelial cell damage, followed by the development of TMA. Studies 
showed that DM is associated with increased activation of the C3 complement component, which is a 
central factor of complement cascade[33,34]. Another study also showed that Insulin resistance is linked 
with elevated circulating complement factor C3 levels[35]. Increased C3 levels in plasma contribute to 
the hyperactivation of complement cascade that may lead to the development of TMA[36]. Oxidative 
stress-induced vascular endothelial dysfunction is an important hallmark of DM[37] and may contribute 
to the development of TMA[38]. Von Willebrand factor (VWF) is a clotting factor that is required for the 
pathogenesis of thrombotic thrombocytopenic purpura (TTP), a fatal blood disorder[39]. In pathological 
conditions, a multimeric form of VWF and platelets are prone to form aggregates and subsequently 
cause TTP[40]. A disintegrin and metalloprotease with thrombospondin type I repeats-13 (ADAMTS13), 
a zinc-containing metalloprotease that cleaves multimeric form of VWF and mitigates the formation of 
VWF-platelets aggregates[40]. The deficiency of plasma ADAMTS13 contributes to the progression of 
TTP[41]. A study in human subjects showed that T2DM-induced oxidative stress modifies the amino 
acid sequences of VWF and thereby prevents its proteolytic cleavage by ADAMTS13[42]. Another study 
showed that ADAMTS13 activity is significantly lower in T2DM patients compared with healthy control 
people[43]. Several virus strains, including SARS-CoV-2, HIV, MCV, EBV, parvovirus, rubella, and 
measles, have been recognized so far that can cause TTP by modulating the autoimmune process in 
human and animal species[44,45]. However, the exact molecular mechanism of the novel coronavirus, 
SARS-CoV-2-induced TTP, is completely unknown. Rapidly emerging data from clinical observations, 
autopsy-based findings, extrapolations from in vitro and in vivo studies, and dynamic modeling are not 
well enough to provide the exact pathophysiology of secondary complications associated with SARS-
COV-2 infection[46]. However, a large number of patients with severe COVID-19 demonstrated TMA-
like systemic coagulopathy that led to an increased number of deaths[47]. Findings from several studies 
reported that coagulopathy in COVID-19 patients was confirmed through the presence of elevated D-
dimer, elevated lactate dehydrogenase, elevated total bilirubin, and decreased platelets[46,48]. As DM 
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and SARS-COV-2 both are associated with TMA-like symptoms, the mortality rate should be higher in 
DM patients when infected with SARS-COV-2. A single-center cross-sectional study that employed 68 
patients with COVID-19, including 48 ICU and 20 non-ICU patients, as well as 13 non-hospitalized, 
asymptomatic controls, showed that the levels of endothelial cell and platelet activation markers, 
including VWF antigen and soluble P-selectin. This study further demonstrated that the mortality of 
ICU patients was positively correlated with concentrations of VWF antigen and soluble throm-
bomodulin[49].

Hemophagocytic lymphohistiocytosis (HLH) is a cytokine storm-induced inflammatory syndrome 
that is associated with substantial morbidity and mortality due to multiorgan failure[50,51]. Several case 
reports demonstrated that diabetes insipidus is associated with secondary HLH (sHLH)[52,53]. 
Accumulating evidence suggests that several patients with severe COVID-19 demonstrated sHLH due 
to cytokine storm, which is characterized by increased interleukin IL-2, IL-7, granulocyte colony-
stimulating factor, interferon-γ inducible protein 10, monocyte chemoattractant protein 1, macrophage 
inflammatory protein 1-α, and tumor necrosis factor-α[51]. Based on the findings stated above, it can be 
surmised that diabetes patients infected with SARS-COV-2 possess a higher risk of fatality compared 
with SARS-COV-2 infected non-diabetic subjects.

SARS-CoV-2 infection exacerbates diabetes-induced cardiovascular complications
The prevalence of atrial fibrillation (AF), an important hallmark of arrhythmia, is higher in DM patients. 
In an observational, age- and sex-matched cohort, a longitudinal study that included 34744 patients with 
and without diabetes showed that AF was 44% more prevalent and 38% more likely to develop in 
T2DM[54]. A cohort study with 421855 T2DM patients showed that there is a 35% increased risk of 
developing AF in T2DM patients compared with age- and sex-matched controls from the general 
population. This study also showed that the risk of developing AF is exacerbated in T2DM patients with 
poor glycemic control and renal complications[55]. There are several mechanisms that may lead to the 
development of AF in DM. Oxidative stress in diabetes is associated with increased formation of 
reactive oxygen species, carbonyl species, nitrogen species, and AGE, which in turn predisposes to the 
development of AF through endothelial dysfunction, increased atherogenesis and reduced coronary 
angiogenesis. T2DM is a leading cause of cardiovascular diseases (CVDs), including atherosclerosis, MI, 
HF, and cardiomyopathy. There are several mechanisms that result in the pathogenesis of diabetic 
cardiomyopathy, including impaired insulin signaling, mitochondrial dysfunction, increased oxidative 
stress, reduced NO levels, elevated AGEs levels, stiffness of extracellular matrix, impaired handling of 
Ca2+ by cardiomyocytes, inflammation, RAAS over activation, cardiac autonomic neuropathy, 
endoplasmic reticulum stress, microvascular dysfunction, and several cardiac metabolic abnormalities
[56].

Several studies have demonstrated that hospitalization and mortality rate are significantly higher in 
COVID-19 patients who has preexisting arrhythmia. A study in a cohort of 153760 US veterans who 
survived in the first 30 d of COVID-19 has experienced different types of CVDs, including dys-
rhythmias, ischemic and non-ischemic heart disease, pericarditis, myocarditis, heart failure, and 
thromboembolic disease[57]. A multicenter study with 696 hospitalized covid-19 patients developed 
acute HF and multiorgan failure as well as increased mortality which had a history of AF[58]. A 
retrospective observational study also showed that iCOVID-19 patients with a myocardial injury 
(determined by increased systemic C-reactive protein levels) are positively correlated with inflam-
mation and coagulopathy and increased hospitalization[59]. Several possible mechanisms may 
contribute to the pathogenesis of acute myocardial injury in COVID-19 subjects, including micro-
vascular injury, hypoxemia, preexisting CVDs, ventricular/atrial arrhythmias, hypotension, viral 
myocarditis, cytokine storm, and stress-induced cardiomyopathy[60]. A systematic pathological 
analysis that included 40 hearts from hospitalized patients dying of COVID-19 showed that the most 
common pathological cause of cardiomyocyte necrosis in COVID-19 patients was microthrombi. This 
study further demonstrated that the composition of intramyocardial microthrombi was different 
between COVID-19-negative and positive subjects[61].

A study using the samples from right atrial appendage biopsies in 57 diabetics and 22 non-diabetic 
subjects who underwent coronary artery bypass graft surgery showed that ACE2 mRNA expression and 
protein levels in heart tissue, as well as serum ACE2 levels, were significantly higher in diabetic patients 
relative to the non-diabetic control subjects. Additionally, ACE2 levels were positively correlated with 
glycosylated hemoglobin (HbA1c) levels, BMI, and activation of RAAS, and negatively correlated with 
ejection fraction. This study further demonstrated that the expression of TMPRSS2, metalloprotease 
ADAM10, and ADAM17 that facilitate viral-ACE2 complex entry and degradation were increased in 
diabetic hearts[62]. Diabetes is associated with increased activation of RAAS and subsequent elevation 
of systemic Ang II levels. However, the direct association of T2DM and SARS-CoV-2 susceptibility to 
the human heart is still unclear. STZ-induced diabetic mice developed severe cardiovascular complic-
ations after influenza virus infection as evaluated with increased circulatory levels of serum cardiac 
troponin I and creatine-kinase MB, left ventricular structural changes, and right ventricular functional 
alterations[63]. A prospective cohort study in Germany demonstrated an elevation of myocardial 
SARS–CoV-2 RNA in 5 out of 12 COVID-19–positive deaths[64]. Another study by Wenzel et al[65] 
showed an increased myocardial SARS-CoV-2 RNA in patients with clinically suspected myocarditis 
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who were tested negative for COVID-19 in nasopharyngeal swabs. A case study in a 72-years-old male 
patient who died due to severe COVID-19 reported the presence of SARS-COV-2 RNA as well as SARS-
COV-2 antigen in his cardiac tissue and cardiomyocyte, respectively[66]. Another study that employed 
endomyocardial biopsy samples from four SARS-CoV-2 infected dead patients who were diagnosed 
with myocarditis showed left ventricular systolic dysfunction due to cardiomyocyte injury and 
degenerative vacuolization of cardiomyocyte cytoplasm along with myeloid-rich inflammatory cell 
infiltrate. Additionally, the myocardium of each COVID-19 myocarditis subject also showed an 
increased expression of SARS-CoV-2 spike and nucleocapsid RNAs as well as nucleocapsid protein 
levels. This study further demonstrated that SARS-CoV-2 selectively infects hPSC-derived 
cardiomyocytes through an ACE2 and endosomal cysteine protease-dependent pathway and 
subsequent production of the infectious virus with peak titers on day three post-inoculation. Infecting 
engineered heart tissues with SARS-CoV-2 confirmed that cytokine production, myocardial sarcomere 
disassembly, and cardiomyocyte death were a direct consequence of cardiomyocyte infection[67]. The 
possible mechanisms of diabetes and SARS-CoV-2-induced cardiovascular dysfunction are stated in 
Figure 2.

SARS-CoV-2 infection exacerbates diabetes-induced renal complications
According to the most recent data from the CDC, around 37 million people in the united states are 
estimated to have chronic kidney disease (CKD)[68], and approximately 1 in 3 adults with diabetes has 
CKD, which is also known as diabetic kidney disease (DKD) or diabetic nephropathy. Additionally, the 
increased rate of mortality and associated socioeconomic and medical burden due to CKD-mediated 
development of end-stage renal disease is receiving more attention as a leading cause of death around 
the world[69]. DKD is associated with several structural changes in the kidney, including mesangial 
expansion, thickening of the glomerular and tubular basement membrane, glomerular sclerosis that 
manifests clinical symptoms including elevated blood pressure, sustained reduction in glomerular 
filtration rate (GFR), persistent albuminuria, increased cardiovascular events and associated mortality.

There are several possible mechanisms that contribute to the pathogenesis of DKD in diabetes, 
including impairment in renal hemodynamics, inflammation, abnormal glucose metabolism, oxidative 
stress, and overactive RAAS. Diabetes is associated with increased dilatation of afferent arteriole in the 
kidney due to increased generation of important vasoactive peptides, including prostaglandin and NO. 
A cohort study with 171 subjects showed that plasma prostaglandin E2 levels were increased in 136 
T2DM patients compared with 35 non-diabetic controls[70]. Studies in humans and animals showed that 
poor glycemic control is associated with increased generation of NO and subsequent inhibition of 
tubuloglomerular feedback–mediated vasoconstriction of afferent arterioles in diabetic kidneys[71,72]. 
Additionally, T2DM is associated with elevated circulatory Ang II levels due to the overactivation of 
RAAS, which constricts efferent arteriole and subsequently results in glomerular hypertension and 
impaired autoregulation. A study in a cohort with COVID-19 patients (n = 89) demonstrated that 
regardless of their severity, circulatory PEG2 levels increased significantly in SARS-CoV-2 infection 
compared with age and sex-matched healthy controls. Additionally, this study showed that the entire 
COVID-19 cohort had an increased rate of diabetes, BMI, as well as elevated circulatory C-reactive 
protein levels[73], an important prognostic biomarker of COVID-19[74] and CVDs[75].

Similarly, T2DM contributes to the development of renal fibrosis, podocyte injury, and inflammation 
through an increased generation of renal ET-1, an important vasoconstrictor. Studies showed that 
pulmonary infection and hypoxia cause an elevation of circulatory ET-1 levels in humans and animals
[76]. A study in a cohort showed that plasma levels of the stable precursor protein of endothelin-1, 
proET-1 were significantly higher in non-survivor COVID-19 patients relative to the survivor COVID-19 
patients. This study also showed that plasma proET-1 levels were significantly higher in patients with 
community-acquired pneumonia compared with both survivors and non-survivors of COVID-19 
patients. Additionally, data from this study showed that there is no significant association between 
proET-1 levels and mortality in a regression model adjusted for age, gender, creatinine level, diastolic 
blood pressure, as well as cancer and coronary artery disease[77].

Hyperglycemia contributes to the generation of ROS through mitochondrial overload and 
subsequently leads to podocyte dysfunction and apoptosis. Hyperglycemia and oxidative stress in 
diabetes mellitus increase intrarenal AGE levels that may cause morphological and functional 
impairments in the kidney, including modification of basement membranes, glomerulosclerosis, 
interstitial fibrosis, and tubular atrophy. Studies in humans and animals showed that in most cases, 
AGE exerts its role through the activation of the receptor for AGE (RAGE) in the kidney[78]. Studies in 
rodents showed that inhibition of AGE binding with RAGE using RAGE-aptamers attenuates the 
development and progression of diabetic nephropathy in streptozotocin-induced diabetic rats. This 
study further showed that continuous administration of RAGE-aptamer significantly suppressed the 
AGE-induced oxidative stress generation and inflammatory and fibrotic reactions in human cultured 
mesangial cells[79].

A single-center observational cohort study in Germany showed that serum levels of soluble RAGE 
(sRAGE) increased significantly with COVID-19 severity, the need for dialysis, and catecholamine 
support[80].
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Figure 2 Possible mechanism of diabetes and severe acute respiratory syndrome coronavirus 2-induced cardiovascular complications. 
Hyperglycemia and insulin resistance in diabetes is associated with impaired cell signaling, oxidative stress, inflammation, and altered metabolism and subsequently 
induce the pathogenesis of cardiovascular diseases, including atherosclerosis, thrombosis, myocardial infarction, cardiomyopathy, heart failure, myocarditis, acute 
coronary syndrome and arrhythmia due to impaired functioning of cardiomyocytes, cardiac fibroblasts, smooth muscle cells, endothelial cells and endothelial cells, 
leukocytes, and platelets. On the other hand, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) directly infects the myocardium and subsequently 
induces left ventricular dysfunction due to sarcomere disassembly, necrosis of cardiomyocytes, and infiltration of myeloid-rich inflammatory cells. Additionally, SARS-
CoV-2 infection reduces the availability of angiotensin converting enzyme-2 numbers, which results in elevated angiotensin II levels and subsequent manifestation of 
hypertension. SARS-CoV-2 infection is also associated with increased oxidative stress and hypoxia that may manifest hypertension due to arterial stiffness. Finally, 
inflammation in SARS-CoV-2 infection leads to cytokine storm and eventually induces vascular endothelial cell dysfunction and thrombotic plaque instability. Left 
ventricular dysfunction, hypertension, arterial stiffness, vascular endothelial cell dysfunction, and plaque instability induce the pathophysiology of cardiovascular 
diseases. IR: Insulin resistance; NFκB: Nuclear factor-κB; PKC: Protein kinase C; VEGF: Vascular endothelial growth factor; PDGF: Platelet-derived growth factor; 
APC: Adenomatous polyposis coli; ROS: Reactive oxygen species; RNS: Reactive nitrogen species; RCS: Reactive carbonyl species; AGE: Advanced glycation end 
products; Ang II: Angiotensin II; PICs: Pro-inflammatory cytokines; AICs: Anti-inflammatory cytokines; FFA: Free fatty acid; LDL: Low-density lipoprotein; HDL: High-
density lipoprotein; CF: Cardiac fibroblast; ECM: Extracellular matrix; GF: Growth factor; SMC: Smooth muscle cell; EC: Endothelial cell; NO: Nitric oxide; LV: Left 
ventricle; ACE2: Angiotensin converting enzyme-2; IL-6: Interleukin-6; IL-7: Interleukin-7; IL-22: Interleukin-22; CXCL10: C-X-C motif chemokine ligand 10; SARS-
CoV-2: Severe acute respiratory syndrome coronavirus 2.

Being a pleiotropic receptor, RAGE also interacts with a wide range of ligands in the S100 family, 
including S100A8/MRP8, S100A9/MRP14, S100A11, S100A12, S100B, high-mobility group box 1 
(HMGB1). A study in Wuhan, China, showed that expression of S100A8, S100A9, S100A11, and S100A12 
are significantly elevated in the lung tissue and serum of fatal COVID-19 patients compared to less 
severe cases of COVID-19[81]. Some other studies also demonstrated a positive association between 
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COVID-19 severity/fatality and plasma levels of S100A8[82], S100A9[82], HMGB1[82], S100A12[83] and 
S100B[84]. Additionally, an in vitro study revealed that HMGB1 epigenetically upregulates the 
expression of ACE2 in Vero-E6 cells and subsequently increases the susceptibility to SARS-CoV-1, 
SARS-CoV-2, and NL63 infection[85].

Prolonged hyperglycemia in diabetes is a renowned risk factor for kidney injury leading to 
proteinuria in humans[86,87]. A prospective, multicenter study in France showed that 60% of COVID-19 
patients developed proteinuria as determined by urinary protein to creatine ratio. Additionally, this 
study also showed that proteinuria was significantly elevated in severe COVID-19 patients who 
required ICU admission[88].

The prevalence of obstructive sleep apnea (OSA) is relatively high in T2DM[89]. A multicenter, 
observational, cross-sectional study using 214 DKD patients showed that UACR was higher in DKD 
with severe OSA relative to moderate OSA, mild OSA, or non-OSA subjects. Additionally, this study 
showed that the estimated GFR (eGFR) decreased in an OSA severity-dependent manner[90]. OSA-
induced intermittent hypoxia and increased sympathetic nerve activity are associated with increased 
vascular complications, including endothelial damage and hypertension that leads to renal dysfunction
[91]. A study using 445 COVID-19 patients where 8.5% had OSA showed that OSA is an independent 
risk factor of severe COVID-19 that requires hospitalization[92]. Findings from the studies above, it can 
be surmised that T2DM-induced OSA may contribute to the pathogenesis of DKD and subsequent 
fatality in severe COVID-19 patients.

A retrospective study in 2345 children having both type-1 diabetes and albuminuria demonstrated 
that the development of acute kidney injury is positively associated with the episodes of DKA[93]. A 
study that included 658 hospitalized patients with confirmed COVID-19 showed an increase in 
ketoacidosis in both diabetic and non-diabetic COVID-19 patients regardless of their age and sex[94]. In 
an observational study with 3993 hospitalized COVID-19 patients without any history of end-stage 
kidney disease end-stage kidney disease (ESKD) prior to admission, 1835 (46%) patients developed AKI
[95]. Another retrospective cohort study that employed 89216 patients who were 30-d survivors of 
COVID-19 and 1637467 non-infected controls showed that 30-d survivors of COVID-19 exhibited a 
higher risk of AKI, declined eGFR, ESKD and major adverse kidney events[96].

Hyperglycemic osmotic diuresis in DKA contributes to the progression of dehydration, hypovolemia, 
and, ultimately, a reduction in the GFR[97]. Sepsis and hypovolemia are two of the major risk factors 
that contribute to the pathogenesis of AKI[98]. A vast majority of COVID-19 patients experienced 
several complications, including fever, malaise, nausea, vomiting, and diarrhea for several days before 
seeking medical care and subsequently developed hypovolemia[99]. A prospective case-control study 
showed that COVID-19 patients with AKI are associated with reduced renal blood flow compared with 
healthy controls, which are independent of left/right cardiac dysfunction[100]. Reduced renal blood 
flow is a common pathophysiological mechanism of subsequent reduction of GFR and culmination of 
AKI[101]. Hypercoagulability is a common feature of diabetes. A study in humans showed significantly 
elevated platelet activity as well as more severe blood clots in patients with concomitant diabetes and 
renal dysfunction compared with healthy controls and patients with renal dysfunction but no diabetes
[102]. The possible mechanisms of diabetes and SARS-CoV-2-induced renal dysfunction are stated in 
Figure 3.

SARS-CoV-2 infection exacerbates diabetes-induced neurological complications
Approximately one-third of COVID-19 patients have been shown to develop neurological symptoms, 
including headache, disturbed consciousness, paresthesias, brain tissue edema, stroke, neuronal 
degeneration, and neuronal encephalitis[103]. Plenty of studies determined the association between 
COVID-19 and brain dysfunction. However, very little is known about the exact pathophysiology of 
SARS-CoV-2-induced neurological dysfunction. A recent study by Douaud et al[104] recruited 785 
participants of UK Biobank who went through the magnetic resonance imaging (MRI) twice, including 
401 cases which tested positive for SARS-CoV-2 infection on an average of 141 d before the second scan 
and 384 controls. Contrary to the first scan, data from the second scan of the SARS-CoV-2 positive cases 
revealed several striking features associated with brain dysfunction, including a reduction in grey 
matter thickness and tissue contrast in the orbitofrontal cortex and parahippocampal gyrus, significant 
alteration in the presence of tissue damage markers in regions that are functionally connected to the 
primary olfactory cortex; and a significant reduction in global brain size in the SARS-CoV-2 cases[104]. 
A study by Reiken et al[103] showed that SARS-CoV-2 infection is associated with Alzheimer's disease-
like phenotypes, which are characterized by the upregulation of TGF-β signaling and hyperphos-
phorylation of tau protein and leaky phenotype of the ryanodine receptor in the brain. STZ-induced 
diabetic mice exhibited mild hyperphosphorylation of tau protein after 10, 20, and 30 d of STZ injection, 
and massive hyperphosphorylation of tau protein was observed after 40 d of STZ injection[105]. There 
are several studies that confirmed the direct involvement/ entry of SARS-CoV-2 in the brain. For 
instance, a study using the autopsy samples of olfactory nervous tracts and defined CNS regions from 
33 individuals with COVID-19 showed the presence of SARS-CoV-2 RNA in olfactory mucosa, its 
nervous projections, and distinct CNS regions[106].
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Figure 3 Possible mechanism of diabetes and severe acute respiratory syndrome coronavirus 2-induced renal dysfunction. Hyperglycemia 
in diabetes is associated with increased oxidative stress mediated endothelial cell (EC) dysfunction, hypovolemia, and diabetic ketoacidosis that subsequently 
induces renal dysfunction. Likewise, inflammation in diabetes is associated with increased oxidative stress mediated EC dysfunction and hypercoagulability mediated 
cardiac dysfunction that subsequently leads to renal dysfunction. On the other hand, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection 
reduces the availability of angiotensin converting enzyme-2 numbers, which results in elevated serum angiotensin II and subsequent kidney injury and fibrosis due to 
hypertension. Additionally, hypovolemia in SARS-CoV-2 infection induces renal dysfunction. Finally, inflammation in SARS-CoV-2 infection is associated with cytokine 
storm mediated endothelial cell dysfunction and upregulation of damage-associated molecular patterns, hypercoagulability mediated cardiac dysfunction results in 
renal dysfunction. EC: Endothelial cell; Ang II: Angiotensin II; ACE2: Angiotensin converting enzyme-2; DAMPs: Damage-associated molecular patterns; SARS-CoV-
2: Severe acute respiratory syndrome coronavirus 2.

Encephalopathy refers to brain disorders that alter brain function or Structure. Acute encephalopathy 
is a rare but fatal complication caused by several factors, including metabolic diseases (e.g., diabetes) 
and pathogen infection. The pathogenesis of encephalopathy caused by diabetes-induced microvascular 
dysfunction in the brain is called diabetic encephalopathy (DE). DE is a chronic microvascular 
complication of diabetes mellitus that is characterized by impaired cognitive functions and electro-
physiological, neurochemical, and structural abnormalities[107,108]. A case study showed that there is a 
possible association between T1D and autoimmune neurologic disorders due to elevated systemic levels 
of glutamic acid decarboxylase antibody, an important biomarker of limbic encephalopathy[109].

One of the most frequent neurological complications in COVID-19 is acute encephalopathy. Several 
studies have been conducted to understand the neuropathogenesis of COVID-19-induced acute enceph-
alopathy. For instance, a study by Uginet et al[110] that recruited 707 COVID-19 hospitalized patients 
showed that the severity of the pneumonia was not associated with the severity of the COVID-19 
encephalopathy. Additionally, increased MRI abnormalities, intracranial vessel gadolinium 
enhancement, and disruption of BBR disruption were observed in maximum COVID-19 patients who 
had no history of acute encephalopathy and other neurological disorders. A case study that employed a 
SARS-CoV-2 positive middle-aged woman who presented to the emergency department of a tertiary 
care hospital with an episode of generalized tonic-clonic seizures primarily showed neuropsychiatric 
manifestations, including viral encephalitis rather than the most common COVID-19 symptoms[111]. 
Another single-center retrospective study that comprised 1683 patients with COVID-19 showed that 23 
(1.4%) patients developed cerebrovascular disease. Out of these 23 patients, 17 developed cerebral 
ischemia, five developed intracerebral hemorrhages, and one developed leukoencephalopathy of 
posterior reversible encephalopathy type. This study further showed that elevated ferritin levels were 
observed in hemorrhagic patients at the time of stroke along with subarachnoid hemorrhage, parieto-
occipital leukoencephalopathy, microbleeds, and single or multiple focal hematomas, thrombotic 
microangiopathy, and endothelial injury, with no evidence of vasculitis or necrotizing encephalitis
[112]. A study that employed both the human and animal brains showed that the hypothalamus and 
associated regions express ACE2 and transmembrane proteinase, serine 2, which mediate SARS-CoV-2 
cellular entry, along with several genes or pathways involved in physiological functions or viral 
pathogenesis[113]. A multicenter study employing 25 COVID-19 patients with encephalitis developed 
acute demyelinating encephalomyelitis and limbic encephalitis along with hyper proteinopathies 
and/or pleocytosis in the CSF[114]. Another study that recruited 13 encephalitis patients with COVID-
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19, 21 encephalitis patients without COVID-19, and 18 healthy controls, showed that CSF from the 
encephalitis patients with COVID-19 was negative for SARS-CoV-2, whereas the levels of IL-6, IL-8, 
TNF-α, β2-microglobulin and glial markers including glial fibrillary acidic protein, soluble triggering 
receptor expressed on myeloid cells 2, and chitinase-3-like protein 1 (YKL-40) were significantly 
elevated compared with the encephalitis patients without COVID-19[115].

The blood-brain barrier (BBB) is a highly selective semipermeable border that mediates the 
communication between the periphery and the central nervous system (CNS), composed of endothelial 
cells, neurons, astrocytic end-feet, pericytes, and a thick basement membrane[116]. This BBB allows the 
transport of various nutrients, ions, glucose, water, amino acids, and hydrophobic molecules, including 
O2, CO2, and hormones[116], whereas it restricts the entry of pathogens, peripheral inflammatory 
mediators (e.g., cytokines and antibodies) as well as large or hydrophilic molecules into the CNS[117]. 
Tight junctions (TJs) form a diffusion barrier between cerebral endothelial cells and prevent blood-borne 
substances from entering the brain[118].

DM-induced hyperglycemia upregulates the expression and activation of proangiogenic factors, 
including hypoxia-inducible factor-1α (HIF-1α) and vascular endothelial growth factor (VRGF), and 
subsequently increases capillary formation at the BBB. Additionally, hyperglycemia downregulates the 
expression of inter-endothelial tight junction proteins, including occludin, claudin-5, ZO-1, and JAM-1, 
and subsequently increases tight junction malfunctioning[119]. DM-induced formation of advanced 
glycation end-products contributes to the loss of BBB integrity through the upregulation of matrix 
metalloproteinases 2 in BBB ECs. Oxidative stress-induced formation of ROS[120] may disrupt the BBB 
through increasing systemic inflammation in diabetes[121]. Increased hypoxia associated with severe 
COVID-19 may increase capillary density in the BBB through the upregulation of HIF-1α and VRGF. 
Increased capillary formation and malfunctioning/disruption of TJs facilitate the invasion of inflam-
matory factors, neurotoxins, and pathogens into the CNS[122]. Since the BBB is the only route for the 
pathogens and systemic proinflammatory cytokines/chemokines to enter inside the brain, pathogens 
including SARS, MERS, SARS-CoV, and SARS-CoV-2 and proinflammatory cytokines in the systemic 
circulation generated due to cytokine storm may easily penetrate inside the CNS of a diabetic person 
through the damaged BBB. Since the human brain tissue is known to express ACE2 receptors[123], 
SARS-CoV-2 may infect the brain tissue, followed by the expression of several pathophysiological 
symptoms associated with the CNS infection. For instance, a study that recruited 8 COVID-19 patients 
exhibited an elevation of anti-SARS-CoV-2 antibodies in the CSF of comatose or encephalopathic 
patients suggesting intrathecal IgG synthesis or BBB disruption. BBB disruption may facilitate the entry 
of proinflammatory cytokines and inflammatory mediators into the CNS and subsequent neuroinflam-
mation and neurodegeneration[124]. A study that recruited 15 hospitalized COVID-19 patients with 
neurological manifestations exhibited lymphocytic pleocytosis, cranial neuropathy with meningo-
polyradiculitis, brainstem encephalitis, and delirium[125]. The possible mechanisms of diabetes and 
SARS-CoV-2-induced neurological dysfunction are stated in Figure 4.

SARS-CoV-2 infection exacerbates diabetes-induced eye diseases
Diabetic retinopathy (DR) is prevalent in diabetic patients and is one of the leading causes of blindness 
worldwide[126]. In 2020, the number of adults worldwide with DR, vision-threatening DR, and 
clinically significant macular edema was estimated to be 103.12 million, 28.54 million, and 18.83 million, 
respectively, and projection speculated that this number would increase to 160.50 million, 44.82 million, 
and 28.61 million, respectively in 2045[127]. The manifestation of DR is characterized by microan-
eurysms, retinal hemorrhages, intraretinal microvascular abnormalities, preretinal neovascularization, 
venous caliber changes, and lipid exudates from the damaged vasculature, capillary nonperfusion with 
accompanying neuronal infarcts and diabetic macular edema[128]. There are several possible 
mechanisms that may contribute to the pathogenesis of DR, including hyperglycemia-induced microan-
giopathy, inflammation, and retinal neurodegeneration[129]. Hyperglycemia has been implicated in the 
pathogenesis of retinal microvascular dysfunction through the impairment of several metabolic 
pathways, including the polyol pathway, formation of AGEs, the PKC pathway, and the hexosamine 
pathway[129]. Hyperglycemia is a well-known factor in pericyte and endothelial dysfunction mediated 
microaneurysm formation, impairment of blood-retinal barrier (BRB), capillary occlusion, and ischemia 
in DR[126]. Additionally, ischemia in diabetic eyes upregulates the expression of VEGF through the 
activation of HIF1[130] and phospholipase A2[131] and subsequently induces the pathogenesis of prolif-
erative DR and diabetic macular edema by increasing vascular permeability. An in vitro cell culture 
study showed that VEGF-A mediates the early glucose-induced damage in human retinal endothelial 
cells through the activation of the ERK1/2/PLA2 signaling pathway[132]. A retrospective cohort study 
comprising 241196 DM patients showed that the prevalence of retinal artery occlusion is 2.30-times 
higher in DM patients compared to their age and sex-match healthy controls[133]. Leucocyte plays an 
important role in the pathogenesis of DR through the leukostasis-mediated retinal occlusion. A study in 
humans showed that subjects with central retinal vein occlusion were characterized by elevated levels of 
monocyte chemotactic protein-1, macrophage inflammatory protein-1alpha (MIP-1α), and MIP-1β that 
regulate the activation and binding of leukocytes[134]. STZ-induced diabetic mice showed retinal 
inflammation, which was characterized by leukostasis, increased expression of ICAM-1 on the luminal 
surface of the vascular endothelium, elevated retinal IL-6, CXCL1 expression, and superoxide 
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Figure 4 Possible mechanism of diabetes and severe acute respiratory syndrome coronavirus 2-induced neurological dysfunction. 
Microhemorrhage, cerebral ischemia, venous thrombosis, mitochondrial dysfunction, endothelial or blood-brain barrier dysfunction, vascular damage, autoimmunity, 
infiltration of immune cells, and neuroinflammation in diabetes result in neurological dysfunction. On the other hand, microhemorrhage, ischemia, venous thrombosis, 
autoimmunity, mitochondrial dysfunction, endothelial or blood-brain barrier dysfunction, innate neuroimmune response, systemic immune response or infiltration of 
immune cells, and direct entry to astroglia lead to neurological dysfunction. BBB: Blood-brain barrier; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

generation[135]. Another preclinical study in STZ-induced diabetic rats showed that leukocytes lead to 
the pathogenesis of DME through Fas-FasL-dependent retinal endothelial cell apoptosis and subsequent 
dysfunction of BRB[136]. A prospective study that employed 22 DR patients and 28 non-diabetic 
subjects showed that inflammatory cytokines such as TNF-α, IL-6, IL-8, and IL-1β were significantly 
upregulated in the vitreous samples from DR patients and their levels were proportional to the severity 
of DR[137]. Some other studies demonstrated that retinal Müller glial cells and microglia as the 
initiators of retinal inflammation and subsequent pathogenesis of DR. For instance, a study by Portillo et 
al[138] showed that STZ-induced diabetic mice with overexpressed CD40 in Müller cells upregulated 
retinal expression of TNF-α, IL-1β, ICAM-1, and nitric oxide synthase (NOS2), developed leukostasis 
and capillary degeneration. This study further showed that overexpression of CD40 did not cause TNF-
α or IL-1β secretion in Müller cells. Rather, TNF-α was upregulated in macrophages/microglia in the 
retina. The CD40 overexpressing Müller cells induced PLC–dependent ATP release and subsequent 
P2X7-dependent production of TNF-α and IL-1β by macrophages. Findings from this study suggest that 
CD40 in Müller cells is sufficient to upregulate retinal inflammatory markers and appears to promote 
experimental DR through the activation of the CD40-ATP-P2X7 pathway[138]. Hyperglycemia in 
diabetes is also implicated in mitochondrial dysfunction mediated apoptosis of retinal neurons and 
subsequent pathogenesis of DR. An in vitro cell culture study showed that rat retinal Müller cells grown 
in a high-glucose medium developed mitochondrial dysfunction that may contribute to retinal Müller 
cell loss and subsequent pathogenesis of DR[139]. Retinal neurodegeneration is a hallmark of the 
pathogenesis of early DR. Recent studies have reported that vascular changes are preceded by the 
damage and loss of retinal neurons due to apoptosis or autophagy. According to Silva et al[140] STZ-
induced diabetic rats started to show DR symptoms after one month of STZ injection.

STZ-induced diabetic mice showed loss of rod cells, reduced thickness of the outer and inner synaptic 
layers along with the upregulation of autophagic proteins, including Beclin-1 and Atg5. Findings from 
this study suggest that the pathogenic pathways leading to cell death develop with the initial dysregu-
lation of autophagy and subsequent vascular damage[141]. For instance, STZ-induced diabetic mice 
increased ERK activation and subsequent reduction of synaptophysin and depletion of a brain-derived 
neurotrophic factor in the diabetic retina after one month of STZ injection[142].



Roy B et al. SARS-CoV-2 infection and diabetes

WJV https://www.wjgnet.com 264 September 25, 2022 Volume 11 Issue 5

Although the respiratory tract is considered the predominant route of SARS-CoV-2 infection, several 
studies hypothesized that the conjunctiva could be contaminated by SARS-CoV-2 droplets and dirty 
hands, thereby initiating the viral entry into the body[143]. A study using 14 retinal biopsies (RB) 
samples and 13 optic nerve biopsy (ONB) samples collected from COVID-19 deaths showed that 7 out of 
14 RB samples and 10 out of 13 ONB samples contained the SARS-CoV-2 RNA[144]. Similarly, a study 
in 91 hospitalized COVID-19 patients showed the presence of SARS-CoV-2 RNA on the ocular surfaces 
of 52 patients (57.1%). This study further showed that the virus was detected on the ocular surface in 10 
out of 17 patients whose nasopharyngeal swab was negative[145]. However, the mechanism of direct 
eye infection by SARS-CoV-2 is still unknown. A study using human post-mortem eyes and surgical 
specimens showed the expression of both ACE2 and TMPRSS2 in conjunctiva, limbus, and cornea[146]. 
A study by Menuchin-Lasowski et al[147] showed that SARS-CoV-2 infected human stem cell-derived 
retinal organoids increased the production of several inflammatory genes associated with acute COVID-
19 and retinal degeneration, including IL-33, CXCL2, and CXCL10. This study further showed that the 
inhibition of ACE2 activity with antibody significantly reduced SARS-CoV-2 infection of retinal 
organoids, indicating that SARS-CoV-2 infects retinal cells in an ACE2-dependent manner[147].

Conjunctivitis is the most common ophthalmic manifestation documented in COVID-19 patients
[148]. A retrospective cross-sectional, single-center study using 127 COVID-19 patients with mild 
symptoms showed that 11 out of 127 (8.66%) patients had conjunctivitis[149]. Another study that 
recruited 535 COVID-19 patients showed that 27 patients (5.0%) presented with conjunctival congestion, 
which may result from direct hand contact with the eyes[150]. However, the mechanism of SARS-CoV-
2-induced conjunctivitis is poorly understood. A case study in a 53-year-old man showed viral 
conjunctivitis along with the presence of SARS-CoV-2 RNA in the left eye after ten days of COVID-19 
onset. The symptoms of the left eye conjunctivitis were completely cured in 5 d with proper 
medications. However, the patients experienced viral keratoconjunctivitis with progressive spot 
staining observed at the periphery of the corneal epithelium in both eyes; after five days, the symptoms 
in the left eye were completely cured. At this stage, the patient also showed an elevation of IL-6 levels in 
both eyes as well as in the circulation[151]. Findings from this study suggest that SARS-CoV-2-induced 
cytokine storm may contribute to the pathogenesis of conjunctivitis and keratoconjunctivitis. A 
population-based case-control study in 16 193 adults showed that diabetes is a risk factor for acute 
infectious conjunctivitis[152].

SARS-CoV-2 infection exacerbates diabetes-induced bone loss
DM is an important risk factor for osteoporosis. A single-center cross-sectional study that enrolled 388 
Japanese patients with a history of T1D showed that long-term hypoglycemia is significantly associated 
with a higher risk of bone fracture[153]. A prospective and retrospective cohort study demonstrated that 
DM patients had a greater risk of total hip, upper arm, and ankle fractures, and this risk was 
pronounced in T1DM patients than T2DM patients[154]. Several mechanisms may contribute to the 
pathogenesis of DM-induced osteoporosis. Hyperglycemia and/or IR in DM are associated with 
increased production of proinflammatory cytokines, including IL-1, IL-6, and TNF-α, and vasoactive 
peptides, including Ang II. In contrast, it decreases the levels of vitamin D, which may downregulate 
osteoblast number/activity and upregulate osteoclast number/activity. Decrease in osteo-
blast/osteoclast ratio results in increased bone resorption and subsequent osteoporosis[155].

COVID-19 has been recognized to induce osteo-metabolic complications that are characterized by 
hypocalcemia, chronic hypovitaminosis D, and a high prevalence of bone fragility[156,157]. The 
presence of SARS-CoV-2 in bone cells has not been identified so far; however, the expression of ACE2 in 
the bone cells has been identified as a positive regulator of bone health. For instance, cell culture and 
human gingival bone samples have been shown to express ACE2 in osteoblast and osteoclast. Using 
both in vitro and in vivo models, this study further demonstrated that pharmacological activation of 
ACE2 with diminazene aceturate, an essential activator of ACE 2, significantly decreased alveolar bone 
loss through the improvement of osteoblast/osteoclast ratio[158]. Since SARS-CoV-2 bindings with the 
ACE2 receptors result in a decrease in ACE2 numbers, SARS-CoV-2 infection may increase bone loss. A 
study by Awosanya et al[159] has shown that human ACE2 expressing mice (TG) developed severe 
health problems and a significant reduction in trabecular bone volume due to an increase in the number 
and surface area of osteoclasts after 14 d of SARS-CoV-2 infection. However, more studies are required 
to confirm this finding. Cytokine storm upon SARS-CoV-2 infection is associated with increased 
circulatory levels of CXCL-10, TNF-α, IL-1β, and IL-6[160], whereas decreased reduced vitamin D levels 
are associated with increased infection and severity of COVID-19[161]. Many COVID-19 patients have 
experienced conjunctivitis in their eyes[148]. Therefore, it can be surmised that the possibility of fall-
mediated bone fracture in COVID-19 patients who has conjunctivitis should be higher than the healthy 
people.

SARS-CoV-2 infection exacerbates diabetes-induced gastrointestinal complications
A study in a cohort including 59 patients with COVID-19 showed that 15 patients had GI dysfunction, 
and nine patients had stool containing SARS-CoV-2 RNA. This study also conducted a meta-analysis 
comprising 4243 COVID-19 patients showed that the prevalence of GI symptoms in COVID-19 patients 
was 17.6%, and 48.1% of COVID-19 patients exhibited the presence of SARS-CoV-2 RNA in their stool 
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samples, although 70.3% of those samples were collected after the loss of virus from respiratory 
specimens tested positive for the virus[162]. The expression of ACE2 in the human GI tract has been 
confirmed through several studies[163,164]. Several studies demonstrated the direct infection of SARS-
CoV-2 in the GI tract. For instance, an in vitro study using gastric organoids from fetal, pediatric, and 
adult biopsies showed that pediatric and late fetal gastric organoids are susceptible to SARS-CoV-2 
infection, while viral replication is significantly lower in undifferentiated organoids of early fetal and 
adult origin. Through transcriptomic analysis, they further showed that SARS-CoV-2 infected stomach 
sample elicits a moderate innate antiviral response and a lack of differentially expressed genes 
belonging to the interferon family. Findings from this study suggest that SARS-CoV-2 can efficiently 
infect the gastric epithelium, suggesting that the stomach might have an active role in fecal-oral SARS-
CoV-2 transmission[165]. A retrospective, single-center study comprising 95 cases with SARS-CoV-2 
infection demonstrated that GI symptoms, including diarrhea, anorexia, and nausea, were observed in 
58 cases[166]. Findings from another retrospective cohort study comprising 104 patients with COVID-19 
demonstrated that GI infection with SARS-CoV-2 prolongs the duration of SARS-CoV-2 shedding and 
hospitalization in the patients with COVID-19[167].

Diabetic patients are implicated in developing several GI complications, including gastroparesis, 
intestinal enteropathy, non-alcoholic fatty liver disease (NAFLD), pancreatitis, and peptic ulcer disease. 
There are clinical and preclinical studies that confirmed the association of diabetes with GI 
abnormalities. For instance, a study that recruited 50 DM patients and 20 non-DM healthy controls 
showed that patients with long-term DM exhibited lower maximal squeeze pressure, a higher mean 
threshold of minimal rectal sensation, and enhanced features of dyssynergic defection compared with 
the control group. Findings from this study suggest that DM patients demonstrated an impaired 
function of the external anal sphincter, enhanced features of dyssynergic defecation as well as impaired 
visceral sensation[168]. A case study that comprised ten patients with maternally inherited diabetes and 
deafness syndrome (MIDD) showed that GI symptoms, including constipation and diarrhea along with 
the mucosal accumulation of normal mitochondria and lipid droplets, are frequent in MIDD[169]. A 
study using the GI mucosal biopsy samples from subjects with and without type 2 diabetes exhibited 
that taste signaling molecules that modulate the upper GI function and energy intake are decreased in 
diabetic subjects with elevated blood glucose concentration and decreased by luminal glucose in mice
[170]. A cohort study that recruited 5699 T2DM patients and 11226 age and sex-matched non-diabetic 
controls showed that in a 7-year follow-up period, T2DM patients had a significantly higher cumulative 
hazard of peptic ulcer bleeding than the controls with adjusted age, sex, and comorbidities[171]. 
Another study that recruited healthy subjects and peptic ulcer patients with or without T2DM showed 
that the number of circulating EPCs and their colony-forming ability, essential prerequisites for vascular 
repair and angiogenesis, was significantly reduced in peptic ulcer patients with T2DM[172]. There are 
findings from many preclinical and clinical studies that confirm diabetes as a significant risk factor for 
NAFLD[173-175]. A 14-years follow-up study by Han et al[176] that recruited 3047 subjects without 
underlying DM showed that NAFLD could be used as a biomarker better than BMI in predicting 
incident DM.

DISCUSSION AND FUTURE DIRECTIONS
Diabetes is a chronic metabolic disease that differentially induces the pathogenesis of several complic-
ations associated with different organs, including the brain, eyes, bone, GI tract, kidneys, heart, immune 
system, and lungs (Figure 5). On the other hand, SARS-CoV-2 infection has both acute and chronic 
effects on the manifestation of all diseases (Figure 5). In addition to their independent mechanisms for 
the pathogenesis of any disease, the coexistence of diabetes and SARS-CoV-2 infection exacerbates the 
disease severity and subsequent fatality (Figure 5). There are several approaches, including medications, 
diet and exercise that can reduce the blood glucose levels in both type 1 and type 2 DM patients. Insulin 
therapy and amylinomimetic drugs are used to reduce bold glucose levels in type 1 DM patients. 
Similarly, biguanides (e.g., metformin), dopamine agonist (e.g., bromocriptine), dipeptidyl peptidase-4 
inhibitors (e.g., alogliptin), glucagon-like peptide-1 receptor agonists (e.g., albiglutide), meglitinides (e.g., 
nateglinide), sodium-glucose transporter 2 inhibitors (e.g., dapagliflozin), sulfonylureas (e.g., 
glimepiride), and thiazolidinediones (e.g., rosiglitazone) are well known type 2 DM medications[177]. 
However, there is no effective treatment that can completely cure diabetes or diabetic complications. On 
the other hand, there are several approaches that can prevent the transmission as well as the severity of 
SARS-CoV-2 infection, including mRNA vaccines (e.g., Pfizer-BioNTech covid-19 vaccine), and antiviral 
drugs (e.g., remdesivir) and monoclonal antibodies (e.g., bebtelovimab)[178]. However, there is no 
effective therapy yet that can completely prevent the transmission of SARS-CoV-2 and cure COVID-19 
without any side effects. Since SARS-CoV-2 is still circulating among the community, new variants like 
delta and omicron are evolving that can be even more transmissible and lethal than the existing 
variants. Because of these new mutant variants, COVID-19 is out of control despite widespread 
vaccination in the United States as well as other countries. There are some drugs that can prevent viral 
entry into the host cells as well as decrease blood glucose levels. For instance, Camostat mesylate, a 
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Figure 5 Role of diabetes and severe acute respiratory syndrome coronavirus 2 co-existence in multi-system organ failure. SARS-CoV-2: 
Severe acute respiratory syndrome coronavirus 2.

serine protease inhibitor used primarily for treating postoperative reflux esophagitis and chronic 
pancreatitis. However, studies showed that blocking TMPRSS2 with Camostat mesylate and its 
metabolite 4-(4-guanidinobenzoyloxy) phenylacetic acid can prevent upper respiratory tract infection by 
SARS-CoV-2[179]. Chloroquine and hydroxychloroquine are glucose-lowering drugs and have been 
used extensively to treat COVID-19 due to their antiviral properties. However, these drugs have adverse 
health effects. Therefore, patients with DM and/or other underlying health conditions should be aware 
that SARS-CoV-2 infection can elevate blood glucose levels, and, as such, they should follow clinical 
guidelines for the management of DM more strictly.

CONCLUSION
People with diabetes possess a higher risk of SARS-CoV-2 infection and subsequent severe COVID-19 
manifestation. On the other hand, the prevalence of SARS-CoV-2 infection-mediated manifestation of 
diabetes is also increasing. It is more likely to develop severe consequences due to the global increase in 
diabetic patients and the co-existence of diabetes and SARS-CoV-2. Still, we need to wait longer, and 
more research should be conducted to see the long-term effects of post-COVID-19 manifestation. To 
prevent or cure the long-term coexistence of diabetes and COVID-19 in the human body, we should 
more adhere to standardized prevention and control, cutting the transmission chain of the virus and 
blocking it to a minimum. Maintaining a healthy lifestyle with a healthy diet, regular exercise, and 
proper hygiene can reduce the risk of developing diabetes as well as the number of SARS-CoV-2 
infection.
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Abstract
With a 5.3% of the global population involved, hepatitis B virus (HBV) is a major 
public health challenge requiring an urgent response. After a possible acute 
phase, the natural history of HBV infection can progress in chronicity. Patients 
with overt or occult HBV infection can undergo HBV reactivation (HBVr) in 
course of immunosuppressive treatments that, apart from oncological and hem-
atological diseases, are also used in rheumatologic, gastrointestinal, neurological 
and dermatological settings, as well as to treat severe acute respiratory syndrome 
coronavirus 2 infection. The risk of HBV reactivation is related to the immune 
status of the patient and the baseline HBV infection condition. The aim of the 
present paper is to investigate the risk of HBVr in those not oncological settings in 
order to suggest strategies for preventing and treating this occurrence. The main 
studies about HBVr for patients with occult hepatitis B infection and chronic HBV 
infection affected by non-oncologic diseases eligible for immunosuppressive 
treatment have been analyzed. The occurrence of this challenging event can be 
reduced screening the population eligible for immunosuppressant to assess the 
best strategies according to any virological status. Further prospective studies are 
needed to increase data on the risk of HBVr related to newer immunomodulant 
agents employed in non-oncological setting.

Key Words: Hepatitis B Virus infection; Reactivation; Occult B infection; Chronic B 
infection; Immunosuppression; Disease-modifying antirheumatic drugs
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Core Tip: Hepatitis B Virus (HBV) is a major public health challenge requiring an urgent response. 
Patients with overt or occult HBV infection can undergo HBV reactivation (HBVr) in course of immu-
nosuppressive treatments, also used in rheumatologic, gastrointestinal, neurological and dermatological 
settings and to treat Sars severe acute respiratory syndrome coronavirus 2 infection. The aim of the present 
paper is to investigate the risk of HBVr in those not oncological settings in order to suggest strategies for 
preventing and treating this occurrence. The occurrence of this challenging event can be reduced screening 
the population eligible for immunosuppressant to assess the best strategies according to any virological 
status.

Citation: Spera AM. Hepatitis B virus infection reactivation in patients under immunosuppressive therapies: 
Pathogenesis, screening, prevention and treatment. World J Virol 2022; 11(5): 275-282
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/275.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.275

INTRODUCTION
Hepatitis B Virus (HBV) is a major public health challenge requiring an urgent response. According to 
the Global Hepatitis Report endorsed by World Health Organization (WHO) in 2017, the proportion of 
children 5 years old become chronically infected felt to 1.3% in 2015, compared with 4.7% of the pre-
vaccine era, ranging 1980s to 2000s worldwide[1]. The spread of HBV vaccination during the childhood 
reduced the incidence of new HBV infections and the related possible chronicity[1]. However, it is 
estimated that about 3.5% of the global population (257 million people) in 2015 are affected by chronic 
HBV infection, most of them born before the availability of HBV vaccination: 68% of them are localized 
in Africa and in Western Pacific Region[1]. About 2.7 million of persons are co-infected with HBV, HDV 
and HIV and, among those with hepatitis, the estimated cumulative 5 years incidence of progression is 
estimated around 8%-20%[2] and 5%-15% of cirrhotic patients develop hepatocellular cancer (HCC) 
during the lifetime[2].

HBV belongs to the Hepadnaviridae family. It is a double stranded DNA virus with a lipoprotein 
envelope and a high hepatic tropism. Its transmission happens through the vertical route or intra-family 
contacts among infants and by sexual or parenteral contact. The first case is typical in regions with the 
highest prevalence determining the high endemicity described in these areas and the associated high 
rate of chronicization. The second case is common in regions with low prevalence among adults; ne-
vertheless, high Hepatitis B surface antigen (HBsAg) prevalence there, can be encountered among 
immigrants from high HBV endemic area, People Who Inject Drugs (PWID), Men who have Sex with 
Men and People Living With HIV[3]. After a possible acute phase, the natural history of HBV infection 
can progress in chronicity, which consists of 5 phases, based on the HBeAg serostatus, the viral load, the 
transaminases levels and the grading/staging of the liver disease[4-6]. During the first one, once known 
as “immunotollerant phase” and currently named “HBeAg positive chronic infection”, the immune 
response against the virus is limited or absent: Thus, there is a high viral replication with HBeAg 
positivity, unchanged transaminases and liver parenchyma. The second phase, called “HBeAg positive 
chronic hepatitis” is characterized by the production of active immune response of the host against viral 
antigens, with a reduction of viral load and an increase of transaminase levels along with liver inflam-
mation. In case of immune response’s control of the infection, the infection moves to the third phase, 
known as “HBeAg negative chronic infection” with HBeAg sero-clearance, low viral replication (HBV-
DNA < 2000 IU/mL), normalization of transaminase levels and mild liver inflammation. However, 
severe liver inflammation and rapid progression of disease can still occurs, despite the presence of 
HBeAb, in case of mutation of the pre-core or basal core promoter regions. The fourth phase is the 
“HBeAg negative chronic hepatitis” one, with detectable anti HBe, moderate levels of serum HBV-DNA 
and ALT with hepatic necroinflammation. The last phase is HBsAg negative phase, with serum negative 
HBsAg and positive anti HBc with or without anti HBs. This phase is also called “occult hepatitis B 
virus infection” (OBI) defined as the replication of competent HBV DNA in the liver and blood in the 
absence of detectable HBsAg that contributes to the advancement of liver fibrosis and development of 
HCC. Patients with overt or occult hepatitis B virus infection can undergo HBV reactivation (HBVr) in 
course of immunosuppressive treatments. Apart from oncological and hematological diseases, 
immunosuppressants are also used in rheumatologic, gastrointestinal, neurological and dermatological 
settings, as well as to treat severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. 
The aim of the present paper is to investigate the risk of HBVr in those not oncological settings in order 
to suggest strategies for preventing and treating this occurrence. HBVr can be defined as the novo 
detection of HBV DNA or a ≥ 10 fold increase in HBV DNA level compared to its baseline value in 
HBsAg positive subject and seroreversion to HBsAg positive status in previously negative patients[7]. 
The viral genome can be detected as cccDNA in hepatocites. The HBVr following immunosuppressive 
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treatments is commensurate to patient’s characteristics and the kind of immunosuppressive agent 
employed. As regards as host characteristics, apart from the male gender[8], the old age[9] and any 
underlying lymphoproliferative diseases[10], the serostatus during immunosuppression is crucial. In 
fact, patients affected by chronic HBV infection have a greater risk of reactivation compared to those 
with OBI. Moreover, the presence of anti HBs among HBsAg negative subjects, is related to a lower risk 
of reactivation even in hematologic setting, according to Seto et al[11]. Regarding immunosuppressant, 
the risk of related HBVr can be classified as high, with frequency of reactivation > 10% without pro-
phylaxis[7]; medium, with frequency of reactivation 1%-10%[12] or low, with frequency of reactivation 
< 1%[13]. A high risk of reactivation is described with the administration of B cell depleting agents[14], 
anthracycline derivatives[15] and corticosteroids at high dose, for treatments of more than 4 wk[7], 
along with inhibitors of cytokine, integrin[16], tyrosine kinases[17] and JAK kinases inhibitors[18].

The risk of HBVr is related to the immune status of the patient and the baseline HBV infection 
condition. The risk of developing HBVr is quite low for HBsAg positive or negative patients under 
csDMARDs and short low dose cortisone based therapy. The same risk is however higher for patients 
under anti-TNFs and tyrosine kinase inhibitors: when in combination, the risk is the highest.

Here reported are the main studies about HBVr for patients with OBI and chronic HBV infection 
affected by non-oncologic diseases eligible for immunosuppressive treatment.

RISK OF HBVR IN PATIENTS AFFECTED BY CORONAVIRUS DISEASE 2019
The ongoing SARS-CoV-2 pandemic, responsible for more than 50 million cases from 2020, still 
represents a challenge for the scientific community, not only regarding its pathogenesis but mostly its 
treatment. In fact, despite there is no available curative option yet, several immunosuppressive and 
immunomodulating agents have been proposed for the treatment of coronavirus disease 2019 (COVID-
19) pneumonia in those last two years. Corticosteroids are currently recommended by the WHO for 
severe COVID-19; other employed immunosuppressive agents are interleukin 6 inhibitors (such as 
tocilizumab), JAK inhibitors (such as baricitinib, tofacitinib and ruxolitinib) associated with risk of HBVr 
in other settings[19]. Apart from a couple of retrospective studies reporting HBVr among patients 
receiving methylprednisolone[20] and tocilizumab[21], no data are already available in literature about 
the risk of HBVr among patients with COVID-19 treated with immunosuppressants. The short duration 
of immunosuppressive treatment in this specific setting probably limits the risk of HBVr. However, all 
the patients with COVID-19 pneumonia eligible for corticosteroid or immunosuppressants are routinely 
screened for HBV infection according to national and international guidelines to evaluate the risk of 
HBVr prior to prescribe those above mentioned drugs and start antiviral prophylaxis when needed.

HBVR IN RHEUMATOLOGIC SETTING
The spread of rheumatic diseases in Western Countries resulted in a greater interest of the scientific 
community engaged in research of efficacious therapeutic options. Giving that recognize an 
autoimmune pathogenesis, therapeutic committed strategies are based on immunosuppression and 
include Corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), analgesic drugs and disease-
modifying antirheumatic drugs (DMARDs) which can be divided into conventional synthetics 
(csDMARDs) and biological drugs (bDMARDs). The csDMARDs include leflunomide, azathioprine, 
sulfasalazine, hydroxychloroquine; gold salts, methotrexate and minocycline[22]. The bDMARDs can be 
instead divided into IL-1 inhibitors (canakinumab and anakinra), TNF inhibitors (infliximab, 
adalimumab, etanercept, certolizumab and golimumab), inhibitors of IL-17 (ixekizumab and secu-
kinumab), IL-6 and IL-6R inhibitors (respectively, tocilizumab and sarilumab), IL-23 inhibitors 
(guselkumab and ustekinumab), and JAK kinase inhibitors (peficitinib, tofacitinib, filgotinib, 
upadacitinib and baricitinib) based on their mechanism of action[23,24].

HBVr is quite common among unvaccinated people with rheumatic diseases (RD); Canzoni et al[25] 
reports that 2% of this study population (292 patients) affected by RD had a prevalence of HBsAg 
positivity and any kind of HBV infection markers retrieved in 24% of cases (70 patients): At least, 30% of 
those tested positive patients were unaware of their condition[25]. Despite European Association for the 
Study of Liver (EASL)[4] and AASLD[23] indication about HBV routine screening schedule before 
starting immunosuppressive therapies, the coverage still appears inadequate as in 2015 Lin et al[27] 
demonstrated in a retrospective cross national comparison of hepatic testing in rheumatic arthritis (RA) 
patients eligible to DMARD between the US and Taiwan[26]. The authors found that only 20.3% of 
patients in the US and 24.5% of patients in Taiwan were tested for HBV infection[27]. Similar results 
were found in Japan[28] where laboratory test for HBsAg, anti HBs and anti HBc were performed only 
in 28.33%, 12.52% and 14.63% of patients with RA, at baseline[28]. The deleterious role of HBV infection 
in recovery of patients with RA has been investigated by Chen et al[29]: Their case control study 
evaluated 32 patients with RA and chronic HBV infection, eligible to glucocorticosteroids, DMARDs 
and biologics. The study records, in a year, a worsening of hepatopathy of patients with chronic HBV 
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infection under immunosuppressant with no antiviral intervention; moreover patients failed in 
achieving the therapeutic target in 6 mo. HBVr was reported in 34% of patients at one year follow up. 
Among those 32 studied patients, 14 were treated with prophylaxis with lamivudine, adefovir or 
entecavir: 4 of them developed HBVr and 2 of them also a hepatitis flare. The remaining 18 patients 
enrolled did not received antiviral prophylaxis and 7 of them experienced HBVr.

HBVR IN DERMATOLOGIC SETTING
cDMARDs such as acitretin, methotrexate and cyclosporin A along with bDMARDs including 
etanercept, infliximab, golimumab, certolizumab, adalimumab and secukinumab are currently used in 
several different dermatologic diseases, like psoriasis. The safety of those immunosuppressive drugs is 
not properly investigated, since trials conceived to explore new efficient drugs barely involve HBV 
patients. However, the reactivation risk of HBV in 14 (11 HBsAg positive, 3 HBsAg negative/HBcAb 
positive) patients with psoriasis eligible for ustekinumab based therapy has been evaluated by Chiu et al
[30]. No reactivation was observed among all the HBsAg negative HBcAb positive patients, while HBVr 
was registered among two of the HBsAg positive patients under ustekinumab not receiving prophylaxis
[30]. The incidence rate of annual HBVr was calculated by Ting et al[31] in a retrospective cohort study 
including 54 inactive HBV carrier patients without prophylaxis and occult hepatitis B virus infection: 
only 1.5% of OBI patients developed HBVr, while 17.4% of inactive HBV carriers experienced it, under 
ustekinumab. According to the available evidence, HBsAg positive patients under immunosuppressive 
drugs at moderate risk of HBVr should be prevented with antiviral based prophylaxis, while HBsAg 
negative/HBcAb positive patients eligible for immunosuppressant should be close monitored in order 
to prescribe pre-emptive therapy, when needed.

RISK OF HBVR IN GASTROENTEROLOGICAL SETTING
The use of immunosuppressants is often required for patients affected by autoimmune, inflammatory 
gastroenterological disorders like Crohn disease and ulcerative colitis. The drug selected depends on the 
disease severity and the relapsing or remitting cause of the inflammatory bowel disease (IBD). Corticost-
eroids, immunomodulatory agents (methotrexate, azathioprine, mercaptopurine), anti IL12/23 p40 
antibodies, JAK inhibitors, anti-adhesion therapies and biological therapies such as TNF inhibitors are 
widely used. Studies performed to evaluate the risk of HBVr in HBsAg positive patients with 
gastroenteric diseases under immunosuppressive agents clearly demonstrated that the use of more than 
two immunosuppressive agents is an independent predictor of HBVr[32]. A lower rate of reactivation 
has been registered for patients treated with antiviral prophylaxis[33]. Few cases of HBVr have been 
reported among HBsAg negative/HBcAb positive patients with IBD under immunosuppressants[34-
37]. Thus, a complete serology for HBV is required in IBD patients to determine the active/inactive 
carrier status of IBD patients eligible for immunosuppressants in order to determine whether to treat, 
prescribe prophylaxis or monitor them, according to their HBV profile. HBsAg positive patients with 
IBD should undergo prophylaxis with nucleotide or nucleoside analogues before starting moderate or 
high doses steroids for more than 4 wk, anti TNF drugs, azathioprine or ustekinumab. This prophylaxis 
should last for at least one year after discontinuing immunomodulants. No standardized approach 
exists for HBsAg negative/HBcAb positive patients with IBD. In fact, while the American Gastroen-
terology Association recommends antiviral prophylaxis for this population under anti TNF or corticost-
eroids at moderate/high doses[38], the EASL and The European Crohn and Colitis Organization both 
recommend close monitoring of this population and the use of antiviral agents only after detection of 
HBV DNA viremia or seroreversion to HBsAg positivity[4,39].

HBVR RISK IN NEUROLOGICAL SETTING 
Among neurodegenerative diseases requiring disease modifying drugs to be treated, multiple sclerosis 
(MS) is one of the most frequent. MS causes chronic inflammation of the central nervous system, 
demyelination and disability. Apart from glucocorticoids, widely used in the acute phase of MS, DMD 
such as anti CD52 antibodies (alemtuzumab), anti CD20, a4b1 integrin inhibitor, sphingosine 1 
phosphate inhibitors and its modulators (namely, fingolimod and siponimod), anti CD20 monoclonal 
antibodies[40] are employed to treat MS. Since limited data concerning the risk of HBVr in neurological 
setting are available from literature, there is no clear, definitive consensus on the best strategies to 
prevent HBVr in subjects with neurologic diseases requiring immunosuppressive drugs[41]. However, 
HBVr in a patient with a story of HBV infection and no proper prohylaxis, under ocrelizumab treatment 
for MS, has been reported by Ciardi et al[42], highlighting the need for antiviral prophylaxis in this 
setting.
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Figure 1 Algorithm of hepatitis B virus reactivation diagnosis and management in patients eligible for immunosuppressant in non-
oncological setting. HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

PREVENTION AND TREATMENT OF HBVR 
The risk of HBVr following immunosuppressive treatments depends mostly on type, duration and 
intensity of the iatrogenic immunosuppression. It is necessary to modulate any kind of therapeutic 
strategies to avoid HBVr, according to the risk profile of reactivation itself. Close monitoring of liver 
function test and qualitative/quantitative HBV DNA viral load is necessary at baseline, during and after 
the discontinuation of immunosuppressive therapy, taking into account that HBVr can still occur after 
the interruption of immunosuppressants. The management of HBVr in patients under immunosup-
pressant for non-oncological diseases depends, firstly, on HBsAg laboratory tests. In fact, in case of 
HBsAg positive value, patients with chronic hepatitis must undergo treatments of HBV with high 
genetic barrier nucleo(t)side analogues (entecavir, tenofovir, tenofovir alafenamide)[4,38,43-45], while 
those with chronic infection must be considered for prophylaxis with lamivudine in case of undetectable 
HBV DNA or in case of expected duration of prophylaxis less than 6 mo[38]. Otherwise, because of 
emergence of resistance to lamivudine in patients requiring therapy for more than 6 mo long duration, 
the above mentioned newer nucleoside agents can represent an effective option for antiviral prophylaxis 
in this setting. In case of HBsAg negative and HBcAb positive laboratory test results, the HBV DNA 
viral load can guide physicians in determining if the patient requires prophylaxis or clinical and 
laboratory’s close monitoring, followed, where appropriate, by preemptive therapy[4,38]. In fact, in case 
of HBV DNA positivity or in case of HBV DNA negativity occurred in patients under agents at 
moderate or high risk of immunosuppression, or affected by liver cirrhosis, a trimestral monitoring of 
HBsAg/HBsAb and HBV DNA is enough, and a preemptive therapy can be considered in case of 
reactivation[4,38]. The prophylaxis must be started before the immunosuppressive regimen and 
continued up to 12-18 mo after the end of the immunosuppressive treatment[38,46-48]. In Figure 1 
briefly is summarized the algorithm of HBVr diagnosis and management in patients eligible for 
immunosuppressant in non-oncological setting.
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CONCLUSION
The widespread use of immunosuppressive and immunomodulant therapies in non-oncological setting 
highlighted the risk of HBVr in patients with overt or occult hepatitis B virus infection. The occurrence 
of this challenging event can be reduced screening the population eligible for immunosuppressant to 
assess the best strategies according to any virological status. Further prospective studies are needed to 
increase data on the risk of HBVr related to newer immunomodulant agents employed in non-
oncological setting, in order to better prevent and treat HBVr recurrence.
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Abstract
Acute kidney injury (AKI) and electrolyte disorders are important complications 
of hospitalized coronavirus disease 2019 (COVID-19) patients. AKI is thought to 
occur due to multiple pathophysiological mechanisms, such as multiple organ 
dysfunction (mainly cardiac and respiratory), direct viral entry in the renal 
tubules, and cytokine release syndrome. AKI is present in approximately one in 
every ten hospitalized COVID-19 patients. The incidence rates of AKI increase in 
patients who are admitted to the intensive care unit (ICU), with levels higher than 
50%. Additionally, renal replacement therapy (RRT) is used in 7% of all AKI cases, 
but in nearly 20% of patients admitted to an ICU. COVID-19 patients with AKI are 
considered moderate-to-severe cases and are managed with multiple interdiscip-
linary conducts. AKI acts as a risk factor for mortality in severe acute respiratory 
syndrome coronavirus 2 infection, especially when RRT is needed. Electrolyte 
disorders are also common manifestations in hospitalized COVID-19 patients, 
mainly hyponatremia, hypokalemia, and hypocalcemia. Hyponatremia occurs 
due to a combination of syndrome of inappropriate secretion of antidiuretic 
hormone and gastrointestinal fluid loss from vomiting and diarrhea. When it 
comes to hypokalemia, its mechanism is not fully understood but may derive 
from hyperaldosteronism due to renin angiotensin aldosterone system overstimu-
lation and gastrointestinal fluid loss as well. The clinical features of hypokalemia 
in COVID-19 are similar to those in other conditions. Hypocalcemia is the most 
common electrolyte disorder in COVID-19 and seems to occur because of vitamin 
D deficiency and parathyroid imbalance. It is also highly associated with longer 
hospital and ICU stay.

Key Words: COVID-19; SARS-CoV-2; Acute kidney injury; Electrolyte disorders; Renal 
dialysis
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Core Tip: Acute kidney injury and electrolyte disorders are frequent clinical complications in hospitalized 
patients with coronavirus disease 2019, being directly related to the severity of the disease and increasing 
the mortality.
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INTRODUCTION
The coronavirus disease 2019 (COVID-19) outbreak initiated in the first months of 2020. It corresponds 
to an illness caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Although 
frequently asymptomatic, the malady is known for its wide variety of clinical signs and symptoms. 
These can range from pulmonary manifestations, such as dyspnea and cough, to extrapulmonary ones, 
which include fever, anosmia, ageusia, diarrhea, and myalgia[1-3]. This heterogeneity of clinical features 
is an indicative of the systemic character of COVID-19.

COVID-19 had an outstanding impact in the nephrology community. With over 4 million chronic 
kidney disease patients on maintenance dialysis at risk, the pandemic caused profound changes to the 
sector[4,5]. The kidney was also a commonly affected organ by COVID-19; one in every four patients 
presented abnormal renal function at hospital admission[6]. According to the classification proposed by 
the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) guidelines, acute kidney injury is 
defined as any of the following situations: Increase in serum creatinine (SCr) by ≥ 0.3 mg/dL within 48 
h; or increase in SCr ≥ 1.5 times baseline from 7 d prior; or urinary volume < 0.5 mL/kg/h for a period 
of 6 h. The KDIGO guidelines also propose a stratification of AKI in three stages, numbered from 1 to 3 
in crescent order of injury severity[7].

In primary analyses of patients with COVID-19, it was also noticed that, among the various systemic 
complications caused by the SARS-CoV-2, changes in electrolyte concentrations are not only present, 
but also independently associated with a poor outcome[8,9].

In this review, we discuss the pathophysiology, epidemiology, clinical history, risk factors, mana-
gement, and prognosis of COVID-19 associated acute kidney injury (AKI) and the most reported 
electrolyte disorders in COVID-19, which are hyponatremia, hypokalemia, and hypocalcemia.

ACUTE KIDNEY INJURY 
The mechanism of AKI in COVID-19 is most likely multifactorial. Some of the proposed alterations 
induced by the viral disease that could damage the kidneys can be seen in Figure 1[10].

Coronaviruses have high affinity for the angiotensin-converting enzyme 2 (ACE2), a metal-
lopeptidase often bound to cell membranes that is responsible for catalyzing the conversion of 
angiotensin 2 to angiotensin 1-7[11-13]. The transmembrane protease serine 2 contributes to the entry of 
SARS-CoV-2 in the cell by cleaving and activating the spike (S) protein[14]. After entry, followed by 
endocytosis, coronavirus infection causes upregulation of PAK1, a kinase that mediates inflammation 
and is associated with risk factors for mortality. Increased PAK1 levels also suppress the adaptive 
immune response, facilitating viral replication[15]. It was previously shown that SARS-CoV could bind 
to ACE2 via the virus’ S protein[16]. Being structurally similar to SARS-CoV, SARS-CoV-2 also uses 
ACE2 in order to enter the host cell and replicate in its cytoplasm[17]. This enzyme is distributed across 
multiple tissues, such as the vascular endothelium, alveolar epithelium, proximal tubular cells of the 
kidney, and glomerular epithelium[18].

The fact that kidney cells express ACE2 explains how they also act as host cells of the novel 
coronavirus, a piece of information that was shown in autopsy studies. Histopathological examination 
found out varying degrees of tubular injury, such as diffuse proximal tubule injury with loss of the 
brush border, vacuolar degeneration, necrosis, hemosiderin granules, and pigment casts[19-21]. RNA in 
situ hybridization and electron microscopy also found evidence that SARS-CoV-2 directly infects the 
renal tubules[20,21]. A small number of patients with AKI may present virus in urine samples, which 
also supports a direct viral cytopathic effect hypothesis. These patients may have a greater predilection 
for proteinuria[22].

https://www.wjgnet.com/2220-3249/full/v11/i5/283.htm
https://dx.doi.org/10.5501/wjv.v11.i5.283
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Figure 1 Pathophysiological mechanisms of acute kidney injury in coronavirus disease 2019.

Due to the binding of SARS-CoV-2 to ACE2, the expression of this molecule is downregulated, which 
leads to increased activity of angiotensin 2 that is unopposed by angiotensin 1-7[23,24]. In normal 
conditions, angiotensin 1-7 has anti-thrombotic, anti-inflammatory, and vasodilator effects that counter 
the actions of angiotensin 2 through activation of Mas receptors[25-27]. It is suggested that the 
overactivation of angiotensin type 1 receptors may contribute to AKI onset mostly due to hemodynamic 
alterations, such as hypoxia, hypertension-induced proteinuria, and oxidative stress[27,28].

Furthermore, a hypercoagulative state induced by the lack of anti-thrombotic effects of angiotensin 1-
7 could cause renal microangiopathy capable of causing AKI[29]. Rhabdomyolysis is also a frequent 
cause of COVID-19 associated AKI, being responsible for around 7% of the cases[30]. The occurrence of 
skeletal muscle injury is present in up to one in every five COVID-19 patients, which explains the 
occurrence of rhabdomyolysis nephropathy in this disease[29].

Cytokine release syndrome consists of an extreme rise of inflammatory cytokines, frequently called a 
“cytokine storm”, caused by a systemic response that can be triggered by a wide variety of conditions
[31,32]. It has been implied that cytokine storm is a significant component of the disease course of severe 
cases of COVID-19[33]. The binding of SARS-CoV-2 to ACE2 promotes an inflammatory response with a 
prominent release of inflammatory cytokines, such as IL-6, IL-8, IL-22, and TNF-α, and chemokines, like 
CCL2, CCL3, and CCL5[29,34,35]. Lymphopenia, a common feature of SARS-CoV-2 infection, also 
contributes to the rise of inflammatory cytokines[36].

The crosstalk between the kidneys, lungs, and cardiovascular system seems to be significant for the 
development of AKI. Cases of acute respiratory distress syndrome (ARDS) are knowingly associated 
with a greater risk of AKI onset, including those related to SARS-CoV-2 infection[37-39]. This is likely a 
result of renal damage triggered by inflammatory mediators that cause tubular injury, which by itself 
culminates in IL-6 upregulation that harms the lungs[39,40].

The cardiovascular system is another important topic regarding AKI in COVID-19. Acute viral 
myocarditis and cytokine cardiomyopathy can induce a reduction of the estimated glomerular filtration 
rate (eGFR) through hemodynamic changes. Type 1 cardiorenal syndrome (CRS) can occur due to a 
cytokine storm or myocarditis and type 3 CRS can occur after the onset of AKI. Furthermore, upon the 
onset of sepsis, type 5 CRS can occur[41,42]. Right ventricular failure caused by pneumonia induced by 
SARS-CoV-2 and reduction of cardiac output due to left ventricle failure are also possible mechanisms 
of eGFR diminishment and AKI[43,44].

EPIDEMIOLOGY AND CLINICAL MANIFESTATIONS
Data available refers to hospitalized patients, since AKI is a complication typical of moderate and severe 
cases of COVID-19 that require inpatient healthcare[45-50]. The incidence of AKI in COVID-19 is highly 
variable depending on the study analyzed. Our review found results between 5% and 75%, and the 
article with the largest sample size indicated a frequency of approximately 36%, whilst a systematic 
review of observational studies found an incidence of AKI of 11%[30,45-49,51-53].

A multicenter study showed that about 45% of the patients had no significant kidney injury caused 
by the viral illness; that 34% developed AKI without need for renal replacement therapy (RRT); and that 
26% developed COVID-19 AKI with need of RRT (AKI-RRT)[44]. In contrast, a systematic review found 
that RRT was used in only 7% of COVID-19 cases with renal manifestations[51]. The modality of first 
choice is usually continuous renal replacement therapy, mostly because it is a suitable modality for 
hemodynamically unstable patients[54].
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In a Chinese cohort study, three quarters of the patients had developed renal symptomatology, 
including proteinuria and/or hematuria, but only one in every ten patients had an AKI onset[55]. Out of 
all renal clinical findings, the most common ones were proteinuria, hematuria, elevated SCr and blood 
urea nitrogen, reduction of eGFR, and AKI[46,47,55-57]. One study found that three in every four 
patients that were at least moderately ill had renal involvement to some extent. These levels were as low 
as 62% in moderately (3.5% being AKI) ill patients and as high as 91% in critically ill patients (43% being 
AKI). It is suspected that most cases of AKI in COVID-19 occur due to intrinsic rather than prerenal 
mechanisms[55].

A multicenter American study found that patients who developed AKI because of SARS-CoV-2 
infection were older and predominantly male individuals with higher levels of comorbidities associated 
with more severe cases of COVID-19, such as systemic arterial hypertension, diabetes mellitus, and 
heart failure. Additionally, the same article shows that patients who developed AKI were usually 
admitted to an intensive care unit (ICU) and were more likely to be on use of vasopressors (52.6% vs 
3.4%) as well as mechanical ventilation (89.7% vs 21.7% in nonventilated patients), indicating that 
patients who developed AKI were critically ill. In that sample of AKI patients, about one third of 
patients died[46]. Independent risk factors for the development of COVID-19 associated AKI include 
pre-existing renal impairment (such as chronic kidney disease), hypertension, and inpatient diuretic use
[45,51,52,57].

It is also known that there is an association between ARDS and AKI in general and it also applies to 
COVID-19 due to the release of inflammatory cytokines, especially IL-6[37-40]. This is clinically notable 
as well, since patients on mechanical ventilators are more likely to develop AKI with or without need of 
RRT[45-47]. Additionally, abnormal serum urea and serum creatinine values were associated in a 
bivariate Cox regression model with either ARDS development or progression from ARDS to death[58].

Laboratory examinations show that most AKI patients are admitted with abnormal kidney function, 
represented by high levels of SCr and low eGFR. Patients who do not develop AKI are admitted with 
higher levels of SCr and lower eGFR than at discharge, while AKI patients are discharged with 
worsened kidney function[45-47]. Patients who develop stage 3 AKI are usually discharged with a 
median SCr of 4.0 mg/dL and median eGFR of 14.0 mL/min/1.73 m², as opposed to a median SCr of 
1.19 mg/dL and median eGFR of 62 mL/min/1.73m² at admission[46].

MANAGEMENT AND PROGNOSIS
The management of COVID-19 associated AKI is a largely discussed theme among intensive care 
professionals. The 25th Acute Disease Quality Initiative Workgroup defined a few strategies for dealing 
with COVID-19 associated AKI[54]. The standard measures that have an evidence level of 1B or above 
include:

Measurement of kidney function through serum creatinine and urine output[56].
Use of dynamic assessment of cardiovascular status to mitigate the risk of AKI and ARDS, avoiding 

hemodynamic imbalance[56].
Volume expansion with balanced crystalloids to decrease the chances of developing AKI, unless there 

are indications for the use of other kinds of fluids[56].
Limit the patients’ exposure to nephrotoxins whenever possible and monitor their kidney 

functionality when the use of nephrotoxins is necessary[56].
When contrast media are required, optimize intravascular volume as a means to prevent AKI[56].
The prognosis of COVID-19 associated AKI and AKI-RRT is arguably poor. AKI was associated with 

a longer median hospital stay, which was approximately twice as long when compared to non-AKI 
patients[59]. One study found that mortality is about ten times higher in patients with moderate-to-
severe COVID-19 who developed AKI in comparison to those who did not[55]. Another observational 
study concluded that AKI is almost 2.5 times more frequent in non-survivors than in survivors of critical 
COVID-19 cases[60]. It is also stated that AKI is an independent risk factor for 30 d mortality among 
COVID-19 patients[52].

Although remission from proteinuria and hematuria is a common outcome for patients with renal 
COVID-19 manifestations, less than half of AKI patients recover their kidney function[55]. Mortality 
rates were as high as 35% of AKI patients and use of RRT increases the lethality of the disease to levels 
over 60%. Furthermore, approximately one in every three RRT patients that were discharged remained 
RRT-dependent[46,47].

ELECTROLYTE DISORDERS
Patients with COVID-19 may experience diverse electrolyte disturbances with clinical impact. The main 
disorders are hyponatremia, hypokalemia, and hypocalcemia. The pathophysiological mechanisms are 
diverse and imply changes in the renin angiotensin aldosterone system as well as immuno-inflam-
matory phenomena underlying the coronavirus, which are generally associated with kidney and/or 
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gastrointestinal damage[61]. Table 1 gives a general overview of the pathophysiology of the most 
frequent electrolyte disorders associated with COVID-19.

HYPONATREMIA
Hyponatremia is the most frequent electrolyte disorder in clinical practice, with a prevalence of 20% to 
30% in hospitalized patients, and is defined by serum sodium levels below 135 mEq/L[62]. The 
association between pneumonia and hyponatremia was firstly described in 1962, mainly related to 
community-acquired pneumonia, which was later reported in other respiratory infections[63]. Thus, 
with the emergence of the COVID-19 pandemic, preliminary studies indicated that hyponatremia was 
one of the possible complications caused by the viral disease[64]. In general, COVID-19 patients with 
hyponatremia have more severe forms of the disease, with higher levels of hospitalization, when 
compared to normonatremic patients, both in infirmary and ICU beds. Most of these patients also have 
other markers of severity, such as higher levels of C-reactive protein (CRP), ferritin, and IL-6; consol-
idation lesions more present on chest CT; and greater need for oxygen support[65].

The pathophysiology of hyponatremia in patients with COVID-19 is considered multifactorial, but 
the main cause is the syndrome of inappropriate antidiuresis (SIAD). SIAD is characterized by 
hyponatremia (serum sodium less than 135 mEq/L) and elevated urinary osmolarity (> 100 mOsm/kg) 
compared to plasma osmolarity (< 280 mOsm/kg) in euvolemic patients that have normal renal, 
thyroid, hepatic, cardiac, and adrenal functions and are not on use of diuretics[66]. Despite its 
mechanism not being fully understood, SIAD in patients with COVID-19 is apparently related to 
elevated levels of IL-6, which induce the non-osmotic release of antidiuretic hormone. In addition, these 
cytokines can damage lung tissue and alveolar cells, generating hypoxic pulmonary vasoconstriction, 
which may induce SIAD[67]. Evidence demonstrates a directly proportional relationship between the 
serum sodium level and the PaO2/FiO2 ratio and an inversely proportional relationship between the 
serum sodium level and the IL-6 level[68]. Furthermore, some other factors may contribute to the 
secretion of this hormone, such as patients who experience fluid loss from vomiting and diarrhea 
(reported symptoms of COVID-19)[69].

HYPOKALEMIA
Hypokalemia corresponds to the most frequent potassium disorder and is characterized by a serum 
concentration of potassium below 3.5 mEq/L. The presence of hypokalemia can be variable and data in 
the literature point to an incidence between 10% and 41% of patients who were hospitalized for COVID-
19[70,71]. Furthermore, in another study carried out in Italy, hypokalemia was associated with a longer 
hospital stay[71].

There are many factors that can generate hypokalemia, so a precise mechanism for this complication 
in patients with COVID-19 has not yet been determined. However, some hypotheses can be taken into 
consideration, such as: (1) Viral interaction with its input receptor (ACE2), altering the classic renin-
angiotensin-aldosterone pathway and stimulating the release of aldosterone, thus increasing potassium 
secretion in the urine; (2) Volume loss due to gastrointestinal symptoms caused by the viral infection, 
mainly diarrhea; and (3) Being secondary to the use of medications, such as diuretics and glucocor-
ticoids[9,71].

The clinical manifestations of symptomatic hypokalemia include muscle weakness and fatigue. 
However, in more severe cases, low levels of potassium can cause cardiac arrhythmias with alterations 
on the electrocardiogram tracing, and respiratory muscular weakness[72]. Therefore, it is correct to say 
that hypokalemia can increase respiratory stress and the risk of cardiac injury[61]. Regarding 
coronaviruses, hypokalemia was reported upon the onset of SARS-CoV-1 infection, back in 2003, and 
was also described in some preliminary studies during the beginning of the COVID-19 pandemic[71].

HYPOCALCEMIA
Calcium plays an important role in the mechanism of entering a host cell and viral replication, 
something that was already reported in the pathophysiology of Ebola and SARS-CoV-1 viruses[73,74]. 
In addition, hypocalcemia represents an independent factor for increased mortality among critically ill 
patients with long hospital stay[75].

In a study carried out in China, the incidence of hypocalcemia in COVID-19 patients was 62.6%. 
Other laboratory findings included lymphocytosis and higher levels of CRP, D-dimer, and IL-6 when 
compared to the normocalcemic group. In addition, in that same study, the hypocalcemia group was 
more likely to have a poor outcome in comparison to the normocalcemic group (47.8% vs 25%, 
respectively)[76]. In another study carried out in Italy, the incidence of hypocalcemia in patients with 
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Table 1 Pathophsyiology of the most common electrolyte disorders in coronavirus disease 2019

Electrolyte disorder Pathophysiological mechanisms

Hyponatremia Syndrome of inappropriate secretion of antidiuretic hormone

Hypokalemia Excessive aldosterone liberation, volume loss, and use of diuretics and glucocorticoids

Hypocalcemia Vitamin D deficiency and parathyroid imbalance

COVID-19 was 78.6%, and this electrolyte imbalance also had a strong association with ICU admissions 
and death when compared to patients with normal calcium levels[77].

Parathyroid hormone and vitamin D play a key role in calcium metabolism. Patients with chronic 
hypovitaminosis D and who are affected by COVID-19 are more predisposed to hypocalcemia, as this 
vitamin alters calcium metabolism by reducing the intestinal absorption of calcium and phosphorus. 
These patients may have a compensatory tendency to secondary hyperparathyroidism, but this is not 
always sufficient to prevent hypocalcemia[78].

COVID-19 hypocalcemia has been associated with higher mortality rates when compared to other 
patients with respiratory conditions that have similar clinical manifestations. Hypocalcemia is also more 
incident and quantitatively significant in COVID-19 than in other infections. The main factors 
responsible for hypocalcemia in hospitalized patients include low dietary intake, hypoparathyroidism, 
hypoproteinemia, vitamin D deficiency, and drug interaction. However, when it comes to COVID-19, 
vitamin D deficiency and parathyroid imbalance are identified as the main causes of said electrolyte 
disorder[75]. Parathyroid gland function can be impaired during critical systemic illness and inflam-
matory response with increased circulating cytokines[78].

CONCLUSION
Besides the respiratory complications caused by the SARS-CoV-2 virus, infected patients are also subject 
to manifestations regarding other systems, such as the renal system. AKI is a multifactorial and fairly 
common complication in moderate-to-severe COVID-19. Patients that develop AKI due to COVID-19 
are usually older males with other comorbidities and are usually admitted to ICUs. Clinical mana-
gement involves measurement of kidney function, cardiovascular status assessment, volume expansion, 
and nephrotoxin exposure limitation, as well as standard AKI care measures. AKI also acts as a risk 
factor for death in SARS-CoV-2 infected patients, specially concerning those on RRT.

Hyponatremia, hypokalemia, and hypocalcemia are the most relevant electrolyte disorders in hospit-
alized patients with COVID-19. The cause of these laboratory alterations is multifactorial and may be 
secondary to renal and gastrointestinal lesions caused by inflammatory response, or even by path-
ophysiological alterations caused by the entry mechanism of the virus. In patients with COVID-19, 
electrolyte disorders are associated with worse outcomes, with increased hospitalization length and 
mortality.
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Abstract
Coronavirus disease 2019 is a highly contagious respiratory disease caused by 
severe acute respiratory syndrome coronavirus 2. This disease as well as its 
various treatments like steroids, antivirals, and antibacterials can alter the 
immune state of the affected individuals and result in secondary infections such 
as mucormycosis. Mucormycosis is a well-known opportunistic fungal infection 
that affects immunocompromised subjects, particularly those with diabetes 
mellitus, prolonged antibiotic or steroid use, and patients with organ trans-
plantation, neutropenia, and hematological malignancies. Rhino-orbital-cerebral 
mucormycosis is an aggressive disease owing to its ability to invade the blood 
vessels by fungal hyphae, leading to necrosis of the involved structures. Large 
cases were reported from India, indicating that this clinical entity shows a 
geographical variation. The affected patients are suffering on a clinical spectrum 
depending on the stage of the disease. Radiological assessment, including 
computerized tomography and magnetic resonance imaging, is necessary to 
evaluate the stage of the disease and choose the appropriate surgical treatment. A 
multidisciplinary approach is required to treat rhino-orbital-cerebral mucor-
mycosis and includes local or intravenous antifungal drugs, debridement of the 
dead tissues, and appropriate management of any predisposing conditions. The 
disease has a very poor prognosis with a death rate of 50%. This review aimed to 
sum-marize the demographic and clinical risk factors, investigations, treatments, 
and outcomes of coronavirus disease 2019 patients with rhino-orbital-cerebral 
mucormycosis.

Key Words: Rhino-orbital-cerebral mucormycosis; Mucormycosis; Nose and paranasal 
sinuses; Orbit; Cerebrum; COVID-19
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Core Tip: Rhino-orbital-cerebral mucormycosis is an aggressive, opportunistic fungal infection. There is an 
increment in cases of this condition in the era of coronavirus disease 2019, particularly in India. It usually 
affects the severe or critical types of the COVID-19 and those with a history of diabetes mellitus, corticos-
teroid therapy, and mechanical ventilation. Early diagnosis with prompt treatment carries a better outcome. 
The treatment consists of intravenous or local amphotericin B, surgical debridement, and reversal of any 
immunocompromised conditions. However, this disease has a poor prognosis with a high rate of morbidity 
and mortality.

Citation: Al-Ani RM. Rhino-orbital-cerebral mucormycosis as a complication of coronavirus disease 2019. World J 
Virol 2022; 11(5): 293-299
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/293.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.293

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is a peculiar disease owing to having many characteristics. First, 
although the disease affects mainly the respiratory system, it can affect any part of the body. Therefore, 
there is a diversity of clinical manifestations. These manifestations are either classical (fever, cough, 
headache, dyspnea, and olfactory and gustatory abnormalities) or non-classical (gastrointestinal 
symptoms, dysphonia, facial palsy, etc). Second, long-standing features, either due to the disease itself 
or its treatment, such as parosmia, dysphonia, sudden sensorineural hearing loss, and mucormycosis 
are debilitating manifestations of the disease. Third, there is a geographical variation of the COVID-19 
manifestations such as rhino-orbital-cerebral mucormycosis (ROCM) that affects mainly the Indian 
population. Fourth, the clinical features might be related to the pandemic wave and a variant of the 
virus as ROCM appeared in the second wave in India and was caused by the delta variant[1,2].

COVID-19 can impair the immune status of the patients. This process is aggravated more in patients 
with a history of other immunocompromised conditions like diabetes mellitus (DM) or those who are on 
long-term steroids or antibiotic therapy. Furthermore, COVID-19 subjects are more prone to get 
superadded infections in certain patients with low pulmonary preserve or who need mechanical 
ventilation[3]. It was reported that secondary bacterial and fungal infections in hospitalized patients 
were approaching the rate of 8%[3,4]. Moreover, fungal infections were occurring more in a severe or 
critical COVID-19 stage[5].

One of the fungal-related COVID-19 infections is mucormycosis. It occurs mainly in the region of the 
head and neck, and the most common site is rhino-orbital-cerebral. It is an aggressive disease and 
carries a high death rate (approximately 50%) even if it is treated early[6]. The aim of this narrative 
review was to summarize the demographic and clinical characteristics, diagnostic tools, treatments, and 
outcomes in patients with ROCM-related COVID-19.

EPIDEMIOLOGY
Geographical distribution
In the pre-COVID-19 period, the incidence of mucormycosis in India (0.14/1000 population) was 80 
times higher than what was reported in the world (0.005-1.7/million population)[7]. This means that 
India is the highest-burden country on the healthcare services regarding mucormycosis[8]. Despite India 
being the second country regarding the number of COVID-19 patients (43088118) (WHO Coronavirus 
COVID-19 Dashboard on 5-5-2022, https://covid19.who.int/table), most of the large case series of 
ROCM-related COVID-19 came from India[1,2,9]. Small case series or reported cases came from other 
countries like Turkey[10], Egypt[11], Iran[12,13], Honduras[14], and Peru[15]. This indicates that 
mucormycosis is an endemic disease in India in pre- and during COVID-19 periods.

Age
ROCM-related COVID-19 could affect any age. The median age is mostly in the sixth decade[1].

Gender distribution
Males are two to three times more affected than females[1,9].

https://www.wjgnet.com/2220-3249/full/v11/i5/293.htm
https://dx.doi.org/10.5501/wjv.v11.i5.293
https://covid19.who.int/table
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CAUSATIVE AGENTS 
Mucormycosis, previously known as zygomycosis, is a group of diseases caused by a fungal infection. 
The causative agent belongs to the order Mucorales. The Rhizopus specie is the commonest type[7] 
followed by, in descending order, Mucor, Cunninghamella, Apophysomyces, Lichtheimia (formerly Absidia), 
Saksenaea, Rhizomucor, and other species[10]. These fungi release a huge amount of spores into the 
surrounding air. Even though all human beings inhale these fungi, only individuals with impaired 
immunity from DM, organ transplantation, prolonged use of steroids or antibiotics, cytotoxic drugs, and 
malignancies are affected by the disease[16]. The disease is characterized by rapid progression from the 
nose to the orbit and then to the brain owing to the direct invasion of the blood vessels, which results in 
tissue necrosis[10].

PREDISPOSING FACTORS
Patients with any medical condition or those who use certain drugs such as steroids, which affect the 
immune system, are capable of initiating opportunistic infections like mucormycosis[17]. A history of 
DM and corticosteroid therapy are among the commonest predisposing factors of ROCM-related 
COVID-19[1,9,18]. Around 70% of patients with this disease have a history of DM.

PATHOPHYSIOLOGY
The correlation between COVID-19 and ROCM is well established in the literature[1,10]. There are 
several mechanisms by which COVID-19 enhances the possibility of mucormycosis. First of all, there is a 
dramatic reduction in T cells, including CD4+ and CD8+, particularly in the severe form of COVID-19. 
As a result, the immunocompromised condition will develop that might predispose to mucormycosis
[19].

Second, in the severe COVID-19 state, there is a sudden rise in certain inflammatory markers like IL-
6, IL-10, IL-2R, and TNF-alpha that results in a “cytokine storm”[19]. This storm increases ferritin levels 
and decreases iron export. Therefore, iron deposits inside cells. The high level of iron causes tissue 
necrosis and the free iron passes to the blood. The high environmental level of iron is a good medium 
for mucormycosis because the iron is essential for the growth of the fungi and spreading in the body
[20].

Third, there is a higher prevalence of DM and diabetic ketoacidosis in patients with COVID-19 in 
comparison with the general population[21]. There are two causes of new-onset DM due to COVID-19; 
the use of steroids and the disease itself are similar to the severe acute respiratory syndrome 
coronavirus 1[22]. Also, there are two reasons for the diabetogenic nature of COVID-19: expression of 
angiotensin-converting enzyme 2 receptors in the pan-creatic islets as well as increased insulin 
resistance due to the cytokine storm[23]. There is more iron released into the circulation because the 
excessive glucose occupies the iron-binding site of ferritin and transferrin in patients with 
hyperglycemia and diabetic ketoacidosis allowing more iron to reach the blood. The high tissue iron 
level is a favorable medium for the growth of the fungi[24].

Lastly, endotheliitis as a sequel of COVID-19 might increase the risk of mucormycosis[25]. Damage to 
the endothelial tissue enhances angio-invasion and dissemination of mucormycosis. Besides, low pH in 
COVID-19 induces hyperglycemia, and high iron concentration contributes to the expression of two 
receptors: glucose regulatory protein 78 of endothelium cells and fungal ligand spore coating homolog 
protein. These mediate the adhesion and penetration of Mucorales into the tissues[26].

CLINICAL FEATURES
The onset of the ROCM from the time of COVID-19 diagnosis ranged from 0 to 90 d with 56% of the 
cases presenting within 14 d[1]. Hence, it is necessary to advise the liable patients with this disease to 
look for any of the warning symptoms (nasal stuffiness or obstruction, bad odor smell, epistaxis, 
mucopurulent or blood-stained nasal discharge, pain in the teeth, sinuses, or orbit, worsening headache, 
facial pain, diplopia, proptosis, fever, facial paresthesia or anesthesia, facial palsy, sudden loss of vision, 
sudden ptosis, altered conscious level, and focal seizures) to catch the diagnosis early[27]. These 
symptoms occur almost always on one side. Fever could be a warning sign during or following the 
course of COVID-19 if the cause of the fever is not obvious or not detected. In such cases, a nasal 
examination is important to detect if there is a possibility of an early stage of mucormycosis or not.

Thereafter, a thorough examination is essential and should include endoscopic nasal, ophthalmo-
logical, and neurological examinations. In a large case series of 2826 patients with this disease, the 
authors reported the following signs: periocular/facial edema (33%); loss of vision (21%); ptosis (12%); 
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proptosis (11%); nasal discharge (10%); nasal ulcer/eschar (5.7%); diplopia/ocular movement restriction 
(3%); periocular/facial discoloration (2.3%); periocular hypoesthesia (1.3%); oral or palatal ulcer/eschar 
(0.6%); facial palsy (0.2%); and altered sensorium (0.1%)[1].

STAGING SYSTEM
Adopting a staging system is crucial in the management of ROCM-related COVID-19. Owing to the 
huge number of cases found in India, the Indian ophthalmologist Honavar create a very useful staging 
system[27]. It is a simple system and depends on anatomical location from the starting point in the nose, 
then to the paranasal sinuses, orbit, and intracranial structures. In addition, the system considers the 
severity of each site. Furthermore, this system contains the specific symptoms and signs and useful 
investigations for each stage. As a next step, it is logical to check its validity, suggest the best option of 
treatment for each stage, and estimate the treatment outcomes.

DIAGNOSIS
A high index of clinical suspicion is crucial for early diagnosis. Involved tissue biopsy and potassium 
hydroxide mount fungal staining is the cornerstone of the diagnosis. Culture and sensitivity are used to 
determine the fungal species. However, it is necessary to start with amphotericin B until the laboratory 
result is achieved. Radiological imaging in the form of computerized tomography and magnetic 
resonance imaging of the nose and paranasal sinuses is used to support the diagnosis and to evaluate 
the stage of the disease[1].

TREATMENT
It is of utmost importance in the management of ROCM-related COVID-19 to use a multidisciplinary 
team including a specialist doctor in infectious diseases, internal medicine, intensive care, 
otolaryngology, ophthalmology, neuromedicine, and/or neurosurgery[2].

In general, the treatment consists of three steps: intravenous or local antifungals therapy; appropriate 
surgical debridement; and reversal of the immunosuppressive conditions[28].

Initiation of antifungal therapy within the first 5 d of the diagnosis improves the survival rate to 83%, 
which is much larger than the survival rate of 49% if the antifungal treatment started at ≥ 6 d[29]. 
Amphotericin B is considered the drug of choice as a monotherapy, while posaconazole or isa-
vuconazole can be used as a salvage antifungal drug. A combination of amphotericin B and 
posaconazole can be used in refractory cases of mucormycosis[4]. In the largest case series in the world 
from India of 2826 patients with ROCM-related COVID-19, intravenous amphotericin B was used in 
73% and intraorbital injection of amphotericin B in 22% of the patients. The study showed a satisfactory 
result with the use of amphotericin B[1]. Also, in another study from India of 58 patients, parenteral 
amphotericin B and surgical debridement were used in all patients[9]. In a case report study from Peru, 
isavuconazole was used, owing to the unavailability of amphotericin B, in a 66-year-old woman with 
this disease. The study revealed that the isavuconazole was effective and without adverse effects over 10 
mo[15].

Of note, antifungal therapies have several shortcomings such as adverse effects related to infusion, 
optimal dosage, and nephrotoxicity. Nowadays, nanomedicine is an alternative promising solution, in 
which the intravenous route of the amphotericin B is shifted to other routes like through the mouth, 
local, and pulmonary routes. This system is under further development[30].

Surgical debridement has two advantages. It reduces the fungal load as well as provides sufficient 
tissue for histopathological evaluation. The process of debridement continues until the appearance of 
normal tissue that bleeds profusely. Removal of the palate, endoscopic nasal approach, and orbital 
decompression or exenteration are undertaken depending on the stage of the disease[28].

Correction of the hyperglycemic state, hypoxia, acidosis, and electrolyte disturbances are essential. 
We must take the opinion of relevant specialists concerning decreasing or discontinuing immunosup-
pressive or antibiotic therapy. Furthermore, the use of granulocyte colony-stimulating factors might 
increase the white cell count and improve host immunity[28].

PREVENTION
A golden rule in medicine is that “prevention is better than treatment.” This is particularly true in 
serious diseases like mucormycosis. Many measures should be taken to avoid such a sinister pathology: 
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judicious and supervised use of systemic corticosteroids in compliance with the current preferred 
practice guidelines; judicious and supervised use of tocilizumab in compliance with the current 
preferred practice guidelines; strict monitoring and control of DM; aggressive aseptic precautions while 
administering oxygen (sterile water for the humidifier, daily change of the sterilized humidifier and the 
tubes); personal and environmental hygiene: use of betadine as a mouth gargle, barrier mask covering 
the mouth and nose, and consideration of prophylactic oral posaconazole in high-risk subjects (> 3 wk 
of mechanical ventilation, > 3 wk of supplemental oxygen, > 3 wk of systemic corticosteroids, poorly or 
uncontrolled DM with or without ketoacidosis, history of chronic rhinosinusitis, and immunocom-
promised conditions)[27].

PROGNOSIS
Although ROCM-related COVID-19 is a relatively uncommon condition, it is an aggressive disease with 
a high rate of morbidity and mortality[17]. One of the disaster complications is a loss of vision. In a large 
retrospective observational study from India of 2826 COVID-19 patients, there were 289 (16%) cases that 
ended with orbital exenteration[1]. The death rate is approaching 50%[18]. A recent study from Egypt 
reported a mortality rate of 21.4% (3/14)[31], which was considered low if one compares it with the 
mortality rate from India (31% to 49%)[32,33]. The fatality rate might range from 30% to 90% in patients 
with cerebral involvement[34]. It is of utmost importance to consider the staging system of the ROCM-
related COVID-19 adopted by Honavar to determine the severity of the disease and survival rate[27]. It 
was reported in the literature that the delay in starting treatment even 6 d increases the 1-mo fatality 
from 35% to 66%[35]. Comorbidities and the immunosuppressive state of the patients will increase the 
aggressiveness of the disease and increase the morbidity and mortality rates. Early diagnosis and 
prompt treatment improve the outcomes.

CONCLUSION
ROCM-related COVID-19 is an opportunistic serious fungal infection. The commonest causative agents 
are from the Rhizopus specie. It occurs as one of the complications of COVID-19, particularly in diabetic 
patients and those on corticosteroid therapy or mechanical ventilation. The disease affects mostly the 
Indian population. Angio-invasion with tissue destruction is the hallmark of the disease. A high index 
of clinical suspicion, early diagnosis, intravenous or local amphotericin B, and surgical debridement 
lead to better outcomes. However, it carries a high rate of morbidity and mortality.
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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has emerged as 
one of the most dreadful viruses the mankind has witnessed. It has caused world-
wide havoc and wrecked human life. In our quest to find therapeutic options to 
counter this threat, several drugs have been tried, with varying success. Certain 
agents like corticosteroids, some anti-virals and immunosuppressive drugs have 
been found useful in improving clinical outcomes. Vitamin C, a water-soluble 
vitamin with good safety profile, has been tried to reduce progression and im-
prove outcomes of patients with coronavirus disease 2019 (COVID-19). Because of 
its anti-oxidant and immunomodulatory properties, the role of vitamin C has 
expanded well beyond the management of scurvy and it is increasingly been 
employed in the treatment of critically ill patients with sepsis, septic shock, acute 
pancreatitis and even cancer. However, in spite of many case series, observational 
studies and even randomised control trials, the role of vitamin C remains 
ambiguous. In this review, we will be discussing the scientific rationale and the 
current clinical evidence for using high dose vitamin C in the management of 
COVID-19 patients.
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Core Tip: Vitamin C has several biochemical effects including anti-oxidant, anti-inflammatory, immuno-
modulatory, and anti-viral properties which could make it a possible low-risk, add on to the current 
therapeutic options for managing coronavirus disease 2019 (COVID-19) patients. As it is a water-soluble 
vitamin, even high doses have been shown to be safe and only rarely, complications have been reported. In 
the last couple of years, many case series, observational studies and even randomised control trials have 
been conducted to evaluate the role of vitamin C in COVID-19, but have shown conflicting results. Hence, 
as per the current clinical evidence, the role of vitamin C remains ambiguous and it cannot be 
recommended as a part of routine therapeutic regimen for managing COVID-19 patients.

Citation: Juneja D, Gupta A, Kataria S, Singh O. Role of high dose vitamin C in management of hospitalised 
COVID-19 patients: A minireview. World J Virol 2022; 11(5): 300-309
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/300.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.300

INTRODUCTION
Viruses have always been potential threats and posed challenges to human health. Historically, various 
respiratory viruses like severe acute respiratory virus (SARS-CoV) in 2002, H1N1 influenza virus in 2009 
and the Middle East respiratory syndrome coronavirus (MERS-CoV) in 2012 have created havoc and 
wrecked human life. In December 2019, in Wuhan, China, the first pneumonia outbreak secondary to 
COVID was reported. It was given an interim name of 2019-nCoV by the World Health Organisation 
and was later renamed SARS-CoV-2 by the International Committee on Taxonomy of Viruses.

SARS-CoV-2 is one of the most dreadful viruses faced by mankind which not only led to the COVID 
outbreak in China but also spread throughout the world infecting more than 528 million people with 
more than 6.3 million deaths worldwide[1]. This virus led to a disease with a varied clinical spectrum 
ranging from asymptomatic viral carriers to severe disease characterised by acute respiratory distress 
syndrome (ARDS)[2,3]. The majority of affected individuals had mild symptoms especially in the initial 
stages of infection but many patients developed life threatening complications in the later stages with 
ARDS and consequent multiorgan failure leading to mortality of 7%-10%, especially in the elderly and 
those with pre-existing comorbidities[2-4].

The primary mechanism by which the virus caused severe disease was the initiation and propagation 
of a hyperimmune response, which increased pro-inflammatory cytokines and serum biomarkers[5]. 
The initial viral cytopathic effects were later complicated by a cytokine storm which led to ARDS and 
other systemic organ involvement[6]. In lieu of this cytokine storm, various anti-inflammatory and 
immune-modulating medications like corticosteroids, interleukin-6 (IL-6) inhibitors, and Janus kinase 
(JAK) inhibitors have been tried to prevent, as well as treat this life threatening complication.

Vitamin C was one of the most commonly prescribed medications for all patients of COVID-19, 
irrespective of the severity of the disease. Vitamin C is an essential water-soluble vitamin which is 
required in humans for collagen synthesis, wound healing, bone development, various biochemical 
functions, redox reactions, synthesis of carnitine, adrenal steroids and catecholamines and metabolism 
of amino acids and cholesterol[7]. Over the years, its clinical role has expanded and is now commonly 
prescribed to treat myriad of severe diseases including sepsis, septic shock, acute pancreatitis and even 
cancer[8-10]. However, its role in these disease conditions remain controversial. Vitamin C has also been 
suggested as a potential therapeutic option in managing COVID-19 patients, with a few reports showing 
a beneficial role[11]. However, larger trials have reported variable outcomes, precluding definitive 
conclusions on vitamin C use in COVID-19 patients[12-14].

RATIONALE
The pathophysiology of COVID-19 remains incompletely understood. However, some patho-
physiological changes, cytokine storm, micro thrombosis and immune-paralysis, have been described, 
which may lead to multi-organ dysfunction and death attributable to COVID-19. Another important 
phenomenon is release of oxygen free radicals (OFRs), causing oxidative damage and end-organ failure. 
These pathophysiological changes are similar to those seen with sepsis and septic shock, and hence, it 
was postulated that the use of vitamin C might be clinically beneficial in managing COVID-19.

Vitamin C deficiency
The normal plasma levels of vitamin C have been described above 50 μmol/L[15]. It is further suggested 
that although these levels may be sufficient to prevent scurvy, higher levels may be required to 

https://www.wjgnet.com/2220-3249/full/v11/i5/300.htm
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strengthen the immune system[16]. However, these levels quickly fall in patients with acute illness, and 
vitamin C deficiency, defined as levels below 11 μmol/L, is commonly reported among hospitalized 
patients[17-19].

Studies in critically ill COVID-19 patients have also shown low mean vitamin C levels. In addition, 
levels were significantly lower among non-survivors as compared with survivors[20]. In a single center 
study of patients with COVID-19 associated ARDS, more than 90% had almost undetectable serum 
vitamin C levels[21]. It is postulated that the reason for vitamin C deficiency observed in acute illnesses 
like infections, trauma, and surgery is the increase in metabolic consumption[22].

Anti-oxidant properties
Vitamin C has well described anti-oxidant properties, which may help in scavenging OFRs by 
increasing nitric oxide levels. It also prevents production of nitrogen species, improving capillary blood 
flow[23].

Anti-inflammatory properties
Vitamin C has several anti-inflammatory effects, potentially having clinical benefits in managing 
COVID-19 induced cytokine storm. It inhibits tumor necrosis factor-α (TNF-α), suppresses activation of 
nuclear factor kappa-B (NF-kB), reduces pro-inflammatory cytokines and lowers histamine levels[24].

Immune enhancing properties
By affecting lipid synthesis and reinforcing the maintenance of the alveolar epithelial barrier, vitamin C 
helps in improving innate immunity. Vitamin C potentially helps in immunomodulation by increasing 
the immunoglobin and complement levels[25]. It also exhibits immunomodulatory properties by 
promoting T-cell maturation and modulation, improving neutrophil chemotaxis and phagocytosis and 
by enhancing oxidative killing. In addition, it also promotes lymphocytic proliferation, interferon 
production and increases antibody production[23,24].

Prevention of micro and macro vascular dysfunction
Vitamin C acts as a co-factor for synthesis of catecholamines (epinephrine, norepinephrine), and 
vasopressin and increases the sensitivity of vascular musculature to these compounds. Vitamin C also 
causes inhibition of inducible nitric oxide synthase (iNOS) expression, thereby preventing vasocon-
striction. These effects may be particularly helpful in patients with shock and may improve end-organ 
perfusion[23,24].

Anti-viral properties
Vitamin C has been shown to have direct and indirect effects on viral replication and can inactivate 
several viruses in vitro[26]. High-dose vitamin C may cause viral inactivation by oxidation of viral 
nucleic acids and damage to viral capsids. Vitamin C can also have indirect effects by promoting 
interferon production, which may, in-turn affect viral replication by binding to the cell surface. 
Interferons may also aid in immune-stimulation leading to virus inactivation[27]. Because of these anti-
viral properties, vitamin C has been used clinically to manage viral illnesses ranging from common cold 
to viral ARDS secondary to wide range of viruses like enterovirus/rhinovirus, H1N1, and CHIKV[28-
31].

Other miscellaneous effects
By reducing oxidation injury and apoptosis vitamin C plays a role in prevention of mitochondrial 
dysfunction. In addition, it also prevents septic cardiomyopathy by reducing oxidation injury and 
apoptosis and by increasing carnitine synthesis[23,24]. Hence, it may prove useful in managing viral 
myocarditis and improving cardiac dysfunction.

CLINICAL EVIDENCE
The first large randomized clinical trial (RCT) to evaluate the effect of vitamin C in COVID-19 patients 
was the COVID A to Z trial. It was a multicentre open label RCT which aimed to assess the effect of high 
dose zinc (50 mg), high dose ascorbic acid (8000 mg per day in 2-3 divided doses, orally) or a 
combination of both zinc and ascorbic acid on the duration of symptoms of SARS-COV-2. A total of 214 
patients were enrolled in the study and randomised equally into 4 groups to receive a 10-d course of 
either zinc gluconate, ascorbic acid, both or only standard of care. The study’s primary end point was 
the number of days required for a reduction in symptoms (fever, cough, shortness of breath, and 
fatigue) by 50%. The results of the study did not show any significant decrease in the duration of 
symptoms as compared to standard of care. Additionally, there was no statistically significant difference 
in the need for hospitalisation and mortality[32].
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Even though vitamin C is widely prescribed in the management of COVID-19 patients, the scientific 
evidence is primarily derived from case series and retrospective studies (Table 1)[11,14,33-42]. Only a 
few RCTs have been conducted to evaluate the role of high dose intravenous vitamin C (HDIVC) in 
hospitalised COVID-19 patients[12,13,43,44]. The largest RCT was a Pakistani study, which included 150 
patients, 75 each in study and control groups. Patients in the study group were given 50 mg/kg/d of IV 
vitamin C and compared to those who received only the standard therapy. The authors reported that 
the patients who received IV vitamin C became symptom-free earlier and had reduced hospital length 
of stay (LOS)[13]. However, there was no significant difference in the need for invasive mechanical 
ventilation (IMV) and mortality. Other RCTs also failed to show any difference in the need for IMV or 
reduction in mortality rates (Table 1)[12,43,44].

A few studies showed a reduction in inflammatory markers[11,33,35,36,38] but these results were 
neither consistent nor translated in to improved clinical outcomes[33]. One small retrospective cohort 
study even reported increased mortality in COVID-19 patients treated with IV vitamin C 1.5 gm every 
6th hourly for four days[37].

A few meta-analyses have also been published evaluating the role of vitamin C in COVID-19 (Table 2)
[45-47]. Rawat et al[47] performed a meta-analysis on the impact of Vitamin C on major clinical 
outcomes such as mortality, intensive care unit (ICU) admission, duration of hospital stay and need for 
mechanical ventilation in patients diagnosed with COVID-19. They included 6 RCTs in their analysis 
encompassing 572 patients. Amongst the 6 studies, 2 were multicenter RCTs, and 4 were single centre 
studies. Two studies were conducted on non-severe patients, while 4 studies were conducted on severe 
cases of COVID-19. Both oral (2 studies) and intravenous vitamin C (4 studies) were used, and the 
dosage ranged from 50 mg/kg/d to 24 g per day of vitamin C. The meta-analysis did not show vitamin 
C to reduce any major outcomes in COVID-19 patients. Even in a subgroup analysis based on the dose, 
route of administration and severity of illness, no significant benefit was observed. However, this meta-
analysis had multiple limitations including heterogeneity in the study population, variable doses of 
vitamin C and differences in route of administration. In defense, the subgroup analysis also revealed 
similar results. Moreover, some studies used combination of vitamin E and melatonin, which may have 
confounded the results. Also, the standard treatment used in the control groups differed and the data on 
the adverse effects of vitamin C was lacking[47].

A recently published meta-analysis analysed data from five trials in which only HDIVC, defined as 
IV vitamin C ≥ 2 gm/d, was prescribed to hospitalised COVID-19 patients. Among the included studies, 
three were RCTs, and two were retrospective studies, including 374 patients. The authors could not find 
any statistically significant difference in terms of hospital LOS, mortality or adverse effects when 
patients were treated with HDIVC[46].

Another larger meta-analysis, including seven trials and 807 patients analysing the role of HDIVC, 
also failed to show any beneficial results in terms of mortality, hospital or ICU LOS or need for IMV in 
COVID-19 patients. The authors further noted that all the included trials were of high quality but 
different dosing regimens were used ranging from 2-24 gm of IV vitamin C per day for 3-7 d[45].

Recognising the lack of clinical evidence, the current National Institutes of Health (NIH) guidelines 
also does not make any recommendation for or against the use of vitamin C in the management of out-
patient or hospitalised COVID-19 patients[48].

DOSING
Both oral and intravenous formulations of vitamin C have shown similar clinical efficacy, but intra-
venous route is generally preferred in critically ill patients[49,50]. It is suggested that higher doses of 
vitamin C, 2-3 gm/day, may be required to maintain the normal serum concentrations in patients with 
acute viral infections[51]. High doses of up to 100 g/d have been tried in the management of sepsis 
patients[52]. Although there is no consensus, any dose above 2 g/d is arbitrarily considered as high 
dose[46].

Even though several different dosing regimens have been tried in patients with COVID-19, data 
regarding dosing regimens are generally extrapolated from the trials on sepsis patients. Six hourly 
dosing have been shown to rapidly improve serum vitamin C levels, achieve a steady state and 
maintain therapeutic levels[53,54]. However, no consensus presently exists on the recommended daily 
dosage regimen for HDIVC.

ADVERSE EFFECTS
Even when used in high doses, vitamin C is considered harmless as it is a water-soluble vitamin. The 
major trials have mainly concentrated on the efficacy of vitamin C, and the data regarding adverse 
effects are primarily derived from case reports and series[55]. Most reported adverse effects are mild 
and reversible (Table 3)[55-57]. Rarely, patients may develop serious adverse effects, including 
haemolysis, disseminated intravascular coagulation and acute kidney injury (AKI). Adverse effects have 
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Table 1 Different studies evaluating the role of high dose intravenous Vitamin C in COVID-19

S. 
No. Title Year of 

publication
Country 
of origin Study design

Sample size 
in the control 
arm

Sample size in 
the 
intervention 
arm

Intervention summary Results in brief

1 Effect of high-dose intravenous vitamin C 
on prognosis in patients with SARS-CoV-2 
pneumonia[14]

2022 Turkey Retrospective 
study

170 patients 153 patients 2 g/d IV No difference in mortality

2 High-dose intravenous vitamin C decreases 
rates of mechanical ventilation and cardiac 
arrest in severe COVID-19[33]

2022 USA Retrospective 
cohort study

75 patients 25 patients 3 gm 6 hrly for 7 d IV HDIVC group had a prolonged hospital stay, prolonged ICU 
stay, and prolonged time to deathCRP levels were lower in the 
HDIVC group while other inflammatory markers (d-dimer and 
ferritin) were similar in both groups.HDIVC patients had 
significantly lower rates of IMV and cardiac arrest

3 Efficacy of High Dose Vitamin C, Melatonin 
and Zinc in Iranian Patients with Acute 
Respiratory Syndrome due to Coronavirus 
Infection: A Pilot Randomized Trial[43]

2021 Iran RCT 11 10 IV vitamin C (2 g, q6hr), oral; 
melatonin (6 mg, 6 hourly), 
and oral zinc sulfate (50 mg, 6 
hourly) for 10 d

No differences in PaO2/FiO2, CRP, ESR or LDH levels and 
ICU LOS

4 Pilot trial of high-dose vitamin C in 
critically ill COVID-19 patients[12]

2021 China Multi center 
RCT

29 in control 27 treatment 
group

12 g of vitamin C/50 ml every 
12 h for 7 d at a rate of 12 
mL/h IV

No difference in IMV free days at D28; no difference in 28-d 
mortality. Steady rise in the PaO2/FiO2 in vitamin C group

5 No significant benefit of moderate-dose 
vitamin C on severe COVID-19 cases[34]

2021 China Retrospective 
cohort study

327 70 2-4 gm/d No significant difference in clinical improvement or mortality 
rate

6 Beneficial aspects of high dose intravenous 
vitamin C on patients with COVID-19 
pneumonia in severe condition: a 
retrospective case series study[35]

2021 China Retrospective 
case series

12 patients 71 to 350 mg/kg/d for 3 d IV Reduction in CRPImproved PaO2/FiO2 and SOFA score

7 High Dose Intravenous Vitamin C for 
Preventing The Disease Aggravation of 
Moderate COVID-19 Pneumonia. A 
Retrospective Propensity Matched Before-
After Study[36]

2021 China Retrospective 
before-after 
study

55 patients 55 patients 100 mg/kg/d IV for 7 d Significant reduction in progression to severe disease.Reduced 
levels of CRP, D-dimer and APTT

8 Safety and effectiveness of high-dose 
vitamin C in patients with COVID-19: A 
randomized open-label clinical trial[44]

2021 Iran Randomised 
open-label 
study

30 patients 30 patients 6 g/d IV Reduced temperature and improved SaO2 in HDIVC group. 
No difference in ICU or hospital mortalityLonger hospital LOS 
in HDIVC group

9 Use of Intravenous Vitamin C in Critically 
Ill Patients With COVID-19 Infection[37]

2021 USA Retrospective 
cohort study

24 patients 8 patients 1.5 grams IV vitamin C every 6 
h for up to 4 d

HDIVC group had higher rates of hospital mortality and mean 
SOFA scores post-treatment. No difference in daily 
vasopressor requirement or ICU LOS

10 High-dose intravenous vitamin C attenuates 
hyperinflammation in severe coronavirus 
disease 2019[38]

2021 China Retrospective 
cohort study

151 85 100 mg/kg every 6 h for day 1 
followed by 100 mg/kg evry 
12 h for the next 5 d

Significantly reduced inflammatory markers (hs-CRP, IL-6, 
TNF-alpha)

The efficiency and safety of high-dose Retrospective 6 g twice a day on day 1 11 2021 China 30 46 Reduced 28 d mortality. No change in oxygen support
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vitamin C in patients with COVID-19: A 
retrospective cohort study[39]

cohort study followed by 6 gm once a day 
for 4 d IV

12 High-dose vitamin C ameliorates cardiac 
injury in COVID-19 pandemic: A 
retrospective cohort study[40]

2021 China Retrospective 
cohort study

62 51 100 mg/kg every 6 h for day 1 
followed by 100 mg/kg evry 
12 h for the next 5 d

HDIVC can ameliorate cardiac injury through alleviating 
hyperinflammation

13 The Role of Vitamin C as Adjuvant Therapy 
in COVID-19[13]

2020 Pakistan RCT 75 patients 75 patients 50 mg/kg/day of intravenous 
(IV)

Earlier resolution of symptoms and reduced hospital LOS. No 
significant difference in the need for IMV and mortality

14 Activities of serum ferritin and treatment 
outcomes among COVID-19 patients treated 
with vitamin c and dexamethasone:An 
uncontrolled single-center observational 
study[41]

2020 India Prospective, 
observational 
study

50 patients NA Mortality 6%

15 The use of IV vitamin C for patients with 
COVID-19: A case series[11]

2020 USA Case series 17 patients 1 g every 8 h for 3 d IV Significant decrease in inflammatory markers. Mortality 12%

16 Application of methylene blue -vitamin C -
N-acetyl cysteine for treatment of critically 
ill COVID-19 patients, report of a phase-I 
clinical trial[42]

2020 Iran Phase I clinical 
trial

25 ICU COVID-
19 patients. 5 
received MCN 
as last resort

25 healthy 
individuals

Methylene blue (1 mg/kg) 
along with vitamin C (1500 
mg/kg) and N-acetyl Cysteine 
(1500 mg/kg) orally or 
intravenously

Reduced methhemoglobin levels, survival of 4/5 patients

IV: Intravenously; HDIVC: High dose intravenous vitamin C; ICU: Intensive care unit; CRP: C-reactive protein; RCT: Randomised control trial; ESR: Erythrocyte sedimentation rate; LDH: Lactate dehydrogenase; LOS: Length of stay; 
IMV: Invasive mechanical ventilation; SOFA: Sequential organ failure assessment; APTT: Activated prothrombin time; IL: Interleukin; TNF: Tumour necrosis factor; MCN: Methylene blue; USA: United states; COVID-19: Coronavirus 
disease 2019; RCT: Randomised control trial; NA: Not available.

been reported with both oral and intravenous preparations and the use of normal doses and high doses 
of vitamin C. Patients with underlying renal dysfunction and glucose-6-phosphate dehydrogenase 
(G6PD) deficiency are especially more prone to develop side effects like AKI and haemolysis[55].

FUTURE DIRECTIONS
Almost 50 trials are presently being conducted to evaluate the role of vitamin C in patients with COVID-
19 disease. These trials are being conducted in patients with different severity of disease and are trying 
to assess different clinical outcomes ranging from the need for hospitalisation, resolution of symptoms, 
need for organ support, need for IMV and mortality. Role of vitamin C is also being explored in 
combination with other therapies like zinc, quercetin, and curcumin and comparison to other anti-
oxidants like vitamin E, melatonin, pentoxifylline, and N-acetyl cysteine. These trials may help us better 
understand vitamin C’s clinical efficacy and safety profile and clarify its potential role in the 
management of COVID-19 patients. Also, these studies may shed light on the dosing of HDIVC, as most 
of the studies performed till now have used different dosing regimens, which might have affected their 
results.
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Table 2 Meta-analyses evaluating the role of Vitamin C in COVID-19

S. 
No. Title Year of 

publication
Country 
of origin Included studies Included 

sample size Results in brief

1 Intravenous vitamin C use and risk of 
severity and mortality in COVID-19: A 
systematic review and meta-analysis[45]

2022 China 7 studies (3 RCTs, 
4 observational 
studies)

807 patients IV vitamin C treatment did not 
affect disease severity or mortality

2 The effectiveness of high-dose 
intravenous vitamin C for patients 
withcoronavirus disease 2019: A 
systematic review and meta-analysis[46]

2022 Korea 5 studies (3 RCTs, 
2 retrospective 
trials)

374 patients (186 
HDIVC and 184 
control group)

No difference in hospital LOS or 
mortality

3 Vitamin C and COVID-19 treatment: A 
systematic review and metaanalysis of 
randomized controlled trials[47]

2021 India 6 RCTs 572 patients Vitamin C treatment didn’t 
reducemortality, ICU LOS, hospital 
LOS or need for invasive 
mechanical ventilation

RCT: Randomised control trial; IV: Intravenously; HDIVC: High dose intravenous vitamin C; LOS: Length of stay; ICU: Intensive care unit.

Table 3 Adverse effects reported with vitamin C

Item Description

General Interference with laboratory tests, phlebitis, nausea, vomiting

Neuro-muscular Lethargy, fatigue, muscle cramps, headache, altered mental status

Metabolic Hyperglycemia, hypernatremia

Haematological Haemolysis, disseminated intravascular coagulation, methemoglobinemia

Renal Oxalosis, renal stones, acute kidney injury

CONCLUSION
Vitamin C is a relatively safe therapeutic option, and there may be scientific rationale which theoret-
ically may help in the recovery of COVID-19 patients. Many observational studies and some RCTs have 
been conducted to evaluate its role in COVID-19. However, presently there is dearth of clinical evidence 
showing its utility in the management of COVID-19 patients; hence, it cannot be recommended for 
routine use in these patients. Further larger multi-center RCTs are warranted to prove its safety and 
potential role.
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Abstract
Pregnant women are among the high-risk population for severe coronavirus 
disease 2019 (COVID-19) with unfavorable peripartum outcomes and increased 
incidence of preterm births. Hemolysis, the elevation of liver enzymes, and low 
platelet count (HELLP) syndrome and severe preeclampsia are among the leading 
causes of maternal mortality. Evidence supports a higher odd of pre-eclampsia in 
women with COVID-19, given overlapping pathophysiology. Involvement of 
angiotensin-converting enzyme 2 receptors by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) for the entry to the host cells and its downregulation 
cause dysregulation of the renin-angiotensin-aldosterone system. The overex-
pression of Angiotensin II mediated via p38 Mitogen-Activated Protein Kinase 
pathways can cause vasoconstriction and uninhibited platelet aggregation, which 
may be another common link between COVID-19 and HELLP syndrome. On 
PubMed search from January 1, 2020, to July 30, 2022, we found 18 studies on of 
SARS-COV-2 infection with HELLP Syndrome. Most of these studies are case 
reports or series, did not perform histopathology analysis of the placenta, or 
measured biomarkers linked to pre-eclampsia/HELLP syndrome. Hence, the 
relationship between SARS-CoV-2 infection and HELLP syndrome is inconclusive 
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in these studies. We intend to perform a mini-review of the published literature on HELLP 
syndrome and COVID-19 to test the hypothesis on association vs causation, and gaps in the 
current evidence and propose an area of future research.

Key Words: SARS-CoV-2; Preeclampsia; Hypertension; Pregnancy-induced; Liver dysfunction; Pregnancy-
induced

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Observational studies showed an increased prevalence of preeclampsia and hemolysis, elevated 
liver enzymes and low platelet (HELLP) syndrome in pregnant women with coronavirus disease 2019 
(COVID-19). Despite a possible pathophysiology linkage between COVID-19 and HELLP syndrome, the 
evidence on temporality to prove a causal association between infection with severe acute respiratory 
syndrome coronavirus 2 and HELLP syndrome is lacking.
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INTRODUCTION
With immense knowledge on the pathogenesis of coronavirus disease 2019 (COVID-19), the viral-host 
immune interaction plays a critical role in multi-system presentation of the disease. Most of the patients, 
infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), develop a non-severe 
illness. However, those patients with specific comorbidities are predisposed to advanced stages of 
severe COVID-19 infection. Some of the prevalently-reported comorbidities are as follows; age above 75 
years, male gender, pre-existing cardiovascular disease, chronic lung, kidney or liver disease, sickle cell 
disease, diabetes, active cancer, severe obesity and pregnancy[1,2]. The risk factors that aggravate the 
development of severe COVID-19 among pregnant women include obesity, smoking history, pre-
eclampsia and diabetes mellitus[3]. Though pregnancy, per se, does not increase the susceptibility to 
SARS-CoV-2 infection, pregnant women are highly prone to developing severe illnesses with SARS-
CoV-2 infection compared to non-pregnant women. Further, they are also associated with adverse 
pregnancy and perinatal outcomes[4].

Hemolysis, Elevated Liver enzymes and Low Platelets (HELLP) syndrome is an uncommon yet 
deadly complication that is associated with severe pre-eclampsia. Early diagnosis and termination of 
pregnancy only have been proved to be effective in treating HELLP syndrome[5]. A meta-analysis, 
conducted recently, inferred that COVID-19 infected women recorded high levels of pre-eclampsia and 
HELLP syndrome odds[6]. However, abnormal liver enzymes, thrombocytopenia and hemolysis are not 
only associated with HELLP syndrome, but are observed in many of the critically-ill patients, as a 
component of multi-organ dysfunction. This phenomenon occurs especially in case of certain infectious 
diseases and other pregnancy-related liver disorders, for instance, acute fatty liver of pregnancy[7]. 
Substantial evidence infers that some of the viral infections, for instance SARS-CoV-2, tend to mimic 
HELLP syndrome among women during pregnancy[8,9].

Hence, the overlapping laboratory features of SARS-CoV-2 infection and HELLP syndrome may 
increase the possibilities of misdiagnosis than a causal association. The current review discusses about 
the pathogenetic linkage between COVID-19 and HELLP syndrome, reviews the evidences available on 
association or causation between the variables and proposes novel suggestions for future research.

PATHOGENESIS OF PRE-ECLAMPSIA AND HELLP SYNDROME 
Pre-eclampsia is a multi-system disorder characterized by de novo hypertension that occurs after 20 wk 
of gestation. Recently, the International Society for the Study of Hypertension in Pregnancy provided a 
new definition for pre-eclampsia as given herewith; new onset of hypertension (systolic > 140 mmHg 
and diastolic > 90 mmHg) accompanied by at least one feature as listed below and is developed either at 
or after 20 wk of gestation: (1) Proteinuria; (2) Maternal organ dysfunction (like liver, kidney, 
neurological and haematological); and (3) Evidence of uteroplacental dysfunctions like fetal growth 
restriction or abnormal Doppler waveform findings of uteroplacental blood flow or stillbirth[10].
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The exact pathogenesis of pre-eclampsia remains uncertain. However, the termination of pregnancy 
by removing the placenta seems to be an effective therapeutic measure. This method confirms the 
importance of placenta in the pathophysiology of pre-eclampsia. Two pathogenic phenotypes are 
established such as early and late pre-eclampsia. The major cause of early pre-eclampsia is placental in 
nature whereas the late pre-eclampsia is a result of interactions that occur between placental senescence 
and other factors such as genetics, obesity and nutrition or environmental factors. The oxidative stress 
upon syncytiotrophoblast, a cell that covers the placental villi on the maternal side, plays a crucial role 
by getting released into maternal circulation factors like inflammatory cytokines, cell-free fetal DNA, 
exosomes, and anti-angiogenic agents. This results in the endothelial dysfunction and hypertensive 
syndrome[11].

Oxidative stress occurs as a result of either uteroplacental hypoperfusion from the defective 
remodelling of uterine spiral arteries (i.e., early pre-eclampsia) or due to a mismatch between supply 
and demand in maternal perfusion and placental or foetus requirements (i.e., late pre-eclampsia). 
Placental stress results in the dysfunction of vascular endothelium which in turn releases the placental 
factors that cause systemic manifestations of pre-eclampsia. The pathways proposed earlier for the 
above discussed phenomenon include an increased release of pro-inflammatory cytokines, cell-free fetal 
DNA, p38 Mitogen-Activated Protein Kinase (MAPK), placental apoptotic debris, soluble receptor for 
Vascular Endothelial Growth Factor, and soluble fms like tyrosine kinase (sFlt-1)/Placental Growth 
Factor (PlGF) ratio (Figure 1)[11,12].

The role played by Renin-Angiotensin-Aldosterone System (RAAS) in placenta homeostasis is crucial 
since it regulates the proliferation of trophoblasts, angiogenesis and blood flow. When RASS is not 
regulated, it creates an imbalance of vasoactive peptides due to high production of angiotensin II (ATII) 
and low vasodilatory angiotensin 1-7. ATII is a pro-inflammatory, pro-thrombotic element that induces 
vascular constriction, endothelial injury and vascular smooth cell proliferation which altogether 
contribute to pre-eclampsia[13]. Recent evidence suggests that ATII actions are mediated through the 
MAPK pathway. MAPK is a cellular signaling pathway existing in three forms, p38 MAPK, extracellular 
signal-regulated kinase, and Janus kinase. p38 MAPK critical component in immune functions as well as 
stress response pathways, mediates the cellular response to pathogenic microbes, pro-inflammatory 
cytokines and environmental stress (oxidate stress). p38 MAPK can be stimulated by intrauterine 
oxidate stress, with exact function unknown. Available evidence supports p38 MAPK is linked to 
normal embryonic development and maintaining parturition, and premature activation, or overex-
pression may lead to adverse perinatal and pregnancy outcomes[14]. The upregulated p38 MAPK 
pathway is linked with increased pro-inflammatory cytokines like NF-κB, Tumour Necrosis Factor 
(TNF)-α, interleukin (IL)-6 and IL-1β, and COX-2. The activation of NF-κB with p38 MAPK overex-
pression is found in various tissues, but in uterine tissue, its role is unclear. On the other hand, 
Angiotensin 1-7 is vasodilatory, attenuate this inflammation, atrophy, and fibrosis by simulating the 
Mas receptor. Hence, the dysregulation of RASS and high ATII levels lead to uninhibited feedback loop 
to p38 MAPK pathway which in turn causes untamed inflammation observed in pre-eclampsia[15,16].

The association between pre-eclampsia and HELLP syndrome is unclear. According to a few experts, 
HELLP syndrome is nothing but an extended manifestation of severe pre-eclampsia. However, a few 
others argue that HELLP syndrome is an independent entity since it exists without the classical features 
of pre-eclampsia like proteinuria and oedema. A few resemblances exist between the pathogenesis of 
pre-eclampsia and HELLP syndrome such as endothelial dysfunction, platelet aggregation and 
consumption, vasospasm, and end-organ ischemia. However, immune dysregulation with maternal 
immunological intolerance to fetal tissues is considered as a prominent pathway in HELLP syndrome. 
This immunological maladaptation has been proved in literature via the high levels of fetal mRNA and 
HLA-DR in the blood of women with HELLP syndrome, who was compared with women with pre-
eclampsia[16,17]. One of the recent studies demonstrated that those patients with HELLP syndrome, 
had a high titer of agonist antibodies to Type I ATII receptor (AT1r-AA), when compared with patients 
with pre-eclampsia. The agonist antibodies can simulate the ATII effect upon the receptor[18].

Women with HELLP syndrome possess high levels of other types of anti-angiogenesis factors such as 
endoglin and Fas ligand than the women with pre-eclampsia. These two factors are responsible for 
vascular endothelial injury and intense inflammation in HELLP syndrome. The role played by p38 
MAPK pathway, in the pathogenesis of HELLP syndrome, is hypothesized to be an angiogenic response 
for environmental hypoxia. The elevated serum levels of p38 MAPK increase the serum vascular 
permeability and it has the potential to aggravate edema in different tissues including the brain. A 
recent study that compared the serum levels of p38 MAPK among patients with HELLP syndrome and 
pre-eclampsia found that the serum levels were significantly higher in HELLP syndrome patients than 
their counterpart. The authors also recommended to use serum p38 MAPK in the diagnosis of HELLP 
syndrome[19]. As per the literature, patients with HELLP syndrome exhibit high serum levels of p38 
MAPK and low expression in placental p38 MAPK[20,21]. The future researchers must explore this 
relationship which may shed more insights about the role played by p38 MAPK in the pathophysiology 
of HELLP syndrome. Furthermore, the activation of immune complexes, C5b-9 complement pathway, 
anaphylatoxins like C3a and C5a and the release of inflammatory cytokines, TNF-α and active von 
Willebrand factor from leucocytes, macrophages and platelets also cause endothelial injury. In turn, 
endothelial injury contributes to multiple activities such as hemolysis, platelet aggregation and 
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Figure 1 Pathogenesis of hemolysis, elevated liver enzymes and low platelet syndrome. Placenta ischemia is central mechanism which is 
suspected to play a central role in hemolysis, elevated liver enzymes and low platelet (HELLP) syndrome. Abnormal trophoblast implantation and remodelling of 
uterine arteries along with genetic, environmental, nutritional, or maternal risk factors cause uteroplacental perfusion mismatch. Various pathways proposed for 
systemic manifestations of HELLP syndrome include, releases of inflammatory cytokines, endothelial dysfunction, release of cell-free fetal DNA, imbalance of soluble 
fms-like tyrosine kinase to placental growth factor ratio (sFLT/PIGF ratio). HELLP: Hemolysis, elevated liver enzymes and low platelet; ATII: Angiotensin II; HIF: 
Hypoxia inducible factor 1 alpha; RAAS: Renin angiotensin aldosterone system; sFlt/PlGF: Soluble fms-like tyrosine kinase and platelet growth factor ratio; ↑: 
Increased.

consumption (causing thrombocytopenia), intraluminal fibrin deposition, vasospasm and end-organ 
ischemia (causing hepatitis) that are generally observed in HELLP syndrome[21].

Conventional pre-eclampsia screening includes a periodic assessment and an early detection of 
hypertension and proteinuria. But, the precision of pre-eclampsia screening has increased 
tremendously, thanks to the measurement of circulating biomarkers and Doppler assessment of 
uteroplacental circulation. sFlt-1/PlGF ratio is a potential and a highly-accurate marker that can be used 
in the prediction of pre-eclampsia and fetal growth restriction[22]. In the prediction of early pre-
eclampsia and the complications associated with it, a combination of multiple factors such as 
demographic risk factors with periodic blood pressure measurement, doppler assessment of uterine 
artery and the measurements of biomarkers is found to be highly accurate[23].

PATHOGENESIS OF COVID-19 
The internalization of SARS-CoV-2, within the host cell, occurs by binding the S-spike protein of the 
virus with Angiotensin-Converting-Enzyme 2 (ACE2) present on the cell surface and is supplemented 
by Transmembrane Serine Protease 2 (TMPRSS2) on the host cell. Though ACE2 is found in multiple 
tissues, it is predominantly expressed in lung and heart tissues. This phenomenon may explain the high 
incidence of acute respiratory distress syndrome and myocarditis among patients with COVID-19 and 
the primary cause behind the high mortality rate. ACE2 is an integral part of RAAS and is directly 
associated in the conversion of ATII to Angiotensin 1-7. Like SARS-CoV, when SARS-CoV-2 interacts 
with ACE2 receptor, the receptor gets downregulated, thus potentiating RAAS and ATII. All three 
MAPK pathways are involved in the pathogenesis of COVID-19. The interaction between SARS-CoV-2 
and ACE2, like many other viruses, is associated with upregulation of p38 MAPK through the 
interaction with ACE2 receptors and its direct activation[16,24]. The upregulated ATII through its effect 
on ATII Type 1 receptor causes an intense vasoconstriction and inflammation. As discussed earlier, the 
effect of ATII in heart and lung tissues are mediated by p38 MAPK pathway. The crosstalk between p38 
MAPK and NF-κB is also found to be involved in the pathophysiology of COVID-19. SARS-CoV and 
SARS-CoV-2 infection activates p38 MAPK pathway and induces phosphorylation of various down-
stream proteins involved in the transcription of various inflammatory cytokines. The upregulation of 
p38 MAPK is linked with excessive vasoconstriction, production of pro-inflammatory cytokines such as 
IL6, TNF-α and IL-1β. Hence, an unrestrained p38 MAPK results in hyperinflammation, vasoconstriction 
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Figure 2 Pathogenesis of coronavirus disease 2019. Severe acute respiratory syndrome coronavirus 2 entry into the host cell is mediated through its 
binding with angiotensin converting enzyme 2 receptor and transmembrane serine protease 2 enzyme. The pathogenetic pathways include direct cytotoxicity, 
endothelialitis, (endothelial damage), dysregulated host-immune response and renin-angiotensin aldosterone system. Respiratory system is the primary target organ, 
but other systems are involved either with direct invasion or in response of systemic dysregulated immune response. SARS-CoV-2: Severe acute respiratory 
syndrome coronavirus 2; ACE2: Angiotensin converting enzyme 2; TMPRSS2: Transmembrane serine protease 2; RAAS: Renin angiotensin aldosterone system; 
ACS: Acute coronary syndrome; AKI: Acute kidney injury.

and thrombosis, a hallmark of COVID-19 (Figure 2)[16]. Recently, various agents like emetine, 
chelerythrine and papaverine regulating the p38 MAPK signaling pathway are found to have 
therapeutic potential in the management of COVID-19[25-27].

The role played by virus-host immune interplays is crucial in the pathogenesis of COVID-19. Various 
pro-inflammatory cytokines like IL-6, IL-10, TNF-α, granulocyte-colony stimulating factors and 
monocyte chemoattract protein 1 mediate lungs and other systemic manifestations of SARS-CoV-2 
infection. Though respiratory system is the primary target site of SARS-CoV-2 infection, COVID-19 can 
be characterized as a multi-system disease that affects heart, kidneys, brain, liver, gastrointestinal and 
haematological systems and skin (Figure 2)[28].

COVID-19 patients generally exhibit different biochemical manifestations of pre-eclampsia and 
HELLP syndrome such as thrombocytopenia, raised liver enzymes, proteinuria, coagulopathy, acute 
kidney injury, and increased lactate dehydrogenase[8,29]. Mild thrombocytopenia (the count of platelets 
stands at 100-150 × 109/L) is observed among 20%-36% patients with COVID-19 whereas severe 
thrombocytopenia (< 50 × 109/L) is uncommon[30].

EVIDENCE ON COVID-19 AND HELLP SYNDROME
A total of 11 studies was found by the authors when PubMed database was mined using the following 
keywords; “COVID-19” OR “SARS-CoV-2” AND “HELLP syndrome” between 01st January 2020 to 30th 

July 2022. When a broader keyword i.e., “HELLP syndrome” was used within the same period, a total of 
361 studies was found. Out of the total studies filtered, 18 studies were finalized and critically analyzed 
after excluding non-COVID-19 studies and non-English literature (Table 1)[6,31-47].

Inference from the evidence
Out of the 18 studies considered for final analysis, 13 were case reports or series in which 23 patients 
were included[31-38,40,42,44,45,47]. Maternal and fetal mortality rates were 8.6% (2) and 21.7% (5) 
respectively, with the development of severe COVID-19 in three patients. Mendoza et al[31] authored a 
case series in which five patients were suspected with pre-eclampsia and HELLP syndrome whereas 
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Table 1 Published studies on coronavirus disease 2019 and hemolysis, elevated liver enzymes, and low platelet count syndrome

Ref. Type of study
Age (yr), 
gestation 
(wk)

Number of 
patients Main results Conclusion

Mendoza et al
[31], 2020 

Case series 5 cases with severe 
PE and/or HELLP 
syndrome

Out of 8 cases with severe COVID-19, 5 
developed PE, proteinuria, elevated liver 
enzymes and hypertension. One developed 
platelet less than 150000. However, only one 
patient had PE based on the uterine artery 
pulsatility index, sFlt-1/PlGF ratio and LDH

PE like clinical features can 
develop with severe COVID-19. 
It can be distinguished from true 
by PE by sFlt-1/PlGF, LDH and 
UtAPI measurement 

Braga et al[32], 
2020 

Case report 31, 31 1 Multiple pregnancy (dichorionic twins) with 
PE and partial HELLP syndrome. Moderate 
COVID-19 with HRCT showing ground-
glassing. Underwent caesarean delivery for 
HELLP syndrome. One of the foetus died on 
day 16 due to intracranial hemorrhage. Both 
women and other foetus survived

There is a possible synergism 
between the pathophysiology of 
COVID-19 and PE/HELLP 
syndrome 

Federici et al
[33], 2020

Case report 33, 23.5 1 Multigravida, severe COVID-19 with ARDS 
requiring mechanical ventilation develop 
features of PE and HELLP syndrome. The 
serum sFlt-1/PlGF ratio was normal. 
Pregnancy continued and laboratory 
abnormalities resolved spontaneously with 
removal of mechanical ventilation after 10 d 
and discharge on day 19. Mother delivered 
spontaneously a live foetus at 33.4 wk 

Severe COVID-19 can mimic PE 
and HELLP syndrome. 
Pregnancy can be continued in 
absence of complications with 
strict surveillance 

Ahmed et al
[34], 2020 

Case report 26, 37 1 Family history of PE, atypical HELLP 
syndrome with acute kidney injury. Vaginal 
delivery with induction Postpartum day 3, 
developed abdominal hematoma requiring 
laparotomy and blood transfusions. Moderate 
respiratory symptoms with foetus and mother 
survived 

Severe SARS-CoV-2 infection 
may be a risk factor for 
hypertensive disorders of 
pregnancy 

Ronnje et al
[35], 2020

Case report 26, 32.6 1 Underwent emergency caesarean. Both 
mother and foetus survived

Possible association of HELLP 
syndrome and COVID-19 was 
proposed

Coronado-
Arroyo et al
[36], 2021

Case series Mean: 29 yr, 
gestation 31 
wk

14 out of 20 patients 
with severe PE 
including 5 with 
HELLP syndrome

One out of 5 women was multipara. Two were 
asymptomatic and remaining had mild 
severity COVID-19. Four required caesarean 
delivery and two had still-birth. No maternal 
mortality 

SARS-CoV-2 infection, can 
predisposes pregnant female to a 
greater severity of PE, 
irrespective of the severity of 
respiratory symptoms 

Norooznezhad 
et al[37], 2021 

Case report 24, 29 1 Primigravida, emergency caesarean for 
HELLP syndrome. Ostelmavir, 
lopinavir/ritonavir, chloroquine and 0.5 
gm/d of methylprednisolone was used. 
Moderate respiratory symptoms. Both foetus 
and mother survived 

Association between COVID-19 
and HELLP syndrome cannot be 
concluded but deliver and 
methylprednisolone caused 
improvement in the condition

Farahani et al
[38], 2021 

Case report 28, 38 1 Multigravida, vaginal delivery for HELLP 
syndrome. Postpartum developed seizure, 
lopinavir/ritonavir and dexamethasone was 
used for treatment. Moderate respiratory 
symptoms. Both mother and foetus survived 

COVID-19 in pregnant women 
can resemble PE and with 
possible CNS involvement 

Aydın et al[39], 
2021 

Observational 
retrospective 
study

Case 1: 22, 
31 Case 2: 
25, 28

167 pregnant with 
COVID-19. 20 
patients had PE and 
two (1.2%) had 
HELLP syndrome. 

Case 1: Pregnancy with IVF. Need invasive 
mechanical ventilation, underwent caesarean 
delivery for HELLP syndrome and 
postpartum developed arterial thrombosis. 
Case 2: Vaginal delivery with preterm foetus. 
Both patients survived 

No significant difference was 
observed in adverse pregnancy 
outcomes such as PE, preterm 
birth, and foetal growth 
restriction, gestational diabetes 
mellitus and HELLP syndrome 
according to the gestational age 

Vaezi et al[40], 
2021

Case series 36, 28 24 patients, 1 with 
HELLP syndrome

Delivery by caesarean section, performed for 
HELLP syndrome, preterm foetus admitted to 
NICU. Both mother and foetus survived

-

406 446 women 
hospitalized for 
childbirth. Among 
women with HELLP 
syndrome, 989 
(0.2%) were without 
COVID-19 and 33 

Jering et al[41], 
2021 

Retrospective 
cohort study

Unadjusted and adjusted OR for HELLP 
syndrome with COVID-19 was 2.10 (95%CI- 
1.48-2.97) and 1.96 (1.36-2.81), P < 0.001

In large US cohort of women 
admitted for childbirth during 
the pandemic, patients with 
COVID-19 had higher risk of in-
hospital mortality, pre-
eclampsia, VTE and HELLP 
syndrome 
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(0.5%) with COVID-
19 

Bhardwaj et al
[42], 2022

Case report 33, 36 1 Underwent caesarean delivery. Both mother 
and foetus survived 

COVID-19 and HELLP overlap 
and associations are puzzling to 
clinicians 

Conde-
Agudelo et al
[6], 2022 

Meta-analysis 
of observa-
tional studies

28 studies, 790954 
patients including 
One study for 
HELLP syndrome

SARS-CoV-2 infection during pregnancy was 
associated with significant increase in the odd 
ratio of PE (1.58, 95%CI- 1.39-1.8), severe PE 
(1.76, 95%CI 1.18-2.63), eclampsia (1.97, 95%CI 
1.01-3.84) and HELLP syndrome (2.76, 95%CI 
1.48-2.97)

SARS-CoV-2 infection during 
pregnancy is associated with 
significantly higher odds of PE 

Madaan et al
[43], 2022

Case series Case 1: 32, 
34 Case 2: 
29, 37 Case 
3: 26, 39

3 All three cases had HELLP syndrome and 
ground glassing opacities on HRCT with RT-
PCR positive for SARS-COV-2. Case 1: Severe 
COVID-19, mother survived, baby still born 
by caesarean section. Case 2: Patient 
developed eclampsia and required mechanical 
ventilation, died on day -8, baby delivered 
vaginally Case 3: Patient survived and 
discharged day 15, baby delivered alive by 
caesarean section due to transverse lie 

Authors proposed a synergism 
in the pathophysiology of 
COVID-19 and HELLP 
Syndrome. and combination of 
both can cause morbidity or 
mortality risk to fetus and the 
mother 

Takahashi et al
[44], 2022 

Case report 27, 37 1 Underwent caesarean delivery for infection 
control measures. Postpartum HELLP 
syndrome. Both mother and foetus survived

Overlap of clinical features with 
COVID-19 and HELLP 
syndrome is plausible 
explanation

Guida et al[45], 
2022 

Nested case-
control 
analysis 

- 203 women with 
COVID-19, 
including 21 with PE 
and 2 HELLP 
syndrome 

There was no difference in the rate of PE and 
HELLP syndrome in women with or without 
COVID-19. However, imminent eclampsia 
was more frequent complication and overall 
maternal perinatal outcomes were worse with 
patients with PE and COVID-19 

Prevalence of PE among women 
with COVID-19 was around 
10%. Chronic hypertension and 
obesity were more likely 
associated with PE. High 
caesarean rate and NICU 
admissions due to prematurity 
in women with COVID-19 

Snelgrove et al
[46], 2022 

Retrospective 
cohort study

- 157779 patients 
during the 
pandemic compared 
to 563859 patients 
delivered between 
March 2015-
september 2019 
(historical group) 

There was no difference in the rate of 
PE/HELLP (879, 0.6%) syndrome and severe 
maternal morbidity (SMM) between the 
pandemic and historical group (3119, 0.6%). 
No difference between primiparous and 
multiparous on severe maternal morbidity 
and risk of PE/HELLP syndrome. Maternal 
age, rurality, preexisting comorbidities and 
use of artificial reproduction therapy were 
associated with increased risk of PE/HELLP 
syndrome 

Changes in obstetrical care 
during the pandemic have not 
increased the risk the PE/HELLP 
syndrome and adverse maternal 
outcomes 

Arslan[47], 
2022

Case report 30, 32 1 Mutigravida pregnancy, emergency Caeserian 
delivery. Foetus tested positive for SARS-
CoV-2 and died 5 d after delivery. Mother had 
severe COVID-19, required invasive 
mechanical ventilation and died, 10 d after 
delivery

Severe COVID-19 as etiological 
causation of HELLP syndrome is 
presumptive

COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; HELLP: Hemolysis, elevated liver enzymes, low 
platelet count; PE: Pre-eclampsia; LDH: Lactate dehydrogenase; HRCT: High-resolution computed tomography; OR: Odds ratio; CI: Confidence intervals; 
ARDS: Acute respiratory distress syndrome; NICU: Neonatal intensive care unit; IVF: In vitro fertilization.

only one had actual pre-eclampsia features based on the Doppler assessment of uterine artery pulsatility 
index, sFlt-1/PlGF ratio and lactate dehydrogenase. However, another case report failed to find the 
elevated sFlt-1/PlGF ratio in a patient who exhibited the biochemical features of HELLP syndrome. The 
patient was managed conservatively and her biochemical abnormalities were resolved spontaneously 
while the patient achieved a good perinatal outcome[33]. Most of the studies confirmed the existence of 
a linkage between HELLP syndrome and COVID-19. However, the inference from individual cases 
without a case-control remains highly biased. Two retrospective cohort studies, in which women with 
and without COVID-19 were compared, reported conflicting results on the increased incidence of 
HELLP syndrome with COVID-19[41,46]. In a population-based study authored by Snelgrove JW et al
[46], no increased incidence of pre-eclampsia and HELLP syndrome was observed among women 
infected with SARS-CoV-2 compared to historical controls. On the other hand, in a large registry 
developed upon hospitalized women for childbirth in the United States, highly-adjusted odds of pre-
eclampsia [1.21, 95% confidence interval (CI) 1.11-1.33] and HELLP syndrome (1.96, 95%CI 1.36-2.81) 
were found in pregnant women with COVID-19 compared to those without COVID-19, during the same 
duration[41]. A recent meta-analysis, in which 28 studies were included which covered a total of 790954 
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Figure 3 Pathophysiological linkage between coronavirus disease 2019 and Hemolysis, elevated liver enzymes and low platelets 
syndrome. The binding of severe acute respiratory syndrome coronavirus 2 to angiotensin converting enzyme 2 (ACE2) allows its entry to host cells and, 
subsequently, downregulation. ACE2 also converts angiotensin II (ATII) to angiotensin 1-7. The downregulation of ACE2 increases the concentration of AT II, which 
causes activation of the p38 mitogen activated protein kinase (MAPK) pathway. p38 MAPK stimulates the production of inflammatory cytokines, platelet aggregation 
and thrombosis. Renin-angiotensin-aldosterone system and ATII are also involved in the pathogenesis of pre-eclampsia and hemolysis, elevated liver enzymes, and 
low platelets (HELLP) syndrome. Serum levels of p38 MAPK are elevated in the HELLP syndrome. ACE2: Angiotensin converting enzyme 2; IL: Interleukin; TNF: 
Tumour necrosis factor; HELLP: Hemolysis, elevated liver enzymes, and low platelet count;ARDS: Acute respiratory distress syndrome. Solid black arrow- stimulation 
(positive feedback), Dashed black arrow- inhibition (negative feedback), blue arrow: Effects of p38 MAPK overexpression.

pregnant women, reported a significantly-high risk of pre-eclampsia (pooled odd ratio (OR) 1.62, 95%CI 
1.45-1.82, P < 0.00001, 26 studies) with SARS-CoV-2 infection compared to non-infected individuals[6]. 
A single study outcomes from Jering et al[41], reported highly-unadjusted odds of HELLP syndrome 
(2.10, 95%CI 1.48-2.97), in pregnant women with SARS-CoV-2 infection.

Pathophysiology linkage between COVID-19 and HELLP syndrome
Recent evidences confirm the worst clinical outcomes for pregnant women with COVID-19 in terms of 
high incidence of pre-eclampsia, preterm birth and the need for caesarean delivery[48,49].

ACE2 receptors and TMPRSS2, which are required for the entry of SARS-CoV-2 into human cells, are 
expressed in placental components including villous cytotrophoblasts, syncytiotrophoblasts and 
extravillous trophoblasts[50]. This makes the placenta, predisposed to SARS-CoV-2 infection. When S-
spike protein of SARS-CoV-2 binds with ACE2 receptor, it results in the downregulation of the receptor, 
dysfunction of RAAS and triggering of local placental inflammation. Further, ATII type I -receptor and 
sFlt-1 are also heavily produced from the infected placenta. The increased serum levels of AT1r-AA, 
found in cases of SARS-CoV-2 infection, can be observed in pre-eclampsia and HELLP syndrome too[7].

Some evidence supports the presence of high levels of placental ACE2 in women with COVID-19. 
This may explain the increased association between pre-eclampsia and preterm birth[51]. Another study 
showed that ACE2 receptors and the expression of protease are dependent upon each other during 
gestational age. The increased levels of expression is prevalent during the first trimester compared to 
the rest of the trimesters in pregnancy[52]. In a molecular linkage study by Beys-da-Silva et al[53], SARS-
CoV-2 infection was found to interact with multiple pathways that are involved in pre-eclampsia and 
HELLP syndrome pathogenesis like upregulation of sFlt-1 and endoglin, angiogenesis, the balance 
between vasoconstrictive peptides and nitric oxide modulators, hypoxia and inflammation and 
prothrombotic-related molecules.

There exist a few similarities in the pathophysiology of COVID-19 and HELLP syndrome. The 
interaction between ATII and p38 MAPK is a plausible linkage among COVID-19, preeclampsia and 
HELLP (Figure 3)[16]. The upregulation of p38 MAPK pathway is also linked with endothelial injury 
which in turn causes platelet aggregation and arterial thrombosis. This scenario reveals the systemic 
manifestations of COVID-19 like thrombocytopenia and raised liver enzymes[54]. However, it is still 
unclear whether the above-discussed biochemical abnormalities are manifestations of COVID-19 or 
HELLP syndrome. There is a lack of temporal studies in this domain that can establish a causal 
relationship between COVID-19 and HELLP syndrome. The studies conducted earlier that can prove 
that exposure occurred before the outcome (HELLP syndrome) establishing the temporality are missing. 
So, it is crucial to identify the causal association since immediate termination of the pregnancy is the 
only successful treatment used for HELLP syndrome, a predominant placental pathology, so far. 
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However, an expectant and a watchful continuation of pregnancy with better perinatal outcomes may 
be considered in selected cases of COVID-19[33].

Future studies should explore this linkage using the principle of temporality and circulatory 
biomarkers like serum p38 MAPK, sFlt-1/PIGF ratio and/or doppler assessment of uteroplacental 
hypoxia to identify any causal association between COVID-19 and HELLP syndrome.

CONCLUSION
There exists an association among SARS-CoV-2 infection during pregnancy, pre-eclampsia and HELLP 
syndrome. Evidence accepts the plausible overlap in the pathogenesis of COVID-19 and HELLP 
syndrome through ACE2 and RAAS dysregulation that involve ATII and p38 MAPK pathways. 
However, no prospective studies are available based on screening biomarkers and temporality to prove 
the causal relationship in this domain. Future studies should establish a temporal relationship between 
SARS-CoV-2 infection and the development of HELLP syndrome including circulatory biomarkers and 
tissue or radiological documentation of uteroplacental insufficiency.
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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) has been the cause of a global health 
crisis since the end of 2019. All countries are following the guidelines and re-
commendations released by the World Health Organization to decrease the 
spread of the disease. Children account for only 3%-5% of COVID-19 cases. Few 
data are available regarding the clinical course, disease severity, and mode of 
treatment in children with malignancy and COVID-19.

AIM 
To evaluate the treatment plan and outcome of children with malignancy who 
contracted COVID-19.

METHODS 
A retrospective study of the medical files of patients with malignancy who 
contracted COVID-19 between July 2020 and June 2021 was performed. The 
following data were reviewed for all patients: primary disease, laboratory data, 
admission ward, clinical status upon admission, disease course, treatment plan, 
and outcome. Eligible patients were those with malignancy who tested positive 
for COVID-19 by reverse transcription polymerase chain reaction.

https://www.f6publishing.com
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RESULTS 
A total of 40 patients who had malignancy contracted COVID-19 from July 1, 2020 to June 1, 2021. 
Their primary diseases were as follows: 34 patients (85%) had hematological malignancies (30 had 
acute lymphoblastic leukemia, 2 had acute myeloblastic leukemia, and 2 had Hodgkin lymphoma), 
whereas 6 patients (15%) had solid tumors (2 had neuroblastoma, 2 had rhabdomyosarcoma, and 2 
had central nervous system tumors). Twelve patients (30%) did not need hospitalization and 
underwent home isolation only, whereas twenty-eight patients (70%) required hospitalization (26 
patients were admitted in the COVID-19 ward and 2 were admitted in the pediatric intensive care 
unit).

CONCLUSION 
COVID-19 with malignancy in the pediatric age group has a benign course and does not increase 
the risk of having severe infection compared to other children.

Key Words: COVID-19; Malignancy; Disease severity score; Children; Jordan

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) has caused a global health crisis since the end of 2019. 
This retrospective study describes the manifestation of COVID-19 in our oncology patients who were 
treated at Queen Rania Children’s Hospital between July 2021 and June 2021, focusing on the initial 
presentation, clinical course and management plan and comparing these results with the international data 
worldwide to determine the optimal way to care for oncology patients during the COVID-19 crisis.

Citation: Qatawneh MA, Altarawneh M, Alhazaimeh R, Jazazi M, Jarrah O, Shorman A, Alsadah L, Mustafa M. 
Manifestations of COVID-19 infection in children with malignancy: A single-center experience in Jordan. World J 
Virol 2022; 11(5): 321-330
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/321.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.321

INTRODUCTION
Coronavirus disease 2019 (COVID-19) has caused a global health crisis since late 2019[1]. As there were 
more than 2 million cases of COVID-19 worldwide, the World Health Organization (WHO) declared 
COVID-19 a pandemic in March 11, 2020[2,3]. By June 1, 2021, a total of 170448610 cases of COVID-19, 
including 3663570 deaths, had been reported worldwide. In Jordan, a total of 737284 cases of COVID-19 
and 9472 deaths had been reported by June 1, 2021[4].

The incubation period of the virus is between 2 and 14 d with an average of 5 d[5,6].The main routes 
of virus transmission are droplets and close contact[7]. COVID-19 affects all age groups; however, the 
pediatric population accounts for only 3%-5% of total cases[8]. Oncology patients generally shed 
respiratory viruses for longer than immunocompetent people and this is mostly true for COVID-19 as 
well[9]. In children, most cases of COVID-19 are asymptomatic, and studies have revealed that children 
have less severe symptoms compared to adults[10-12]. However, some patients develop life-threatening 
complications such as acute respiratory distress syndrome, thrombosis, and multiorgan failure[13-15]. 
Children with malignancy are frequently immunocompromised because of the therapy they receive, 
putting them at high risk for severe infections, which are the major cause of mortality in these patients
[16-18]. However, there is growing evidence that the mortality rate in pediatric cancer patients with 
COVID-19 is extremely low[19,20]. The international pediatric oncology community acted quickly in 
response to the COVID-19 pandemic and made many recommendations to decrease the risk of infection 
in pediatric cancer patients[21,22].

This study analyzed and evaluated the treatment plans and outcomes of children with malignancy 
who contracted COVID-19 in Queen Rania Children's Hospital (QRCH; Amman, Jordan), and compared 
our results with the international results.

MATERIALS AND METHODS
This retrospective study was approved by the ethics committee of the Jordanian Medical Services. The 
medical records were reviewed of patients at QRCH who had malignancy and tested positive for 

https://www.wjgnet.com/2220-3249/full/v11/i5/321.htm
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COVID-19 between July 2020 and June 2021.
All pediatric oncology patients under 14-years-old who had received anticancer treatment and were 

diagnosed with COVID-19 by polymerase chain reaction (PCR) nasopharyngeal swab were eligible for 
this study. The primary endpoint was death, discharge from the hospital, or end of active care for 
COVID-19 for patients who needed further treatment of their primary disease in the hospital, or 14 d 
after initial diagnosis of COVID-19 in patients who did not need hospitalization.

Data were collected on primary disease, age, white blood cell count, absolute neutrophil count, 
lymphocyte count, place of admission, clinical status on admission, mode of treatment, radiological 
findings, and outcome.

PCR for COVID-19 was done for symptomatic patients, patients who had close contact with a 
confirmed case of COVID-19, and before any admission to the hospital, as our hospital guidelines 
recommend PCR for COVID-19 for any patient who needs admission, whatever the cause of admission.

Detailed clinical histories including primary disease, status of the disease, comorbidities, and detailed 
chemotherapy history were taken from all of our patients. We also performed full physical examin-
ations, investigations, and chest X-rays, and if indicated, a high-resolution chest computed tomography 
(CT) scan was performed. After obtaining all of these data, researchers assigned patients a “disease 
severity score” categorizing the severity of their disease into the following categories: asymptomatic, 
mild, moderate, and severe disease (as described in Table 1).

For patients who needed admission, they were admitted in an isolation room in a specialized ward in 
the hospital (COVID-19 ward). When they met the criteria for discharge, they were discharged home 
with precautions and remained in home isolation until 14 d from the day of their COVID-19 diagnosis.

COVID-19 recovery was defined by the disappearance of the clinical symptoms in symptomatic 
patients or 14 d from the diagnosis of COVID-19 in asymptomatic patients.

RESULTS
About 400 oncology patients were seen in QRCH during the study period between July 2020 and June 
2021. A total of 40 oncology patients tested positive for COVID-19 during the same period. Twenty-four 
patients (60%) were males and sixteen (40%) were females. Twenty-eight patients were below the age of 
6 years; they accounted for the majority of our patients in this study (70%). Five patients (12.5%) were 
between the ages of 6-years-old and 12-years-old whereas seven patients (17.5%) were between the ages 
of 12-years-old and 14-years-old. Hematological malignancies were the predominant primary disease in 
this study, as they accounted for about (85%) of the cases. The patients’ characteristics are summarized 
in Table 2.

Upon presentation, full investigations were done for the patients in addition to chest X-rays. A high-
resolution chest CT scan was done if there were any chest X-ray abnormalities or moderate to severe 
respiratory symptoms. Only 10 patients required a chest CT scan. Laboratory and radiological findings 
are summarized in Table 3.

According to the disease severity score, 10 patients (25%) were asymptomatic, 20 patients (50%) had 
mild symptoms, and 8 patients (20%) had moderate symptoms whereas just 2 patients (5%) had severe 
symptoms. Of these patients, 12 (30%) were kept in home isolation whereas 28 patients were treated in 
the hospital, where 26 patients (65%) were treated in the COVID-19 ward and 2 patients (5%) were 
treated in the pediatric intensive care unit (PICU). The solid tumor patients were asymptomatic or had 
mild symptoms, whereas the moderate and severe symptoms were found only in patients with hemato-
logical malignancies; however, some patients who had hematological malignancies were asymptomatic 
or had mild symptoms. The hospital management was case by case and the treatment plan comprised 
intravenous (IV) antibiotics, azithromycin, dexamethasone, oxygen support, IV immunoglobulin (IVIG) 
for patients with hypogammaglobulinemia, and vitamins. Details about the clinical course of COVID-19 
are summarized in Table 4.

DISCUSSION
Few data are available worldwide regarding the effect of COVID-19 on pediatric oncology patients; 
however, multiple studies have been published on the COVID-19 clinical course in these patients. In our 
center, 10% of our oncology patients contracted COVID-19 between July 2020 and June 2021. This 
percentage of COVID-19-infected oncology patients was higher than that reported in the general 
pediatric population in Jordan in the same period, which was about 5%-6%[4]. This increase in the 
percentage of COVID-19 among our oncology patients can be explained by the frequent testing of these 
patients for COVID-19 even if they were asymptomatic, as they require recurrent admissions to the 
hospital for different reasons including chemotherapy, fever, blood, and platelet transfusions and 
surgeries. Screening for COVID-19 was done before each admission as part of our hospital protocol 
regarding admissions during the era of COVID-19. However, this was not the case for healthy pediatric 
patients. Screening for COVID-19 was not done for healthy children who did not need hospital 
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Table 1 Coronavirus disease 2019 disease severity score

Disease 
severity Definition 

Asymptomatic No symptoms at all during the course of COVID-19

Mild disease Symptoms that did not require hospital admission; if hospitalization was required, the indication was for a cause other than the 
management of COVID-19 associated symptoms or signs

Moderate disease Symptoms that required inpatient management of COVID-19 associated symptoms, but without the need for PICU care

Severe disease Symptoms that required PICU care for COVID-19 related signs and symptoms

COVID-19: Coronavirus disease 2019; PICU: Pediatric intensive care unit.

Table 2 Characteristics of pediatric oncology patients with coronavirus disease 2019

Patient characteristics Number Percentage (%)

Sex

Male 24 60

Female 16 40

Age

1-6 yr 28 70

6-12 yr 5 12.5

12-14 yr 7 17.5

Primary disease

Acute lymphoblastic leukemia 30 75

Acute myeloid leukemia 2 5

Neuroblastoma 2 5

Rhabdomyosarcoma 2 5

CNS tumors 2 5

Hodgkin lymphoma 2 5

CNS: Central nervous system.

admission unless they were symptomatic or in close contact with a confirmed COVID-19 case.
The median age of our oncology patients at the time of COVID-19 diagnosis was 5 years (range 

between 1.5 years and 13.5 years). This is similar to what was reported by Millen et al[23] in a study 
done in the United Kingdom involving 54 patients under the age of 16 years with malignancy. The 
median age in our study was less than that reported by Al Odda et al[24] in a study done in al 
Sulaimani-Kurdisan involving 54 malignancy patients and by Dong et al[25] in a Chinese study 
involving 2143 patients with malignancy, as the median age for these two studies was 7 years. We also 
reported that the majority of our patients were less than 6 years (70%), followed by patients who were 
more than 12 years (17.5%), consistent with the study by Navaeian et al[26] that was conducted in Iran in 
20 oncology patients.

In our study, 24 patients were males (60%) and 16 patients were females (40%). This male predom-
inance was reported in a study done in our center about patients who underwent hematopoietic stem 
cell transplantation and had COVID-19 infection post-transplant; all of them were males[27]. 
Madhusoodhan et al[28] also reported male predominance in a multicenter retrospective study 
involving 578 pediatric oncology patients in the New York-New Jersey region; 70% of their patients 
were males.

The majority of our cases had hematological malignancies (85%); 30 patients (75%) had acute 
lymphocytic leukemia (ALL), 2 patients (5%) had acute myeloid leukemia, and 2 patients had Hodgkin 
lymphoma. Solid tumors accounted for a smaller percentage (20%) of the cases. Similar results were 
reported by most of the international studies done worldwide[10,20,29,30]. This predominance of 
hematological malignancies among oncology patients who had COVID-19 can be explained by the fact 
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Table 3 Laboratory and radiological details for coronavirus disease 2019 in our oncology patients

Parameters Numbers Percentage (%)

WBC count

Leukopenia < 4000 16 40

Normal WBC count 20 50

Leukocytosis > 16000 4 10

Lymphocytes count

Lymphopenia 23 57.5

Normal count 17 42.5

Lymphocytosis 0 0

Neutrophil count 

Severe neutropenia 10 25

Mild-Moderate neutropenia 10 25

Normal count 16 40

Neutrophilia 4 10

CRP titer 

Negative < 6 3 7.5

Positive  6 37 92.5

D-Dimer

Positive 6 15

Negative 34 85

IgG level 

< 700 mg/dL 9 22.5

> 700 mg/dL 31 77.5

Chest X-ray findings 

Normal chest X-ray 18 45

Perihilar infiltrates 12 30

Bilateral patchy consolidation 10 25

High-resolution chest CT scan findings

Bilateral infiltration > 25% 8 20

Bilateral infiltration 25%-50% 2 5

Bilateral infiltration > 50% 0 0

CRP: C-reactive protein; CT: Computed tomography; IgG: Immunoglobulin G; WBC: White blood cell.

that hematological malignancies are the most common malignancies in pediatric age groups, and they 
require longer duration of treatment, especially for ALL patients. Furthermore, the hematological 
malignancies themselves and the chemotherapy used for the treatment of these types of malignancies 
have a greater effect on T lymphocyte function compared to solid tumors[31,32].

Regarding our patients, fever was the most common presenting symptom, as 24 patients (60%) had a 
temperature higher than 37.8 axillary at the time of the COVID-19 test. All of these patients were 
admitted to the COVID-19 ward in our hospital and were treated with IV antibiotics, as bacterial 
infection cannot be ruled out and has to be covered by IV antibiotics, especially in neutropenic patients.

Most of the international studies also reported that fever was the most common presenting symptom 
of COVID-19 in oncology patients[33,34].

Most of our patients had mild symptoms (50%), whereas just 2 patients (5%) had severe symptoms. 
The moderate and severe symptoms were found exclusively in patients who had hematological 
malignancies, whereas the patients who had solid tumors were asymptomatic or had mild symptoms. 
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Table 4 Details of the clinical course of coronavirus disease 2019 in oncology patients

Parameters Number Percentage 

Presenting symptoms

Fever 24 60

Cough 15 37.5

Sore throat 3 7.5

Dyspnea 2 5

Diarrhea 2 5

Disease severity 

Asymptomatic 10 25

Mild disease 20 50

Moderate disease 8 20

Severe disease 2 5

Place of care 

Home isolation 12 30

COVID-19 ward 26 65

PICU 2 5

Treatment required

No treatment 10 25

IV antibiotic 24 60

Azithromycin 30 75

Vitamins 30 75

Dexamethasone 26 65

Oxygen support 4 10

CPAP 2 5

IVIG 9 22.5

COVID-19: Coronavirus disease 2019; CPAP: Continuous positive airway pressure; IVIG: Intravenous immunoglobulin; PICU: Pediatric intensive care unit.

This can be explained by the fact that the hematological malignancies themselves and the chemotherapy 
used for the treatment of these types of malignancies have a greater effect on T lymphocyte function 
compared to solid tumors[31,32], in addition to the role of granulocyte-colony stimulating factor (G-
CSF) administration after completing chemotherapy in solid tumor patients, which prevents the 
development of severe neutropenia.

Asymptomatic patients and patients with mild symptoms except fever were discharged home with 
instructions for strict home isolation and were followed by video and phone calls.

The patients with severe symptoms were treated in the PICU as they required the use of continuous 
positive airway pressure (CPAP) to maintain oxygen saturation of more than 94%. The primary disease 
for these 2 patients with severe symptoms was ALL. Both of them were in remission and in the consol-
idation phase of their treatment; however, these 2 patients had severe neutropenia at the time of 
COVID-19 infection. The treatment plan for these 2 patients was IVIG, dexamethasone, azithromycin, 
and IV antibiotics in addition to the CPAP, which was needed for 2 d for the first patient and 3 d for the 
second patient. Gradual improvement in clinical status was noticed for both of them and they were 
discharged home without any complications after about 2 wk of admission. As severe neutropenia 
might have played a major role in the development of severe symptoms of COVID-19 in these 2 
patients, modifications of the chemotherapy doses for all of our patients in the hospital were made to 
prevent severe bone marrow suppression, especially severe neutropenia. Furthermore, we administered 
G-CSF at 48 h after finishing the chemotherapy protocol for non-hematological malignancies to perform 
bone marrow rescue.

Patients with moderate symptoms were admitted to the COVID-19 ward and they received 
dexamethasone and azithromycin. IV antibiotics were also given for patients with fever. IVIG was given 
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for patients with secondary hypogammaglobulinemia, which may have occurred due to chemotherapy; 
only 9 of our patients (22.5%) received IVIG.

These results are similar to what was reported by Millen et al[23], who reported that 6.6% of their 
oncology patients had severe symptoms of COVID-19. On the other hand, our results are higher than 
what was reported by Madhusoodhan et al[28], as they reported that only 17 of 578 oncology patients 
(3%) developed severe symptoms of COVID-19.

However, studies done on COVID-19 in the general pediatric population have shown similar rates of 
severe symptoms of COVID-19 among children who tested positive for COVID-19. Bellino et al[35] 
reported in a study done in Italy that 4.3% of patients who had COVID-19 developed severe symptoms. 
Meena et al[36] reported in their systematic review and meta-analysis that 4% of pediatric patients who 
had COVID-19 developed severe symptoms.

These similar results of severe symptoms of COVID-19 among oncology patients compared to the 
general pediatric population suggest that, even though the oncology patients have more risk factors for 
developing severe symptoms of COVID-19, children with malignancy who have COIVD-19 are not at 
greater risk of having severe symptoms of COVID-19.

None of our patients died or developed any of the chronic complications of COVID-19, including 
multisystem inflammatory syndrome in children, after recovering from the infection. These results may 
be explained by the role of chemotherapy-related immune suppression in the protection against the 
development of cytokine release storm[37]. The mortality rate in our study is comparable to the overall 
death rate reported by Verity et al[38], as the estimated rate in their study was 0.66% and decreased to 
0.0016% in children under the age of 9 years.

For all of our patients who tested positive for COVID-19, chemotherapy was withheld for at least 10 
d, even in asymptomatic patients. We did not notice any increase in the malignancy-related morbidity 
nor mortality due this delay of chemotherapy.

On the other hand, we did not notice an increase in the incidence of any malignancy groups during 
the COVID-19 era, which indicates that the virus is not an oncogenic virus, at least in the short term.

As there is a risk of exposure to COVID-19 in both the community and hospital settings, resulting in 
extreme anxiety in the families of patients with malignancies, standard precautions for basic and 
respiratory hygiene must be strictly applied to reduce the risk of transmission of COVID-19.

One limitation of this study was the small number of cases, as it included just one institution’s 
experience in a short period of time. Another limitation was the short follow-up period of these patients, 
which prevented us from detecting the possible long-term complications.

CONCLUSION
Patients with malignancies are more likely to be infected with COVID-19, especially patients with 
hematological malignancies. However, these patients are not more likely to develop severe symptoms of 
COVID-19 compared to children in general. Furthermore, mortality and morbidity due to COVID-19 
infection are not increased in patients with malignancies. Therefore, chemotherapy should be continued 
for patients with cancer during the era of COVID-19, provided that the WHO recommendations are 
strictly applied and that patients are not severely suppressed and have tested negative for COVID-19. 
However, the prevention of severe neutropenia by administering G-CSF as a bone marrow rescue is 
mandatory to prevent the moderate to severe symptoms of COVID-19 in malignancy patients.

ARTICLE HIGHLIGHTS
Research background
The coronavirus disease 2019 (COVID-19) has been the cause of a global health crisis since the end of 
2019. All countries are following the guidelines and recommendations released by the World Health 
Organization to decrease the spread of the disease. Children account for only 3%-5% of cases of COVID-
19. Few data are available regarding the clinical course, the severity of the disease, and mode of 
treatment in children with malignancy and COVID-19.

Research motivation
COVID-19 has caused a global crisis worldwide, with few data available on this new health crisis. 
Patients with comorbidities are more susceptible to COVID-19 complications, especially oncology 
patients who are receiving different modalities of treatment making them immunocompromised most of 
the time. We would like to share our experience in these patients to compare it with the published data 
worldwide.
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Research objectives
The main objective of this study was to evaluate the outcome of oncology patients who contracted 
COVID-19, compare it with the results of the healthy population in the same age group, and compare 
the outcomes among different malignancy groups. Also we compared our patients’ outcome with the 
international data published worldwide to share our experience and try to improve our management 
plan for these patients to provide the best care for them during this health crisis.

Research methods
A retrospective review of the medical files of patients who have malignancy and developed COVID-19 
between July 2020 and June 2021 was performed. The following data were reviewed for all patients: 
primary disease, laboratory data, admission ward, clinical status upon admission, disease course, 
treatment plan, and outcome. Eligible patients were patients who had malignancy and tested positive 
for COVID-19 by reverse transcription polymerase chain reaction.

Research results
A total of 40 patients with malignancy who contracted COVID-19 from July 1, 2020 to June 1, 2021. Their 
primary diseases were as follows: 34 patients (85%) had hematological malignancies (30 of them had 
acute lymphoblastic leukemia, 2 had acute myeloblastic leukemia, and 2 had Hodgkin lymphoma), 
whereas 6 (15%) had solid tumors (2 had neuroblastoma, 2 had rhabdomyosarcoma, and 2 had central 
nervous system tumors). Twelve patients (30%) did not need hospitalization and underwent home 
isolation only, whereas 28 patients (70%) required hospitalization (26 patients were admitted in the 
COVID-19 ward and 2 patients were admitted to the pediatric intensive care unit).

Research conclusions
Children with malignancy who contracted COVID-19 have a benign course and do not have increased 
risk of severe infection compared to healthy children.

Research perspectives
The findings of this study will help us share our experience worldwide and give an idea of what is 
occurring in developing countries during this health crisis, especially in oncology patients who need 
special care.
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Abstract
BACKGROUND 
Coronavirus disease 2019 (COVID-19) is a pandemic caused by the severe acute 
respiratory syndrome coronavirus in 2019. Although the real-time reverse tr-
anscription PCR test for viral nucleic acids is the gold standard for COVID-19 
diagnosis, computed tomography (CT) has grown in importance.

AIM 
To evaluate the sensitivity and specificity of thoracic CT findings of COVID-19 
pneumonia according to age groups.

METHODS 
PCR and CT results from 411 patients were reviewed. The diagnosis of COVID-19 
pneumonia was made by three radiologists. Lymphadenopathy, pericardial 
effusion, pleurisy, pleural thickening, pleural effusion, location features of the 
lesions, ground glass, consolidation, air bronchogram, vascular enlargement, 
bronchial dilatation, halo finding, inverted halo sign, nodularity, air bubble, 
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subpleural band (curvilinear density), reticular density, crazy paving pattern, and fibrosis findings 
were recorded. The patients were divided into nine groups by decades while calculating the 
sensitivity, specificity, and diagnostic efficacy for CT positivity.

RESULTS 
The mean age of the cases was 48.1 ± 22.7 years. The CT finding with the highest diagnostic power 
was ground glass. Vascular enlargement and bronchial dilatation followed ground glass. Peri-
cardial effusion was the finding with the lowest diagnostic accuracy. The incidence of lymphaden-
opathy, pleurisy, pleural thickening, peripheral localization, bilateral, ground glass, vascular 
enlargement, bronchial dilatation, subpleural band, reticular density, crazy paving appearance, 
and fibrosis all increased increase significantly with age in patients with positive real-time reverse 
transcription PCR test.

CONCLUSION 
There are few publications comparing sensitivity and specificity of thoracic CT findings according 
to age. In cases of COVID-19 pneumonia, there is an increase in the variety and frequency of CT 
findings with age, and parallel to this the sensitivity and specificity of the findings increase. 
COVID-19 cases in the pediatric age group have fewer lung findings than adults, and this situation 
decreases the diagnostic value of CT in pediatric patients.

Key Words: Thoracic computerized tomography; SARS-CoV-2; COVID-19; Diagnosis; Pediatric age

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Despite its high sensitivity for identifying coronavirus disease 2019 (COVID-19) pneumonia, the 
diagnostic potential of computed tomography findings has not been thoroughly investigated, particularly 
in relation to age subgroups. It is worth noting that the prevalence of COVID-19 pneumonia can vary by 
age. Even common results, such as ground glass opacities, can be reduced in younger individuals, partic-
ularly in the pediatric population. Additionally, the findings of this study may raise awareness about the 
proper use of computed tomography scans in children and contribute to radiation protection by limiting 
computed tomography scans in age groups with low sensitivity.

Citation: Karavas E, Unver E, Aydın S, Yalcin GS, Fatihoglu E, Kuyrukluyildiz U, Arslan YK, Yazici M. Effect of 
age on computed tomography findings: Specificity and sensitivity in coronavirus disease 2019 infection. World J 
Virol 2022; 11(5): 331-340
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/331.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.331

INTRODUCTION
The World Health Organization has declared coronavirus disease 2019 (COVID-19) a pandemic caused 
by severe acute respiratory syndrome coronavirus 2[1,2]. Although fever and cough are the most 
common clinical symptoms, other symptoms such as fatigue, shortness of breath, and headache may 
also be present[3]. However, because all of these symptoms are not unique to the disease and because 
the disease can progress quickly to severe pneumonia, diagnostic tests are required.

Although the real-time reverse transcription (RT)-PCR test for viral nucleic acids is the gold standard 
in the diagnosis of COVID-19, computed tomography (CT) has become increasingly important in the 
diagnosis due to false negative results and the inability to obtain results quickly[4]. Because CT has a 
sensitivity of 97 %, it is frequently used, and algorithms are developed accordingly[5]. Even if the RT-
PCR is negative, treatment and filiation are initiated in close contacts[6]. However, because CT contains 
ionizing radiation, there is a risk of unintentional use. The expected harms of ionizing radiation are 
greater in children than in adults. Seeing that, we aim to define the change of the CT findings as well as 
the sensitivity and the specificity of these findings according to age.

https://www.wjgnet.com/2220-3249/full/v11/i5/331.htm
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MATERIALS AND METHODS
Study design 
The local (33216249-50.01.02-E.25467) medical ethics committee approved this study. The ethics 
committee waived informed consent as a result of the retrospective nature.

The study included 411 patients with suspected COVID-19 who applied to a tertiary healthcare 
center. The registration period began on March 15, 2020 and ended on May 15, 2020. All patients had 
laboratory RT-PCR testing of respiratory secretions obtained via nasopharyngeal or oropharyngeal 
swab. Clinical data from electronic medical records were reviewed.

All patients had a CT scan without intravenous contrast material on the day they were admitted to 
the hospital (Siemens SOMATOM Sensation 16, Forchheim, Germany). All patients were scanned in the 
supine position using an adult CT protocol; reconstruction images of the 1.5 mm lung window were 
obtained using tube voltage = 130kV, effective mAs = 70, slice thickness = 5 mm, collimation = 16 × 1.2, 
pitch = 0.8. In children, reconstruction images of the lung window of 1.5 mm were obtained with 
protocol tube voltage = 110kV, effective mAs = 60, slice thickness = 8 mm, collimation = 16 × 1.2, pitch = 
0.8 (14 years and younger).

All CT images were reviewed by three thorax imaging experts who were not aware of the RT-PCR 
test results, and the final decision was reached by consensus. The North American Society of Radiology 
Expert Consensus Statement on Reporting of Lung CT Findings Related to COVID-19[7] (Radiological 
Society of North America Expert Consensus Statement on Reporting Chest CT Findings Related to 
COVID-19) was followed in the evaluation for pneumonia caused by COVID-19. Typical and 
indeterminate appearance were considered positive for COVID-19 infection, whereas atypical 
appearance and negative for pneumonia were considered negative for infection. Lymphadenopathy, 
pericardial effusion, pleurisy, pleural thickening, pleural effusion, lesion location features (peripheral-
central-diffuse, posterior, bilateral-unilateral, etc), ground glass, consolidation, air bronchogram, 
vascular enlargement, bronchial dilatation, halo sign, reverse halo sign, nodularity, air bubble, 
subpleural band (curvilinear density), reticular density, crazy paving pattern, and fibrosis findings were 
recorded.

The patients were divided into nine groups by decades when calculating the sensitivity, specificity, 
and significance for CT positivity. The ninth group was defined as people aged 80 and up. To avoid 
decreasing statistical power, the sensitivity, specificity, and significance of the CT findings were divided 
into three groups determined by the World Health Organization (age group 1: 0-18, age group 2: 18-60, 
age group 3: 60 and above).

Statistical analysis
IBM SPSS 22 was used for statistical analyses (IBM Corp. Released 2013. IBM SPSS Statistics for 
Windows, Version 22.0. Armonk, NY, United States: IBM Corp.). The Kolmogorov-Smirnov test was 
used to determine whether the data conformed to a normal distribution. Numerical variables with a 
normal distribution were represented as mean and standard deviation values, variables without a 
normal distribution as median (minimum-maximum) values, and categorical variables as number (n) 
and percentage values (percent) When calculating CT diagnostic accuracy measures, RT-PCR was used 
as the gold standard. CT sensitivity and specificity were reported along with their 95% confidence 
intervals. Exact Clopper-Pearson confidence intervals for sensitivity and specificity were calculated. A P 
value of less than 0.05 was considered as statistically significant.

RESULTS
The average age of the 411 cases was 48.1 ± 22.7 years (median: 49, range: 0-99), with 241 (58.8%) males 
and 170 (41.4%) females. Figure 1 depicts the distribution of the number of patients by decade, while 
Figure 2 depicts the distribution by group. There were 181 positive RT-PCR results and 230 negative RT-
PCR results out of 411 patients, for a positive rate of 41% (181/411). There was no statistically significant 
difference in age or gender between patients with positive and negative RT-PCR results (P > 0.05). There 
were 141 positive and 40 negative CT findings in 181 cases, for a positive rate of 77.9% (141/181). The 
overall and age-segregated sensitivity and specificity of CT were calculated and reported based on RT-
PCR results. CT sensitivity was found to be 77.9% (95% confidence interval: 71.15 to 83.72) for all 
patients. However, when the sensitivity value was stratified based on age, it was discovered that it had 
changed. The findings revealed that the sensitivity of CT increased with age (Table 1, Figures 3 and 4).

Table 2 showed the diagnostic accuracy of the findings recorded in RT-PCR test negative and positive 
cases across the entire population. According to these findings, ground glass opacity had the highest 
diagnostic accuracy of 62.5 % (sensitivity 84.4%, specificity 33.7%), followed by vascular enlargement at 
58.5% and bronchial dilatation at 58.3% (Figure 5A). With a diagnostic accuracy of 40.0%, pericardial 
effusion is the finding with the lowest diagnostic accuracy.
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Table 1 Diagnostic accuracy measures of the computerized tomography according to age

RT-PCR
Age CT

COVID-19 negative COVID-19 positive
Sensitivity, % (95%CI) Specificity, % (95%CI)

Negative 3 80-9

Positive 10 1

11.11 (0.28-48.25) 23.08 (5.04-53.81)

Negative 0 310-19

Positive 11 3

50.00 (11.81-88.19) 0.00 (0.00-28.49)

Negative 10 920-29

Positive 29 14

60.87 (38.54-80.29) 25.64 (13.04-42.13)

Negative 5 1030-39

Positive 22 20

66.67 (47.19-82.71) 18.52 (6.30-38.08)

Negative 9 240-49

Positive 19 21

91.30 (71.96-98.93) 32.14 (15.88-52.35)

Negative 4 350-59

Positive 26 28

90.32 (74.25-97.96) 13.33 (3.76-30.72)

Negative 3 260-69

Positive 31 25

92.59 (75.71-99.09) 8.82 (1.86-23.68)

Negative 4 370-79

Positive 32 13

81.25 (54.35-95.95) 11.11 (3.11-26.06)

Negative 4 0

Age categories

80+

Positive 8 16

100.00 (79.41-100.0) 33.33 (9.92-65.11)

Negative 42 40Overall

Positive 188 141

77.90 (71.15-83.72) 18.26 (13.49-23.87)

Diagnostic accuracy measures (sensitivity and specificity) were calculated for computed tomography when real-time reverse transcription PCR was gold 
standard. CT: Computed tomography; RT-PCR: Real-time reverse transcription PCR; COVID-19: Coronavirus disease 2019; CI: Confidence interval.

Figure 1 Age distribution.

Table 3 showed the frequency of findings in cases with positive RT-PCR tests based on age groups. 
Lymphadenopathy, pleurisy, pleural thickening, peripheral localization, bilateral, ground glass, 
vascular enlargement, bronchial dilatation, subpleural band, reticular density, crazy paving appearance, 
and fibrosis all increased with age (P < 0.05) (Figure 5B). Although there was a significant difference in 
consolidation, air bronchogram, and air bubble findings between age groups, it was not related to 
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Table 2 Diagnostic accuracy of findings across the entire population

Findings Sensitivity, % Specificity, % Diagnostic accuracy, %

Lymphadenopathy 60.3 44.7 46.9

Pleurisy 78.3 45.6 48.0

Pericardial effusion 80.0 40.0 40.0

Pleural thickening 19.3 86.1 48.0

Peripheral location 46.5 53.6 49.6

Posterior location 65.1 22.0 48.5

Bilateral location 69.3 22.0 51.4

Ground glass 84.4 33.7 62.5

Consolidation 45.9 71.1 56.7

Air bronchogram 31.2 81.3 52.8

Vascular enlargement 53.2 65.7 58.5

Bronchial dilatation 50.5 68.7 58.3

Halo sign 28.9 75.3 48.9

Reverse halo sign 1.4 95.8 42.1

Nodularity 37.2 68.1 50.5

Air bubble 16.1 87.3 46.8

Subpleural band 27.1 70.5 45.8

Reticular density 11.9 88.6 45.0

Crazy paving appearance 11.0 97.6 48.4

Fibrosis 15.6 90.3 47.7

Figure 2 Age group distribution.

patient age (Figure 5C). There was no significant difference in the rates of bilateral involvement, 
posterior location, pericardial effusion, halo, reverse halo, and nodularity between the three groups (P > 
0.05) (Figure 5D).
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Table 3 Frequency of findings according to age groups

Findings Age group 1, % Age group 2, % Age group 3, % P value

Lymphadenopathy 0 8.1 29.8 0.001

Pleurisy 0 2.2 20.8 0.002

Pericardial effusion 0 0.5 3.1 0.092

Pleural thickening 3.0 12.7 27.5 0.005

Peripheral location 36.4 61.5 65.1 0.04

Posterior location 59.1 67.1 74.6 0.09

Bilateral location 50.0 62.1 88.5 0.07

Ground glass 51.5 69.1 94.7 0.007

Consolidation 39.4 29.5 52.7 0.02

Air bronchogram 36.4 18.2 35.1 0.001

Vascular enlargement 30.3 38.2 59.5 0.03

Bronchial dilatation 30.3 36.7 53.4 0.005

Halo sign 24.2 26.8 24.2 0.055

Reverse halo sign 0 2.3 3.8 0.06

Nodularity 36.4 34.1 35.9 0.067

Air bubble 0 0 0.8 0.04

Subpleural band 12.1 21.8 42.8 0.002

Reticular density 0 9.1 18.3 0.001

Crazy paving appearance 3.0 4.1 13.0 0.02

Fibrosis 0 2.7 33.8 0.001

Figure 3 Sensitivity of computed tomography by age groups. Sensitivity values and their 95% confidence intervals were shown on the graph. CT: 
Computed tomography.

DISCUSSION
On March 11, 2020, the World Health Organization declared COVID-19 a global epidemic. The disease’s 
high contagiousness necessitated the development of a rapid and highly sensitive test. In addition to the 
low sensitivity of the gold standard RT-PCR test, test results were provided within days or weeks due to 
a lack of testing centers, particularly in the 1st months of the pandemic. This circumstance has resulted in 
a more rapid and accessible test requirement. The impact of COVID-19 infection on the lower 
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Figure 4 A thoracic computed tomography scan in a 5-year-old female patient. There were no pathological findings in the sections that passed 
through the upper (A), middle (B), and lower (C) zones.

Figure 5 Thoracic computed tomography scans in patients. A: A 45-year-old male patient underwent a thoracic computed tomography (CT) scan. 
Sections passing through the middle zones showed diffuse ground-glass infiltration areas with preservation of subpleural areas in both lungs (arrows); B: A 44-year-
old female patient underwent a thoracic CT scan. In the sections passing through the lower zones, infiltration areas of peripheral ground glass density with a mild halo 
were observed in the medial basal segment on the right and in the upper lobe inferior lingular segment on the left (arrows); C: A 35-year-old male patient underwent a 
thoracic CT scan. A subpleural consolidation area with air bronchogram and ground-glass density halo could be seen in the lateral basal segment of the right lung 
lower lobe in sections passing through the lower zones (arrow); D: A 77-year-old female patient underwent a thoracic CT scan. In the sections passing through the 
upper zones, centrilobular nodular infiltrating areas in the form of a budded tree pattern were observed in the anterior segments of the upper lobes of bilateral lungs, 
particularly on the left (arrows).

respiratory tract has brought thoracic CT examination to the forefront. Thoracic CT is useful for 
detecting viral lung infection, determining the nature and extent of pulmonary lesions, and monitoring 
disease activity[8-11]. In addition, the latest studies revealed that CT perfusion examinations can reveal 
perfusion deficits in COVID-19 pneumonia[12]. In these circumstances, in addition to the potential for 
rapid diagnosis of COVID-19 by thoracic CT, identification of pulmonary changes and base images of 
the cases to be followed may be an added benefit.

Multiple, peripheral, bilateral, irregular, subsegmental or segmental ground glass opacities, mostly 
bronchovascular bundles, and areas of consolidation scattered throughout the subpleural space are 
typical COVID-19 chest CT imaging features. The presence of associated intralobular septal thickening 
in areas of ground glass opacity, crazy paving appearance, consolidation, and air bronchograms with 
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areas of bronchial wall thickening and less frequently thickening of the adjacent or interlobar pleura as 
well as a small amount of pleural effusion are also COVID-19 chest CT imaging features[7,13,14]. When 
all cases were considered in our study, the findings of ground glass density, vascular enlargement, 
bronchial dilatation, consolidation, and bilaterality stood out for diagnostic accuracy.

In limited studies, pediatric patients with COVID-19 have relatively mild clinical symptoms, a higher 
prevalence of negative CT scans, and atypical, peribronchial distribution of lung opacities and bronchial 
wall thickening are more common[15,16]. The incidence of any finding other than an air bronchogram 
and nodular appearance is not higher in this age group than in other age groups. Posterior location, 
bilaterality, and ground glass density are the most common findings. Among these findings is that the 
prevalence of ground glass density is significantly lower in this age group than in other age groups. The 
sensitivity of CT diagnosis in the 0-9 age group was found to be quite low in our study.

For the diagnosis of COVID-19, various algorithms have been developed. Due to the large number of 
cases, doctors from fields other than chest diseases or infectious diseases had to play an active role in 
disease diagnosis in many hospitals. Due to a lack of experience in physical examination, doctors from 
various fields frequently rely on thoracic CT exam-ination, with the tendency to deviate from algorithms 
and make an easy and quick diagnosis. RT-PCR may be negative in the early stages of the disease and 
due to other variants as well as the inadequacy of the RT-PCR test contributes to the overuse of thoracic 
CT[17,18]. Routine thoracic CT screening for COVID-19 is not recommended, and confirmatory 
diagnosis is based on RT-PCR. When a low-dose CT scan is required, it is preferable for the pediatric 
population. Follow-up imaging is only necessary in cases of clinical deterioration and should be kept to 
a minimum.

The study’s most significant limitation is the small number of cases in the 0-18 age range. The main 
reason for this is that clinical symptoms in this age group are unclear, and pediatricians in our hospital 
are actively treating patients with suspected COVID-19.

CONCLUSION
Despite its high sensitivity for identifying COVID-19 pneumonia, the diagnostic potential of CT findings 
has not been thoroughly investigated, particularly in relation to age subgroups. It is worth noting that 
the prevalence of COVID-19 pneumonia can vary by age. Even common results, such as ground glass 
opacities, can be reduced in younger individuals, particularly in the pediatric population. Additionally, 
the findings of this study may raise awareness about the proper use of CT scans in children and 
contribute to radiation protection by limiting CT scans in age groups with low sensitivity.

ARTICLE HIGHLIGHTS
Research background
Coronavirus disease 2019 (COVID-19) is a pandemic caused by the severe acute respiratory syndrome 
coronavirus in 2019. Although the real-time reverse transcription (RT)-PCR test for viral nucleic acids is 
the gold standard for COVID-19 diagnosis, computed tomography (CT) has grown in importance.

Research motivation
There is a risk of unintentional use because CT contains ionizing radiation. Ionizing radiation is 
expected to cause more harm to children than to adults.

Research objectives
We aim to define the change of the CT findings as well as the sensitivity and the specificity of these 
findings according to age.

Research methods
The study included 411 patients with suspected COVID-19 who sought treatment at a tertiary healthcare 
facility. RT-PCR testing of respiratory secretions obtained via nasopharyngeal or oropharyngeal swab 
was performed on all patients. Clinical information from electronic medical records was examined. On 
the day they were admitted to the hospital, all patients had a CT scan without intravenous contrast 
material. Three thorax imaging experts who were not aware of the RT-PCR test results reviewed all CT 
images, and the final decision was reached by consensus. When calculating the sensitivity, specificity, 
and significance for CT positivity, the patients were divided into nine groups based on decades. The 
group was defined as people aged 80 and up for the ninth group. The sensitivity, specificity, and 
significance of CT findings into three groups (age group 1: 0-18, age group 2: 18-60, age group 3: 60 and 
above) was determined.
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Research results
There were 181 positive RT-PCR results and 230 negative RT-PCR results out of 411 patients, for a 
positive rate of 41% (181/411). There were 141 positive and 40 negative CT findings in 181 cases, for a 
positive rate of 77.9 % (141/181). CT sensitivity was found to be 77.9 % (95% confidence interval: 71.15 
to 83.72) for all patients. The findings revealed that the sensitivity of CT increased with age. Ground 
glass opacity had the highest diagnostic accuracy of 62.5 %, followed by vascular enlargement at 58.5% 
and bronchial dilatation at 58.3%. Lymphadenopathy, pleurisy, pleural thickening, peripheral 
localization, bilateral, ground glass, vascular enlargement, bronchial dilatation, subpleural band, 
reticular density, crazy paving appearance, and fibrosis all increased with age (P < 0.05).

Research conclusions
Due to the large number of cases, doctors from various fields frequently rely on thoracic CT 
examination, with the tendency to deviate from algorithms and make an easy and quick diagnosis. The 
inadequacy of the RT-PCR test contributes to the overuse of thoracic CT. The sensitivity of CT diagnosis 
in the 0-9 age group was found to be quite low in our study. When a low-dose CT scan is required, it is 
preferable for the pediatric population. Follow-up imaging is only necessary in cases of clinical deteri-
oration and should be kept to a minimum.

Research perspectives
Further research should be conducted to determine the diagnostic potential of COVID-19 CT findings in 
relation to age subgroups. Additionally, the findings of this study may raise awareness about the proper 
use of CT scans in children and contribute to radiation protection by limiting CT scans in age groups 
with low sensitivity.
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Abstract
BACKGROUND 
Many human immunodeficiency virus (HIV) infected patients suffer from depr-
ession, but a little focus is given to detecting and treating depression in primary 
health care. Detection of depression can be improved by introducing short, 
reliable, and valid screening instruments.

AIM 
To determine the psychometric properties of the patient health questionnaire-2 
(PHQ-2) and patient health questionnaire-9 (PHQ-9) for depression screening and 
diagnosis, and the sensitivity and specificity of the PHQ-2 in HIV infected 
patients.

METHODS 
A cross-sectional study was conducted on 158 HIV-infected patients aged 18 years 
and above in Lahore, Pakistan. PHQ-2 was implemented to screen depression. 
PHQ-9 was implemented to diagnose major depressive disorder as a reference 
standard. Reliability, Validity tests and receiver operating characteristic curve 
were computed.

RESULTS 
The Cronbach's alpha of PHQ-2 and PHQ-9 were 0.732 and 0.759, respectively. 
The study results showed that the score of 2 on PHQ-2 indicates the highest 
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Youden's index of 0.924, with both sensitivity and specificity of 0.96, and the area under the curve 
for PHQ-2 was 0.98 (95%CI: 0.953-0.998).

CONCLUSION 
Good psychometric properties for the PHQ-2 and PHQ-9 indicated their significant potential as 
tools for depression screening and diagnosis in the HIV-infected population.

Key Words: Depression; Validity; Patient health questionnaire-9; Patient health questionnaire-2; HIV/AIDS; 
Lahore; Pakistan

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Many human immunodeficiency virus patients suffer from depression, but a little focus is given 
to detecting and treating depression in primary healthcare settings. The study aims to assess the psycho-
metric properties of the patient health questionnaire-2 (PHQ-2) and Patient health questionnaire-9 for 
depression screening and diagnosis and estimate the sensitivity and specificity of the PHQ-2 for 
depression screening in human immunodeficiency virus infected patients. The study results showed that 
the score of 2 on PHQ-2 indicates the highest Youden's index of 0.924, with both sensitivity and 
specificity of 0.96, and the area under the curve for PHQ-2 was 0.98.

Citation: Junaid K, Akram I, Daood M, Khan A. Validity of the patient health questionnaires (phq-2 and phq-9) for 
screening depression among human immunodeficiency virus patients in Lahore, Pakistan. World J Virol 2022; 
11(5): 341-351
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/341.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.341

INTRODUCTION
People living with human immunodeficiency virus (HIV) infection (PLWHA) seem to be more 
vulnerable to psychiatric morbidity than the overall population[1,2], with major depressive disorder 
seems to be the most prevalent psychiatric diagnosis. Suicidal thinking, anxiety, post-traumatic stress 
disorder, and drug/alcohol use disorders are also frequently documented psychiatric morbidities in 
HIV patients[3,4]. Around 3.8 percent of the world's population suffers from depression, including 5.0 
percent of adults and 5.7 percent of people over 60. Depression affects around 280 million people 
worldwide[5]. The global HIV/AIDS 2020 research estimated that 37.7 million people were infected 
with HIV infection. Sub-Saharan Africa was linked to about two-thirds of the world's HIV-positive 
individuals[6]. In Pakistan, an estimated 183705 people infected with HIV by 2020[7]. Even though the 
expected prevalence of HIV infection in Pakistan's general population is less than 0.1 percent in 2019, it 
remains a major public health issue[8].

Depression is a mental health condition defined by a depressed mood, low mood, difficulty concen-
trating, self-blame or poor self-worth, sleeping or eating difficulties, and impaired focus[9-11]. 
Depression is associated with several clinical and socio-demographic factors in HIV patients. Some 
clinical factors, such as AIDS-related stigma, compromised immune status (low CD4 counts), and 
opportunistic infections[12,13] could be distinctive to HIV patients; however, socio-demographic factors 
such as gender, low levels of education, and unemployment were linked to depression including both 
HIV positive and negative populations[14]. Untreated depression causes rapid HIV infection adv-
ancement and increases deaths[15]. Inflammatory pathway indicators, such as monocytes and pro-
inflammatory cytokines, are recognized as contributing to the higher prevalence of depression in HIV-
positive individuals[16]. When a person has HIV infection, their body releases more of the pro-inflam-
matory cytokines interleukin-6 and tumour necrosis factor. These cytokines promote the spread of 
viruses and the depletion of CD4 cells[17].

Antidepressants were the most frequently recommended drugs, followed by anxiolytics, anti-
psychotics and psycho-stimulants[18]. Non-invasive brain stimulation (NIBS) techniques such as 
repeated trans-cranial magnetic stimulation and trans-cranial direct current stimulation are increasingly 
being used to improve cognitive function and reduce depressive symptoms in a variety of settings[19]. 
Given that severe depression is typically associated with cognitive impairments, the NIBS method may 
be beneficial in enhancing cognition in depressed people[20]. More than half of the patients with a 
serious depressive illness did not use antidepressants. Effective depression treatment may be crucial for 
increasing HIV medication adherence and clinical outcomes, possibly in combination with adherence 
supports[21].

https://www.wjgnet.com/2220-3249/full/v11/i5/341.htm
https://dx.doi.org/10.5501/wjv.v11.i5.341


Junaid K et al. Validity of the patient health questionnaires phq-2 and phq-9 

WJV https://www.wjgnet.com 343 September 25, 2022 Volume 11 Issue 5

Despite successful pharmacological and psychological treatments, a high proportion of individuals 
suffering from depression in HIV-infected patients is frequently undiagnosed clinically and is 
frequently untreated in primary health care settings[22,23]. Several screening questionnaires have been 
developed as instruments to assist in the timely identification of depression and clinical judgment[24-
28]. To generate accurate clinical results, the validity and reliability of the depression screening tools 
should be good. Screening tools should be easy and quick for successful practical application[29-31]. The 
Patient Health Questionnaire [patient health questionnaire-2 (PHQ-2) and patient health questionnaire-9 
(PHQ-9)] were designed especially as depression screening and diagnostic tools for primary care 
settings to promote the delivery of evidence-based psychiatric care intervention strategies in regions 
where specially trained mental health providers are scant[32-34].

A cross-culturally applicable form of PHQ-9 and PHQ-2 is available, but its psychometric properties 
are still to be validated formally. In many studies, the accuracy of PHQ-9 has been tested by applying it 
to many chronic disease populations[35-40]. However, the PHQ-9 and PHQ-2 have not yet been 
validated in HIV patients in Pakistan. Therefore, the present study aimed to measure the (1) psycho-
metric properties of the PHQ-9 and PHQ-2 for the diagnosis of depression; and (2) to estimate PHQ-2 
screening accuracy by using PHQ-9 as the reference standard in patients of HIV infection in Lahore, 
Pakistan.

MATERIALS AND METHODS
Study setting
The study was carried out in the HIV clinic of Jinnah hospital Lahore, Pakistan, from January 2019 to 
March 2019. HIV clinic in Jinnah hospital Lahore works from Monday to Saturday and serves around 20 
to 30 patients per day. The population of Lahore is 11126285, and it is one of the most populated cities in 
Punjab Province[41]. The current study comprises finding active cases of depression by the use of PHQ-
2 for screening, followed by the use of PHQ-9 to detect depression. Patients with a PHQ-9 score of nine 
or higher were referred to a psychiatrist to confirm the diagnosis of depression.

Study design
An analytical cross-sectional study design was executed to assess the validity and reliability of the 
Patient Health Questionnaire among HIV patients.

Participants
One hundred and fifty-eight study participants were recruited from the HIV clinic of Jinnah hospital, 
Lahore, through a non-probability convenience sampling technique. All participants were agreed to 
participate in the study. Eligibility criteria for study subjects included age more than 18 years, capability 
to correspond, understand Urdu language, patients must have a diagnosis of HIV based on positive test 
on an ELISA for HIV anti-bodies, were attending the HIV clinic for medical care, and were available for 
a 20 min interview. Participants who had other medical disorders unrelated to HIV, such as renal 
failure, chronic hepatitis, and malignancy determined on history and clinical examination, were 
excluded.

Measures
PHQ-9: It is a nine-component criterion-based diagnostic instrument for the evaluation of depression 
that identifies the presence and frequency of nine major symptoms of depression in the participant (as 
recommended by DSM-IV) for two weeks. PHQ-9 is applied frequently in the western world and in sub-
Saharan Africa[35,40]. Scoring varies from 0 to 27, and the patient who scores ten or more on PHQ-9 is 
said to be suffering from depression and should be treated for it to avoid severe consequences. Studies 
provide evidence that PHQ-9 is designed for self-administration, but it gives the same outcomes when 
the researcher takes interviews based on this questionnaire[42].

PHQ-2: It comprises the first two PHQ-9 questions and evaluates the frequency of past two week’s 
spells of despair, boredom, and happiness. Questions are valued from 0-3 (4-point scale), where zero 
represents the complete absence of symptoms and three shows symptoms of depression on each day of 
the last two weeks with a total score ranging from zero to six[43]. A cutoff value of 3 or more indicates 
the presence of depression and is associated with a high level of sensitivity and specificity for screening 
depression[40]. It is easy to use and can be easily applied by healthcare staff of over-burdened health 
facilities.

Data collection and study procedures: Prior to the start of data collection, study participants were 
informed about the study's objective, and verbal informed consent was obtained. The researcher did a 
face-to-face interview with the PHQ-2 depression screening questionnaire after receiving informed 
consent. To obtain socio-demographic information, the clinic file of the patient was examined. Due to 
the study population's poor literacy level, the survey was administered by the interviewer, and 
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responses were written down. After the screening interview, participants answered the PHQ-9 
questionnaire with a second research staff member who was blind to the PHQ-2 results. The interview 
was conducted by local health care practitioners who had been trained in the use of the PHQ-9 
questionnaire. The PHQ-9 was given in the same language as the screening interview, with the help of 
an interpreter if needed. A good sample size of 200 was chosen due to the restricted availability of staff 
who can diagnose depression. 158 (79%) of the study participants completed the interview. PHQ-2 items 
were used to calculate total depression screening scores, and the PHQ-9 items were used to calculate 
total depression diagnosis scores. Patients with a PHQ-9 score of 9 or above are referred to a psychiatrist 
to confirm the diagnosis of depression.

Ethical considerations: Ethical approval was obtained from the research ethical review board of the 
Jinnah hospital Lahore, Pakistan. Before the data collection, informed verbal consent was obtained from 
each study participant.

HI 
Statistical analysis
IBM SPSS version 24 software (Chicago, IL, United States) and the statistical software MedCalc were 
used to analyze the data. To describe the sociodemographic characteristics of the study participants, 
descriptive statistics were used. The mean (standard deviation [SD]) was employed to represent 
continuous data, and the two-sample t-test was applied to compare groups. Where applicable, 
categorical data were evaluated using Pearson's χ2 test. The overall Cronbach's alpha coefficient was 
used to assess the internal consistency of PHQ-2 and PHQ-9. Cronbach's alpha was also calculated with 
each item removed. The criterion validity of PHQ-2 was determined using receiver operating charac-
teristic (ROC) analysis. Using the PHQ-9 as the reference standard, we employed MedCalc 14.8 to 
evaluate the sensitivity, specificity, and positive and negative predictive values of the PHQ-2 as a 
screening tool. Statistical significance was evaluated for all tests using a P value of 0.05. The area under 
the curve (AUC) determines the performance of a test, and an AUC of 0.5 indicates a non-discriminating 
test. In contrast, the value of AUC of 1.0 specifies perfect diagnostic accuracy. In sensitivity analyses, 
cutoffs scores balancing sensitivity and specificity were found out utilizing the point of convergence 
between sensitivity and specificity and Youden's index, which was calculated by (sensitivity + 
specificity– 1)[44,45].

RESULTS
Participant characteristics 
In total, 158 study participants were completed the PHQ-2 and PHQ-9. The background characteristics 
of the study participants are mentioned in Table 1. According to the study results, study participants 
ranged from 18 to 54 years with a mean age of 30.42 ± 7.11 years (± SD). One hundred and thirty-five 
study participants (85.4%) were male, while twenty-three (14.5%) were female. The total score of PHQ-9 
ranged from 0 to 22, with the mean PHQ-9 score being 9.92 (SD = 4.648). By the present study result, 
PHQ-9 scores were higher in depressed individuals (mean = 12.81) compared to those without 
depression (mean = 8.41). In most socio-demographic characteristics, no statistically significant 
differences were found as evaluated by chi-square and t-test for gender, education, residence, and 
religion by depression. However, age, marital status, and monthly family income of HIV patients 
showed a statistically significant difference with the depression (P < 0.05).

Reliability and item analysis of PHQ-2 and PHQ-9
The reliability coefficient, Cronbach's alpha for PHQ-9 total score was 0.759, indicating a strong internal 
consistency. The bivariate correlation between nine items of the PHQ-9 was shown in Table 2, with co-
efficient ranging from 0.559 to 0.301, and all correlations were statistically significant (all 2-tailed P 
values < 0.01). Thoughts that harming yourself or dying would be better and moving and feeling bad 
about yourself or that you are a failure were the two most frequently endorsed items. On the contrary, 
Feeling down, depressed, or hopeless was the item least frequently endorsed by HIV patients (Table 2). 
The PHQ-2 had a Cronbach's alpha of 0.732, indicating that the items of the PHQ-2 were consistent. The 
corrected inter-total correlation was 0.574 and 0.574, respectively.

Sensitivity and specificity for PHQ-2 
Table 3 showed the sensitivity, specificity, predictive values, and Youden's index at different cutoff 
scores of the PHQ-2 for depression screening. The study results showed that the score of 2 on PHQ-2 
indicates the highest Youden's index of 0.924, with a sensitivity and specificity of 0.96. The area under 
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Table 1 Socio demographic characteristics of human immunodeficiency virus positive patients (n = 158)

Variables Non-depression, n (%) Depression, n (%) P value

104 (65.8) 54 (34.1)
Age (yr)

mean ± SD 30.42 ± 7.11 43.91 ± 5.133 0.001a

Gender

Male 89 (56.3) 46 (29.1) 0.947

Female 15 (9.5) 8 (5.1)

Education

No education 62 (39.2) 27 (17.1) 0.377

Up to primary school 11 (7.0) 6 (3.8)

Up to secondary school 23 (14.6) 14 (8.9)

Up to college 4 (2.5) 6 (3.8)

Up to University 4 (2.5) 1 (0.6)

Marital status

Married 51 (32.3) 42 (26.6) 0.001a

Unmarried 47 (29.7) 4 (2.5)

Separated 1 (0.6) 5 (3.2)

Divorced 4 (2.5) 2 (1.3)

Widowed 1 (0.6) 0 (0.6)

Monthly family income

Less than 20000 Rs 66 (41.8) 17 (10.8) 0.001a

Between Rs. 20000-30000 29 (18.4) 25 (15.8)

More than Rs. 30000 9 (5.7) 12 (7.6)

Residential status

Rural 36 (22.8) 25 (15.8) 0.153

Urban 68 (43.0) 29 (18.4)

Religion

Muslim 101 (63.9) 50 (31.6) 0.190

Non-Muslim 3 (1.9) 4 (2.5)

aP value < 0.05.

the curve for PHQ-2 was 0.98 (95%CI: 0.953-0.998) (Figure 1), which indicates excellent criterion validity 
of PHQ-2 in distinguishing between HIV/AIDS patients with and without major depression with a 
PHQ-9 diagnosis of depression. The optimum cutoff for detecting depression was found to be a PHQ-2 
score of 2, according to study (Table 3).

Comparison of internal consistency between PHQ-9 and PHQ-2
According to the present study results, Cronbach's alpha was similar but quite greater for PHQ-9 than 
in PHQ-2. In ROC curve analysis, The AUC (0.98) was in PHQ-2. The score of 2 on PHQ-2 indicates the 
highest Youden's index of 0.924, with a sensitivity and specificity of 0.96. When the score of 2 for PHQ2 
was assumed, 35.5% of study subjects were diagnosed with probable depression.
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Table 2 Item analysis of patient health questionnaire-9

PHQ-9 Mean SD Item-total 
correlation

α if item 
deleted

Little interest or pleasure in doing things 1.06 1.005 0.432 0.738

Feeling down, depressed, or hopeless 1.01 1.003 0.301 0.761

Trouble falling or staying asleep, or sleeping too much 1.06 0.975 0.422 0.739

Feeling tired or having little energy 1.27 0.803 0.414 0.740

Poor appetite or overeating 1.15 0.797 0.460 0.733

Feeling bad about yourself — or that you are a failure or have let yourself or your family down 1.07 0.775 0.518 0.726

Trouble concentrating on things, such as reading a newspaper or watching television 1.13 0.799 0.381 0.745

Moving or speaking so slowly that other people could have noticed? Or the opposite — being so 
fidgety or restless that you have been moving around a lot more than usual

1.11 0.834 0.496 0.728

Thoughts that you would be better off dead or of hurting yourself in some way 1.06 0.926 0.559 0.716

PHQ-9: Patient health questionnaire-9.

Table 3 Sensitivity, specificity, predictive values, at various cut-off scores of the patient health questionnaire-2

PHQ-2 score Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI) Youden’s index

≥ 1 100.00 (93.4-100.0) 59.62 (49.5-69.1) 21.6 (17.9-25.8) 100.0 (93.4-100.) 59.62

≥ 2 96.30 (87.3-99.5) 96.15 (90.4-98.9) 73.6 (51.5-87.9) 99.6 (98.4-99.9) 92.45

≥ 3 66.67 (52.5-78.9) 100.(96.5-100.0) 100.0 (96.5-100.0) 96.4(94.9-97.5) 66.67

≥ 4 31.48 (96.5-100.0) 100.0 (96.5-100.0) 100.0 (96.5-100.0) 92.9 (91.6-94.0) 31.48

≥ 5 14.81 (6.6-27.1) 100.0 (96.5-100.0) 100.0 (96.5-100.0) 91.4 (90.4-92.2) 14.81

PHQ-2: Patient health questionnaire-2; PPV: Positive predictive value; NPV: Negative predictive value.

Figure 1 Receiver operating characteristic curve of Patient Health Questionnaire-2 for depression screening. AUC: Area under the curve.

DISCUSSION
Key findings
The current study concludes that PHQ-9 and PHQ-2 are useful tools for detecting depression in people 



Junaid K et al. Validity of the patient health questionnaires phq-2 and phq-9 

WJV https://www.wjgnet.com 347 September 25, 2022 Volume 11 Issue 5

affected by HIV living in Lahore, Pakistan. Cronbach's alpha was similar but quite greater for PHQ-9 
than in PHQ-2. In ROC curve analysis, The AUC (0.98) was in PHQ-2. The score of 2 on PHQ-2 indicates 
the highest Youden's index of 0.924, with a sensitivity and specificity of 0.96.

Validity and reliability of PHQ-2 and PHQ-9
Based on analysis of indicators like Youden’s index, sensitivity, specificity, and AUC, a cutoff score of 2 
for PHQ-2 was suggested. Anyhow there are a small number of studies assessing the cutoff of 
depression based on its severity categories[45,46]. However, there is highly recommended to determine 
the cutoff scores of depression based on severity categories amid different populations[47,48]. 
According to the best of our knowledge, this is the first-ever study on validation and calibration of 
PHQ-2in the Lahore, Pakistan. Patel et al[15] suggested that the best cutoff score was designed by 
considering the best balance between sensitivity and PPV and is required for its suitability to person-
based location and use. Such an instrument is especially significant for routine application in 
developing regions where healthcare staff is over-burdened.

The current research showed a cutoff score of 2 while using PHQ-2, sensitivity and specificity were 
0.96, but this result was different from already done studies[49-51]. A score of 2 is suggested to suspect a 
patient is suffering from depression in patients of HIV infection when using the PHQ-2 questionnaire 
based on current and previous studies. The sensitivity value of our study for PHQ-2 is found to be 
lower than previous studies when a cutoff value of 3 or more is employed along with a documented 
reference standard. This result can be clarified because we used a sample of patients enrolled consec-
utively or by chance. One limitation is the design of the study, which is cross-sectional. For acquiring 
the required sensitivity, we need longitudinal studies. Enrollment of recently diagnosed HIV patients in 
our study can make the study prone to bias by increasing the estimation of detection of depression with 
precision[52].

The internal consistency or alpha coefficient for PHQ-9 was 0.759. The value of Cronbach’s alpha 
must be at least 0.70 or higher for a self-administered questionnaire to be reliable[53,54]. The value of 
the alpha coefficient of PHQ-9 for our study was lesser than previous studies, where its value was 0.79-
0.89, respectively[55,56]. As far as Cronbach’s alpha of PHQ-2 is concerned, it is found to be 0.73, which 
is remarkably good. This value is also in line with the studies done in various populations[49,57].

Prevalence of depression
PHQ-2 outcomes showed the frequency of depression to be 35%. This value is higher when compared 
with previous studies which also used PHQ-2[48]. This high prevalence of depression in our study 
participants is consistent across various measures in the results of both instruments, and this concludes 
that the prevalence of depression in HIV patients in Pakistan can be remarkably higher than the 
previous estimate. Hence validation with a reliable diagnostic instrument is required to detect the real 
prevalence of depression[58]. As already discussed in different studies, it is suggested that the first two 
questions of PHQ-9 may not be able to detect symptoms of depression experienced by HIV patients 
accurately. It reveals that a remarkable number of HIV patients could not be detected without 
employing a full PHQ-9 instrument. So it is recommended that PHQ-2 be used for the initial evaluation 
of patients, but we cannot reach a true conclusion without applying PHQ-9[58].

Strengths and limitations of the study
It was the first-ever research done to evaluate the diagnostic accuracy of PHQ-2 for screening major and 
minor depression in HIV patients by using PHQ-9 as a reference standard. We used a standard 
instrument that is smaller than other analytical instruments to recognize patients with depression, and it 
is crucial in primary healthcare settings. PHQ-9 has remarkable properties for the detection of 
depression and has good capability for assessing the severity of depression.

Especially for evaluation of severity, the PHQ-9 and PHQ-2 offers locally adapted thresholds and 
follows suggestions to adjust the tool to the background and location when it is intended for 
application. Because of its shortness, simplicity, and ease of application and interpretation, the use of 
this instrument is continuously increasing in epidemiological research.

There are a few limitations or constraints in our research. The data were obtained from only one 
clinic, and hence results cannot be generalized to the population. Because of some reasons, we could not 
perform test-retest reliability in participants. The study used the cross-sectional design the study, and 
because of this, we could not establish causation between variables used in our research. Another 
drawback of this study was that information on participants' mental and physical disabilities was not 
gathered.

Second, we evaluated the PHQ-2's sensitivity and specificity as a depression screening tool using the 
PHQ-9 as the reference standard. Therefore, a study utilizing a different diagnostic tool than the PHQ-9 
is recommended if the sensitivity or specificity of the PHQ-9 is insufficient as it may bias our estimates 
of the sensitivity and specificity of the PHQ-2. We propose modifying the PHQ-9 to the local context 
and literacy level of the population because several participants misunderstood a number of the PHQ-9 
items.
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CONCLUSION
HIV patients are more likely than the general population to develop depression. The PHQ-2 and PHQ-9 
showed good psychometric properties, implying that they could be useful as depression screening tools. 
Due to the substantial health and social burden of depression and need for relatively short, organized, 
reliable, and valid tools to help healthcare professionals evaluate patients for depression, the PHQ-2 and 
PHQ-9 would be useful and valuable tools for screening and diagnosing depression in HIV-infected 
individuals. Moreover, to lessen the global prevalence of psychiatric disorders and improve patient 
well-being, the instruments can be used in combination with increased access to adequate mental 
healthcare and therapeutical and non-pharmacological treatments, which are effective in these settings.

ARTICLE HIGHLIGHTS
Research background
People living with human immunodeficiency virus (HIV) infection (PLWHA) seem to be more 
vulnerable to psychiatric morbidity than the overall population, with major depressive disorder seems 
to be the most prevalent psychiatric diagnosis. Suicidal thinking, anxiety, post-traumatic stress disorder, 
and drug/alcohol use disorders are also frequently documented psychiatric morbidities in HIV patients

Research motivation
Many HIV-infected patients suffer from depression, but a little focus is given to detecting and treating 
depression in primary health care. Detection of depression can be improved by introducing short, 
reliable, and valid screening instruments.

Research objectives
The current study assessed the psychometric properties of the patient health questionnaire-2 (PHQ-2) 
and patient health questionnaire-9 (PHQ-9) for depression screening and diagnosis and estimated the 
sensitivity and specificity of the PHQ-2 for depression screening in HIV-infected patients.

Research methods
A cross-sectional study was conducted on 158 HIV-infected patients aged 18 years and above in Lahore, 
Pakistan. PHQ-2 was implemented to screen depression. PHQ-9 was implemented to diagnose major 
depressive disorder as a reference standard. Reliability, Validity tests and receiver operating charac-
teristic curve were computed.

Research conclusions
Due to the substantial health and social liability of depression and need for brief, organized, reliable, 
and valid tools that can help medical practitioners better assess patients for depression, the PHQ-2 and 
PHQ-9 would indeed be useful and beneficial instruments for screening and diagnosing depression in 
HIV-infected persons. Moreover, to lessen the global prevalence of psychiatric disorders and improve 
patient well-being, the instruments can be used in combination with increased access to adequate 
mental healthcare and therapeutical and non-pharmacological treatments, which are effective in these 
settings

Research results
The Cronbach's alpha of PHQ-2 and PHQ-9 were 0.732 and 0.759, respectively. The study results 
showed that the score of 2 on PHQ-2 indicates the highest Youden's index of 0.924, with both sensitivity 
and specificity of 0.96, and the area under the curve for PHQ-2 was 0.98 (95%CI: 0.953-0.998).

Research perspectives
HIV patients are more likely than the general population to develop depression. The PHQ-2 and PHQ-9 
demonstrated good psychometric properties, implying that they might be helpful as depression 
screening tools.
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Abstract
BACKGROUND 
Coronavirus disease 2019 (COVID-19) has been the most talked-about disease of 
the past few years. Patients with significant comorbidities have been at particular 
risk of adverse outcomes. This study looked at the outcomes and risk factors for 
adverse outcomes among patients on chronic hemodialysis for end-stage renal 
disease, a group of patients known to be particularly susceptible to infectious 
complications.

AIM 
To assess outcomes and risk factors for adverse outcomes of COVID-19 infection 
among patients on chronic hemodialysis.

METHODS 
We searched PubMed/MEDLINE, EMBASE, Reference Citation Analysis (https://
www.referencecitationanalysis.com/) and Web of Science databases for relevant 
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terms and imported the results into the Covidence platform. From there, studies were assessed in 
two stages for relevance and quality, and data from studies that satisfied all the requirements were 
extracted into a spreadsheet. The data was then analyzed descriptively and statistically.

RESULTS 
Of the 920 studies identified through the initial database search, only 17 were included in the final 
analysis. The studies included in the analysis were mostly carried out during the first wave. We 
found that COVID-19 incidence among patients on hemodialysis was significant, over 10% in 
some studies. Those who developed COVID-19 infection were most likely going to be hospitalized, 
and over 1 in 5 died from the infection. Intensive care unit admission rate was lower than the 
infection lethality rate. Biochemical abnormalities and dyspnea were generally reported to be 
associated with adverse outcomes.

CONCLUSION 
This systematic review confirms that patients on chronic hemodialysis are very high-risk 
individuals for COVID-19 infections, and a significant proportion was infected during the first 
wave. Their prognosis is overall much worse than in the general population, and every effort 
needs to be made to decrease their exposure.

Key Words: COVID-19; End stage kidney disease; Mortality; Maintenance hemodialysis; Infection; 
Systematic review

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is a systematic review to find out the mortality of coronavirus disease 2019 (COVID-19) 
infection in end stage kidney disease patients that are on regular maintenance hemodialysis. We found that 
COVID-19 incidence among patients on hemodialysis was significant, over 10% in some studies. Those 
who developed COVID-19 infection were most likely going to be hospitalized, and over 1 in 5 died from 
the infection. Intensive care unit admission rate was lower than the infection lethality rate. Biochemical 
abnormalities and dyspnea were generally reported to be associated with adverse outcomes.

Citation: Cancarevic I, Nassar M, Daoud A, Ali H, Nso N, Sanchez A, Parikh A, Ul Hosna A, Devanabanda B, 
Ahmed N, Soliman KM. Mortality rate of COVID-19 infection in end stage kidney disease patients on 
maintenance hemodialysis: A systematic review and meta-analysis. World J Virol 2022; 11(5): 352-361
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/352.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.352

INTRODUCTION
Since early 2020, the coronavirus disease 2019 (COVID-19) pandemic has caused hundreds of thousands 
of deaths in the United States and millions worldwide, alongside unprecedented disruptions in 
everyday life. Elderly and patients with significant comorbidities are known to be more susceptible to 
severe forms of both viral and bacterial respiratory infections, and the same has been shown to be true 
with COVID-19[1-3]. Chronic kidney disease (CKD) is one of the most prevalent chronic conditions in 
the United States[4]. The high prevalence of diseases that frequently lead to CKD, such as cardiac 
disease, hypertension, and diabetes, likely means that the prevalence of CKD will remain high in years 
to come.

Patients with end-stage renal disease (ESRD) requiring hemodialysis are likely to be especially 
susceptible to infections. Infection-related complications in those patients exceed 40 in 100 patients per 
year[5]. Patients with ESRD often undergo in-center hemodialysis, making it more difficult to physically 
separate for infection control purposes. Also, frequent visits to healthcare facilities for routine check-ups 
may contribute to infection spread. Additionally, this group's comorbidities make them immunode-
ficient, increasing their risk of infection[6].

Furthermore, evidence suggests a high frequency of acute kidney injury (AKI) development among 
patients hospitalized with COVID-19, which is associated with significant mortality[7,8]. AKI is also a 
known risk factor for CKD development and progression[9].

All these factors make it plausible that COVID-19 would be an especially severe disease in patients 
with end-stage renal disease on hemodialysis. Due to the high prevalence of ESRD requiring HD and 
the number of COVID-19 infections worldwide, determining the actual impact COVID-19 has on this 
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population could enable clinicians to target the factors associated with increased mortality and, 
subsequently, improve the care they provide are delivering.

This systematic review will attempt to determine the prognosis of end-stage renal disease patients on 
hemodialysis who test positive for COVID-19 and any clinical or laboratory findings associated with 
adverse outcomes.

MATERIALS AND METHODS
Data sources and literature search
The databases used for our systematic review were PubMed/MEDLINE, EMBASE, Reference Citation 
Analysis (https://www.referencecitationanalysis.com/) and Web of Science, up to date as of April 10, 
2022. The review aims to follow the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The search strategy for the PubMed database was: ("COVID-19"[Mesh] 
OR "SARS-CoV-2"[Mesh] OR "COVID-19" OR "COVID19" OR "novel coronavirus" OR "coronavirus 
2019" OR "COVID" OR "SARS-CoV-2") AND ("Kidney Failure, Chronic"[Mesh] OR "CKD" OR "chronic 
kidney disease" OR "end-stage renal disease" OR "ESRD" OR " end stage kidney disease (ESKD) " OR 
"end-stage kidney disease" OR "end-stage renal disease" OR "end-stage kidney disease") AND ("Renal 
Dialysis"[Mesh] OR "renal dialysis" OR "hemodialysis" OR "dialysis") AND ("Prognosis"[Mesh] OR 
"Mortality"[Mesh] OR "Survival"[Mesh] OR "prognosis" OR "lethality" OR "mortality" OR “survival”). 
The search strategy for Web of Science and Embase was: ("COVID-19" OR "COVID 19" OR "novel 
coronavirus" OR "coronavirus 2019" OR "COVID" OR "SARS-CoV-2") AND ("CKD" OR "chronic kidney 
disease" OR "end-stage renal disease" OR "ESRD" OR "ESKD" OR "end-stage kidney disease" OR "end-
stage renal disease" OR "end-stage kidney disease") AND ("renal dialysis" OR "hemodialysis" OR 
"dialysis") AND ("prognosis" OR "lethality" OR "mortality" OR “survival”).

Articles were then imported into the Covidence platform, which automatically removed duplicates. 
Two reviewers then independently screened titles and abstracts for relevance. Conflicts were resolved 
through direct communication between the two reviewers. Where consensus could not be reached, the 
third reviewer made the decision.

Afterward, full texts were obtained and screened for relevance. Those that were deemed relevant 
were assessed for quality using the National Institute of Health scoring systems according to the type of 
study in question, and only those studies that scored no less than three points below the maximum were 
included in the final review.

Eligibility criteria
We included prospective and retrospective observational studies as well as clinical trials if they 
involved at least 100 adult patients with end-stage renal disease on chronic hemodialysis who dev-
eloped COVID-19 infection. We excluded case reports, case series, all review articles, conference 
abstracts, letters, communications, and editorials. We also excluded studies that were written in 
languages other than English and those that could not be retrieved. Equally, we excluded studies that 
pertained to pediatric patients and those that involved patients on peritoneal dialysis.

Data extraction and quality assessment
A spreadsheet was created and used as a data extraction tool. The following data were extracted for all 
the studies: authors, title, quality assessment score, number of patients who were studied, the incidence 
of COVID-19 among patients on hemodialysis, number of patients who required intensive care unit 
(ICU) level of care, number of deaths, as well as any findings that were found to be associated with 
increased risk of death or severe disease.

Statistical analysis
Data were entered into the spreadsheet and analyzed descriptively. Afterward, statistical analysis was 
done using SPSS software, and the results were presented in the form of a forest plot.

RESULTS
We found 920 articles through databases search. The 299 duplicate articles were automatically removed 
by the Covidence platform. The authors screened the titles and abstracts of 621 articles for relevance. 
The 519 articles were excluded at that stage. A total of 102 full texts were assessed for quality and 
relevance, and 85 of them were excluded. A total of 17 articles were included in our analysis, comprising 
a total of 37280 patients (Figure 1).

The number of ICU admissions was reported in 9 studies. The pooled analysis showed incidence of 
ICU admission of 17.4% (95%CI: 0.114-0.235) with high heterogeneity (I2 = 95.59%, P < 0.001) 
(Figure 2A).
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Figure 1 PRISMA image.

The number of hospital admissions was reported in 5 studies. The incidence of hospitalization after 
COVID-19 infection among patients included in those studies is 64.4% (95%CI: 0.521-0.767) with high 
heterogeneity (I2 = 97.18%, P < 0.001) (Figure 2B).

All 17 studies reported mortality. The pooled estimate showed the incidence of mortality to be 23.3% 
(95%CI: 0.205-0.261) with significant heterogenicity I2 = 88.52%, P < 0.001) (Figure 2C).

DISCUSSION
COVID -19 incidence
Not all the studies that were included in this review analyzed both the incidence and prognosis of 
COVID-19 patients on chronic hemodialysis. The incidence of COVID-19 is very difficult to analyze, 
considering that different studies looked at very different patient populations and different periods. 
However, several studies looked at the incidence in 2020, before vaccines were available. Lugon et al[10] 
reported that 741 out of 9877 Brazilian patients developed COVID-19 in 2020. Savino et al[11] reported 
the incidence of 4408 out of 22415 in England, Wales, and Northern Ireland; however, their study 
included the month of January 2021, when the United Kingdom was averaging tens of thousands of 
cases per day, the highest recorded up to that point in time[11,12]. De Meester et al[13] and Keller et al
[14] reported a lower incidence, but their study period ended in May 2020, only including the infections 
that occurred during the first wave. Marino et al[15], however, reported a relatively low incidence of 
only 256 out of 4942 with their study period extending to November 2020 but still not taking into 
account the spike in winter 2020/2021, unlike Savino et al[11]. Ozturk et al[16] reported the incidence of 
148 out of 746 until 05/11/2020 only in a single center in London, which is notably higher than in other 
studies covering the same study period.

The reported incidence of COVID-19 in patients on chronic hemodialysis is higher than in the general 
population, where the overall incidence in the first wave was relatively low despite the havoc it caused
[12,17]. Cases started rising significantly in the winter of 2020/2021, but only Savino et al[11] covered the 
majority of that wave[12,17]. It needs to be said, however, that part of the explanation for the low 
incidence of COVID-19 during the first wave can be explained by the scarcity of testing for the general 
public, while patients on chronic hemodialysis would likely have been among the first ones to get 
tested, skewing the incidence numbers. It is also true that patients on chronic hemodialysis clearly have 
been in a very precarious and vulnerable position early in the pandemic. They were required to spend 
significant amounts of time in health care facilities when both tests and personal protective equipment 
were not widely available. Overall, while it is likely that the results were skewed by a difference in the 
availability of tests between hemodialysis patients and the general public, it is still likely that the 
incidence of COVID-19 infections among them was higher.

COVID-19 prognosis
There are multiple ways to look at the COVID-19 prognosis. In terms of the risk of hospitalization, it is 
significant among patients with end-stage renal disease. However, it is important to note that hospital-
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Figure 2 Forest plot. A: Incidence of intensive care unit admission; B: Incidence of hospital admission; C: Incidence of death.

ization criteria vary between institutions, and if, for example, desaturation is required to admit a patient 
without significant comorbidities, a far lower threshold may be employed for patients with ESRD. 
Furthermore, some of the studies only looked at hospitalized patients, possibly skewing numbers. In 
addition, most of the studies were done early in the course of the pandemic when the criteria were less 
clear, and there was a significant scarcity of ICU beds. That probably explains why in some of the 
studies, the incidence of death was higher than the incidence of ICU admission. While determining the 
exact COVID-19 Lethality is difficult due to the unknown number of cases that are undetected, what is 
undoubtedly true is that prognosis of COVID-19 infection is significantly worse in ESRD patients 
compared to the general public. In the studies involved in this systematic review, almost two-thirds of 
all the patients infected by COVID-19 were hospitalized, with 17.4% (95%CI: 0.114-0.235) P < 0.001 
requiring ICU admission and 23.3% (95%CI: 0.205-0.261) P < 0.001 ultimately succumbing to the 
infection. There are no major outliers in terms of mortality, but it should be noted that studies such as 
Ozturk et al[16], Fisher et al[18], Turgutalp et al[19], Bhinder et al[20], Hakami et al[21], Sinha et al[22], 
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and Naaraayan et al[23] only reported cases that led to hospitalization so the mortality rates in those 
articles may be less representative unless a way to adjust them for hospitalization rate was found. A 
possibly relevant study to point to is Lamech et al which reported that close to one-third of all patients 
who tested positive for COVID-19 required mechanical ventilation[24]. HD itself may be an 
independent risk factor for mortality because, despite the required immunosuppressive treatment, 
Goffin et al[25] found mortality significantly lower among kidney transplant recipients than patients 
with HD. At the same time, De Meester et al[13] found that overall mortality among HD patients did not 
increase compared to pre-pandemic levels. That finding is surprising given that both Lugon et al[10] and 
Savino et al[11] found that a very significant proportion of HD patients developed COVID-19, and 
almost all the studies showed that those who do get infected are at significant risk of mortality. That 
would ordinarily raise the question about a possible selection bias in De Meester et al[13]; however, the 
study included the entire hemodialysis population of a region in Belgium, so barring a significant 
environmental confounder in that particular region, the study should be generalizable.

Risk factors for mortality
We looked at a number of risk factors that may be associated with mortality among hemodialysis 
patients who got infected by COVID-19. A number of prior studies suggest that diabetes worsens the 
prognosis of COVID-19[26]. Lugon et al[10] found a statistically significant association between diabetes 
and COVID-19 mortality among HD patients with an HR of 1.52 (1.05–2.19) P = 0.026. Hakami et al[21], 
Sinha et al[22], and Varghese et al[27] similarly found diabetes to be associated with COVID-19 
mortality. Savino et al[11], Fisher et al[18], Turgutalp et al[19], Marino et al[15], Lamech et al[24], and 
Hendra et al[28] found no statistically significant difference in mortality among those with diabetes. 
While it can be assumed that this can be explained by sample sizes alone, that is not the case since the 
Savino et al[11] study included 4408 patients. Overall, those findings are difficult to interpret. Diabetes is 
a common cause of end-stage renal disease that also seems to worsen COVID-19 outcomes in the 
general population; however, it needs to be noted that all ESRD patients have significant comorbidity at 
baseline, and it remains unclear whether diabetes is uniquely associated with COVID-19 mortality 
compared to other conditions which also lead to ESRD.

Several studies looked at the association between common laboratory values and COVID-19 
mortality. White blood cell (WBC) count and C-reactive peptide (CRP) were commonly reported as they 
normally correlate with the severity of infections. Varghese et al[27] and Hendra et al[28] found both to 
be associated with mortality, with CRP difference between those who died and those who survived 
being reported as  78.82 ± 89.16 vs 40.49 ± 43.16 (P = 0.002) by Varghese et al[27] and 128.0 (75.0-261.8) vs 
40.5 (23.0-108.8) P < 0.0001 by Hendra et al[28] and WBC count difference 14.14 ± 8.88 vs 6.03 ± 2.37 (P = 
0.001) reported by Varghese et al[27] and 7.45 (5.6-9.8) vs 5.40 (4-7) P = 0.0007 by Hendra et al[28]. In the 
study done by Keller et al[14], CRP was found to be associated with mortality [14.2 (10.2-27) vs 9.3 (3.8-
18.9) P = 0.005], while WBC count was not [6.7 (4.7-9.5) vs 5.5 (3.9-7.6) P = 0.6]. Hakami et al[21] and 
Sinha et al[22] only reported the WBC difference as follows: 9.1 ± 1.3 vs 6.3 ± 0.4 P = 0.04 reported by 
Hakami et al[21] and 11.059 ± 5929 vs 7022 ± 2935 P < 0.001 reported by Sinha et al[22]. Keller et al[14] 
only reported the CRP difference and found it to be statistically significant: 95 (49-192) vs 44.5 (19-92) P 
= 0.0003.

Overall, it does appear that elevations in both CRP and WBC count are associated with worse 
outcomes. A meta-analysis by Malik et al[29] also reported that CRP elevation is associated with adverse 
outcomes in COVID-19 in the general population. It is worth noting that a number of conditions and 
treatments other than COVID-19 can be associated with CRP and WBC elevations. For example, 
corticosteroids can lead to elevated WBC counts, and corticosteroids are a common treatment for both 
severe COVID-19 and a number of conditions that may ultimately lead to ESRD. Further subgroup 
analysis would be required to evaluate further whether a significant confounder exists.

Varghese et al[27] also found hyponatremia and hyperkalemia to be associated with poor outcomes, 
while studies by Hakami et al[21] and Sinha et al[22] found no significant difference in outcomes based 
on sodium or potassium levels. Electrolyte abnormalities would, in general, be expected among patients 
on hemodialysis, especially on days when dialysis sessions are not scheduled. However, other studies 
have found that both sodium and potassium abnormalities are associated with worse COVID-19 
outcomes in the general population[30,31]. It is almost undeniably true that every effort should be made 
to keep electrolytes within reference ranges, whether hyponatremia and hyperkalemia at presentation 
are associated with increased COVID-19 severity or simply a consequence of the dialysis schedule.

Ferritin is both an inflammatory marker and a relevant marker of iron stores in the body. Five of the 
studies included in this analysis looked at the significance of ferritin in determining the prognosis of 
COVID-19, and all found ferritin to be significantly higher among hemodialysis patients who succumb 
to COVID-19 in comparison to those who survive[18,19,21,27,28]. It is notable, however, that average 
ferritin levels varied widely between studies, and while in each study, patients with higher ferritin were 
more likely to die, in some studies, even the levels among those who survived were notably higher than 
those of those who died in a different study. Moreover, it needs to be remembered that patients with 
ESRD are likely to be anemic at baseline. Therefore, even though all the studies point towards an 
association between higher ferritin and mortality, it is difficult to interpret clinically.
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Finally, dyspnea is one of the most common symptoms of severe respiratory infection, and decreased 
oxygen saturation is a marker of worsening respiratory status. The same has generally held true for 
COVID-19 throughout the pandemic, and oxygen saturation level is frequently used as one of the main 
criteria for the hospital admission. As would be expected, both dyspnea and oxygen saturation were 
associated with mortality. Of the five studies that analyzed the association between dyspnea and 
COVID-19 mortality in HD patients, all 5 showed statistical significance, with a P value never reaching 
0.03[15,19,21,22,27]. Studies by Varghese et al[27] and Fisher et al[18] found a significant association 
between lower SpO2 and mortality. Keller et al[14] and Hendra et al[28] failed to find a significant 
association. It should be noted that all 4 of the aforementioned studies had relatively small sample sizes, 
and oxygen saturation generally falls within a narrow range, likely impacting some of the findings. 
Moreover, patients tend to desaturate later in the course of the disease, and if HD patients were 
admitted to the hospital early due to their pre-existing comorbidities, it is possible that this could make 
SpO2 at presentation less reliable as an indicator of COVID-19 severity in those patients.

Limitations
The study has several notable limitations. Firstly, most of the studies only looked at COVID-19 
prognosis in the early phases of the pandemic when treatment options were also more limited, and no 
vaccines were available. Secondly, we excluded three as they were written in languages other than 
English. The way data was reported varied across studies, limiting the number of studies that reported 
each variable. Finally, hospital and ICU admission criteria vary between institutions, so they may not be 
a perfect indicator of disease severity.

CONCLUSION
Patients on chronic hemodialysis due to end-stage renal disease are among the most vulnerable 
members of society at increased risk of both catching and succumbing to COVID-19 infection. We found 
that the incidence of COVID-19 in hemodialysis patients was significant, and in some studies, more than 
one-tenth caught COVID-19 during the first wave. The prognosis was overall much poorer than in the 
general population, with the majority requiring hospitalization and more than one in five deaths. 
Generally, biochemical abnormalities and early dyspnea were associated with a higher degree of 
mortality. It would be interesting to see how much the numbers would change if the same studies were 
done during subsequent COVID-19 waves.

ARTICLE HIGHLIGHTS
Research background
Coronavirus disease 2019 (COVID-19) has been the most talked-about disease of the past few years. 
Patients with significant comorbidities have been at particular risk of adverse outcomes. We looked at 
the outcomes and risk factors for adverse outcomes among patients on chronic hemodialysis.

Research motivation
The authors assess outcomes and risk factors for adverse outcomes of COVID-19 infection among 
patients on chronic hemodialysis.

Research objectives
The objective of this study is to assess outcomes and risk factors for adverse outcomes of COVID-19 
infection among patients on chronic hemodialysis.

Research methods
The authors searched PubMed/MEDLINE, EMBASE, Reference Citation Analysis (https://www.
referencecitationanalysis.com/) and Web of Science databases for relevant terms and imported the 
results into the Covidence platform. From there, studies were assessed in two stages for relevance and 
quality, and data from studies that satisfied all the requirements were extracted into a spreadsheet. The 
data was then analyzed descriptively and statistically.

Research results
Of the 920 studies identified through the initial database search, only 17 were included in the final 
analysis. The studies included in the analysis were mostly carried out during the first wave. The authors 
found that COVID-19 incidence among patients on hemodialysis was significant, over 10% in some 
studies. Those who developed COVID-19 infection were most likely going to be hospitalized, and over 1 
in 5 died from the infection. ICU admission rate was lower than the infection lethality rate. Biochemical 

https://www.referencecitationanalysis.com/
https://www.referencecitationanalysis.com/
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abnormalities and dyspnea were generally reported to be associated with adverse outcomes.

Research conclusions
This systematic review confirms that patients on chronic hemodialysis are very high-risk individuals for 
COVID-19 infections, and a significant proportion was infected during the first wave. Their prognosis is 
overall much worse than in the general population, and every effort needs to be made to decrease their 
exposure.

Research perspectives
Further research can be done to assess the efficacy of protective measures and vaccines against COVID-
19 among dialysis patients.
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Abstract
BACKGROUND 
There are numerous conflicting discussions about the outbreak of the new 
coronavirus 2019 (COVID-19).

AIM 
To present some anatomical and physiological considerations about two of the 
symptoms reported by patients: The loss or reduction of smell and taste.

METHODS 
The loss or reduction of smell and taste is presented in a peculiar way, with some 
cases of persistence even after COVID-19. For this, it was searched in three 
databases, PubMed/MEDLINE, Web of Science, and Scopus, using the following 
keywords: "Smell", "Taste", "Smell AND COVID-19", "Taste AND COVID-19", 
with no publication time restriction, only in English with full text available, 
excluding also brief communications, letters to the editor, editorials, reviews, 
comments, and conference abstracts.

RESULTS 
The search found 776 articles in the PubMed/MEDLINE database, 1018 in the 
Web of Science database, and 552 in the Scopus database, from which duplicates 
were removed (104 articles). Finally, 17 studies were selected for detailed analysis 
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within the eligibility criteria, with titles and abstracts related to central nervous system lesions 
responsible for smell and taste. This review suggests that viral mechanisms of action may be 
related to lesions both at the local level and at the level of the central nervous system, lasting up to 
3 to 4 wk. It is considered persistent if it exceeds this period, as reported in one case in this review. 
There are still few studies about the treatment, and among those addressed in this review, only 
two studies reported possible treatments and emphasized the scarcity of data, with the best option 
being treatments that do not cause harm, such as gustatory and olfactory physiotherapy

CONCLUSION 
Given the scarcity of data, this review emphasizes the importance of prevention, through the 
correct use of personal protective equipment by health professionals and respect for local 
behavioral indications. It is also emphasized, through five studies, that there is a predominance of 
such symptoms in patients with COVID-19, which can be a tool to control dissemination, through 
the early isolation of patients until the results are ready.

Key Words: SARS-CoV-2; COVID-19; Coronavirus; Olfactory nerve; Smell; Taste

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We discuss the anatomical and physiological considerations about two of the symptoms reported 
by patients: The loss or reduction of smell and taste. There are still few studies about the treatment, and 
among those addressed in this review, only two studies reported possible treatments and emphasized the 
scarcity of data, with the best option being treatments that do not cause harm, such as gustatory and 
olfactory physiotherapy. Given the scarcity of data, this review emphasizes the importance of prevention, 
through the correct use of personal protective equipment by health professionals and respect for local 
behavioral indications. It is also emphasized, through five studies, that there is a predominance of such 
symptoms in patients with coronavirus disease 2019, which can be a tool to control dissemination, through 
the early isolation of patients until the results are ready.

Citation: Vigliar MFR, Pomini KT, Buchaim DV, Buchaim RL. Anatomophysiological relationships and clinical 
considerations of taste and smell loss in patients with COVID-19. World J Virol 2022; 11(5): 362-374
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/362.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.362

INTRODUCTION
In December 2019 in Wuhan (China), the emergence of an acute respiratory syndrome caused by severe 
acute respiratory syndrome coronavirus 2 CoV (SARS-CoV-2), with a peculiar and highly contagious 
behavior, was reported[1]. Thus, the World Health Organization decreed on March 11, 2020 a state of 
pandemic, considering the condition of community transmission of human infection by the virus[2]. In 
the current world scenario, there are already approximately 493 million infected and 6.1 million dead 
people. In Brazil, there are approximately 30.1 million infected and 661 thousand dead ones[2]. Such 
global and national data are alarming and may be related to the high speed of dissemination, high 
mortality rate in people with comorbidity, and the coping strategies of each country, as well as 
socioeconomic and health conditions[3,4].

The clinical manifestations of the new coronavirus (COVID-19) are very varied, with the most 
common symptoms being fever (74%), cough (79%), fatigue (75%), headache (78%), gastrointestinal 
disorders (57%), and loss of smell (63%) and taste (65%). These symptoms, when present, lead to the 
diagnostic suspicion of COVID-19, until confirmed by examinations[5,6]. The sensory pathway of smell 
is initially given by the nerve endings of the olfactory nerve, the primary olfactory neuron, located in the 
upper third of the nasal cavity and nasal septum, stimulated by chemical substances from the air that 
are transformed into action potential[7-9]. This stimulus travels through the primary neuron crossing 
the cribriform plate of the ethmoid bone through its foramina[8]. Upon accessing the anterior cavity of 
the skull, they synapse with the secondary neuron. The olfactory nerve impulses terminate in the 
primary cortical projection area and travel to the thalamus, which proceeds to the orbitofrontal and 
rectus olfactory gyrus (Figure 1). There is also an association of some odors with the limbic system, 
causing reactions of pleasure or aversion[8-11] (Figures 2 and 3).

Taste is provided by the specialized sensitivity of the tongue, via the glossopharyngeal nerve (IX 
cranial nerve) in the posterior third, vagus nerve (X cranial nerve) with few branches at the base of the 
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Figure 1 Flow diagram showing the selection of articles in the PubMed/MEDLINE, Web of Science, and Scopus databases. COVID-19: The 
new coronavirus 2019.

Figure 2 Olfactory pathway and its components. A: Fillets of the olfactory nerves, the first pair of cranial nerves, inside the nasal cavity in the upper third of 
the nasal septum; B: Olfactory bulb; C: Olfactory tract; D: Cribriform plate of the ethmoid bone, which communicates the nasal cavity with the anterior cranial fossa.

tongue and epiglottis, and chorda tympani nerve (branch of the VII cranial nerve, the facial-
intermediate nerve) in the anterior two thirds of the tongue[7,8]. They receive the stimulus through taste 
buds that are made up of epithelial cells that have different receptors for each type of flavor, distributed 
throughout the tongue[12]. From there, the stimuli travel through the primary afferent fibers of the 
respective gustatory sensory nerves to the solitary tract in the medulla, then to the thalamus, passing to 
the cortex[8] (Figures 4 and 5).

Given this context, research has sought strategies in order to clarify the sensory alterations of loss of 
smell and taste, the possible mechanism of action of the virus in these nerves, and its treatment. Thus, 
the present study aimed to review the anatomy and physiology of the olfactory and gustatory 
pathways, and their relationship with symptomatology in patients with COVID-19.
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Figure 3 Endocranial view of the 12 pairs of cranial nerves in a natural anatomical piece. I: Olfactory nerve; II: Optic nerve; III: Oculomotor nerve; 
IV: Trochlear nerve; V: Trigeminal nerve; VI: Abducens nerve; VII: Facial and intermediate nerve; VIII: Vestibulocochlear nerve; IX: Glossopharyngeal nerve; X: Vagus 
nerve; XI: Accessory nerve; XII: Hypoglossal nerve. Red arrow indicates the cribriform plate of the ethmoid bone; blue arrow indicates the olfactory bulb; purple arrow 
indicates the olfactory tract; yellow arrow indicates the beginning of the spinal cord at the level of the foramen magnum; green arrow indicates the sigmoid sinus; 
white star indicates the cranial dura mater.

Figure 4 Natural anatomical piece in midsagittal section (medial view). Yellow arrow represents the chorda tympani nerve, a branch of the intermediate 
nerve; green arrow represents the lingual nerve, a branch of the mandibular division of the trigeminal nerve.

MATERIALS AND METHODS
For this study, PubMed/MEDLINE, Web of Science, and Scopus databases were searched, using the 
following terms as keywords: "Smell", "Taste", "Smell AND COVID-19", "Taste AND COVID -19", 
without publication time restriction and only in the English language. Works that present titles and 
abstracts related to the topic of the initial research were verified, using the variables taste and/or smell 
and COVID-19. Subsequently, the text was evaluated of the articles previously selected by the abstract. 
The methodology, results, and relevance were considered to list the choice of articles. For inclusion in 
the research, the articles must necessarily be accessed in their full content (Figure 1).

The inclusion criteria were: Description of changes in smell and taste due to COVID-19; Human 
studies; Publications in English only; Publications that allow full access to the text. The exclusion criteria 
were: Articles that have been duplicated; Animal studies; The title was not related to the objective; 
There was no loss of taste; There was no loss of smell; Other languages (except English); Access to the 
full text has not been obtained; Brief communications, letters to the editor, editorials, reviews, 
comments, and conference abstracts.

RESULTS
The search found 776 articles in the PubMed/MEDLINE database, 1018 in the Web of Science database, 
and 552 in the Scopus database, from which duplicates were removed (104 articles), then editorials, 
review articles, brief communications, letters to the editor, comments, conference abstracts, and articles 
without full text available or not produced in English were excluded, as they are outside the eligibility 
criteria. Seventeen studies that met the eligibility criteria were selected (Table 1).
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Table 1 Seventeen studies that meet the eligibility criteria

Database Title Ref. Sample/study type Conclusion Anatomophysiological 
relationship

PubMed/MEDLINE 
and Web of Science

A structural 
equation model to 
examine the clinical 
features of mild to 
moderate 
coronavirus disease 
2019 (COVID-19): 
An Italian 
multicenter study

Barillari et al
[15], 2021

294 
patients/multicenter 
study

It has been reported that 
anosmia should be 
considered as a specific 
symptom for COVID-19, 
especially when the patient is 
"suspected" or untested

Inflammation in the olfactory 
epithelium or damage to olfactory 
receptor neurons, since the cells 
that make up this tissue have high 
expression of ACE2 and TMPRSS2, 
which have a strong capacity to 
bind the virus, being particularly 
susceptible to infection

PubMed/MEDLINE 
and Web of Science

Acute loss of smell 
and taste among 
patients with 
symptoms 
compatible with 
COVID-19

Bodnia and 
Katzeinstein
[20], 2020

95 patients/cross-
sectional study

There was persistence of mild 
olfactory and/or taste 
changes even after the other 
symptoms of COVID-19 had 
disappeared. In addition, loss 
of smell and taste was 
reported in 50% of patients 
with COVID-19, especially in 
adults

Human angiotensin-converting 
enzyme 2 is the main receptor of 
the SARS-CoV-2 host cell, present 
in nasal and olfactory respiratory 
epithelial cells. In addition, ACE2 is 
expressed in the oral cavity

PubMed/MEDLINE Anosmia in COVID-
19 associated with 
olfactory bulb lesion 
evidenced on MRI

Aragão et al
[19], 2020 

5 
patients/retrospective 
study

This study documented for 
the first time, through 
neuroimaging, a type of 
lesion of the olfactory bulb in 
patients with COVID-19, 
demonstrating that the 
possible mechanism of action 
that causes olfactory 
dysfunction, either through 
the olfactory bulbs or 
intracranially, by a 
microvascular phenomenon 

Intracranial olfactory bulb lesion, 
studied and documented by 
magnetic resonance imaging

PubMed/MEDLINE COVID-19 viral 
load in the severity 
and recovery of 
olfactory and 
gustatory 
dysfunction

Cho et al
[21], 2020 

143 
patients/Prospective 
cross-sectional cohort 
study

Symptom severity is not 
correlated with SARS-CoV-2 
viral load, and there is a high 
prevalence of olfactory and 
gustatory dysfunction in 
COVID-19

The virus has affinity for ACE2 
receptors that are found in the nasal 
and olfactory epithelium, causing 
peripheral neuropathy, which 
affects the functions of smell and 
taste. The virus is also able to 
invade the central nervous system 
through the olfactory bulb

PubMed/MEDLINE 
and Scopus

Evolution of 
olfactory disorders 
in patients with 
COVID-19

Gorzkowski 
et al[14], 
2020

229 patients/Cross-
sectional study

Olfactory and taste 
disturbances can be an 
isolated symptom of COVID-
19, being reported in two-
thirds of COVID-19 patients. 
Knowledge of these 
symptoms and their 
evolution can be useful in 
creating therapeutic 
strategies for cases of 
persistence even after the 
resolution of other symptoms 
of COVID-19

Mechanisms of olfactory disorders 
related to SARS-CoV-2 infection are 
still unknown, but it is likely to be 
associated with the outcomes of 
various patterns, such as nasal 
mucosa edema, olfactory epithelial 
damage (including neural and non-
neural epithelium), and even 
involvement of olfactory pathways

PubMed/MEDLINE 
and Web of Science

Frequency and 
outcome of olfactory 
impairment and 
sinonasal 
involvement in 
hospitalized 
patients with 
COVID-19

Jalessi et al
[22], 2020

100 
patients/prospective 
descriptive study

In patients with COVID-19, 
there is a high prevalence of 
sudden temporary olfactory 
loss and upper airway 
infection symptoms. 
However, among all these 
symptoms, there was a 
predominance of olfactory 
loss, showing that this 
symptom is not associated 
with the generalized mucosal 
edema that occurs during an 
upper respiratory infection 
with common coronaviruses

Binding between ACE2 receptors 
and SARS-CoV-2 spike protein on 
target cells. In addition, infected 
cells secrete pro-inflammatory 
cytokines and chemokines, which 
can generate localized edema

Anosmia and hypogeusia 
among respiratory symptoms 
can be considered a symptom 
of COVID-19 infection, if 
confirmed; these symptoms 

The neuroinvasive potential of 
SARS-CoV-2 was highlighted: 
When penetrated transnasally, it 
may access the brain, possibly via 
the olfactory torsion nerves, and 

PubMed/MEDLINE Importance of 
anosmia in SARS-
CoV-2: from 
phenomenology for 
neurobiology

Pallanti[13], 
2020

2 patients/descriptive 
study
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could represent early 
markers or signs of SARS-
CoV-2 infection to trigger 
quarantine. These symptoms 
go beyond sensory aspects, 
involving extensive neural 
circuits

from there rapidly spread to some 
specific brain areas, including the 
thalamus and brainstem

PubMed/MEDLINE 
and Web of Science

Loss of smell in 
COVID-19 patients: 
MRI data reveal 
transient swelling of 
the olfactory clefts

Eliezer et al
[16], 2020 

20 
patients/prospective, 
mono-centric, case-
controlled study

Olfactory clefts were 
evaluated, as well as 
olfactory function in a cohort 
study of patients with SARS-
CoV-2 infection with loss of 
olfactory function, which was 
present in the initial phase of 
the disease, with 
improvement at 1-mo follow-
up, supporting the 
hypothesis that this loss, in 
patients infected with SARS-
CoV-2, is caused, at least in 
part, by reversible inflam-
matory changes in the 
olfactory epithelium

SARS-CoV-2 infects cells through 
interactions between its S protein 
and ACE2 protein on target cells. 
Furthermore, it is suggested that 
SARS-CoV-2 could invade the brain 
through the cribriform plate near 
the medulla and olfactory 
epithelium, causing some structural 
changes in the olfactory bulb

PubMed/MEDLINE 
and Web of Science

Olfactory 
dysfunction and 
sinonasal sympto-
matology in 
COVID-19: 
prevalence, severity, 
time and associated 
characteristics

Speth et al
[17], 2020

103 
patients/prospective, 
cross-sectional

Olfactory dysfunction is very 
prevalent during COVID-19, 
often in conjunction with loss 
of taste. This dysfunction is 
negatively associated with 
advanced age and positively 
associated with female sex

SARS-CoV-2 has great affinity with 
the host cell surface receptor, ACE2, 
located in the nasal mucosa, in 
particular in the ciliated epithelium 
and goblet cells. In addition, the 
virus appears to have neurotropism 
in which olfactory neurons are 
susceptible to infection

PubMed/MEDLINE Histopathological 
findings of the 
olfactory epithelium 
reported anosmia 
due to long-term 
coronavirus disease 
2019

Vaira et al
[18], 2020 

1 patient/case report 3 mo after the onset of 
COVID-19 anosmia, a biopsy 
was performed, which 
showed massive rupture of 
the olfactory epithelium, 
changing the focus of 
invasion of the olfactory 
bulb, encouraging further 
studies of treatments aimed 
at the superficial epithelium

The epithelium showed thinning 
with loss of the characteristic three-
layer structure, and reduction in the 
number of olfactory receptor cells, 
while those that were present had 
no cilia. There was also an irregular 
regeneration of the olfactory 
epithelium interspersed with the 
respiratory epithelium and, in some 
cases, the olfactory epithelium was 
replaced by metaplastic squamous 
epithelium

PubMed/MEDLINE, 
Web of Science and 
Scopus

Psychophysical 
assessment of 
chemosensory 
functions after 5 
weeks of olfactory 
loss due to COVID-
19: a prospective 
cohort study in 72 
patients

Le Bon et al
[23], 2021 

72 
patients/prospective 
cohort study

Possibly, SARS-CoV-2 mainly 
affected odor thresholds, 
suggesting that the main 
cause of the loss of smell is at 
the level of the olfactory 
neuroepithelium rather than 
the central nervous system

The loss of taste may be related to a 
direct injury to the taste organ, and 
ACE2 receptors have been 
identified in the mouth and, in 
particular, on the tongue. ACE-2 
receptors are also found in olfactory 
tissue, inducing olfactory loss at the 
peripheral rather than the more 
central nervous level. There is 
thickening of the olfactory cleft 
mucosa during COVID-19, 
reporting olfactory neuritis during 
COVID-19. There may also be viral 
spread to the central nervous 
system that started in the olfactory 
neuroepithelium

The authors tried to confirm 
the theories about the 
neuroinvasiveness of the 
virus, from a clinical point of 
view, so the coronaviruses 
are neurotropic since the 
neural cells express the ACE2 
entry protein, being able to 
enter the CNS by several 
routes, mainly by intranasal 
inoculation and by peripheral 
nerve pathway using trans-
synaptic pathways. In 
addition, anosmia, dysgeusia, 
and xerostomia are the first 
symptoms of COVID-19, 
which can be exploited for 
early quarantine and a 

PubMed/MEDLINE Head and neck 
symptomatology in 
coronavirus disease 
(COVID-19): A 
possible neuroin-
vasive action of 
SARS-CoV-2

Freni et al
[24], 2020

50 patients/ 
prospective descriptive 
study

SARS-CoV-2 has neuroinvasive and 
neurotropic properties. First, there 
is infection of the neuronal 
olfactory receptor in the olfactory 
mucosa, then the virus is 
transported antegrade to the 
olfactory bulb, and then there is 
diffusion through channels formed 
by cells of the olfactory envelope, 
which form an open connection 
with the central nervous system
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limitation of viral contagion

PubMed/MEDLINE Trends in olfactory 
and gustatory 
dysfunction in 
quarantined 
COVID-19 patients

Seo et al[25], 
2020 

62 
patients/prospective 
surveillance study

The prevalence of olfactory 
and gustatory dysfunction 
was 24.2% in patients with 
mild COVID-19, which may 
be characteristic indicators in 
these cases. All patients had 
hyposmia due to 
sensorineural olfactory 
dysfunction, confirmed by 
validated methods of 
olfactory and gustatory 
assessment and endoscopic 
examinations

It may involve olfactory neurons 
related to the central nervous 
system or non-neuronal olfactory 
epithelial cells. When viral infection 
occurs in olfactory neurons, 
permanent olfactory dysfunction 
may occur, and even if there is 
recovery, it may take a long time. 
Therefore, the location of olfactory 
neurons with sensorineural 
olfactory dysfunction can be 
inferred from the clinical course

Web of Science Taste and smell 
disorders in 
COVID-19 patients: 
role of interleukin-6

Cazzolla et 
al[26], 2020 

125 patients/observa-
tional study

This study based on clinical 
evidence and laboratory data 
highlighted the importance 
of IL-6 in the pathogenesis of 
chemosensitive disorders

Action of local inflammatory 
phenomena on the receptors of 
olfactory and gustatory cells, rather 
than permanent cell damage linked 
to the action of the virus. The 
dysfunctions may be linked to the 
peripheral action of IL-6 at the level 
of cell receptors infected by the 
virus and to the central action of IL-
6 at the level of intermediate taste 
stations and olfactory pathways, 
especially in the thalamus

Scopus Brain metabolic 
correlates with 
persistent olfactory 
dysfunction after 
SARS-Cov-2 
infection

Donegani et 
al[27], 2021 

22 patients/cross-
sectional study

The study provided a group 
analysis on brain metabolism 
of patients with persistent 
olfactory dysfunction after 
infection with SARS-CoV-2 
for the first time proven by 
olfactory test. It highlighted 
the confusion of the subtle 
sequelae of SARS-COV-2 
infection and its reflection on 
PET and other biomarkers

The virus can enter the central 
nervous system through the first 
neurons of the olfactory pathway 
located in the olfactory mucosa. 
Post-infectious olfactory 
dysfunction is thought to be caused 
by damage to the olfactory 
epithelium or central olfactory 
processing pathways, with current 
evidence that hypometabolism in 
two symmetrical and similar 
regions within the limbic cortex 
may support the occurrence of 
distal olfactory pathway 
involvement 

Scopus Olfactory function 
and chest CT 
findings in COVID-
19: is there any 
correlation?

Mangia et al
[28], 2021 

57 patients/cohort-
nested cross-sectional 
study

Olfactory dysfunction does 
not correlate with 
radiological lung 
involvement in hospitalized 
patients with COVID-19

The nasal mucosa is an important 
entry site for SARS-COV-2, as it has 
a predilection for this neuroep-
ithelium, in addition to having 
neurotrophic properties. The smell 
disorder in COVID-19 would not 
arise from local edema and nasal 
secretion, preventing odor 
molecules from reaching the 
olfactory neuroepithelium

Scopus Structural and 
metabolic brain 
abnormalities in 
patients with 
sudden loss of smell 
with COVID-19

Niesen et al
[29], 2021 

12 patients/ 
prospective descriptive 
study

This PET-MR study suggests 
that the sudden loss of smell 
in COVID-19 is not related to 
central involvement due to 
SARS-CoV-2 neuroinvas-
iveness. Loss of smell is 
associated with subtle brain 
metabolic changes in high-
order central and cortical 
olfactory areas, likely related 
to combined processes of 
deaeration and active 
functional reorganization 
secondary to lack of olfactory 
stimulation

Considering that the metabolic 
abnormalities were not associated 
with any MRI signal abnormalities, 
they likely do not represent 
neuroimaging evidence supporting 
the neuroinvasive potential of 
SARS-CoV-2, but rather functional 
brain markers of olfactory deficit

ACE2: Angiotensin-converting enzyme 2; COVID-19: Coronavirus 2019; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; MRI: Magnetic 
resonance imaging; PET: Positron emission tomography; CT: Computed tomography.

DISCUSSION
The present study aimed to select and evaluate articles that elucidate the anatomophysiological 
relationships of the olfactory and gustatory pathways with the loss of smell and taste as the main 
symptoms in patients with COVID-19[13,14]. This knowledge can help in the therapeutic approach 
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Figure 5 Dorsal region of the tongue. A-C: Yellow line indicates the terminal sulcus, which separates the tongue into body or two anterior thirds and root or 
posterior third; D: Green arrow indicates the epiglottis cartilage of the larynx, where taste is made by the vagus nerve.

during infection and in persistent post-infection cases. In addition, by giving due relevance to this 
symptomatology, which has a high incidence in patients with COVID-19, isolation is possible of patients 
with this symptomatology, even before the test results, thus decreasing the transmissibility of SARS-
CoV-2[13,14].

Among all the articles selected, through the methodology used, the presence of a very variable 
number of patient samples was found, in addition, there was a variability in the anatomical structure 
placed as the focus of the discussion, which were studied and evaluated by different parameters. Six 
articles[15,18,20,22,23,28] focused on the olfactory and gustatory epithelium as the main responsible for 
the loss of smell and taste, due to the fact that they have angiotensin-converting enzyme 2 (ACE2) 
receptors, which at the time of the entry of SARS-CoV-2 alter and damage this mucosa, making it unable 
to act as local chemoreceptors. Eleven articles[13,14,16,17,19,21,24-27,29] in addition to highlighting 
ACE2 receptors as a gateway, indicate the olfactory pathways as the access pathways to the central 
nervous system by SARS-CoV-2, due to its neurotropic properties, which intracranially, are capable of 
injuring regions responsible for these senses.

Some studies concluded that there is a high prevalence of loss of smell and taste in patients with 
COVID-19, there was a variation in the ages studied and the degree of severity of the patient's disease
[13-17], but due to the strong correlation of the symptomatology with the COVID-19 is considered a 
specific symptom of the disease[13,14]. These symptoms usually resolve in approximately 1 mo[17]; 
however, there are cases of persistent loss of smell and taste[18], which was observed by Vaira et al[18]. 
After biopsy of the nasal mucosa, there was alteration of the olfactory epithelium, which in some places, 
instead of forming normal tissues, formed metaplastic tissue, which is a possible explanation for the 
persistence in some cases.

Most articles[13,14,16,17,19,21,24-27,29] highlighted the neurotropic activity of SARS-CoV-2, allowing 
access and changes in the central nervous system. In the study carried out by Aragão et al[19], a 
microvascular lesion in the olfactory bulb in a patient with COVID-19 and loss of smell and taste were 
documented through magnetic resonance imaging (MRI), demonstrating a possible mechanism of action 
of the virus in addition to its action on the olfactory epithelium.

The study by Izquierdo-Dominguez et al[30], not included in this study because it is a systematic 
review, confirms the change in smell and taste due to the presence of ACE2 receptors in the respective 
mucosa and the fact that SARS-CoV-2 has affinity for these receptors. In addition to these sites, ACE2 
can be found in various types of tissues, such as those of the central nervous system, which may also 
represent one of the causes of loss of smell and taste, if damaged. Studies that performed the autopsy of 
patients with COVID-19 and found hyperemic, swollen brain tissue and some sites with degenerated 
neurons were also discussed in this article, and also detected the presence of SARS-CoV-2 nucleic acid in 
the cerebrospinal fluid[30].
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Among the main questions on the subject, in addition to the cause of the loss of smell and taste, as 
well as its anatomophysiological relationships, there are also discussions on whether there are possible 
preventions and what therapeutic measures can be carried out in the treatment in cases of persistent 
losses. Among the selected articles, there are no reports of possible preventive measures for loss of smell 
and taste, but Xu et al[31] raised the hypothesis that the use of vitamin D, as it has several independent 
neuroprotective mechanisms, can generate protection of central and peripheral nervous tissues, through 
neurotrophins. The authors hypothesized that the neuroprotective potential could prevent the 
neurological complications of COVID-19[31].

Regarding therapeutic measures, we selected the study by Vaira et al[18] who cited the existence of 
evidence of the use of steroid rinses and a pilot study with submucosal injection of platelet-rich plasma 
into the epithelium, obtaining relevant improvement, but they need more studies to reach significant 
conclusions and be indicated as clinical treatments for lesions[18]. The study by Kanjanaumpor et al[32], 
not addressed in our study because it is a systematic review, argued that there is still no significant 
evidence to recommend any type of pharmacological treatment; however, olfactory training, without 
contraindications but with low cost and evidence of improvement, is an interesting therapy in patients 
with persistent loss of smell and taste with COVID-19[32].

About prognosis, Kanjanaumpor et al[32] revealed that in about 32-66% of patients, there is 
spontaneous recovery and that a US study reported improvement in the loss of smell and taste in 74% of 
infected patients correlating with the overall resolution of clinical symptoms. Jalessi et al[22] mentioned 
recovery of smell in 44.0% of patients in the short term (2 wk) and Vaira et al[18] reported that about 
66% of patients achieved complete recovery in an average of 19.3 d from the onset of symptoms.

Regarding preventive measures against COVID-19 and its symptoms, such as loss of smell and taste, 
the importance of using personal protective equipment (PPE) is found in the literature, as in the study 
by Kim et al[34]. Limited access to this equipment (mask, lab coat, new gloves, and face shield) was 
significantly associated with a higher risk of developing symptoms of COVID-19, in addition to being 
associated with more severe disease, with moderate or severe symptoms[34].

Adequate access to PPE by health professionals, especially those on the front line, is associated with a 
lower chance of contracting the disease, and even if PPE fails, there is an association with less severe 
and shorter forms[34].

There are numerous studies in progress, including a study by da Fonseca Orcina et al[36], who 
proposed the therapeutic use of a phthalocyanine-derived mouthwash, which is able to reduce the 
severity of the disease locally, the viral load in the oral cavity, and consequently the clinical symptoms, 
such as sore throat, cough, and mouth ulcers. It can thus also reduce the severity of the general disease 
by reducing the viral load and dissemination, since the oral cavity and oropharynx are an important 
means of dissemination of SARS-CoV-2[35,36]. The authors emphasized the need for more randomized 
clinical trials for further conclusions[36].

Regarding therapeutic measures in the loss of smell and taste, there are ongoing research testing 
several drugs; among them, the therapy with sprays and topical rinses based on corticosteroids has 
obtained good results, in addition to presenting a high safety profile, being appropriate for post-
infection patients with persistent loss of these senses[37]. However, smell and taste training is the only 
specific therapy with proven efficacy. Although the exact mechanism of action is not known, it is 
believed that through repeated stimulation, there is an increase in the neuroplastic and regenerative 
capacity of the brain. Thus, it is an important therapy indicated at first in patients with a persistent 
condition[37-39].

There are difficulties in quantifying the prevalence and incidence of gustatory and olfactory 
dysfunction in the general population, due to causes such as analysis and evaluation methods, sample 
size and area, and the correct definitions of dysfunctions[40]. Multicentric research from Europe, in the 
year 2020, showed interesting data: 85.6% of patients with COVID-19 reported olfactory loss. It was also 
one of the pioneering studies in the identification of taste loss, which at the time was 88.0% in patients 
with COVID-19. In addition, that study described that infected patients could experience this loss in the 
absence of other significant symptoms[40].

With the emergence of coronavirus variants, infections caused by Omicron can currently be 
highlighted, which resulted in mild disease, mainly due to the discovery and use of vaccines. Compared 
to other strains such as Delta, Omicron infections were more often associated with symptomatology and 
upper respiratory tract infections, and have lower viral loads, less dysregulated immune cell profiles, 
and lower levels of pro-inflammatory cytokines[41].

A study, through questionnaires, evaluated the clinical profile of patients who developed COVID-19 
after full vaccination, in symptomatic patients. The most frequent symptoms were asthenia (82.4%), 
chemosensory dysfunction (63.4%), headache (59.5%), coryza (58.2%), muscle pain (54.9%), loss of 
appetite (54.3%), and nasal obstruction (51.6%). However, 62.3% and 53.6% of survey participants 
reported olfactory and gustatory dysfunction, respectively. Symptom severity was mild or moderate in 
almost all cases. Chemosensory dysfunction is still a frequent symptom, even in people who contracted 
the infection after full vaccination. In this way, the sudden loss of smell and taste may continue to 
represent a useful and specific diagnostic aid in suspected COVID-19, even in vaccinated individuals
[42].
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As limitations of this study, one can consider the rapid change in the literature on COVID-19, as well 
as the emergence of new variants, with different symptoms from the initial versions.

CONCLUSION
Most of the articles studied reported that possible anatomophysiological mechanisms related to the loss 
of smell and taste, are local lesions in the olfactory and gustatory tissue due to having ACE-2 receptors, 
with the SARS-CoV-2 gateway being the oral and nasal cavity. In addition to local lesions, there are 
central changes in the tissues of the nervous system related to taste and smell, which are also damaged 
by the neurotropic capacity of SARS-CoV-2. The duration, in most cases, can extend from 3 to 4 wk, and 
it is considered persistent after 1 mo.

Therapeutic conducts in persistent cases with better initial results, which could be indicated by the 
doctor, are the use of steroid-based sprays and rinses and, mainly, the training of the senses of smell and 
taste. Likewise, the best measure to be taken is prevention, with the correct use of PPE by health profes-
sionals, and respect for local health recommendations determined in order to reduce viral spread.

ARTICLE HIGHLIGHTS
Research background
There are numerous conflicting discussions about the outbreak of the new coronavirus (COVID-19).

Research motivation
Describe the anatomy and physiology relationships of taste and smell losses due to COVID-19

Research objectives
To present some anatomical and physiological considerations about two of the symptoms reported by 
patients: the loss or reduction of smell and taste.

Research methods
Since, these symptoms are presented in a peculiar way, with some cases of persistence even after 
COVID-19. For this, it was searched in three databases, PubMed/MEDLINE, Web of Science and 
Scopus, using the following keywords: "Smell", "Taste", "Smell AND COVID-19", "Taste AND COVID-
19", no publication time restriction, only in English with full text available, excluding also brief 
communications, letters to the editor, editorials, reviews, comments and conference abstracts.

Research results
The search found 776 articles in the database PubMed/MEDLINE, 1018 in the Web of Science database, 
and 552 in the Scopus database, from which duplicates were removed (104 articles). Finally, 17 studies 
were selected for detailed analysis within the eligibility criteria, with titles and abstracts related to 
central nervous system lesions responsible for smell and taste. This review suggests that viral 
mechanisms of action may be related to lesions both at the local level and at the level of the central 
nervous system, lasting up to 3 to 4 wk. It is considered persistent if it exceeds this period, as reported in 
one case in this review. There are still few studies about the treatment, and among those addressed in 
this review, only two studies reported possible treatments and emphasized the scarcity of data, with the 
best option being treatments that do not cause harm, such as gustatory and olfactory physiotherapy

Research conclusions
Most of the articles studied reported that possible anatomophysiological mechanisms related to the loss 
of smell and taste, are local lesions in the olfactory and gustatory tissue due to having ACE-2 receptors, 
with the SARS-CoV-2 gateway being the oral and nasal cavity. In addition to local lesions, there are 
central changes in the tissues of the nervous system related to taste and smell, which are also damaged 
by the neurotropic capacity of SARS-CoV-2. The duration, in most cases, can extend from 3 to 4 wk, and 
it is considered persistent after 1 mo. Therapeutic conducts in persistent cases with better initial results, 
which could be indicated by the doctor, are the use of steroid-based sprays and rinses and, mainly, the 
training of the senses of smell and taste. Likewise, the best measure to be taken is prevention, with the 
correct use of PPE by health professionals, and respect for local health recommendations determined in 
order to reduce viral spread.

Research perspectives
Future studies should further describe the relationships between the anatomy and physiology of taste 
and smell losses due to COVID-19.
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Abstract
BACKGROUND 
Cardiovascular complications have been increasingly recognized in the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) associated coronavirus 
disease 2019 (COVID-19). Cardiac biomarkers are released because of this ongoing 
cardiovascular injury and can act as surrogate markers to assess the disease 
severity.

AIM 
To review the variation and utility of these biomarkers in COVID-19 to ascertain 
their role in diagnosis, prognosis and clinical outcomes of the disease.

METHODS 
We performed a literature search in PubMed, Medline and the Reference Citation 
Analysis (RCA), using the search terms “COVID-19” and “cardiac bioenzymes” or 
“cardiac biomarkers”. Additionally, we also used the latest reference citation 
analysis tool to identify more articles.

RESULTS 
Cardiac troponin has been consistently elevated in patients with COVID-19 
associated myocarditis, and strongly correlated with adverse prognosis. Natri-
uretic peptides including brain natriuretic peptide (BNP) and pro-BNP is elevated 
in patients with COVID-19 associated cardiac injury, irrespective of their prior 
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heart failure status, and independently correlated with worst outcomes. Alongside these 
traditional biomarkers, novel cardiac bioenzymes including presepsin, soluble ST2 and copeptin, 
are also increasingly recognized as markers of cardiovascular injury in COVID-19 and can be 
associated with poor outcomes.

CONCLUSION 
Assessment of cardiac bioenzymes at admission and their serial monitoring can help assess the 
severity of disease and predict mortality in patients with SARS-CoV-2 infection. Future studies are 
needed to elude the critical importance of novel biomarkers.

Key Words: SARS-CoV-2; Troponin; Brain natriuretic peptide; Prognosis; Outcomes; Heart failure

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cardiac bioenzymes act as surrogate markers for various cardiovascular complications associated 
with coronavirus disease 2019 (COVID-19). Cardiac bioenzymes at admission and their serial monitoring 
can help assess the disease severity and predict mortality in patients with COVID-19. This review 
summarizes the role of these bioenzymes in diagnosis, prognosis and clinical implications on outcomes of 
various cardiovascular complications associated with COVID-19.

Citation: Muthyala A, Sasidharan S, John KJ, Lal A, Mishra AK. Utility of cardiac bioenzymes in predicting 
cardiovascular outcomes in SARS-CoV-2. World J Virol 2022; 11(5): 375-390
URL: https://www.wjgnet.com/2220-3249/full/v11/i5/375.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i5.375

INTRODUCTION
The coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) has since infected nearly 500 million people across 200 different countries and killed 
more than six million people worldwide. Lung injury is the most common presentation seen; however, 
cardiac injury is another dreaded consequence of this viral disease. Multiple mechanisms of injury have 
been hypothesized that culminate in widespread inflammation and cytokine storm causing significant 
cardiovascular dysfunction. A few authors have hypothesized that the inciting events for this injury 
include microvascular damage in the heart, causing perfusion defects, vessel hyperpermeability, and 
vasospasm[1-5]. Cardiac biomarkers are released because of this ongoing cardiovascular injury and can 
act as surrogate markers to assess the disease severity. These biomarkers can be elevated in many 
cardiac conditions, including acute Myocardial infarction (AMI), heart failure (HF), arrhythmias and 
cardiomyopathies. Among the available biomarkers, cardiac troponin (cTn) and natriuretic peptides 
including brain natriuretic peptide (BNP) and N terminal pro-BNP (NT-proBNP), have been extensively 
studied. Numerous reports from China have noted elevated cTn in COVID-19 patients[6,7]. A major 
review on cardiac biomarkers in HF emphasized the importance of negative NPs in ruling out HF[8]. In 
addition, novel biomarkers including soluble ST2 (sST2), Galectin-3 (Gal-3), and copeptin have also been 
studied. In this review, we aimed to study in detail the various cardiac biomarkers that have been 
reported in the literature in patients with COVID-19. We also aimed to identify the role of these cardiac 
biomarkers in diagnosing the impact of cardiac injury and their role in prognostication of morbidity and 
mortality among patients with COVID-19.

MATERIALS AND METHODS
We conducted an extensive review of the literature of all the studies on patients with COVID-19 
associated cardiac injury and cardiac bioenzymes. We screened for articles on cardiac biomarkers in 
patients with COVID-19 in the MEDLINE/PubMed database. Published articles between November 
2019 and March 2022 were reviewed. Keywords for the search criteria included “Coronavirus disease 
2019”, OR “COVID-19”, OR “Severe Acute Respiratory Syndrome Coronavirus-2”, OR “cardiac 
bioenzymes”, OR ‘biomarkers”, OR “prognosis”, OR “heart failure”, OR “myocarditis” OR “outcome”, 
OR “morbidity”, and “mortality”. We also used the related article search feature and manual search of 
references to identify further articles. Additionally, we used the latest reference citation analysis tool to 
screen for more articles. Two independent trained physician reviewers were involved in screening and 
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reviewing relevant articles. As of March 2022, a total of 560 papers were identified. Among them, only 
61 papers were eligible to be included (Figure 1). All articles with details on COVID-19 patients with 
cardiac injury and measured cardiac biomarkers were eligible to be included in this review. We 
included all articles published in English from all over the world. Independent reviews, editorials, 
letters, abstracts, preprints, and opinions were excluded. Most studies reporting cardiac biomarkers in 
patients with COVID-19 were from China, North America, and Europe. The reporting of study design, 
methodology, data collection, biomarker levels, and measured outcomes were not consistent across all 
the studies. To simplify the role of each cardiac biomarker with regard to COVID-19 disease diagnosis, 
prognosis, and mortality, we subdivided this review into three principal sections. The three sections 
were (1) Studies on the role of cardiac troponin in diagnosing and prognosticating COVID-19 associated 
myocardial injury and mortality; (2) Studies on the role of natriuretic peptides in diagnosing and 
prognosticating COVID-19 associated myocardial injury and mortality; and (3) Studies on the role of 
other biomarkers and novel cardiac biomarkers in diagnosing and prognosticating COVID-19 associated 
myocardial injury and mortality.

Cardiac troponin
Pathophysiology: cTn include troponin T (cTnT) and troponin I (cTnI), which are universally accepted 
markers of cardiac injury[9]. Cardiac troponin, a regulatory protein complex with three units, is located 
at the sarcomere thin filament. The inhibitory unit cTnI and a tropomyosin binding unit cTnT are 
responsible for maintaining a relaxed state when intracellular Ca2+ concentrations are low in diastole. 
In systole, the rise in intracellular Ca2+ leads to Ca2+ binding to cardiac troponin C (cTnC), releasing 
inhibition and promoting contraction and ejection[10].

Troponin as a diagnostic marker of cardiovascular injury in COVID-19: In the early phases of the 
pandemic caused by SARS-CoV-2, the emphasis was on lung damage and treatment of the same. 
Guidelines from AHA had recommended against the determination of cTnT and cTnI. However, this 
notion changed in 2020, when Chapman et al[11] published a statement strongly supporting the determ-
ination of serum cTnI and cTnT, emphasizing their role as biomarkers for cardiac injury in COVID-19 
infected patients. Initially, the exact mechanism leading to serum elevations of these biomarkers was 
unclear, with several theories being proposed. Recent evidence showed direct infection of cardiac 
myocytes by SARS-CoV-2[12], leading to a decrease in Angiotensin-converting enzyme 2 (ACE2) and an 
increase in Angiotensin II (AngII). The dysfunctional signaling leads to necrosis or membrane 
instability, causing the leak of the bioenzymes[13]. Multiple additional studies[14-16] have reiterated the 
importance of cardiac troponin as a diagnostic tool and have been summarized in Table 1. Cardiac 
troponins have been reported to be elevated irrespective of the pattern of cardiac injury and clinical 
presentation. Levels have been reported to be higher among patients with an ischemic pattern of injury 
than in non-ischemic injury. The release of cTn has been seen in COVID-19 patients with acute coronary 
syndrome, tachyarrhythmias, cardiomyopathy, and myocarditis. In COVID-19, patients’ cTn has been 
used as a marker of inflammation and myocardial injury. A large observational study from New York 
on patients hospitalized with SARS-CoV-2 showed a positive correlation between elevated cTnT and 
inflammatory markers[14].

Role of troponin as a prognostic indicator of cardiovascular outcomes in COVID-19: Sandoval et al[17] 
found higher levels of cTn in severe SARS-CoV-2 infection and opined that their serial measurement can 
aid in the risk stratification of COVID-19 patients. Based on the progression of the disease, they grouped 
COVID-19 patients in three phases; first - during admission where cTn elevation reflected the 
comorbidities; second - further rise in cTn with critical acute respiratory distress syndrome (ARDS) and; 
third - peak cTn with COVID-19 associated complications, including myocarditis and pulmonary 
embolism. Studies have shown that a high level of cTn and serial up-trending of cTn have been 
predictive of worse prognosis[18-20]. Troponin levels between 0.03 and 0.09 ng/mL were considered to 
be predictive of cardiac damage, with levels above 0.09 ng/mL conferring an even higher risk. A few 
studies utilising high sensitivity troponin have shown that troponin levels above 4 ng/L, 13 ng/L and 
37 ng/L to be predictive of mild, severe and critical illness respectively[19]. Similarly, lower levels of 
cTn at presentation and a downward trend have been consistently reported among the survivors. 
Importantly COVID-19 patients with prior cardiovascular comorbidities have been at risk of further 
cardiovascular injury. Among these patients with cardiovascular comorbidities, cTn has been associated 
with further adverse prognosis.

Role of troponin on outcomes and mortality in COVID-19: Among patients with COVID-19, cTn was 
higher in deceased patients compared to survivors. Multiple studies have shown a significant 
correlation between cTn and in-hospital adverse events and mortality even in patients without 
comorbidities[14,21-28] (Table 1). Multiple studies show that cTnT and cTnI are independent predictors 
of mortality even after adjusting for confounding factors[29,30]. Scarl et al[21] reported that, in hospit-
alized patients with pre-existing comorbidities and SARS-CoV-2, there was a significant correlation 
between serum cTnI level and mortality. Salvatici et al[27] in their study utilising high sensitivity 
troponin, showed that in hospital survival rates was about 90% when cTnI was normal. The survival 
rate decreased to 87% when cTnI was above normal but less than 40 ng/L, and further reduced to 59% 
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Table 1 Summary of studies characterizing the role of cardiac troponin

Study Type of study Location Number of 
participants Recommendation

Diagnostic and prognostic utility of troponin

Lala et al[14], 
2020

Single center, 
Observational

New York 2736

Khaloo et al
[15], 2022 

Multicenter, 
Retrospective

Massachusetts 2450

cTn elevated in patients with primary cardiac etiology including MI. 
Other etiologies included arrythmias, HF, myocarditis and Takotsubu 
cardiomyopathy

Sandoval et al
[17], 2020

Review Serial cTn measurement aids in risk stratification

Almeida et al
[18], 2020

Single center, 
Retrospective

Brazil 183

Maino et al
[19], 2021

Single center, 
Retrospective

Italy 189

Elevated cTn measured within first 24 h is associated with worst 
prognosis. Increased need for MV

Arcari et al
[20], 2020

Multicenter, 
Observational

Italy 111 cTn elevation correlated with poor prognosis and need for MV

Role in outcome and mortality

Scarl et al[21], 
2021

Single center, 
Retrospective

Ohio 81 In patients with pre-existing comorbidities, CTnI elevation is associated 
with mortality

Lala et al[14], 
2020

Single center, 
Observational

New York 2,736 Threefold increase in mortality in patients with cTnI three times the upper 
limit of normal

Mueller et al
[22], 2021

Review

Henein et al
[23], 2021

Multicenter, 
Retrospective

International, 
mainly European

748

Kermali et al
[24], 2020

Systematic review China 607

cTn elevation is associated with significant in hospital adverse events

Arcari et al
[25], 2021

Multicenter, 
Retrospective

Italy 252 cTn significantly elevated in patients with pre-existing comorbidities, and 
is associated with increased mortality

Lombardi et 
al[26], 2020

Multicenter,Cross 
sectional

Italy 614 Elevation in cTn associated with mortality. 45.3% patients had elevated 
cTn and correlated with 71% increase in mortality, and a 2-fold increase in 
additional complications inlcuding sepsis, PE, AKI

Salvatici et al
[27], 2020

Single center, 
Retrospective

Italy 523 cTnT and cTnI remain independent predictors of mortality even after 
adjusting for potential confounders

Al Abbasi et 
al[28], 2020

Single center, 
Retrospective

Florida 257 Elevated cTnI in the first 24 h of admission had a significantly higher in 
hospital mortality, with 89.7% negative predictive value

cTn: Cardiac troponin; cTnT: Troponin T; cTnI: Troponin I; HF: Heart failure; MV: Mechanical ventilation; PE: Pulmonary embolism; AKI: Acute kidney 
injury.

with cTnI above 40 ng/L. These studies have shown that cTn drawn at admission had a high positive 
predictive value for serious illness and a high negative predictive value for death. An up-trending cTn 
among COVID-19 patients is shown to correlate with a twofold increase in complications including 
sepsis, pulmonary embolism, and acute kidney injury and a threefold increase in mortality. The level of 
cTn has been shown to correlate with the outcome within 24 h of hospital admission. A study from 
Florida showed that COVID-19 patients with elevated cTnI levels in the first 24 h of admission had a 
significantly higher in-hospital mortality as compared to those with a normal cTnI level[28]. Patients 
with a normal cTnI level at admission had a low risk of worse outcome demonstrating an 89.7% 
negative predictive value. Similar results were reported by two other studies showing an increased need 
for invasive mechanical ventilation and risk of death among patients with elevated cTn levels within the 
first 24 h of admission[18,19]. Therefore, measurement of cTnI after hospitalization for COVID-19, 
followed by longitudinal monitoring, can help clinicians intercept dynamic changes in the levels of cTnI 
as a surrogate marker of myocardial injury.

Troponin as a surrogate marker of cardiovascular dysfunction post-discharge in COVID-19: Elevated 
cTn has been associated with impaired left ventricular relaxation and decline in right ventricular 
function resulting in long-term sequelae. As a component of Long COVID-19, the persistence of cardiac 
injury has been reported in young patients following an acute COVID-19 episode until six months. A 
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Figure 1 PRISMA diagram of literature search and selection.

cross-sectional study of 144 patients who were followed up for 85 d after their recovery from SARS-
CoV-2 showed that patients with baseline elevations in cTn had a higher incidence of dyspnea after 
discharge. These patients also had impaired diastolic dysfunction and elevated pulmonary artery (PA) 
pressures, as noted by echocardiography. They also had persistence of cTn until mid-follow-up[31]. A 
rise in the incidence of HF has also been seen in COVID-19 patients with elevated cTn in two large 
multicenter studies[15,26]. These studies signify that cTn can be used as diagnostic and prognostic tools 
for long-term cardiac outcomes related to SARS-CoV-2 infection in select subgroup of patients. Despite 
these observations, clinical judgment should be used to avoid any unnecessary diagnostic and 
therapeutic interventions triggered by the isolated cTn elevation.

Natriuretic peptides
Pathophysiology: Natriuretic peptides (NPs), including BNP and NT-proBNP, are quantitative 
biomarkers of hemodynamic myocardial stress and heart failure[32]. Brain natriuretic peptide is a 
preprohormone which is split into a single peptide and a propeptide (pro-BNP). Natriuretic peptides 
mediate their biological effects through guanylyl cyclase receptors [natriuretic peptide receptor (NPR)] 
A, B and C. Stress of the ventricular wall due to volume or pressure overload is the primary inducer of 
BNP synthesis, which acts on the kidney to induce natriuresis and diuresis[33] Natriuretic peptides are 
considered one of the initial diagnostic tools in acute HF patients. Historically, studies like TOPCAT[34] 
have supported its value, and over the past years, NT-proBNP has had a growing role in the standard-
ization of the definition of HF.

Natriuretic peptides as a diagnostic marker of cardiovascular injury in COVID-19: Prior to the advent 
of SARS-CoV-2, multiple viral infections have been reported to induce HF due to direct viral invasion 
and pro-inflammatory cytokines leading to sympathetic activation. In SARS-CoV-2, elevation in NPs is a 
result of inflammatory overdrive, specifically interleukin (IL)-1β, IL-6, and monocyte chemoattractant 
protein-1 (MCP-1), which can lead to fulminant myocarditis. The rise in NPs is believed to be secondary 
to hypoxia and cardiac injury. In addition, widespread inflammation and decreased nitric oxide levels 
result in endothelial dysfunction, which causes heart failure symptoms. This can be a combination of 
pre-existing cardiac disease and the acute hemodynamic and hypoxemic stress related to COVID-19[32,
35]. The use of vasopressor therapy, hypoxia-induced pulmonary vasoconstriction, inflammatory 
involvement of the myocardium, oxidative stress, and fibrin microthrombi in the vasculature 
contributes to the release of NPs[36-38]. Across multiple studies, NPs level were high among COVID-19 
patients with and without HF. Higher levels of NPs have not been consistently shown to correlate with 
severe COVID-19 disease. Still, they have been shown to correlate with developing or worsening of 
heart failure in these patients (Table 2).

Role of natriuretic peptides as a prognostic indicator of cardiovascular complications in HF and 
COVID-19: In patients with COVID-19 and myocardial injury, the elevation of NPs has been reported 
consistently[7,36]. Mehra et al[39] suggested that in patients with COVID-19 and cardiac comorbidities, 
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Table 2 Summary of studies characterizing the role of natriuretic peptides

Study        Type of study Location Number of 
participants Recommendation

Diagnostic and prognostic utility of natriuretic peptides

Arcari et al[20], 
2020

Multicenter, 
Observational

Italy 111 Positive correlation between the rise in NPs and COVID-19 disease severity. Half 
of these patients had their NP level above the upper limit of normal

Caro-Codón et 
al[40], 2021

Population Spain 396 In patients with history of HF, elevation in NT-proBNP above the cut-off for 
normal suggested development of acute HF

Gao et al[41], 
2020

Multicenter, 
Prospective

China 402 This study proposed a triple cut point strategy of NT-proBNP (HF unlikely if NT-
proBNP < 300pg/L, grey zone 300-900 pg/L and HF likely if > 900 pg/L) for its 
role in developing acute HF and in determining prognosis. Thirty day mortality in 
HF group was 40.8%.

Sorrentino et al
[42], 2020

Meta-analysis of 13 
observational 
studies

2248 Natriuretic peptides have significant prognostic importance in predicting severity 
of COVID-19

Yoo et al[43], 
2021

Single center, 
Retrospective cohort

New 
York

679 In patients without a history of HF, elevated admission NT-proBNP correlated 
with fewer hospital free, ICU free and ventilator free days compared to those with 
low NT-proBNP levels

Alvarez-Garcia 
et al[44], 2020

Single center, 
Retrospective

New 
York

6439

Dawson et al
[45], 2020

Meta-analysis China 12 studies 
included

Abdeen et al
[46], 2021

Single center, 
Retrospective

New 
Jersey

230

No difference identified in the level of NP and COVID-19 disease severity

Role in outcome and mortality

Gao et al[48], 
2020

Single center, 
Retrospective

China 102 Natriuretic peptides independently associated with in-hospital mortality in severe 
COVID-19 patients. The cut off value predicting in hospital death was 88.64 
pg/mL with a 100% sensitivity and 66.7% specificity.

Caro-Codón et 
al[40], 2021

Population Spain 396 Elevations in NP correlated with in-hospital mortality, even after adjusting for 
relevant confounders

Calvo-Ferná
ndez A et al[49], 
2021

Single center, 
Retrospective

Spain 872 Natriuretic peptide elevation is independently related to death or mechanical 
ventilation in COVID-19 patients

Selcuk et al[50], 
2021

Single center, 
Retrospective

Istanbul 137 Among patients who did not have a baseline diagnosis of HF, NPs were 
independent predictors of mortality. This study used a cut off threshold of 
260pg/ml predicting an in-hospital mortality with 82% sensitivity and 93% 
specificity

Iorio et al[51], 
2022

Multicenter, 
Retrospective 
observational

Italy 341

Belarte-Tornero 
et al[52], 2021

Single center, 
Retrospective

Spain 129

The level of NP elevation correlated with mortality. Cut off threshold used in this 
study is 2598 pg/L predicting a 30-d mortality with 91.7% sensitivity and an 80% 
specificity

Dalia et al[53], 
2021

Systematic review India 5967 Patients with fulminant COVID-19 and elevated NPs had an eight-fold increased 
risk of acute cardiac injury and death when compared to their counterparts

Pranata et al
[54], 2020

Meta analysis 967 In patients with HF, natriuretic peptide elevation is associated with disease 
progression and mortality. This effect was seen even after adjustment for troponin 
and CKMB

Iorio et al[51], 
2022 

Multicenter, 
Retrospective 
observational

Italy 341

Stefanini et al
[55], 2020

Single center, 
Retrospective

Italy 397

The combined effect of cTn and NT-proBNP was studied in COVID-19 patients. 
Irrespective of prior HF history, increased mortality was seen in patients with both 
biomarker elevation. In patients with only one biomarker elevation, case fatality 
higher in patients with NP elevation

NP: Natriuretic peptide; NT-proBNP: N terminal pro-brain natriuretic peptide; HF: Heart failure; cTn: Cardiac troponin; COVID-19: Corona virus disease 
2019.

the earliest manifestation of cardiac decompensation is due to diastolic dysfunction. This is secondary to 
hemodynamic instability and pulmonary complications in the early course of the disease. Subsequently, 
because of cytokine storm, systolic dysfunction ensues. A large multicenter study from Italy showed a 
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positive correlation between the rise in NPs and associated SARS-CoV-2 severity[20]. Half of the 
patients in this study had their NP level above the upper limit of normal. Similar results were reported 
from a large meta-analysis of 13 observational studies, including 2248 patients. The average NT-proBNP 
among COVID-19 patients with severe disease was 791 pg/mL, vs 160 pg/mL in non severe patients
[42]. In patients with pre-existing HF and COVID-19, an elevation of NT-proBNP above the cut-off for 
normal[32] suggested an acute decompensation of HF, leading to a prolonged hospital stay[40]. 
Interestingly, in a different study from New York that included 679 patients without a history of HF, 
elevations in NT-proBNP correlated with longer ICU stay, hospital stay, and the increased need for 
mechanical ventilation[43]. Negative results were also seen in a few studies which did not identify any 
difference in the NP levels and COVID-19 severity[44-46]. These were however small studies, and given 
the lack of a diverse population, the results cannot be generalized.

Role of natriuretic peptide on outcomes and mortality in COVID-19: Heart failure per se is a 
significant risk factor for developing severe COVID-19[1,2,12]. In a series of 113 patients who died from 
SARS-CoV-2, HF was the most frequent cause of death after ARDS and sepsis[47]. In a large population 
study from Spain that enrolled patients with HF, elevation in NT-proBNP above the cut-off for normal 
was independently associated with mortality, even after adjusting for confounders[40]. Gao et al[48] 
reported an increased mortality in COVID-19 patients who had an elevated BNP above 88.64 pg/mL, 
with a 100% sensitivity and a 66.7% specificity. The significance of NPs in predicting mortality among 
SARS-CoV-2 patients is independent of their HF status. A single-center study with 137 patients without 
a prior diagnosis of HF showed that elevation of NPs is an independent predictor of mortality[50]. This 
study used a cut-off value of 260 pg/mL, predicting in-hospital mortality with 82% sensitivity and 93% 
specificity. It must be noted that the threshold used for NT-pro BNP in this study is lower than the cut-
off used in the clinic and clinical trials for the diagnosis of HF. This implies that elevated NT-pro BNP 
levels even within the upper limit of the normal reference range could indicate an occult cardiac injury 
in COVID-19 patients. In patients with chronic HF, an elevated pro-BNP above suggested cut off of 2598 
pg/mL was associated with an increased odds of 30 d mortality[52]. An extensive systematic review 
from India, including 5967 patients, found that non-survivors and patients with fulminant SARS-CoV-2 
with elevated NPs, had an 8-fold increased risk of acute cardiac injury and death compared to their 
counterparts[53]. The average NT-proBNP across patients with severe COVID-19 was 1142 pg/mL. Two 
large center studies from Italy studied the combined role of troponins and NPs in COVID-19 associated 
disease progression and mortality. They found that patients with dual biomarker elevation had 
increased mortality, irrespective of their prior HF status[51,55].

Natriuretic peptides as a surrogate marker for new-onset heart failure post-discharge: Elevated NT-
proBNP in COVID-19 patients without cardiac comorbidities indicates SARS-CoV-2 mediated cardiac 
complications. New-onset HF was seen in 23% of hospitalized patients with COVID-19 and was the 
most frequent cause of death after sepsis and ARDS[47]. A large prospective study in COVID-19 
patients[56] used HFA-PEFF score (Heart Failure Association Pre-test assessment, Echocardiography & 
natriuretic peptide, Functional testing, Final etiology) with a specificity of 93% and a positive predictive 
value of 98% to rule in HFpEF. These patients had higher NT-proBNP levels when compared to their 
counterparts. Cardiac biomarkers are known to decline after the resolution of acute infection, as seen in 
ECHOVID-19 study[57]. On the contrary, persistent biomarker elevation despite infection resolution has 
been noted in two different studies[58,59]. They also had echocardiographic parameters of ventricular 
dysfunction. The exact cause of reduced ventricular myocardial function is unknown; however, it is 
presumed to be secondary to systemic inflammation and ventricular remodeling[60-62]. If the recovery 
is good, the prognosis is better, else, it predisposes them to the development of HF[63].

Additional biomarkers
Other biomarkers have also been implicated in determining prognosis and predicting mortality in 
patients with SARS-CoV-2. Significant elevations in creatine kinase MB (CK-MB) and NT-proBNP above 
the upper limit of normal are seen in critically ill patients with COVID-19, helping in risk stratification
[64,65]. An increase in the level of myoglobin (MYO), NT-proBNP, and cTnI correlated with disease 
severity in patients with SARS-CoV-2[66]. Similar results were seen in two other studies identifying the 
prognostic significance of myoglobin, procalcitonin, and d-dimer in COVID-19[67,68]. Alongside 
troponin and natriuretic peptides, elevations in CK-MB and LDH (lactate dehydrogenase) have been 
shown to predict in-hospital mortality in patients with COVID-19[69]. Similarly, a rise in IL-6 and INR 
predicted an increased odds of 7-d mortality in patients admitted with SARS-CoV-2[64]. In addition, 
there is now data on novel emerging biomarkers and their role in predicting the disease severity in 
COVID-19. Among them, presepsin, growth differentiation factor 15 (GDF-15), soluble ST2, galectin 3, 
and copeptin have been studied.

Presepsin
Presepsin is a CD14 biomarker released into circulation by pro-inflammatory signals during infection. 
Through its interaction with T and B cells, it acts as an immunomodulator and has diagnostic and 
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prognostic significance in sepsis[70]. Its role has been implicated alongside natriuretic peptides in the 
diagnosis of HF. A single-center study with 506 patients showed that presepsin was elevated in patients 
with acute HF decompensation and correlated with their 6-month mortality[71]. Similar results were 
seen in another study, with higher presepsin levels correlating with longer ICU stay and increased 
mortality[72].

Role of presepsin in prognosis and outcomes in COVID-19: Presepsin elevation has been noted in 
patients with COVID-19, thus serving as a reliable biomarker[73]. Studies have shown a four-to-five-
fold increase in serum presepsin, which correlates with disease severity when compared to their 
counterparts[74-76]. Fukada et al[77] in a small series of patients with COVID-19-related respiratory 
failure, found that presepsin is more expressed in severe cases than in mild cases. Similar results have 
been seen in other studies identifying the prognostic importance of presepsin with COVID-19 related 
disease severity[73,78]. Patients with presepsin values higher than 250 ng/L had a longer ICU stay 
when compared to the patients with lower values[78]. Park et al[74] suggested that an elevated 
presepsin level at 717 pg/mL is a significant predictor of 30-d mortality. A threefold rise in presepsin 
has been identified as a very specific indicator of 30-d mortality[75,79]. Thus, routine assessment of 
presepsin in COVID-19 may provide valuable clinical information for predicting adverse outcomes, as 
well as for guiding the clinical and therapeutic decision-making.

Soluble ST2
Soluble ST2 (sST2) is among the most important novel biomarkers for prognosis in HF. Upregulated in 
states of mechanical strain, it plays an essential role in myocardial hypertrophy and fibrosis. Studies 
have shown an increase in sST2 gene expression in the presence of cardiac injury. High circulating levels 
of sST2 are involved in the aberrant inflammatory process of ARDS and have also been linked to acute 
and chronic HF, myocardial infarction, sepsis, and fibrosis[80]. Among patients with ARDS, sST2 
elevations up to ten times the normal expected for HF has been seen, and this correlated with an 
increase in their mortality[81,82]. As evident in PRIDE study, among the 593 patients admitted with 
acute dyspnea, sST2 concentrations were higher among those with acute HF[79]. NT-proBNP however 
outperformed sST2 for acute HF diagnosis (AUC = 0.94 vs 0.80; P < 0.001). In patients with HFpEF, 
Manzano-Fernández et al[83] showed sST2 to be superior to NT-proBNP for prognosis. In addition, it 
also strongly correlated to the 30-d, one-year, and four-year mortality. Rehman et al[84] found that 
values of sST2 correlated with the severity of HF, making it a powerful predictor of mortality. Lassus et 
al[85] showed that in patients with pre-existing HF, sST2, relative to other biomarkers, is a powerful 
variable for one-year mortality. Similarly, Breidthardt et al[86] reported that a dynamic change in sST2 
value from admission to discharge was a stronger predictor of mortality than baseline values alone.

Role of sST2 in prognosis and outcomes in COVID-19: Soluble ST2 is linked to SARS-CoV-2 viremia 
and indicators of inflammation, cardiovascular disease, and thrombosis. Omland et al[87] found an 
association between sST2 and disease severity among patients hospitalized for COVID-19 and was 
independent of established risk factors. Elevated ST2 concentrations above 37.9 ng/mL correlated with 
severe disease, with non-survivors having concentration as high as 107 ng/mL. Similar results were 
seen by Huang et al[88] and Ragusa et al[89], who concluded that sST2 is an important COVID-19 
prognostic marker and correlated with disease severity. This association was deemed secondary to 
pulmonary fibrosis, seen as a complication in COVID-19. Elevations in sST2 Levels strongly correlated 
with mortality in ICU patients with sepsis secondary to COVID-19[87,90]. Omland et al[87] also noted 
that elevations in sST2 correlated with poor outcomes on days 3 and 9 of hospitalization among patients 
with COVID-19.

Galectin-3
Galectin-3 (GAL-3) is a mineralocorticoid receptor-regulated pro-inflammatory molecule. It exhibits a 
pleiotropic role in mediating infection and inflammation. Gal-3 is a biomarker of fibrosis and inflam-
mation and has been implicated in the development and progression of HF[91]. ARDS is chiefly 
mediated by releasing IL-1, IL-6, and TNF-α from macrophages, monocytes, and dendritic cells[92]. Gal-
3 inhibition has been shown to reduce the release of these cytokines from immune cells[93]. The PRIDE 
study showed that higher galectin-3 concentration was a strong independent predictor of 60-d mortality 
and recurrent HF admissions[94]. Shah et al[95] showed that galectin-3 above a median value of 15.0 had 
a strong prognostic significance in HF and was a significant predictor of 4-year mortality.

Role of galectin-3 in prognosis and outcomes in COVID-19: Multiple studies have shown Gal-3 to be 
upregulated in patients suffering from severe COVID-19. Among patients with COVID-19, Gal-3 was 
shown to be considerably higher in bronchoalveolar immune cells in patients with severe disease when 
compared to those with mild disease[96]. Higher galectin-3 levels were found to be a major predictor of 
60-d mortality and recurrent HF hospitalizations. In a study of SARS-CoV-2 associated ARDS patients, 
high Gal-3 above 35.3 ng/mL was linked to worse outcomes and shorter survival[97].
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Copeptin
Copeptin is a surrogate marker for vasopressin release. Copeptin is an arginine-vasopressin (AVP) 
glycopeptide composed of 39 amino acids. It is released from the neurohypophysis by osmotic or 
hemodynamic stimulation with AVP, and its plasma levels correlate well. AVP is an antidiuretic and 
vasoconstrictive hormone. It shows the endogenous stress response and is released by stimuli including 
hypotension, hypoxia, and infections. However, its circadian rhythm, short half-life, and unstable 
molecule make it impossible to use it as a biomarker[98]. Copeptin is a more stable peptide, and its level 
in the blood can be easily detected. The role of copeptin has been implicated in chronic HF. Elevated 
copeptin levels, especially in HF patients with hyponatremia, has been linked to poor outcomes. Maisel 
et al[99] noted that patients with elevated copeptin levels had a greater risk of 90-d mortality and HF 
readmission.

Role of copeptin in prognosis and outcomes in COVID-19: The importance of copeptin as a biomarker 
in COVID-19 patients has not been very well studied. Gregoriano et al[100] found that the rise in 
copeptin levels correlated with the disease severity in COVID-19 patients. Copeptin level of 20 pmol/L 
had an 88.2% sensitivity and a 64.9% specificity for identifying severe disease. Similar results were seen 
by Hammad et al[101] by using a cut off level of 18.5 pmol/L, yielding a sensitivity of 93.3% and a 
specificity of 100% for severe COVID-19 disease. In these studies, patients with severe COVID-19 
disease were also noted to have increased mortality.

Growth differentiation factor 15
Growth differentiation factor 15 (GDF-15), also known as macrophage inhibitory cytokine (MIC-1), is a 
member of the transforming growth factor-beta (TGF-β) superfamily that helps tissues survive inflam-
matory stress. GDF-15 expression outside the reproductive organs is low to absent; it is upregulated in 
pathological conditions that involve inflammation or oxidative stress, including cancer, cardiovascular, 
pulmonary, and renal disease[102].

Role of GDF-15 in prognosis and outcomes in COVID-19: In a study of 84 patients with COVID-19, 
Apfel et al[103] determined that higher circulating levels of GDF-15 correlated with the disease severity. 
Patients with COVID-19 had an average GDF-15 level of 2051 pg/mL when compared to 582 pg/mL in 
non COVID patients. GDF-15 levels were higher in patients requiring mechanical ventilation and 
correlated with increasing oxygen requirements. In a different study by Verhamme et al[102], higher 
GDF-15 Levels were associated with increased mortality risk. Figure 2 illustrates the variation of 
different cardiac bioenzymes across different etiologies for cardiovascular dysfunction.

RESULTS
A total of 560 papers were identified after extensive literature review, as depicted in the PRISMA 
diagram (Figure 1). Among them, 61 papers were eligible to be included in the review. Cardiac troponin 
and natriuretic peptides were the most extensively studied of the bioenzymes. The evidence of cardiac 
troponin as a diagnostic marker for cardiovascular injury in COVID-19 is robust and has been shown on 
thousands (n = 11290) of patients worldwide, in both prospective and retrospective studies (Table 1). A 
consistently elevated level of cTn has been reported in COVID-19 patients with mild myocarditis to 
severe cardiogenic shock. Multiple studies have shown that troponin levels above the 99th percentile of 
upper limit of normal, to be associated with worse prognosis. Elevated cTn has been shown to correlate 
with severe disease, higher oxygen requirement, ARDS, the need for respiratory support including 
noninvasive and invasive mechanical ventilation, the requirement of intensive care unit admission, 
acute kidney injury, multiorgan failure, sepsis, pulmonary embolism, major bleeding and in-hospital 
mortality (Table 1). Troponin levels elevated five times the upper limit of normal have shown a 2.5% 
increase in in-hospital mortality. NPs are the second most studied cardiac biomarker in studies 
reporting cardiac injury in patients with COVID-19. Multiple studies have echoed a significant positive 
correlation between the rise in natriuretic peptides and disease severity in SARS-CoV-2[20,40-43] 
(summary in Table 2). Many of these studies have utilised the cutoff points for NT-proBNP based off the 
triple cut point strategy from European society guidelines[32] . In patients with pre-existing HF, 
natriuretic peptides have been independently associated with increased odds of the need for mechanical 
ventilation and death across studies[40,48-55] (Table 2). Novel biomarkers including presepsin, 
copeptin, soluble ST2 and galectin have also been implicated as prognostic markers in COVID-19, as 
detailed in Table 3.

DISCUSSION
SARS-CoV-2 associated COVID-19 infection is a global disease with multiple clinical manifestations. 
Cardiovascular complications are a dreaded outcome, and assessment of cardiac bio enzymes is crucial 
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Table 3 Summary of studies characterizing the role of novel biomarkers in prognosis and outcomes in COVID-19

Biomarker in 
COVID Study Recommendation

Favaloro et al[73] Presepsin elevation is a reliable biomarker in COVID-19

Park et al[74]

Lippi et al[75]

Koyjit et al[73]

A four-to-five-fold increase in presepsin correlates with disease severity in COVID-19

Fukada et al[77] Presepsin is elevated in severe cases of SARS-CoV-2 associated respiratory complications

Park et al[74] Presepsin level at 717pg/ml is a significant predictor of 30-day mortality

Dell’Aquila et al[79]

Presepsin

Lippi et al[75]

A threefold rise in presepsin has been identified as a very specific indicator of 30-day mortality

Omland et al[87] Robust association between baseline sST2 level and disease severity along with poor outcome

Huang et al[88] Baseline sST2 is associated with a worse prognosis

Soluble ST2 (sST2)

Ragusa et al[89] Circulating level of sST2 can be used as a discharge prognosticator 

Caniglia et al[96] Gal-3 is considerably higher in bronchoalveolar immune cells in patients with severe COVID-19 diseaseGalectin-3

Portacci et al[97] Higher galectin-3 is associated with worse outcomes and shorter survival

Gregoriano et al
[100]

Serum copeptin level above 20 Pmol/L had sensitivity of > 88% to predict severe COVID-19Copeptin

Hammad et al[101] Serum copeptin level above 18.5 Pmol/L had sensitivity of > 93% and specificity of 100% to predict severe 
COVID-19

GDF 15 Apfel et al[103] Higher levels of GDF-15 correlated with severity of COVID-19

Gal-3: Galectin-3; GDF-15: Growth differentiation factor 15; sST2: Soluble ST2.

Figure 2 Studies showing elevation of cardiac bioenzymes across different etiologies of cardiovascular dysfunction.

in gauging the disease severity. Our review aims at highlighting the variation in these bio enzymes 
through the disease process and their role in predicting outcomes.

Troponin has been seen as a robust indicator of cardiovascular injury across aetiologies including 
myocarditis, coronary syndromes, and cardiomyopathy. Serum cTn above 0.09 ng/mL have been 
shown to confer a higher risk of cardiovascular injury. Generally, studies have shown that troponin 
levels above the 99th percentile of upper limit of normal are associated with a worse prognosis. Elevated 
levels on admission, and serial up-trending carry a high positive predictive value for worse prognosis. 
Furthermore, long term sequelae with impaired ventricular function and subsequent development of 
heart failure is seen in a select subset of patients with cTn elevation[103]. Alongside cTn, natriuretic 
peptides help in prognostication mainly in patients with HF. Elevations in levels above cut off for 
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normal[32] have been associated with worse outcomes. Multiple different studies citing the utility of 
NPs have been included in this review, and each of them had a unique cut off for HF. Irrespective of the 
cut-off used, elevated NT-proBNP was independently associated with poor outcomes regardless of the 
HF status[104]. This finding was common across studies.

The role of a few of these cardiac biomarkers has been studied before. However, our review is unique 
in its discussion about the role of novel biomarkers including presepsin, soluble ST2, galectin-3 which 
have not been studied extensively yet. Prior studies have highlighted their importance in HF, but not so 
much in COVID-19. Our review has consolidated these studies, to mention that these biomarkers, 
similar to troponin and NPs are elevated in patients with severe COVID-19 and can aid in prognosis
[105,106].

Our study has a few limitations too. Majority of the studies that have been included are from China 
and European countries. This is partly because many studies were originally from Wuhan China, where 
the pandemic began, opening a possibility that many patients would have been repeated across studies. 
Another limitation is the nature of these studies, majority were retrospective or observational in nature. 
The trend of these bio enzymes could not be followed in patients who recovered from the illness. Small 
sample size of a few of these studies also precludes the generalisability. Hence future large prospective 
studies with follow up will be beneficial, especially for novel biomarkers.

CONCLUSION
SARS-CoV-2 associated COVID-19 infection undeniably has respiratory complications, however, 
extensive cardiovascular implications are also seen. Multiple cardiac biomarkers can help predict the 
severity of the disease and serve as prognostic indicators for outcomes and mortality. Assessment of 
cardiac bioenzymes at admission and their serial monitoring can help assess the severity of disease and 
predict mortality in patients with SARS-CoV-2 infection. A more liberal determination of cardiac 
biomarkers may improve early diagnosis and management of AHF, and other cardiovascular complic-
ations. COVID-19 associated myocarditis and HF have sequential effects even after the resolution of 
primary illness, and hence long-term correlation needs to be studied. In addition, there is emerging data 
on novel biomarkers, including growth GDF-15, soluble ST2, galectin 3, presepsin, and copeptin, which 
can aid in evaluation alongside natriuretic peptides and troponins. Further studies are needed to elude 
the critical importance of these novel markers.

ARTICLE HIGHLIGHTS
Research background
The coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) is prevalent worldwide. Though lung injury is the most common presentation, 
cardiovascular dysfunction is seen on account of the widespread inflammation.

Research motivation
Cardiac biomarkers are released secondary to cardiovascular injury, and can be used as surrogate 
markers to gauge the disease severity.

Research objectives
To identify the role of individual biomarkers in diagnosing cardiac injury, and implications in 
determining prognosis and mortality.

Research methods
An extensive literature search was conducted for all studies on patients with COVID-19 associated 
cardiovascular injury and cardiac bioenzymes. Articles were screened using PubMed/Medline 
database, additionally reference citation analysis tool was also used. Eligible articles were then included 
in the study.

Research results
Cardiac troponin was seen as a robust diagnostic marker of cardiovascular injury across studies. 
Elevated troponin levels correlated with the level of disease severity. Similar results were seen alongside 
elevations in natriuretic peptides, irrespective of their prior diagnosis of heart failure.

Research conclusions
Multiple cardiac biomarkers can help predict the severity of disease and serve for prognostication 
purposes. Assessment of bioenzymes at admission and their serial monitoring can help predict 
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mortality in patients with COVID-19.

Research perspectives
New data is emerging on novel biomarkers including soluble ST2, galectin-3, presepsin and copeptin 
which can further aid in diagnostic evaluation alongside troponins and natriuretic peptides.
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Abstract
Rifampicin is a promising drug for the treatment of coronavirus disease 2019 
based on its antiviral properties and recent in silico studies. In silico studies can 
serve as a foundation for further studies.
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Core Tip: Rifampicin may be used as a treatment for coronavirus disease 2019 (COVID-
19). Although it has a variety of drug-drug interactions, none of the important ones for 
the currently utilised COVID-19 medicines, favipiravir, enoxaparin, and aspirin, have 
been defined.
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The impacts of the coronavirus disease 2019 (COVID-19) pandemic are still being felt, and research into 
this topic continues due to the lack of a precise therapy. It is feasible to repurpose medications already 
used for other reasons for the treatment of COVID-19. The authors discussed rifampicin’s antiviral 
capabilities, its potential effects in computer simulations, its safety, and its role in clinical practice. 
Rifampicin is an antibacterial drug that inhibits DNA-dependent RNA polymerase in Mycobacterium 
tuberculosis, and its antiviral effect has been shown on some viruses[2]. On this basis, the potential 
efficacy of rifampicin as a COVID-19 treatment drug has been demonstrated in in silico research[3]. We 
concur with the authors’ suggestion for more research into the potential use of rifampicin for COVID-19.

In a study in which 20 United States Food and Drug Administration (FDA)-approved drugs were 
screened by molecular docking method in a possible drug design for COVID-19, rifampicin showed in 
silico binding to more than one target protein of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV2). Other macrocyclic antibiotics showing binding are polymyxin B and bafilomycin A[4]. In 
another in silico study of FDA-approved drugs to treat COVID-19 infection, rifampicin has stronger 
binding affinity for the COVID-19 main protease Mpro[5]. However, additional studies are needed for 
validation.

Due to the properties of rifampicin, various drug-drug interactions (DDIs) may occur during its 
possible use. Rifampicin promotes the expression of cytochrome p450 3A4 (CYP3A4) in the small 
intestine and liver, as noted in the review. Additionally, according to the work by Panayiotakopoulos 
and Papadimitriou[1], an essential feature of rifampicin is that it activates proteins such as the P 
glycoprotein (P-gp) drug transporter and CYP2C-mediated metabolism[6]. There are possible DDIs with 
drugs used for the treatment of COVID-19 and for additional diseases. Favipiravir is one of the antiviral 
medications used for the treatment of COVID-19. It is metabolized mostly via aldehyde oxidase and 
xanthine oxidase[7], and the probability of a pharmacological interaction between rifampicin and 
favipiravir is low. Lopinavir and ritonavir are two additional widely used antivirals; coadministration 
of these drugs with rifampin may result in a decrease in the plasma concentrations of ritonavir and 
lopinavir due to rifampin’s induction of CYP450 3A4, the isoenzyme responsible for the metabolic 
clearance of ritonavir and lopinavir[8]. Remdesivir is widely used for COVID-19 treatment, which is 
metabolized through hydrolysis reaction to its triphosphate active form via by carboxylesterase 1 (80%), 
cathepsin A (10%), and CYP3A (10%). Since rifampicin is a potential inductor of CYP3A4, concomitant 
administration might increase the metabolism of remdesivir[9]. Dexamethasone has a strong anti-
inflammatory impact and is typically used as an adjunctive treatment for COVID-19 pneumonia. 
Rifampin may increase corticosteroid hepatic metabolism, hence diminishing their therapeutic impact. 
Corticosteroids’ half-life of elimination is shortened by up to 45% when co-administered with rifampin
[10,11].

It has been suggested that prophylaxis of thrombosis in COVID-19 should include both anticoagulant 
and antiplatelet medications. Enoxaparin and aspirin are the two most often used anticoagulant and 
antiplatelet medications[12]. Fortunately, no significant medication interactions between these drugs 
and rifampicin have been identified. Apixaban and other direct oral anticoagulants can also be utilised. 
Rifampicin coadministration significantly increased apixaban plasma concentrations. When used orally, 
approximately 15% of apixaban is metabolised by CYP3A and roughly 6% by CYP1A2 and CYP2J2. The 
balance (50%) is eliminated unaltered in the form of faeces and urine. A single dose of rifampicin 
decreased apixaban clearance by 25%. Rifampicin largely influences apixaban absorption (and/or distri-
bution), which could be attributed to an impairment of intestinal P-gp[13].

The authors said that rifampicin has been shown to be quite effective in treating COVID-19 in in silico 
tests. Additionally, multiple medication classes have been examined in silico for the treatment of 
COVID-19. Melatonin, ramelteon, and agomelatine, for example, have been demonstrated to 
significantly limit virus entry into cells in investigations. Ramelteon was proven to be the most effective 
antiviral against SARS-CoV-2[14].
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Abstract
The coronavirus disease 2019 pandemic had deleterious effects on the healthcare 
systems around the world. To increase intensive care units (ICUs) bed capacities, 
multiple adaptations had to be made to increase surge capacity. In this editorial, 
we demonstrate the changes made by an ICU of a midwest community hospital in 
the United States. These changes included moving patients that used to be 
managed in the ICU to progressive care units, such as patients requiring non-
invasive ventilation and high flow nasal cannula, ST-elevation myocardial 
infarction patients, and post-neurosurgery patients. Additionally, newer tactics 
were applied to the processes of assessing oxygen supply and demand, patient 
care rounds, and post-ICU monitoring.
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Core Tip: In this editorial, we demonstrate how the coronavirus disease 2019 pandemic changed our lives 
in the intensive care unit (ICU), especially in the management of surge capacity and allocation of 
resources in a 10-bed ICU of a United States suburban midwest community hospital. These strategies 
included managing complex patients in our progressive care unit, assessing oxygen supply and demand, 
performing patient care rounds, and post-ICU monitoring.

Citation: Khedr A, Rokser D, Borge J, Rushing H, Zoesch G, Johnson W, Wang HY, Lanz A, Bartlett BN, Poehler 
J, Surani S, Khan SA. Intensive care unit adaptations in the COVID-19 pandemic: Lessons learned. World J Virol 
2022; 11(6): 394-398
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/394.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.394

INTRODUCTION
“Calamity tempestuous, oracle of destruction, ravishing through nations, ordained to devastation, 
negator of humanity, the annihilation of grace” is how our colleague depicted the coronavirus disease 
2019 (COVID-19) pandemic in a recently authored poem[1]. The COVID-19 pandemic has wreaked 
havoc on healthcare systems all around the world[2,3]. To increase bed capacities and resources, elective 
surgeries were postponed[4]. Innovative approaches were implemented to perform virtual visits and 
perform patient care rounds[5,6]. Some hospitals have implemented structural modifications and 
changed strategies of resource allocation to face the intensive care unit (ICU) surge capacity and the 
sudden increased demand for invasive mechanical ventilation[7,8].

To meet the need for increasing demand for ICU beds, our staff at Mayo Clinic Health System 
(MCHS) in Mankato worked tirelessly to maximize our ICU capacity while maintaining high-quality 
patient care. MCHS Mankato is a 161-bed community hospital with a 15-bed multispecialty ICU staffed 
24/7 by intensivists fellowship trained in critical care, a part of the Mayo Clinic enterprise in Southern 
Minnesota. A 19- bed progressive care unit (PCU) staffed by our hospitalist team manages patients with 
less acuity. Admission guidelines for both units are as per the Society of Critical Care Medicine 
admission criteria.

Over 80000 COVID-19 cases were diagnosed in Minnesota by September 2020[9]. Additionally, due to 
nationwide bed and staff shortages[2], we had to maximize our capacity to have an ICU literally 
without walls. Our multidisciplinary team determined that mitigation was required to overcome limited 
capacity[2,10,11]. Alterations to our daily routine had to be made with shared decision-making and 
increased communication across specialties[7]. In this editorial, we are providing a brief overview of 
these efforts and outcomes between November 2020 and December 2021.

PCU for do not resuscitate/do not intubate patients requiring noninvasive ventilation
Patients utilizing noninvasive ventilation (NIV) with do not resuscitate (DNR)/do not intubate (DNI) 
status were managed in the ICU prior to the pandemic. A collaboration between the critical care team, 
respiratory therapy, nursing, and hospitalist team was established to manage patients requiring NIV in 
the PCU. The Critical Care team managed the NIV, and the hospitalist group provided additional 
medical management. The challenges of this placement included a greater need for communication 
between very busy teams, and a potential urgent need for critical care beds if hemodynamic instability 
developed. Prior to November 2020, only 13 DNR/DNI patients were ever managed with NIV in the 
PCU. A total of 22 patients requiring NIV were managed during the last two months of 2020 (> 69.2% 
increase), with 79 total NIV patients being admitted to the PCU in 2021 (> 125.7% increase). This 
approach was found to be especially helpful for patients with prolonged respiratory failure, such as was 
seen with COVID-19[12,13].

ST-elevation myocardial infarction patients to the PCU
Prior to COVID-19, ST-elevation myocardial infarction (STEMI) patients were admitted to the ICU. Due 
to the need for more ICU beds, Critical Care, Cardiology, hospitalists, and nursing staff collaborated to 
manage hemodynamically stable STEMI patients in the PCU. A previous study showed that although > 
80% of stable patients with STEMI are treated in the ICU after primary percutaneous coronary 
intervention, the risk for developing a complication requiring ICU care is 16%, which confirmed that 
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ICU was overutilized by stable STEMI patients[14]. Challenges to this approach included the necessity 
for enhanced cardiac education provided to the PCU nurses, increased requirement for more 
multidisciplinary coordination, and the urgent need for an ICU bed if hemodynamic instability occurs. 
After our adaptations, STEMI ICU admissions decreased from 107 (156 total STEMI cases) in 2020 to 51 
(141 total STEMI cases) in 2021, a total reduction of 32.4%. There were no adverse events reported with 
this strategy.

Evaluating placement of post-operative neurosurgery patients
Before COVID-19, neurosurgical patients who underwent complex procedures were frequently 
managed post-operatively in the ICU regardless of hemodynamic stability. The neurosurgical and 
critical care teams implemented a collaborative process to assess each case for ICU appropriateness[15-
17]. Those who did not need active ICU intervention (e.g., pressors, intracranial monitoring, advanced 
oxygen therapy) were admitted to the PCU for management. Limitations of this approach included 
nurse training, the need for increased multidisciplinary collaboration, and the need for an emergent bed 
within the ICU if decompensation occurred. Prior to November, 28 of 61 post-operative neurosurgical 
patients were admitted to the ICU in 2020. From November 2020 through December 2020, 9 of 14 
patients were managed in PCU. Sixty-two out of 109 post-operative neurosurgical cases were admitted 
to ICU in 2021.

High flow nasal cannula in PCU
Patients requiring greater than 0.60 FiO2 using high flow nasal cannula (HFNC) were transferred to the 
ICU prior to November 2020. It was determined that all HFNC patients, regardless of code status or 
FiO2 requirement, would be managed in the PCU unless the additional need for ICU admission 
occurred[18-20]. Nursing, respiratory therapy, and provider comfort were initial challenges. Before 
November 2020, 71 patients were managed in the PCU with HFNC requiring less than 0.6 FiO2. From 
November 2020 until the end of 2021, a total of 187 patients were treated in PCU with HFNC, an 
increase of 116%. Many COVID-19 cases required prolonged HFNC without additional adjunctive 
critical care management, which opened ICU beds for patients requiring more complex support such as 
invasive mechanical ventilation[19,21].

Oxygen supply/demand assessment
Due to fixed medical gas availability, daily meetings between the respiratory therapy and critical care 
teams were conducted to evaluate oxygen consumption and demand. A report created in the electronic 
medical record delivered real-time data regarding oxygen devices in use. Medical gas pressure alarm 
values alerted the team to wean oxygen or change the patient to an alternative oxygen-conserving 
device if the gas supply reached a critical level. During times when the hospital oxygen supply reached 
a critically low level, ICU physicians and respiratory therapists assessed all HFNC patients for judicious 
use. In appropriate cases, NIV was utilized temporarily to decrease oxygen consumption while working 
on alternative approaches to minimize use. Additional attention was given to shutting off oxygen 
devices when not in use. Other tools and criteria were developed to assess oxygen resources and distri-
bution[22,23].

Collaborate team care rounds with social distancing and visitor restrictions
A multidisciplinary approach is necessary to manage critically ill patients, and daily team rounds are an 
essential component of the ICU routine. Many critically ill patients cannot make medical decisions and 
rely on family members for assistance. During the COVID-19 pandemic, this was complicated by visitor 
restrictions resulting in family members calling 24/7 to receive updates and to advocate for patients. 
Calls were often accompanied by emotions such as anger, guilt, fear, frustration, and sadness related to 
the inability to be at the bedside. For the patients being alone posed a higher risk of ICU delirium. A 
telemedicine approach was adopted to involve the patient’s family and maintain social distancing 
between the interdisciplinary team members, including the physician, advanced practice provider, 
respiratory team, nurses, pharmacist, dietician, and therapists[6,24]. During rounds via conference call, 
each team member would give a progress update and present their plan of care for the day. The 
physician or advanced practice provider would then summarize the plan of care and answer any 
questions the family had. The family was encouraged to participate throughout the rounding process 
actively and stay on the line for the entire process, typically about 10 min per patient[6]. Prior to the 
pandemic, both patients and families participated in the ICU interdisciplinary team rounds which were 
always conducted at the bedside. Due to the risk of exposure, the need to conserve full personal 
protective equipment, and the restricted visitor policy this approach was adopted. We wanted the 
families to receive real-time updates and assessments from the entire interdisciplinary team. Our rounds 
were a small gesture to lessen the emotional burden and were valued by family members. The ICU team 
also arranged virtual zoom or other video calls with patients and their families daily to reduce the risk 
of ICU delirium.
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Post-ICU monitoring
Prior to the COVID-19 pandemic, ICU patients were typically monitored for 24 h in the ICU after 
receiving substantial life support (e.g., mechanical ventilation, vasopressors, continuous renal 
replacement therapy). In response to increased demand for critical care beds across midwest America, 
ICU patients were moved to lower acuity beds at the earliest appropriate opportunity. To prevent ICU 
readmissions, rapid response nurses and virtual ICU providers (Mayo Clinic Enhanced Critical Care) 
followed every critical care discharge for 48 h regardless of hospital location. This practice has been 
used in different ways and has proved to decrease ICU mortality and hospital length of stay[25,26]. 
With this intervention, the ICU readmission rate remained low at 2% much lower than national data. 
Additionally, this provided extra support to hospitalists and nurses unfamiliar with managing patients 
immediately following ICU-level care.

CONCLUSION
Despite the significant increase in acuity within the ICU, the multidisciplinary team maintained a total 
ICU mortality rate index of 0.92 and a COVID-19 mortality rate index of 0.37. The length of stay index 
for the total ICU population was 0.95 and 1.39 for patients diagnosed with COVID-19. These numbers 
are impressive as they were achieved despite ICU acuity increasing as more stable patients, such as 
hemodynamically intact STEMI and post-operative neurosurgical patients, were transitioned to PCU 
care. Each member of the multidisciplinary team was crucial to our success. By maximizing our ICU 
resources and capacity, these interventions allowed us to better serve our community. The COVID-19 
pandemic is not the last crisis that the world will face. This is the time for the call to action for the 
institutions to have alternative innovative strategies and learn the lesson from their shortcomings 
during the COVID-19 pandemic. This narrative is a prelude to our efforts and may be beneficial to other 
hospitals in case of another crisis.
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Abstract
Coronavirus disease 2019 (COVID-19) is associated with a high risk of mortality 
and complications in patients with diabetes mellitus. Achieving good glycemic 
control is very important in diabetic patients to reduce complications and 
mortality due to COVID-19. Recent studies have shown the mortality benefit and 
anti-inflammatory effects of Dipeptidyl-peptidase-4 inhibitors (DPP-4i) in diabetic 
patients with COVID-19. DPP-4i may have a beneficial role in halting the severity 
of infection primarily by three routes, namely viral entry inhibition, anti-inflam-
matory and anti-fibrotic effects and glycemic control. This has raised the pro-
mising hypothesis that DPP-4i might be an optimal strategy for treating COVID-
19 in patients with diabetes. This review aims to summarise the possible 
therapeutic non-glycemic effects of DPP-4i in diabetic patients diagnosed with 
COVID-19 in the light of available evidence.
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Core Tip: Patients with pre-existing comorbidities, particularly diabetes mellitus (DM), are at increased 
risk of complications from coronavirus disease 2019 (COVID-19). Beyond their glycemic effects, 
Dipeptidyl-peptidase-4 inhibitors (DPP-4i) have proven effective in COVID-19 individuals with DM. 
Available observational studies and trials have shown a significant mortality reduction in COVID-19 
patients with DM when DPP-4i were continued during the course of illness. As a result, COVID-19 
individuals with DM may choose DPP-4i as the preferred anti-diabetic medication if it is not contrain-
dicated.

Citation: Narayanan N, Naik D, Sahoo J, Kamalanathan S. Dipeptidyl peptidase 4 inhibitors in COVID-19: Beyond 
glycemic control. World J Virol 2022; 11(6): 399-410
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/399.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.399

INTRODUCTION
The current coronavirus disease 2019 (COVID-19) pandemic is caused by a novel beta coronavirus 
known as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), which is similar to SARS-
CoV-1 and Middle East Respiratory Syndrome Coronavirus (MERS-CoV)[1]. Since late 2019, the disease 
has spread rapidly worldwide, posing a significant threat to public health. To date more than 539 
million patients have been infected across the globe leading to over 6.32 million deaths[2]. The overall 
mortality rate for COVID-19 ranges from 0.7% to 10.8%[3]. Nearly two-thirds of severely affected 
individuals have comorbidities, most commonly cardiometabolic disorders, with diabetes mellitus (DM) 
accounting for 17% of cases[4].

Although DM is not associated with an increased risk of COVID-19, it confers a high risk of rapid 
progression in the severity of the infection and hence a poor prognosis. Specifically, people with DM are 
more prone to invasive mechanical ventilation, intensive care unit (ICU) admission, and the 
development of organ dysfunction, as compared with patients without diabetes[5,6]. A recent meta-
analysis of 83 eligible studies with 78874 COVID-19 hospitalized patients found that people with pre-
existing DM had a doubling of the risk for severe or critical COVID-19 illness (odds ratio [OR] 2.10, 95% 
confidence interval [95%CI] 1.71-2.57) and a tripling of the risk for in-hospital mortality (OR 2.68, 95%CI 
2.09-3.44)[7]. Putative pathogenic processes linking COVID-19 and DM include hyperglycemia-
mediated immune dysregulation, inflammation, and activation of the renin-angiotensin-aldosterone 
pathway[8].

The increasing spread of the SAR-CoV-2 infection and the high morbidity necessitates rapid identi-
fication of an effective therapy. While developing novel therapies (such as antivirals and vaccines) is a 
priority, repurposing "old" medications or reconsidering previously well-characterized targets with an 
emerging function in COVID-19 is the need of the hour. Dipeptidyl-peptidase-4 (DPP-4), also known as 
cluster of differentiation 26 (CD26), has recently been suggested as a potential target receptor for SAR-
CoV-2[8,9]. MERS-CoV, a beta coronavirus similar to SARS-CoV-2, uses DPP-4 as an entrance receptor. 
Due to its similarity with the MERS-CoV, it has also been proposed that DPP-4 may aid SARS-CoV-2 
entry into the target cells[10]. In this context, DPP-4i have gained increasing interest as a therapeutic 
target in patients with COVID-19.

DPP-4 is a 110 kDa glycoprotein, a membrane-bound endopeptidase that cleaves many peptide 
hormones such as cytokines, growth factors, and incretin hormones like glucagon-like peptide 1 (GLP-1) 
and gastric inhibitory peptide (GIP)[11]. Also, DPP-4 interacts with cellular proteins such as adenosine 
deaminase and caveolin-1 to regulate immune responses[12]. DPP-4 exists in two forms in the body, a 
membrane-bound form or as a soluble form (sDPP-4)[13]. The extracellular portion of DPP-4 is cleaved 
from cell membranes to form the 727 amino acid soluble moiety sDPP-4, which circulates in the plasma 
with retained enzyme activity. The DPP-4 receptor is found on the surface of nearly every cell and plays 
a role in immune regulation, signaling, and cell apoptosis. It is widely expressed in many tissues such as 
the kidney, gastrointestinal tract, and lungs. The primary role of DPP-4 is to regulate glucose and 
insulin metabolism by degradation of incretin hormones such as GLP-1 and GIP. Visceral adipose tissue 
has greater expression of DPP-4 and it has been linked to adipocyte inflammation and insulin resistance. 
DPP-4 promotes inflammation in subjects with type 2 diabetes through both catalytic and noncatalytic 
pathways. DPP-4 directly regulates the immune system by activating T cells and upregulating CD86 
expression and the nuclear factor kappa B (NF-kB) pathway[14].

https://www.wjgnet.com/2220-3249/full/v11/i6/399.htm
https://dx.doi.org/10.5501/wjv.v11.i6.399
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DIPEPTIDYL- PEPTIDASE-4 INHIBITORS
DPP-4i are oral anti-diabetic drugs that affect glucose homeostasis by inhibiting the enzyme DPP-4. 
DPP-4i prolong the half-life of incretins by deactivating DPP-4, which cleaves and inactivates them. 
Incretin hormones, GLP-1 and GIP are responsible for the regulation of postprandial insulin[15]. DPP-4i 
have been suggested to have cardiovascular benefits. Hence, these medications are commonly used in 
diabetic patients with a history of cardiovascular or chronic renal disease[16]. They achieve reasonable 
glycemic control with no significant effect on body weight, no risk of hypoglycemic events, and a safe 
cardiovascular profile. They have also shown a favorable effect on surrogate vascular markers, such as 
lipid profile, blood pressure, and endothelial function[13].

PROPOSED MECHANISMS OF DPP-4I IN COVID-19
DPP-4i can effectively control blood glucose levels with a favorable safety profile. Good glycemic 
control can improve the prognosis and outcome of COVID-19[17]. Hence, DPP-4i can influence the 
clinical outcome in COVID-19 patients through their glycemic effects. The mechanisms by which DPP-4i 
influence the clinical outcomes in COVID-19 patients with DM beyond their glycemic effect are still 
under speculation and are detailed below (Figures 1 and 2).

DPP-4 AND SARS-COV-2 INTERACTION
Role as an alternate co-receptor
SARS-CoV-2 binds to specific host receptors on the target cell to facilitate entry into the host cell. The 
SARS-CoV-2 enters the cell via binding of the viral spike (S) protein to the angiotensin-converting 
enzyme 2 (ACE-2) receptor on the surface of the host cell membrane. The binding of the S-protein 
causes a conformational change in the receptor, which is essential for its activation. This critical step 
known as priming comprises the cleaving of the spike protein by cellular serine proteases. This step 
enables viral fusion with the cellular membrane and promotes viral entry into the target cell[18]. Studies 
have shown a wide distribution of ACE-2 across human tissues, including the lung, gastrointestinal 
tract, and kidney. However, the expression of ACE-2 on alveolar type 2 cells, which is supposed to be 
the primary target cell of SARS-CoV-2, is markedly low. This has created interest in a possible role for 
other co-receptors for viral entry[19].

In-silico modelling of the SARS-CoV-2 spike protein, predicted a potential interaction with the DPP-4 
in addition to ACE-2[20]. These models suggest that DPP-4 may be a co-receptor for SARS-CoV-2 viral 
entry. As DPP-4 is widely expressed in cells and tissues other than the respiratory tract, it may facilitate 
the spread of SARS-CoV-2 infection to a wider range of tissues[10]. DPP-4 is the receptor for the MERS-
CoV spike protein, which mediates viral entrance into host cells[21]. Due to the high homology between 
SARS-CoV-2 and MERS-CoV, DPP-4 may also be an accessory entry receptor for SARS-CoV-2[22]. The 
presumed role of DPP-4 as a co-receptor for SARS-CoV-2 is still under study[14].

Cross-talk between DPP-4 and ACE-2 receptor
DPP-4 interacts with several essential proteins for viral processing, including ACE-2, implying a 
possible cross-talk between the two proteins[23]. In vivo studies have shown that the DPP-4i sitagliptin 
inhibits ACE activity and reduces angiotensin II levels in rats[24]. This cross-talk could interfere with 
viral surface binding and fusion, thereby affecting spread of the infection.

Role of soluble DPP-4
The fact that DPP-4 exists in two forms, a soluble form (sDPP-4) and membrane-bound form, adds to the 
intricacy of the role of DPP-4i in COVID-19. Previous research has shown that sDPP-4 acts as a decoy 
receptor for MERS-CoV, preventing viral replication[12]. The same may be applicable to SARS-CoV-2. 
sDPP-4 may bind SARS-CoV-2, preventing the virus from attaching to membrane-bound DPP-4 in the 
host cell, thereby hindering viral spread. A German study showed a reduced circulating level of sDPP-4 
in patients with severe COVID-19[25]. A similar scenario was reported in MERS-CoV infected patients
[26]. Previous studies have shown that sDPP-4 was significantly lower in older individuals than 
younger individuals[27]. Serum levels of sDPP-4 are also altered in various clinical diseases, such as 
DM, obesity, and metabolic syndrome, and are linked to insulin resistance[27,28]. This may contribute 
to the severe presentation of SARS-CoV-2 infection in diabetic, obese, and elderly individuals. In this 
regard, a recent study has shown a 50%-100% rise in the levels of sDPP-4 in mice after exposure to DPP-
4i[29]. Hence, DPP-4i, in addition to interfering with viral entrance, may enhance viral particle sequest-
ration in the circulation by increasing sDPP-4 levels, limiting viral growth in humans.
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Figure 1 Proposed mechanisms of dipeptidyl peptidase-4 inhibitors in coronavirus disease 2019 infection. ACE2R: Angiotensin converting 
enzyme 2 receptor; COVID-19: Coronavirus disease 2019; DPP-4: Dipeptidyl peptidase-4; FOXP3: Forkhead box P3; IL: Interleukin; mDPP4: Membrane bound 
DPP4; sDPP4: Soluble DPP4; TGF-β: Transforming growth factor beta.

Figure 2 Hypothetical interactions between dipeptidyl peptidase-4 and severe acute respiratory syndrome coronavirus 2 virus. ACE-2: 
Angiotensin-converting enzyme 2; ACE2R: Angiotensin converting enzyme 2 receptor; DPP-4: Dipeptidyl peptidase-4; mDPP4: Membrane bound DPP4; sDPP4: 
Soluble DPP4.

Immunomodulatory role of DPP-4i
Dysregulated inflammation accounts for the severity of COVID-19. The severe presentation is linked to 
a hyperinflammatory state, characterized by an abnormal increase in circulating levels of pro-inflam-
matory cytokines such as Interleukin (IL)-1, IL-2, IL-6, Interferon-γ and tumor necrosis factor (TNF), 
leading to acute respiratory distress syndrome, disseminated intravascular coagulation, multi-organ 
failure, and death. There is significant activation of CD4+ and CD8+ T cells in COVID-19 patients and a 
skewing of T-cells toward the T-helper 17 functional phenotype[30]. DPP-4 is found in various cell lines 
involved in immune control, such as Th17 T helper cells, natural killer cells, activated B cells, 
macrophages, and myeloid cells[31]. DPP-4 promotes T cell proliferation, NF-kB activation, CD86 
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expression, and excessive production of inflammatory cytokines, all of which contribute to inflam-
mation. Additionally, GLP-1, which DPP-4 degrades, also possesses anti-inflammatory properties[32].

DPP-4i reduce pro-inflammatory cytokines and mediators such as IL-1, IL-6, C-reactive protein 
(CRP), and TNF-alpha and thereby mitigate the severity of COVID-19. Many studies have shown that 
sitagliptin has anti-inflammatory effects in diabetic patients, which leads to an increase in the anti-
inflammatory cytokine IL-10 and a decrease in several pro-inflammatory cytokines, such as TNF-alpha
[13]. Therefore, the immunomodulatory effects of DPP-4i may prevent dysregulated inflammation and 
cytokine storms in COVID-19 patients, thereby reducing the severity of the disease.

Pleiotropic effects of DPP-4i
DPP-4i confer multiple vasculoprotective effects, which reduce the risk of comorbidities associated with 
DM, including hypertension, cardiovascular disease (CVD), and kidney disease. Insulin resistance, 
oxidative stress, dyslipidemia, adipose tissue dysfunction, and immune dysfunction may all contribute 
to endothelial dysfunction and arterial stiffness in DM. Beyond glycemic control, DPP-4i regulate these 
pathogenic mechanisms through GLP-1-dependent and independent pathways for CVD protection[33]. 
DPP-4i have been proven in numerous trials to prevent atherosclerosis, improve endothelial function, 
and promote wound healing possibly by modulating monocyte/macrophage-mediated responses, 
reducing oxidative stress, and decreasing neutrophil recruitment and activity[33]. As a result, Du et al
[34] recently proposed DPP-4i as a potential therapy for preventing or treating CVD produced either 
directly or indirectly by the COVID-19-induced cytokine storm. Through their immune-modulatory 
action, DPP-4i have also been useful in obesity-related inflammation, hepatic fibrosis, myocarditis, 
diabetic nephropathy, and chemotherapy-induced kidney injury in animal research trials[31].

DPP-4 inhibition directly reduces lipopolysaccharide-induced lung damage in mice and human lung 
epithelial cells[35]. Soare et al[36] recently discovered that DPP-4 enhances fibroblast activation by 
increasing transforming growth factor β, a harbinger of tissue fibrosis. Hence, the inactivation of DPP-4 
has significant anti-fibrotic effects, validated in numerous experimental models of pulmonary and skin 
fibrosis. Sadikot et al[37] have recently claimed that GLP-1 could be a new treatment for acute 
respiratory distress syndrome, demonstrating that human GLP-1 reduces NF-kB activation in cultured 
macrophages and a mouse model of acute lung damage. All these studies point to a possible anti-
fibrotic role for DPP-4i.

OBSERVATIONAL STUDIES
With the above hypothesis, several observational studies have been performed to investigate the impact 
of DPP-4i on clinical outcomes in type 2 diabetes mellitus (T2DM) patients hospitalized for COVID-19 
(Table 1).

In a cohort study conducted at the university hospital of Padova, amongst 403 patients hospitalized 
for COVID-19, 85 had DM, and nine were on DPP-4i. DPP-4i users and comparators had no significant 
difference in ICU admission or death rate[38]. In a retrospective observational study of 120 patients with 
diabetes, Chen et al[39] found that DPP-4i users and non-users had identical clinical outcomes. Users of 
DPP-4i had a non-significant higher rate of in-hospital death than non-users (OR 1.48, 95%CI 0.4-5.53). 
Similarly, after propensity score matching, Pérez-Belmonte et al[40] found that DPP-4i users were not at 
higher risk for adverse outcomes such as ICU admission, mechanical ventilation, multi-organ dys-
function, or long-term hospital admissions. In a few other observational studies there was no link 
between DPP-4i therapy and COVID-19-related mortality[41-46] and severity[44,47].

On the contrary, few observational studies have revealed that DPP-4i have favourable effects on 
COVID-19-related outcomes. In a case series encompassing 387 patients admitted to a research hospital 
in Lombardy (Northern Italy) with COVID-19, 90 patients were diabetic and 12.2% were on DPP-4i. 
After adjusting for confounders, DPP-4i use was associated with a decreased death risk [adjusted 
hazard ratio (HR) 0.13; 95%CI 0.02–0.92]. Furthermore, DPP-4i users required less non-invasive 
mechanical ventilation, implying that their pneumonia was less severe[48].

In a multicentric retrospective observational study conducted in Northern Italy, 169 age and gender-
matched subjects treated with sitagliptin plus insulin were compared with a similar number of subjects 
treated with insulin therapy. Primary outcomes assessed were hospital discharge and death, and 
secondary outcomes analyzed were ICU admission, the need for mechanical ventilation, and extracor-
poreal membrane oxygenation. The sitagliptin users had significantly lower mortality (18% vs 37%, P < 
0.001) even after adjusting for confounders like age, gender, comorbidities, and ongoing treatment (HR 
0.44; 95%CI 0.29-0.66). On day 30, a larger number of patients treated with sitagliptin were discharged 
from the hospital than those on conventional therapy (71% vs 59%, P < 0.01). Compared to usual 
treatment, sitagliptin was associated with a lower probability of needing mechanical ventilation and 
ICU admission. At follow-up, patients treated with sitagliptin had significantly lower inflammatory 
markers such as procalcitonin and CRP and lower mean blood glucose levels during hospitalization[49].

Similarly, a Korean database-based retrospective study found that DPP-4i treatment was significantly 
associated with better clinical outcomes even after adjusting for age, gender, comorbidities, and 
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Table 1 Observation studies assessing coronavirus disease 2019 outcomes and dipeptidyl peptidase-4 inhibitors therapy

Sl 
no Ref. Design, 

location Population Findings

Studies with neutral outcomes with the use of DPP-4i

1 Fadini et al
[38], 2020

RO, Italy Registry based DM patients with and 
without COVID-19. Subgroup 
analysis of proportion of DPP-4i 
users

Diabetic COVID-19 patients who were on DPP-4i had a similar disease outcome 
as those who were not

2 Chen et al
[39], 2020

RO, China Single centre hospitalised COVID-19 
patients with DM; DPP-4i users (n = 
20) compared with nonusers (n = 
100)

Mortality OR 1.48, 95%CI 0.4-5.53, P = 0. 56

3 Pérez-
Belmonte et 
al[40], 2020

RO, Spain Registry based COVID-19 patients 
with DM. DPP-4i users (n = 105) 
compared with nonusers (n = 105)

Composite outcome of ICU admission, mechanical ventilation, or in-hospital 
death: OR 1.12, 95%CI 0.65-1.95, P = 0.675

4 Silverii et al
[41], 2021

RO, Italy Registry based all deaths due to 
COVID-19 infection; Subgroup 
analysis of DPP-4i users (n = 13) vs 
nonusers (n = 146) in DM patients 

Mortality risk in COVID-19 infection. HR 1.0, 95%CI 0.5-2.1, P = 0.56

5 Kim et al
[42], 2020

RO, Korea Single centre hospitalised COVID-19 
patients with and without DM; 
Subgroup analysis of DM patients 
using DPP-4i (n = 85) and others (n = 
235)

Mortality OR 1.47, 95%CI 0.45-4.78, P = 0.52; Severe disease OR 1.05, 95%CI 0.44-
2.49, P = 0.92 

6 Noh et al
[43], 2021

PO, South 
Korea

Registry based COVID-19 patients 
with DM; Mortality in DPP-4i users (
n = 453) compared with nonusers (n 
= 133)

All-cause mortality: HR 0.74, 95%CI 0.43-1.26; Severe disease HR 0.83, 95%CI 
0.45-1.53 

7 Zhou et al
[44], 2020

RO, China Multi-centre, hospitalised COVID-19 
patients with DM; Subgroup analysis 
of DPP-4i users (n = 142) vs nonusers 
(n = 1257) 

28-d mortality: aHR = 0.44, 95%CI: 0.09-2.11, P = 0.31); Secondary outcomes such 
as septic shock, acute respiratory distress syndrome, organ (kidney, liver, and 
cardiac) injuries, were also comparable between the two groups

8 Yan et al[47], 
2020

RO, China Hospitalised COVID-19 patients; 
Subgroup analysis of DPP-4i use in 
patients with severe illness

No significant association between use of DPP-4i and COVID-19 severity after 
adjustment for age, sex, and BMI (OR 0.32, 95%CI 0.02-2.18, P = 0.31)

9 Izzi-
Engbeaya et 
al[45], 2021

RO, United 
Kingdom

Registry based COVID-19 patients 
with DM admitted to 3 hospitals (n = 
337); DPP-4i users (n = 93) 

Admission to ICU or death OR 1.27 (0.79-2.05)

10 Israelsen et al
[46], 2021

RO, 
Denmark

Registry based COVID-19 patients 
with DM; DPP-4i users (n = 284) 
compared with SGLT2i users (n = 
342)

DPP-4i users- 30-d mortality aRR 2.42 (95%CI 0.99-5.89) when compared with 
SGLT-2i users. DPP-4i use was not associated with decreased risk of hospital 
admission

Studies with positive outcomes with the use of DPP-4i

1 Mirani et al
[48], 2020

RO, Italy Single centre hospitalised COVID-19 
patients with DM; DPP-4i users (n
=11) compared with nonusers (n=79)

DPP-4i users  had  lower risk of mortality (aHR 0.13, 95%CI 0.02-0.92; P = 0.042)

2 Solerte et al
[49], 2020

RO case 
control, 
Italy

Hospitalised COVID-19 patients 
with DM; Case sitagliptin + Standard 
care (n = 169) Controls – age sex 
matched patients with Standard care 
(n = 338)

Mortality: HR 0.44, 95%CI 0.29–0.66, P = 0.0001); Admission to ICU: HR: 0.51, 
95%CI 0.27-0.95, P = 0.03; Mechanical ventilation HR: 0.27, 95% CI 0.11-0.62, P = 
0.03; Hospital discharges 120 vs 89, P < 0.01

3 Rhee et al
[50], 2021

RO, South 
Korea

Registry based COVID-19 patients 
with DM; DPP-4i users (n = 263) vs 
non users (n = 832); Assessed for 
severity of disease

OR for severe disease was 0.303 (95%CI 0.135-0.682) among DPP-4i users

4 Nafakhi et al
[51], 2020

RO, Iraq Newly diagnosed COVID-19 
pneumonia; Subgroup analysis to 
assess predictors for adverse 
outcomes

DPP-4i users had decreased length of ICU stay. (OR 0.3, 95%CI 0.2-3, P = 0.04)

5 Wargny et al
[52], 2021

PO, France Registry based COVID-19 patients 
with DM. Subgroup analysis of DPP-
4i use in patients succumbing to 
death within 28 d

The need for mechanical ventilation and death within seven days were similar 
in DPP-4i users compared to nonusers. (OR 0.83, 95%CI 0.65-1.05, P = 0.12). 
Discharge at day 28: OR 1.22, 95%CI 1.02-1.47, P = 0.03)
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6 Wong et al
[53], 2021

RO, China Registry based COVID-19 patients 
with DM (n = 1214); DPP-4i users (n 
= 107) compared with others (n = 
1107) 

DPP4i users were associated with lower odds of clinical deterioration (OR 0.71, 
95%CI 0.54-0.93, P = 0.013), hyperinflammatory syndrome (OR = 0.56, 95%CI 
0.45-0.69, P < 0.001), invasive mechanical ventilation (OR = 0.30, 95%CI 0.21-
0.42, P < 0.001), reduced length of hospitalization (-4.82 days, 95%CI -6.80 to -
2.84, P < 0.001). No difference seen in mortality

Studies with negative outcomes with the use of DPP-4i

1 Dalan et al
[54], 2021

RO, 
Singapore

Single centre hospitalised COVID-19 
patients with and without DM; 
Subgroup analysis of DM patients 
using DPP-4i (n = 27) and others (n = 
49)

DPP-4i were at higher risk of ICU admission (aRR 4.07, 95%CI 1.42-11.66) and 
mechanical ventilation (aRR 2.54, 95%CI 0.43-14.99)

2 Khunti et al
[55], 2021

RO, United 
Kingdom

Registry based Nationwide cohort 
data; HR of COVID-19-related 
mortality assessed in patients with 
diabetes on DPP-4i 

HR 1.07 (1.01-1.13) 

COVID-19: Coronavirus disease 2019; DPP-4i: Dipeptidyl peptidase-4 inhibitors; CI: Confidence interval; HR: Hazard ratio; ICU: Intensive care unit; n: 
Number of patients on DPP-4i; N: Number of patients with diabetes; OR: Odds ratio; PO: Prospective observational; RO: Retrospective observational; RR: 
Relative risk;

medications (adjusted OR 0.362, 95%CI 0.135-0.971). The study included 832 subjects with DM, of whom 
263 were on DPP-4i[50]. Similarly, DPP-4i usage was related to a shorter ICU stay in 67 patients with 
DM admitted with COVID-19 pneumonia in a single centre in Iraq (OR 0.3, 95%CI 0.2-3)[51].

In the coronavirus disease and diabetes outcome (CORONADO) study, a multicentric prospective 
observational trial conducted in France, 2796 patients hospitalized for SARS-CoV-2 with DM were 
assessed. Around 21.6% of the participants were on DPP-4i. The primary outcome as assessed by the 
need for mechanical ventilation and/or death within seven days was similar in DPP-4i users compared 
to nonusers (OR 0.83; 95%CI 0.67-1.03)[52]. Wong et al[53] retrospectively analyzed 1214 T2DM patients 
with confirmed COVID-19 admitted to public hospitals in Hong Kong. They found a lower risk for 
clinical deterioration (OR = 0.71, 95%CI 0.54-0.93), hyperinflammatory syndrome (OR = 0.56, 95%CI 
0.45-0.69) and invasive mechanical ventilation (OR = 0.30, 95%CI 0.21-0.42) in DPP-4i users. However, 
DPP-4i users had no significant in-hospital mortality reduction.

A retrospective review of 717 COVID-19 patients admitted to a health care centre in Singapore found 
contradictory results. Patients on DPP-4i (n = 27) showed greater odds of ICU admission than those on 
other glucose-lowering medicines (adjusted relative risk [RR] 5.14, 95%CI 1.5-17.7). Also, patients on 
DPP-4i were more likely to require mechanical ventilation; however, no data on mortality were 
provided[54]. Similarly, Khunti et al[55] in their nationwide observational cohort study in the UK 
analysed the HR of COVID-19-related mortality in people prescribed DPP-4i. DPP-4i users had a HR of 
1.07 (95%CI 1.01-1.13) for COVID-19-related mortality.

The evidence available from observational studies on the link between DPP-4i and DM and COVID-
19 outcomes suggests some heterogeneity. These outcomes were extensively evaluated in multiple 
meta-analyses[56-62]. Bonora et al[56] analyzed seven studies that reported data on mortality. There was 
no significant difference in death rate between patients treated with DPP-4i and other anti-diabetic 
medications (RR 0.74, 95%CI 0.47–1.16). Han et al[57] also showed similar results with a statistically non-
significant lower mortality (OR 0.95, 95%CI 0.72-1.26) or poor composite outcomes (OR 1.27, 95%CI 
0.91–1.77) in diabetic COVID-19 patients. Similarly, Pal et al[58] included nine observational studies of 
high quality consisting of 7008 COVID-19 patients with DM. A pooled analysis of unadjusted and 
adjusted data revealed no significant link between DPP-4i usage and mortality. However, subgroup 
analysis discovered that DPP-4i use in the hospital (rather than before admission) was related to lower 
mortality (adjusted OR 0.27, 95%CI 0.13-0.55). Contrary to the above studies, Nguyen et al[59] in their 
recent meta-analysis linked DPP-4i to a higher mortality risk (OR 1.23, 95%CI 1.07-1.42).

DPP-4i appear to have a neutral action in COVID-19, but the available studies are still insufficient to 
draw definitive conclusions. It is worth noting that all the data are from retrospective observational 
studies and that most of them were not specifically designed to study the effects of DPP-4i. The discrep-
ancies reported for the connection between DPP-4i and COVID-19 outcomes could be explained by 
variations in methodology, baseline characteristics, and sample size.

RANDOMIZED CONTROLLED TRIALS
Two randomized controlled trials (RCTs) have evaluated DPP-4i in patients with diabetes and COVID-
19 (Table 2).

Abuhasira et al[63] investigated 64 patients who were randomized to receive linagliptin 5 mg once 
daily or standard of care medication in an open-label, prospective, multicentre RCT (32 in each group). 
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Table 2 Randomized controlled trials assessing coronavirus disease 2019 outcomes and dipeptidyl peptidase-4 inhibitors therapy

Sl 
no Ref. Design, 

location Comparators 
Age 
(mean 
± SD)

% 
male

Primary 
outcomes Secondary outcomes Results

1 Abuhasira et 
al[63]

Open-label, 
prospective, 
multi-centre 
trial, Germany

Linagliptin 5 mg + 
standard therapy (n 
= 32); Standard 
therapy (n = 32)

65.5 ± 
16; 68.4 
± 11.5

65.6%; 
53.1%

Time to clinical 
improvement 

Proportion of patients with 
2- point clinical 
improvement at 28 d, 
mortality at 28 d, length of 
hospitalization, ICU 
admissions,  and MV

Time to clinical 
improvement (HR 1.22; 
95%CI, 0.70-2.15; P = 0.49); 
In-hospital mortality; (OR 
0.56; 95%CI, 0.16-1.93). No 
difference in secondary 
outcomes 

2 Guardado-
Mendoza et 
al[64]

Parallel double 
blind single 
centre trial, 
Mexico

LI group (n = 35) I 
group (n = 38)

57 ± 2; 
60 ± 2

51%; 
76%

Need for 
assisted MV 
and mortality

Glucose levels and insulin 
requirements, pulmonary 
parameters and clinical 
progression

Reduced risk of assisted 
MV; (HR 0.258, 95%CI 0.1-
0.7, P = 0.009), improved 
blood glucose levels, lower 
insulin requirements in LI 
group

HR: Hazard risk, I: Insulin, LI: Linaglitin plus insulin, MV: Mechanical ventilation, OR: Odds ratio, RR: Relative risk, SD: Standard deviation.

The time to clinical improvement within 28 d of randomization was the primary outcome measured. 
Treatment with linagliptin in addition to standard therapy did not enhance time to resolution of 
symptoms (HR 1.22, 95%CI, 0.70-2.15) or death on day 28 (OR 0.56, 95%CI 0.16-1.93). Furthermore, no 
differences in any of the secondary outcomes, such as the proportion of patients admitted to an ICU, 
mechanical ventilation rates, length of hospitalization, or supplemental oxygen use, were observed 
between the study groups. However, due to containment of the COVID-19 epidemic in Israel, the 
experiment was prematurely terminated, leaving the study underpowered to identify possible 
differences in the primary results and mortality.

In a parallel, double-blind RCT, Guardado-Mendoza et al[64] evaluated the efficacy of the 
combination of linagliptin and insulin on metabolic control and prognosis in hospitalized patients with 
COVID-19 and DM. A total of 73 patients were randomly assigned to either 5 mg linagliptin plus insulin 
(LI group, n = 35) or insulin alone (I group, n = 38). The need for assisted mechanical ventilation and 
mortality were the two primary outcomes. Secondary outcomes were glucose levels and insulin 
requirements during the first 5-10 days in the hospital, pulmonary parameters, and clinical progression 
of COVID-19. Both groups had similar average hospital stays (12 ± 1 vs 10 ± 1 d, P = 0.343). Three 
patients in the LI group and twelve in the I group needed assisted mechanical ventilation (HR 0.258, 
95%CI 0.092-0.719), and two patients in the LI group and six in the I group died after a 30-d follow-up 
period (P = 0.139). The inclusion of linagliptin reduced the relative risk of assisted mechanical 
ventilation by 74% and improved pre- and postprandial glucose levels, requiring less insulin and posing 
no increased risk of hypoglycemia.

CONCLUSION
Beyond their well-known glycemic role, DPP-4i have anti-inflammatory, immunomodulatory, and anti-
fibrotic properties. They are among the non-insulin glucose-lowering medications that are safe and 
effective in treating T2DM, even in the presence of COVID-19, without increasing the risk of significant 
side effects such as hypoglycemia. As a result, practical recommendations for the management of 
diabetes in patients with COVID-19 do not propose stopping DPP-4i. Even though results from observa-
tional studies and a few RCTs have been inconsistent, the existing evidence suggests that DPP-4i are 
safe for patients with T2DM and COVID-19. Studies showed a trend towards reducing mortality in 
COVID-19 patients with DM, especially with continued in-hospital use of DPP-4i. As a result, it is 
appropriate to start or continue DPP-4i in COVID-19 individuals with DM unless contraindicated.
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Abstract
The coronavirus disease 2019 (COVID-19) pandemic affects all countries and populations 
worldwide, significantly impacting people with autism with a high risk of morbidity and mortality 
due to COVID-19. Approximately 25% of children with autism have an asymptomatic or 
symptomatic immune deficiency or dysfunction. In addition, they frequently have various 
comorbid conditions that increase the severity of COVID-19. In addition, severe COVID-19 during 
pregnancy may increase the risk of autism in the offspring. Furthermore, severe acute respiratory 
syndrome coronavirus 2 could target human nervous system tissues due to its neurotrophic 
effects. The COVID-19 pandemic intensely impacts many patients and families in the autism 
community, especially the complex management of autism-associated disorders during the 
complete lockdown. During the complete lockdown, children with autism had difficulties coping 
with the change in their routine, lack of access to special education services, limited physical space 
available, and problems related to food and sleep. Additionally, children with autism or 
intellectual disabilities are more liable to be abused by others during the pandemic when the 
standard community supports are no longer functioning to protect them. Early detection and 
vaccination of children with autism against COVID-19 are highly indicated. They should be 
prioritized for testing, vaccination, and proper management of COVID-19 and other infectious 
diseases. In this review, we discuss the various effects of COVID-19 on children with autism, the 
difficulties they face, the increased risk of infection during pregnancy, how to alleviate the impact 
of COVID-19, and how to correct the inequalities in children with autism.

Key Words: Autism; ASD; Autism Spectrum Disorder; Children; COVID-19; Testing; Vaccination; 
Neurotropism; SARS-CoV-2

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The pandemic of coronavirus disease 2019 (COVID-19) has dramatically impacted children with 
special needs. Besides the COVID-19-related high morbidity and mortality, other changes associated with 
the pandemic negatively impacted the educational and health-related issues of children with autism. The 
lockdown adversely affected sensory-motor development, cognitive abilities, sleep, morale, behavior, and 
social interactions in a large proportion that may reach 50% of children with special needs. Children with 
autism should be prioritized for testing and proper management of COVID-19 and other infectious 
diseases.

Citation: Al-Beltagi M, Saeed NK, Bediwy AS, Alhawamdeh R, Qaraghuli S. Effects of COVID-19 on children 
with autism. World J Virol 2022; 11(6): 411-425
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/411.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.411

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic affected worldwide countries and populations. It is 
caused by a strain of coronaviruses called Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2)[1]. It has cast great shadows and impacts on children with special needs. It deprived them of 
many opportunities to improve their condition, especially with the massive interruption of medical 
follow-up and rehabilitation during the lockdown and the difficulty in physical communication that a 
child with special needs requires to develop and upgrade his mental and physical abilities, as we follow 
the policy of physical distancing[2]. The lockdown significantly impacted the sensory-motor 
development, cognitive skills, sleep, morale, behavior, and social interactions in about 50% of children 
with special needs. There is also plenty of evidence suggesting the adverse effects of SARS-CoV-2 and 
the measures we take to limit its spread to children with disabilities and their families[3]. In addition, 
some primary health conditions in children with disabilities and special needs may expose them to a 
higher risk of contracting the virus and suffering from complications to a higher degree. These children, 
particularly those who suffer from sensory processing and integration such as tactile, vestibular, 
proprioceptive, and difficulties in hearing, vision, and cognitive performance, also face problems taking 
necessary preventive measures during epidemic periods such as wearing masks, keeping a physical 
distance, washing hands, and using sanitizer[4]. Autism is a spectrum disorder (ASD) with a wide 
variation in clinical manifestations. In this manuscript, we will use the term autism rather than ASD. 

https://www.wjgnet.com/2220-3249/full/v11/i6/411.htm
https://dx.doi.org/10.5501/wjv.v11.i6.411
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Autism itself poses a significant burden on the family with a child affected by it. It puts a severe 
financial and psychological burden on the family. This effect has multiplied several times with the 
COVID-19 pandemic[5]. This review aims to highlight the various impacts of COVID-19 on children 
with autism, the difficulties they encounter, including vaccination and testing, the infection-induced risk 
during pregnancy, and the different suggestions to alleviate the effects of COVID-19 and correct the 
inequalities in children with autism.

IMMUNE STATUS OF CHILDREN WITH AUTISM
Approximately one-quarter of children with autism have an asymptomatic or symptomatic immune 
deficiency or dysfunction. Many of these children may have asymptomatic immune dysregulation, so it 
is imperative to rule it out, particularly in children with gastrointestinal disorders[6]. Rose et al[7] found 
that children with autism have more oxidative stress and less glutathione-mediated redox/antioxidant 
ability than typically developed children. This oxidative stress and impaired glutathione redox 
homeostasis have a significant role in immune dysregulation observed in children with autism. 
Gastrointestinal dysbiosis is frequently encountered in children with autism and causes impaired 
mucosal barrier, gastrointestinal dysfunction, and immune system and nervous system dysregulation. 
The gastrointestinal dysfunction and the increased oxidative stress induce mitochondrial dysfunction, 
affecting both the mental function and immune status of children with autism[8]. Thus, during long-
term exposure of children with autism to toxic stress and environmental deprivation during the COVID-
19 pandemic, they suffer regressions in sensory-motor, physical, and mental health development[9].

Despite children with autism having low serotonin concentrations in the brain, they have an elevated 
blood count of mast cells with high blood and urine serotonin levels. These elevated serotonin concen-
trations in tissues out of the blood-brain barrier are related to mast cell activation with increased mast 
cell cytokines/chemokines; another significant contributor to the immune and neuroinflammatory 
dysregulation observed in children with autism[10,11]. Natural killer cells may be crucial in developing 
neurodevelopmental disorders, including autism. Enstrom et al[12] found abnormal gene expression 
and altered natural killer cell function in children with autism with increased production of interferon-
gamma (IFNgamma), granzyme B, and perforin under resting conditions and decreased production 
under stressful conditions. In addition, Manzardo et al[13] found that three cytokines involved in 
hematopoiesis and five cytokines involved in the attraction of T-cells, monocytes, and natural killer cells 
are lower in children with autism than in typically developed siblings.

Heuer et al[14] found significantly decreased plasma IgG and IgM levels in children with autism than 
in children with developmental delay or typical development. They also found that the degree of IgG 
and IgM levels reduction was significantly correlated with the Aberrant Behavior Checklist score; the 
more the drop is, the more the aberrant behavior. In addition, IgA deficiency is associated with an 
increase in the autism rate. Wasilewska et al[15] found that insidious changes in serum immuno-
globulins with low-normal IgA and increased B cell activation marked by the rise in CD19/CD23-
positive cells occur in children aged 3-6 years with regressive autism. These immune and neuroinflam-
matory dysregulations are major pathogenic components in autism, as evidenced by the high pro-
inflammatory cytokines in postmortem biopsies obtained from the brain of children with autism. These 
immunological changes can serve as a marker for the development of autism.

Furthermore, individuals with autism have an increased prevalence of a positive family history of 
autoimmune disorders (such as rheumatoid arthritis and autoimmune thyroiditis), specific major 
histocompatibility complex haplotypes, and abnormal immunological marker levels[16]. Consequently, 
autism is strongly linked to abnormal immune responses, which may be an area for targeted 
intervention to prevent or treat children with autism. Unfortunately, COVID-19 effects on the immune 
system make children with autism more vulnerable to other diseases and further regression[17].

NEUROTROPIC EFFECTS OF SARS-COV-2
Besides respiratory illness, COVID-19 causes unexpected neurological complications, possibly due to 
direct viral effects on the central nervous system (CNS) or the peripheral nervous system (PNS) or as a 
part of the virus's systemic effect. Recent studies using human brain organoids showed that SARS-CoV-
2 could target human nervous system tissues[18]. Although neurological disorders are relatively 
uncommon with coronavirus infections, two strains can enter and persist in the brain cells, including 
SARS-CoV and SARS-CoV-2[19]. COVID-19 showed moderately severe neurological problems 
(Figure 1), ranging from mild symptoms such as headache, dizziness, and smell and taste impairment to 
severe manifestations including Guillain–Barre syndrome, encephalitis, neuropsychiatric disorders, 
neurocognitive impairment, psychosis, vision impairment, dementia, and cerebrovascular defects as 
ischemic strokes, or intracerebral hemorrhages[20-22].
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Figure 1 The various neurological symptoms observed in patients with coronavirus disease 2019. 

The structural brain damage detected by magnetic resonance imaging and the presence of viral RNA 
in cerebrospinal fluid (CSF) and autopsy brain samples from patients with COVID-19 and neurological 
manifestations proves SARS-CoV-2-induced neurological effects. These neurological sequelae of SARS-
CoV-2 are either due to the direct CNS toxic effect of the virus (as many brain cells express angiotensin-
converting enzyme-2 (ACE2) receptors, the primary SARS-CoV-2 receptor, and other linked proteins 
and receptors such as Neuropilin-1 (NRP-1) and CD147) or as a result of a virus-mediated CNS inflam-
mation and immune dysregulation due to the aggressive cytokine storm or the abnormal immune 
response[23-25].

COVID-19 AND MORTALITY RATES IN CHILDREN WITH AUTISM
COVID-19 is a systemic disease that could affect any organ or system. Many risk factors increase the 
rate and severity of infection with SARS-CoV-2, including male gender, older age, and medical 
comorbidities such as obesity, immune deficiency, autoimmune diseases, diabetes mellitus, or 
hypertension. Children with autism have many physical and behavioral risk factors that expose them to 
higher infection, morbidity, and mortality rates related to COVID-19[26]. Children with autism may 
require more exposure to outside caregivers and other children with a higher chance of encountering 
carriers of SARS-CoV-2. They frequently have persistent oral sensory-seeking behavior, which exposes 
them to an increased risk of contracting the virus[27]. Pica is approximately seven times more common 
in children with autism than in the general population, which exposes them to more infection risk. They 
also have challenges applying the pandemic's social distance and hygiene-related guidelines[28]. They 
are not able or scared to wear a mask and maintain physical distance, exposing themselves and others to 
a higher risk of spreading or catching COVID-19. They do not understand what COVID-19 is and cannot 
tolerate the sensory inputs related to preventive measures they require to protect themselves[29].

Children with autism frequently have various comorbid conditions that increase the severity of 
COVID-19 when encountered. Immune deficiency is commonly reported in children with autism, 
increasing the risk and severity of infections, including COVID-19[30]. IgA deficiency is a significant 
risk factor for both autism and infection with SARS-CoV-2. Serum IgA levels positively correlate with 
total lymphocyte counts and negatively correlate with C-reactive protein levels. Consequently, IgA 
deficiency, low lymphocyte count, and high C-reactive protein levels are significant risk factors for 
severe COVID-19[31]. Patients with autism have cytokine dysregulation with increased inflammatory 
cytokines production and impaired immune response at different levels[32]. Autism is four times more 
common in males than in females. Males are more prone to infection, particularly with SARS-CoV-2[33,
34]. Gut dysbiosis is frequently found in children with autism and is linked to many gastrointestinal and 
neurobehavioural symptoms[35]. There is a bidirectional relation between infection with SARS-CoV-2 
and the gut microbiota. Infection with SARS-CoV-2 causes respiratory and gastrointestinal microbiota 
dysbiosis, which negatively impacts gastrointestinal and respiratory health. Dysbiosis of the gut 
microbiota produces an appropriate environment for replication of SARS-CoV-2 and subsequent 
pathogenic effects. Gut dysbiosis can induce pulmonary dysbiosis through the gut-lung axis, which 
determines the course and severity of COVID-19. On the other hand, gut microbiota diversity and the 
predominance of beneficial bacteria can improve the course of COVID-19 and alleviate the severity of 
the disease[36,37].
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Schott et al[38] showed an increased risk of SARS-CoV-2 infection in patients with autism, especially 
in those who live in a residential facility, those who receive home services from outside caregivers, who 
need a lengthy hospitalization, and those with comorbidities. Krieger et al[39] showed an increased rate 
of infection and hospitalization in persons with autism, especially men between 40 to 60 years. Karpur et 
al[40] showed that persons with autism are nine times more likely to be hospitalized and six times more 
likely to have extended hospital stays than those without autism.

When hospitalized, children with autism have difficulties in social communication, the ability to 
express their symptoms, and understanding and following the safety guidelines. Many children with 
autism also have various challenging behaviors (e.g., spreading and spitting saliva, pica and licking 
staff, and spreading stool that helps spread the virus. They strongly resist the change in the hospital 
environment and have aggravated stereotyped behavior patterns. Wearing protective equipment by the 
healthcare provider is another challenge and increases stress among children with autism[41]. In 
addition, people with autism may suffer some discrimination in the priority of receiving medical care 
depending on their counties' Intensive Care Unit (ICU) Triage Protocols and Policies. For example, the 
triage system in Spain used "severe baseline cognitive impairment" as an exclusion criterion for ICU 
admission in their triage guidance for COVID-19 ICU admission, according to the "Working Group of 
Bioethics of the Spanish Society of Intensive, Critical Medicine and Coronary Units." These features 
increase the risk of morbidity and mortality when hospitalized[41,42]. A systematic review and meta-
analysis by Catalá-López et al[43] showed a higher mortality rate in persons with autism or attention-
deficit/hyperactivity disorder than in the general population (relative risk of 2.37 and 1.97, 
respectively).

COULD COVID-19 DURING PREGNANCY INDUCE AUTISM?
Febrile maternal infection during pregnancy doubles the risk of autism in their offspring[44]. Currently, 
there is no evidence for the vertical transmission of SARS-CoV-2 from the mother to the fetus, which 
could be related to the preventive effect of lactoferrin at the placental interface. However, the virus 
could be transmitted postnatally through the mother's respiratory droplets or breastmilk[45]. In 
addition, severe COVID-19 during pregnancy induces the release of the inflammatory cytokine storm, 
which may cause fetal damage if not controlled. The brain is one of the target organs affected by inflam-
matory damage that could present later with autism manifestations[46]. The etiology of autism is 
multifactorial, with interacting genetic and environmental factors. Maternal immune activation is a 
significant risk factor for the offspring's neurodevelopmental diseases such as schizophrenia and autism
[47]. Children with autism are more liable to many mental health disorders such as depression, sleep 
disorders, addiction, attention deficit, and hyperactivity behaviors since the COVID-19 pandemic 
started[48] (Panda).

Moreover, children with autism are among the most vulnerable populations affected by extended 
hours of online learning, flat-screen media, and mental health consequences during and after the 
COVID-19 pandemic[9,49]. Prenatal brain inflammation causes neurodegenerative changes and " short-
circuiting the electrical system" in the amygdala, crucial for emotional feeling ability and fear regulation. 
Children with autism have exaggerated fear responses compared to their peers in neutral events. The 
Hypothalamic-Pituitary-Adrenal (HPA) axis system is hyper-responsive due to unpleasant sensory 
stimuli and/or benign social situations[50].

Insulin-like growth factor-1 (IGF-1) is a central component in perinatal oligodendrocytes-mediated 
neo-neuronal myelination, as it is essential for the survival of Purkinje cells in the cerebellum. IGF-1 
deficiency is implicated in the pathogenesis of autism[51]. It is formed together with the growth 
hormone by the placenta. Maternal COVID-19 infection induces maternal immunologic activation with 
a marked increase in the production of pro-inflammatory cytokines, which inhibit placental IGF-1 
synthesis. Reduced IGF-1 production downregulates perinatal myelination of the developing nervous 
system and brain dysconnectivity. If this downregulation is not corrected, a permanent neurologic 
deficit will occur or worsen[52,53].

In addition, SARS-CoV-2 can activate mast cells which in turn cause microglial activation. These 
changes release excess inflammatory molecules, stop synapses "pruning,” impairing neuronal 
connectivity, and reduce the fear threshold, disrupting the emotional expression observed in children 
with autism[54]. The effects of impaired neuronal connectivity and reduction in the fear threshold 
worsen the problem as children with autism already have an overall sluggish HPA axis in responding to 
physiological or physical manipulation. These children have shown hypo-responsiveness to stressors 
that involve social evaluative threats[50].

The infection-induced inflammatory antenatal immune milieu is the chief trigger causing impaired 
fetal brain development, with long-term cognitive impairments. It is advisable to delay future 
pregnancy until the pandemic ends, immunization before preplanned pregnancies, follow safety 
guidelines with frequent hand washing, and regular testing in pregnant ladies to discover 
asymptomatic infection early[55]. A study in the New York metropolitan area showed that about 15% of 
pregnant women who presented for delivery were COVID-19 positive and mostly asymptomatic[56]. 
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This percentage can indicate how many pregnant ladies carry the SARS-CoV-2 without symptoms 
worldwide, especially in areas without proper testing facilities. The effects of asymptomatic COVID-19 
on the offspring are still unknown and need further research. To minimize the impact of COVID-19 
infection during pregnancy, the mother is advised to have a high choline and luteolin supplement in 
addition to vitamin D, n-3 polyunsaturated fatty acids, and folic acid, which have beneficial effects on 
brain function development in infants of mothers who encountered viral infections in early pregnancy
[57]. Luteolin is a potent natural flavonoid inhibitor of mast cells and microglia activation and blocks 
SARS-CoV-2 binding to its ACE2 receptor[54].

IMPACT OF COVID-19 ON AUTISM MANAGEMENT
To minimize the risk of COVID-19 spread, most governments imposed a near complete lockdown with 
extreme measures such as home confinement and shutting of special education systems. Most children 
with autism stopped receiving the required education and clinical therapies during the lockdown. In 
addition, children with autism usually resist changes in their routines. Consequently, most of them 
suffered during the lockdown with the closure of their kindergartens, schools, and other services they 
usually attend daily. At the same time, the family showed changes in its structure with the availability 
of a parent who is frequently absent from home, more time spent with a sibling, or separation from their 
grandparents who were usually present. The uncertainty about COVID-19 and the rapid and constant 
flow of information could devastate people with autism and increase their distress[58,59]. In addition, 
children with autism or intellectual disabilities are more liable to be abused by others during the 
pandemic when the standard community-protecting supports are no longer functioning[60]. In 
addition, the extended homestay increases inattentive-hyperactive behavior, screen and games 
addiction, and sleep disorders that lead to comorbid mental health disorders in children with autism. 
Depriving children with autism of their therapeutic intervention induces environmental deprivation of 
specific sensory tools, equipment, and inputs that help to accelerate developmental shifting and 
progress rates. This change is critical since online education and home training on their own cannot 
overcome clinical symptoms in children with autism[61].

These changes impose additional stress upon them and their families, with interrupted language 
development, exacerbated anxiety, more frustration, and short temper related to the fear of regression of 
the gained skills and sadness due to cessation of general care and support by dedicated clinical 
therapists and teachers. Children with autism had a significant increase in stimming, self-injury, 
nervousness, violence, impulsiveness, and binge eating behaviors during the pandemic[62]. Tokatly et al
[63] showed a link between the absence of speech therapy and the increased rate of repetitive behaviors. 
In addition to the increased COVID-19-related infection, morbidity, and mortality rate observed in 
children with special needs, the pandemic deepens the gap in the healthcare inequalities provided for 
people with autism, adding excess risk for morbidity and mortality.

The COVID-19 pandemic poses various challenges to individuals with autism, their families, and 
caregivers. In recent Simons Powering Autism Research for Knowledge (SPARK) surveys, most adults 
with autism and caregivers of children with autism reported adverse effects in almost every field of 
their lives. While many are handling it well and even have encouraging experiences to share, 82% of 
families included in the survey reported mental health adverse effects on their children with autism. In 
comparison, 95% of parents and 93% of adults with autism reported adverse effects on their mental 
health[64]. In addition, several parents of children with autism committed suicide due to the severe 
psychological pressure and stress during the care of their children[65].

Mutluer et al[28] showed that individuals with autism had difficulties understanding what COVID-19 
is and the actions it needs with challenges in applying hygiene-related and social distance regulations of 
the pandemic. Furthermore, the classic online learning programs do not have supportive accommod-
ations that help children with autism learn while modulating the audio-visual sensory stimuli overload. 
Consequently, most of them are less likely to follow the proposed behavioral and hygienic habits such 
as routine hand washing that aim to prevent or reduce the risk of infection or the constant wearing of 
face masks due to their age, maturity, and limited developmental capacities and disabilities. The 
majority of the studied individuals stopped getting the required special education during the studied 
period of the pandemic. They also showed some features related to post-traumatic stress disorders, such 
as behavioral problems (including increased stereotypies and aggression), hypersensitivity, reduced and 
impaired sleep, and appetite alterations. They also had significant differences in all Aberrant Behavior 
Checklist subclasses (ABC) before and after the pandemic conditions. Their caregivers showed an 
increased anxiety level related to their behavior with a high ABC total score; specifically, the 
lethargy/social withdrawal subscale score predicted the parents' anxiety score.

Being parents of a child with autism is a real challenge, especially during the COVID-19 pandemic. 
During the lockdown, shutting down special education and rehabilitation facilities made the parents 
primarily the only full-time caregivers. Consequently, they depend on their skills to cope with their 
kids, with the loss of support and guidance from specialists and experts. In many cases, the caregivers of 
these children are not educated or trained enough to care for their children and manage them like their 
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typical peers. They may be unable to provide adequate care for their children's clinical symptoms such 
as seizures, tics, bulimic behavior, or sensory cravings and avoidances. Thus, the developmental rate 
drops dramatically without adequate clinical and professional special education services for children 
with autism[66].

Tokatly et al[63] showed that the most common problem encountered by the parents of children with 
autism is coping with the change in their routine, lack of access to special education services, limited 
physical space available, and food and sleep-related problems. Despite that, some children suffered 
worsening in their behavioral, developmental, or social domains; others succeeded in overcoming the 
challenges they encountered and even benefited from them. The researchers emphasized that the best 
way to help children with autism catch up with these severe modifications in their routine lifestyle is to 
provide a robust support system to their parents. Many parents lost their jobs or at least had a decrease 
in their income during the pandemic, with reduced affordability for the cost of special education and 
rehabilitation services for their children and increased anxiety levels[67]. The long-term effects of the 
pandemic and infection with SARS-CoV-2 on children with autism need more time to be evaluated.

In contrast, some individuals with autism and their families may manage autism more efficiently 
during COVID-19-related circumstances. For example, lockdown allowed the parents to spend more 
time with their children, allowing more sharing of activities, more co-watching, more adherence to rules 
and routine and limited socialization and physical contact in individuals with autism which could 
decrease the social-related stress and less physical contact with infected people. The lockdown also 
reduced the sensory overload for some children with autism and helped them enroll in online schooling 
that they could not attend in person due to their atypical behaviors in the classroom[68]. Asbury et al[68] 
found that a few children with autism and their families reported some positive effects of lockdown, 
such as decreased stress related to facing the daily routine challenges such as going to school and other 
public places or worrying about socializing with others. Some children could change their routines, 
accept new routines or make their routines. Some of them started to eat foods that they were not 
familiar with. Increased free time permitted for repetitive trials helped improve their abilities and skills. 
The availability of family time to spend together enhances the child's communication skills and allows 
the parent to identify these abilities[63]. The key factors that determine the successful coping of parents 
during the lockdown are their abilities to satisfy the child's needs, positive attitude in general, their 
creativity, and attending inventive problem-solving training by healthcare professionals and an occupa-
tional therapist specialized in Ayres Sensory Integration® (ASI) for sensory environmental adaptations, 
functional abilities, and independence in activities of daily living[69] (Dubois-Comtois).

In addition, Sergi et al[70] showed that children with autism involved in an Applied Behavior 
Analysis (ABA) based intervention during the lockdown period showed improvements in their 
communication, socialization, and personal autonomy. They also showed the significant effect of 
parents' training in avoiding delays in the generalization of socially significant behaviors following the 
radical treatment interruption in this group of children. Perhaps the best thing related to the COVID-19 
pandemic is our awareness of how good our pre-COVID-19 lives were. Research has shown that 
consistent telehealth and home-based in-person occupational, physical, and speech therapies were 
beneficial in helping children with autism maintain their developmental rates and progress to the next 
level. However, parents and caregivers reported less satisfaction with telehealth services than with in-
person therapy sessions. Furthermore, parents who reported higher emotional dysregulation in their 
children were less satisfied with ABA services[71].

INDIRECT IMPACT OF COVID-19
An indirect effect of COVID-19 was the significant reduction of the national income in most countries, 
which led to a lack of spending on health services related to the management of autism and giving 
priority to patients with COVID-19. At the same time, numerous community-based services provided 
by non-profit organizations and the private sector stopped due to acute financial instability. These 
financial crises caused a delay in the available diagnostic services and, consequently, a delay in the 
required therapy with a waiting list that could extend to more than a year[72]. Another significant 
indirect effect is the accuracy of the conducted studies during the pandemic. For example, there were 
difficulties in performing autism research due to social distancing and the need for the participants to 
wear masks. These behavioral and environmental changes increase stress conditions, making 
interpreting the behavior of individuals with autism difficult and affecting the research results. In 
addition, there is a high risk of missing scientific accuracy during moments of crisis[17].

With social distancing becoming an essential method of COVID-19 prevention, telemedicine and 
telehealth possibly become the ideal communication methods between caregivers and patients[73]. 
There has been a flood of videoconferences, "live presentations" in social networks, online training 
classes on online learning platforms, telepractice concerning different fields such as psychiatry, 
psychology, occupational therapy, speech therapy, and other remote activities that offer support, 
guidance, and treatment when applicable. Telemedicine requires an effective internet service, which 
may not be available in less developed countries or areas, which deepens the inequalities in the health 
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services provided to children with autism[74]. Even with strong internet, most children with autism 
may have difficulties following the screen during online teaching. One of the vital factors is the shortage 
of the sensory, motor, and cognitive accommodations needed to support the mind, brain, and body 
functions during the learning process. Furthermore, governments are not sufficiently drawing and 
applying the contributions of healthcare professionals to the academic learning process. Thus, children 
with autism are generally more prone to gaps in their developmental and learning processes that can be 
successfully implemented and reflected in the nations' economies[75].

On the other hand, there is a silver lining to the pandemic; scientists hurry to find alternative ways to 
continue their research and invent reasonable solutions to assist remote diagnosis, proper assessment, 
and manageable treatment accessible for all and increase participation in their clinical research[76]. 
Simultaneously, the COVID-19 pandemic represents a perfect opportunity to study the epidemiology of 
autism and the effects of the pandemic on environmental, genetic, and psychosocial factors on autism 
mechanisms over a long period worldwide[77]. We may have an unprecedented chance to study how 
the environment, stress, mental health comorbidities, and autism interact. The pandemic is also an 
excellent chance to test the efficacy of social robots for education and medical care for individuals with 
autism. Social robots work in a highly predictable and lawful system and provide children with autism 
with a highly organized learning environment that helps them focus on essential stimuli. Robots can 
provide these services during epidemics without the risk of transmitting infection. In addition, children 
with autism communicate more engagingly and have better social behaviors with robots than with 
human trainees[78,79].

TESTING CHILDREN WITH AUTISM FOR COVID-19
Individuals with autism should have a high priority for COVID-19 testing and other similar pandemic 
situations because they have an increased incidence of medical comorbidities (such as cardiovascular or 
respiratory diseases, hypertension, autoimmune conditions, obesity, and diabetes), high incidence of 
living in residential care, and difficulties in adherence to strict personal hygiene and physical distancing 
practices. However, most countries do not consider people with autism as a high-priority group[80]. 
Individuals with autism have high sensory sensitivities. Consequently, nasal and throat swabs or 
aspirations become a real challenge for the patient, the family, and the performing healthcare personnel. 
Children with autism may even need sedation to carry out testing, which may not be available in many 
situations. Hence, it is better to have more flexible testing procedures, such as saliva testing. People with 
autism may also encounter the challenge of waiting for a long time and presenting in unfamiliar places 
for testing. They also may have a problem using the necessary personal protective equipment[59]. 
Symptoms of COVID-19 may be atypical in people with autism who may indicate the need for a high 
index of suspicion and the need for equitable access to proactive testing and screening, especially for 
those with medical comorbidities or who live in high-risk settings such as those who live in supported 
accommodation or residential care[59].

To alleviate the testing-related anxiety, the parents can create a social narrative that tells the 
individual with autism what will go on and what they will do during testing. This preparation is better 
in enumerated steps so the parents can mark done with each completed step[81].

Figure 2 is an example of a visual demonstration of the nasopharyngeal swabbing steps. The 
narrative should match the person's abilities to understand with fewer words. It is better to put every 
step on a separate page, and to read the social narrative many times on the day before testing in order 
for the person to get used to the steps. The caregiver can distract the person's attention during nasal 
swabbing by using any distracting activities such as coloring a picture or watching a video or alleviate 
their anxiety by using a relaxing activity such as rubbing their hands or squeezing a squeeze ball if they 
are used to this[81]. The visual demonstration can also be available in the special care kits to be used by 
the healthcare provider when encountering persons with special needs to alleviate their tension. Light 
sedation or analgesia can be given before the test if the person is too anxious and cannot be calmed 
down[82,83]. An occupational therapist specializing in ASI in the testing and vaccination units helps 
children with autism have successful testing and vaccination by calibrating the sensory stimuli towards 
the child's brain and body using standardized and modified measurable evidence-based methods[84].

COVID-19 VACCINES IN AUTISM WHY? AND HOW?
As COVID-19 has a significant negative impact on people with autism, they need to be rapidly 
vaccinated. Many people with autism have a delay in COVID-19 vaccination as many families are 
concerned about the vaccine's effects on their children or the country's policy that shows hesitation 
against vaccinating children with mental and developmental disabilities[85]. A study by Choi et al[86] 
showed that only 35% of the parents of children with autism are willing to vaccinate their children with 
anti-COVID-19 vaccines. The vaccination rate increases with proper education and evidence-based 
recommendations. This delay in immunizing children with autism poses an increased risk of severe 
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Figure 2 Visual demonstration of nasopharyngeal swab testing steps.

COVID-19, especially with continuous viral mutations. With the high mortality rate of COVID-19, 
individuals with autism, especially with intellectual disabilities and other health problems, should be 
vaccinated as soon as possible, as the vaccines can prevent their death. Individuals with autism and 
their family members and caregivers should have the vaccine to decrease the risk of COVID-19. These 
individuals are less likely to adhere to the proper hygiene protocol, cannot wear masks for a long time, 
and cannot express their symptoms, such as sore throat. Thus, vaccination of their close contacts is also 
indicated. Vaccination of the parents and caregivers will decrease the chance of getting sick and reduce 
the possibility of leaving the child without proper care. Interestingly, Weinstein et al[87] found a higher 
rate of COVID-19 vaccination among individuals with autism aged 16-40 years across both sexes than in 
the controls, but not below the age of 16.

There are different types of COVID-19 vaccinations: COVID-19 Inactivated Vaccines (e.g., Sinovac, 
Sinopharm), COVID-19 Viral Vector / Adenovirus Vaccines (e.g., Oxford/AstraZeneca, the Johnson and 
Johnson, CanSino, and Sputnik V vaccines), genetic/mRNA vaccines (e.g., Moderna and Pfizer/ 
BioNTech COVID-19 vaccines), and live attenuated vaccines (Codagenix vaccine: under trials)[88]. 
Currently, the "Center for Disease Control and Prevention" (CDC) recommends two doses of Pfizer-
BioNTech COVID-19 vaccine for five through 11 years of age separated by at least three weeks and an 
additional primary dose at least four weeks after the initial 2-dose primary series with a total of three 
doses. According to the CDC, Moderna, and Pfizer/BioNTech, COVID-19 vaccines are at least 90% 
effective in preventing symptomatic infection by SARS-CoV-2 after two weeks from the second dose
[89]. The vaccines are equally effective and safe for individuals with autism as they are for others. 
People with various disabilities, including autism, were included in most vaccine clinical trials, which 
showed that the vaccines were safe and effective for everyone. To date, there is no link between COVID-
19 vaccination and autism. In addition, maternal COVID-19 infection during pregnancy doubles the risk 
of autism, emphasizing the importance of immunization[90].

As mentioned earlier, similar to COVID-19 testing, vaccination is also a real challenge for the 
individual with autism, the family, and the health care provider responsible for the vaccination. Getting 
a vaccination poses an added challenge, especially since the shots are often not given in a typical 
doctor's office without a supportive occupational therapist ASI certified. This change in the routine 
disrupts their usual way of therapeutic care and education, which can be very upsetting. Every parent 
knows their child best. Therefore, they need to introduce the idea that they need to go driving 
somewhere, be exposed to somebody, wear protective equipment, and is going to give the vaccine. The 
parents should explain this many times for a week or day before the vaccination, using a narrative 
teaching story, video modeling, or visual social demonstration, giving the child enough time to process, 
understand and accept this new information and routine before the expected appointment. The parents 
should also help them feel better if they experience vaccine side effects. The CDC and The Autism 
Society of America prepared various tools, resources, and visual explainers that the parents and 
caregivers could use to explain the vaccine and the possible adverse effects after receiving the vaccine
[91,92].
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Table 1 Recommendations to minimize the effects of pandemics on people with autism

Mandatory education of people with autism, their families, and caregivers about the symptoms and signs of COVID-19 and similar 
infections and the behavioral procedures to decrease the infection spread[28].

Emphasize the importance of good sleep hygiene and nutrition during the pandemic[63].

Educating, supporting, and strengthening the parents' ability to adjust could be particularly valuable in times of extreme life difficulties 
and during ordinary times that may not be expected[93].

Training children with autism about how to use personal protective equipment (PPE) by their caregivers will prepare them for the social 
adaptations during pandemics[94].

Intensive 
education:

Launching regular mandatory education and updating all the healthcare providers about the management guidelines created for people 
with autism, supported by specialist providers such as psychiatrists, psychologists, occupational therapists, speech therapists, 
behavioral therapists, and other specialties as indicated[95].

For testing and vaccination for people with autism, their families, and caregivers[86].

For hospitalization and ICU admission in triage protocols[41,42].

Prioritization: 

Regular or on-demand access to psychological services regardless of the enrolment[96].

Allow for one-on-one home visits[97].

Allow meeting the healthcare provider (e.g., physiotherapist, behavioral therapist) in a previously disinfected open area[97].

Allow for small classes, and preadmission testing, allowing people with COVID-19 negative testing results to enter the class[98].

Give permitted exceptions for people with autism, granting them to leave their homes more than once daily[98].

Providing a sensory-friendly sanitized space for children with autism to release their extra energy, or at least providing tools to help 
them remove their excess energy, such as a physioball or bringing a swing or trampoline at home to prevent behavioral regression. 
Encourage physical activity to preserve general well-being[99].

Provide formal and informal care with psychological and financial support for the well-being and proficiency of parents of children 
with autism[100].

Provide weekly or "hotline” consultations for the parents of children with autism to help manage rising general and specific COVID-19-
related issues[63].

Allowing a caregiver or support person to attend to the individual with autism in the hospital, following all required infection control 
protocols[97].

During 
quarantine: 

During and after the pandemic, preventive measures: to implement an intensive preventive intervention program for children with 
autism to reduce and prevent relapse and future physical and mental health regressions in future pandemics and/or similar situations
[101].

CONCLUSION
The COVID-19 pandemic affects all countries and populations worldwide, including people with 
autism. Besides respiratory illness, COVID-19 causes unexpected neurological complications, possibly 
due to direct viral effects on the nervous system. Children with autism frequently have various 
comorbid conditions that increase the severity of COVID-19 when encountered. There is an increased 
risk of SARS-CoV-2 infection in patients with autism with high morbidity and mortality rates. Children 
with autism should be prioritized for testing, vaccination, and proper management of COVID-19 and 
other infectious diseases. We must correct the inequalities children with autism face in receiving 
education and healthcare services by collaborating with governmental, non-profit organizations, and 
individuals to reach this goal.

With the hope that the COVID-19 pandemic will be in the gasping stage, we learned many lessons to 
be implemented to prevent its adverse effects on people with autism when similar situations occur in 
the future. We should regularly re-evaluate the mental and physical conditions and development of 
children with autism and find alternative treatment methods. The medical and rehabilitation teams are 
critically required to support children with autism and their families and ensure the continuity of 
physical and mental healthcare during and after the pandemic. Some suggested recommendations to 
minimize the impact of such pandemics on children with autism are shown in Table 1.
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Abstract
Monkeypox virus (MPXV), which belongs to the orthopoxvirus genus, causes 
zoonotic viral disease. This review discusses the biology, epidemiology, and 
evolution of MPXV infection, particularly cellular, human, and viral factors, virus 
transmission dynamics, infection, and persistence in nature. This review also 
describes the role of recombination, gene loss, and gene gain in MPXV evol-
vement and the role of signal transduction in MPXV infection and provides an 
overview of the current access to therapeutic options for the treatment and 
prevention of MPXV. Finally, this review highlighted gaps in knowledge and 
proposed future research endeavors to address the unresolved questions.
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Core Tip: Since May 13, 2022, cases of monkeypox have been reported to the World 
Health Organization (WHO) from 12 Member States that are not endemic to the 
monkeypox virus across three WHO regions. This emergent pathogen is a significant 
concern worldwide after severe acute respiratory syndrome coronavirus 2 and requires 
epidemiological and other data on the virus. The objective of this review is to report 
comprehensive data on this virus.
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INTRODUCTION
Monkeypox virus (MPXV) is one of the human orthopox viruses (OPVs), which consist of variola virus 
(VARV), cowpox virus (CPXV), and vaccinia virus (VACV)[1]. Monkeypox has similar clinical manifest-
ations to smallpox, but has a milder rash and a lower fatality rate[2]. The aims of this review are to 
describe the current data on MPXV evolution, epidemiology, and infection-control mechanisms.

History of monkeypox virus
When two smallpox-like illnesses appeared in monkey colonies housed for scientific study, the first 
cases of monkeypox were discovered in 1958[3]; therefore, the name monkeypox and the first human 
case of the virus were registered in 1970 in the Democratic Republic of the Congo[4]. Attempts to 
destroy the MPXV have since been documented in humans in other Central and West African countries
[5].

Morphology, genome organization, and morphogenesis
The morphology of MPXV virions has been shown to include brick- or ovoid-shaped particles[6]. 
Membrane links, a tightly packed core containing enzymes, transcription factors, a double-stranded 
DNA genome, and an outer membrane protecting the whole structure have been observed[7,8]. 
Although its whole life cycle occurs in the cytoplasm of infected cells, its genome contains linear double-
stranded DNA (197 kb). The genome encodes all the proteins necessary for viral DNA replication, 
transcription, and virion assembly[6,9]. Cells infected with the poxvirus generate the intracellular 
mature virus and extracellular enveloped virus, two contagious viruses[10,11] (Figure 1).

INFECTION BIOLOGY, DIAGNOSIS, AND TREATMENT 
Animal models
An animal model for studying ethnic illness uses a channel of contamination that matches the herbal 
transmission of the virus or displays development, morbidity, and death similar to those seen during 
ethnic infection[12,13]. The animal model also has to mirror human instances in at least one or more 
methods of transmission[14]. Additionally, the red patches on all MPXV-examined animals at the 
vaccination site showed a decrease in size compared to nearby animals, and beginning around 14 d after 
the challenge, a continual rise in body size across fully breathing animals in the vaccinated group[15,
16]. In a study that examined the sensitivity of 38 inbred strains of mice (32 classical inbreed stresses and 
six wild strains), only three of the wild-derived strains (CAST/EiJ, PERA/EiJ, and MOLF/EiJ) were 
highly sensitive to MPXV, whereas all other inbred lines were strong after intranasal MPXV infection[2,
17].

Transmission
Human-to-human and animal-to-human transmission are two potential MPXV transmission pathways
[18]. Human-to-human transmission stability is correlated with droplet infection and interactions with 
body fluids, patient factors, and skin lesions in a contaminated individual[6,18]. The Congo Basin group 
is more virulent than the West African group and contributes more to interpersonal transport[19]. Direct 
contact and ingestion of the herbal viral host's food are the two routes by which transmission occurs 
from animals to humans[20,21]. Furthermore, zoonotic transmission can occur via direct touch, 
including blood, body fluids, and mucocutaneous lesions on a contaminated animal[22].

Sexual transmission of MPXV: MPXV outbreaks are not typical, as many patients are unrelated to 
travel to Central or West Africa and episodes of the virus in endemic areas. The MPXV is currently 
observed among men who have sex with men (MSM) in the United Kingdom. In the studies conducted, 
a high proportion of simultaneous sexually transmitted diseases and frequent anogenital symptoms 
were found, which indicates the possibility of transmission during close skin-to-skin or mucous contact 
during sexual activity[1,23,24].

Transmission by MPXV-contaminated surfaces: Although co-transmission between people and 
animals was identified as the primary method of infection dissemination in several investigations, 
transmission in patient care staff via surfaces contaminated with MPXV was seldom recorded. The 
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Figure 1 Cycle of monkeypox virus. When the virion binds and fuses with the host cell membrane, the viral core is released in the cytoplasm. Enzymes, and 
then factors, initiate transcription. Most virions remain in the cytoplasm. Virus- and host-encoded proteins concerning cell surface-associated enveloped virions and 
cell surface-associated enveloped virions guard them to complement activation. IMV: Intracellular reduced virion; EEV: Extracellular enveloped virion; CEV: Cell 
surface-associated enveloped virion; IEV: Intracellular enveloped virion.

MPXV may also spread indirectly via contaminated objects. However, the environmental contamination 
of surfaces with MPXV is not well understood[25].

Diagnostic methods
Phenotypic approaches: Phenotypic methods: According to the clinical diagnosis, in MPXV infection, a 
prodromal sickness usually accompanies it with a variety of symptoms over 3-5 d, including fever > 
38.3°C, back pain, myalgia, headache, acute asthenia, pharyngitis, drenching sweats, malaise, and 
notably lymphadenopathy[6,26-28]. Vesiculopustular rashes begin on the face during 1-10 d of 
development, affecting 95% of patients[29], followed by the palms and soles (75%), oral mucosa (70%), 
genitalia (30%), and conjunctiva (20%). These skin lesions evolve from macules to papules, vesicles, 
pustules, and finally, scabs or crusts that fall[28]. Lesions in MPXV patients appear monomorphic, pea-
sized, and complex, similar to smallpox[30]. The presence of lymphadenopathy in MPXV infection is 
one of the clinical markers that set it apart from smallpox, along with lesion appearance and limited 
centrifugal spread[31]. These skin manifestations compromise the skin eruption period of the disease, in 
which patients are contagious. Before that, patients are not able to transmit the virus. The natural 
history in patients without complications regularly lasts 2-4 wk[28]. Possible detection of MPXV based 
on clinical signs is essential to identify suspicious cases during surveillance. Nevertheless, the clinical 
case definition for MPXV based on unconfirmed studies has high sensitivity (93% to 98%) and low 
specificity (9% to 26%)[31,32]. Virus transmission occurs by direct bodily contact with pores and skin 
then skin lesions, along with sexual contact; or contact with contaminated materials, such as clothing, 
bedding and dishes, within 21 d before signs appear. Laboratory research does not validate the clinical 
definition, but an epidemiological link, including contact with a proven case does[28].

Genetic methods: It is recommended that genetic techniques, including polymerase chain reaction 
(PCR) or real-time PCR (RT-PCR), be performed in a biosafety level 3 facility[33].

Routine detection of MPXV DNA in clinical and veterinary specimens and cell cultures infected with 
MPXV is performed by RT-PCR targeting conserved regions of the outer coat protein (B6R) gene, l DNA 
polymerase E, the DNA-dependent RNA polymerase subunit 18 (rpo18), and the F3L genes[33,34]. 
Restriction fragment length polymorphism (RFLP) of genes or PCR-amplified gene fragments is also 
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used to detect MPXV DNA, but RFLP is time-consuming and requires viral culture[35]. Additionally, as 
RFLP of PCR products requires enzymatic digestion after gel electrophoresis, it may not be an 
appropriate method in a clinical setting where speed, sensitivity, and specificity are essential. Whole 
genome sequencing (NGS) is valuable in detecting MPXV and OPVs, but this technique is expensive, 
and downstream sequencing records processing requires extensive computing[36-38]. Therefore, NGS 
may not be a siutable detection method in resource-poor locations in sub-Saharan Africa. Although RT-
PCR remains the optimal method for the identification of MPXV, this must be complemented by 
genome sequencing technology to provide information on the genome, which is essential for evidence-
based epidemiology (Figure 2)[32].

Immunological methods: These methods include enzyme-linked immunosorbent (ELISA) and 
immunohistochemical assays to determine IgG and IgM antibodies and detect viral antigens[39]. 
Immunochemical analysis can distinguish poxvirus from herpes virus infection using polyclonal or 
monoclonal antibodies to all OPVs[11]. It has been shown that antibodies to the virus also have cellular 
responses and enhancements at the time of disease onset. Approximately 5 d and 8 d or more after the 
onset of the rash, IgM and IgG are formed in the serum, respectively[40]. Detection of IgM and IgG 
antibodies in unvaccinated individuals with a history of inflammation and severe illness may increase 
indirect MPXV discrimination. Despite this, these methods are not specific for MPXV detection and can 
detect other types of OPVs[32,41]. On the other hand, IgM can assess MPXV infection in people with a 
history of smallpox vaccination[42]. A positive IgM capture ELISA test indicates recent exposure to OPV 
(possibly MPXV in endemic areas) in vaccinated individuals.

Conversely, a positive IgG capture ELISA test indicates that a person has been exposed to OPV 
through vaccination or natural infection. Therefore, IgM and IgG in a sample are strong evidence of 
recent exposure to an OPV in previously vaccinated or naturally infected individuals. Thus, IgM in 
individuals vaccinated against smallpox in MPXV-endemic regions reflects recent exposure to MPXV
[43,44].

Electron microscopy: MPXV under an electron microscope appears intracytoplasmic brick-shaped with 
lateral bodies and a central core measuring about 200–300 nm. Although this method is not a definitive 
diagnostic technique as OPV species cannot be differentiated morphologically, it provides a clue that the 
virus belongs to the Poxviridae family [45].

Virus-host interaction
Host and tissue tropism: Members of the OPV family are thought to exhibit diverse spectra of host 
tropisms[46]. Although the reservoir host for MPXV has not been definitively identified, many 
mammalian species are naturally infected with MPXV[47]. Thus, it is believed that MPXV has a wide 
host range. Previously, after the challenge with Congo Basin MPXV, large amounts of viral DNA and 
viable virions died in a variety of animal tissues, suggesting broad tissue tropism. The immunohisto-
chemical and histopathological tests by Falendysz et al[48] found that the MPXV antigen was identified 
in ovarian, brain, heart, kidney, liver, pancreatic, and lung tissues, and ovarian tissues were susceptible 
to MPXV[49].

Host responses to the virus: PXVs develop many strategies to escape the host's immune response to 
infection. Natural killer (NK) cells kill virus-infected cells by secreting cytokines that stimulate the 
activity of other cell types, such as T cells and dendritic cells[50]. MPXV infection can change 
lymphocyte numbers, NK cell changes in non-human primates (NHPs), lymphadenopathy, and 
lymphocyte consumption in MPXV-infected NHPs. Gavin et al[51] using prairie pooches showed a 
noteworthy increment in the number of all NK subsets (CD16- CD56-, CD16+, CD56+, and CD16+ 
CD56+) on the seventh day after vaccination. Moreover, the expression of chemokine receptors (CXCR3, 
CCR5, CCR6, and CCR7) on each NK cell subset suggest that, following the MPXV challenge, receptor 
expression was delayed or reduced[11,52]. Hammarlund et al[53] anticipated that MPXV has a safe 
avoidance component such as CPXV. The avoidance process utilized by MPXV ensures the viral store is 
resistant by repressing the activation of CD4+ and CD8+ T cells after interaction with MPXV-infected 
cells. Acknowledgment of MPXV-infected monocytes by antiviral CD4+ and CD8+ shows that MPXV 
does not activate the generation of cytokines (IFN-γ or TNF-α) by virus-specific T cells[52]. Antiviral T-
cell responses are substantially increased following contamination with VARV alone. However, T-cell 
cytokine responses decreased by 95% after co-infection, including MPXV and VARV, and by 80% when 
low-dose MPXV was added (VARV: MPXV ratio was 10:1)[54].

Treatment
Vaccination: The smallpox vaccine protects humans against smallpox. The smallpox vaccine 
incorporates a live vaccinia virus, and not a killed virus[55]. Vaccinated people must take precautions, 
as the vaccine can result in side effects[56]. Most humans have mild reactions such as flank pain, fever, 
and body aches[51]. However, some people may react differently, and some side effects can be life-
threatening[57]. Although smallpox vaccination can shield humans from smallpox for approximately 3-
5 years, its potential to protect humans then decreases, and for long-term protection, additional vaccin-
ations may be needed[58]. Several reviews suggest that smallpox vaccination provides cross-protection 
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Figure 2 Genomic structure of monkeypox virus. The entire genome consists of over 196858 bp along the central genomic vicinity of 101476 bp. Both 
extreme variables (right is longer than left) include a 6379 bp inverted terminal repeat. ITR: Inverted terminal repeat.

against common OPV species and MPXV. Of humans vaccinated against smallpox, 85% did not develop 
MPXV infection[59]. The smallpox vaccine (ACAM2000TM) was advocated by the Centers for Disease 
Control and Prevention (CDC)[60].

The attenuated vaccine, IMVAMUNE, is no longer available in MPXV areas[61]. A third-generation 
modified Ankara vaccine has been selected with the aid of the Food and Drug Administration (FDA) 
and the European Medicines Agency to prevent varicella or monkeypox in adults (age 18 years) with a 
high risk of VARV and MPXV infection[61,62]. Unlike the ACAM2000 vaccine, IMVAMUNE is no 
longer used in humans with immunodeficiency, such as immune disorders and atopic dermatitis. 
Neither ACAM2000 nor IMVAMUNE is used in specific populations[61,62]. Vaccination is also 
recommended for sexually high-risk individuals, including MSM, and those with a history of sexually 
transmitted diseases such as human immunodeficiency virus (HIV), syphilis, and gonorrhea. However, 
there are no statistics on immunization, including smallpox vaccines JYNNEOS®/IMVANEX® that may 
confer protection against sexually transmitted MPXV[51,63].

Antivirals: There is no approved, safe remedy for MPXV infection. A 4-trifluoromethylphenol 
derivative and tecovirimat (ST-246 or TPOXX®), supported by the FDA, have been examined using 
animal models[64]. These agents have been shown to be beneficial in infected animals. According to a 
CDC report, clinical trials, including on tecoirimate, show that although the treatment is well tolerated 
and safe, there are inadequate statistics on its usefulness in treating monkeypox in humans[61,65,66]. 
Similarly, in vitro studies with cidofovir or brincidofovir (CMX001 or hexadecyloxypropyl-cidofovir) 
reduced viral DNA polymerase, and is an acyclic nucleoside phosphate conjugate of cidofovir[61,66,67]. 
However, brincidofovir has increased cytotoxicity and higher antiviral activity than cidofovir towards 
VARV, MPXV, VACV, and CPXV in vitro.

Brincidofovir has a high selectivity index and is 25-fold greater than cidofovir. Cidofovir is a 
nucleotide monophosphate analog. Another dynamic agent against poxviruses is NIOCH-14, a 
precursor of tecovirimat[66-68]. Although the activity of NIOCH-14 towards VARV, MPXV, and ECTV 
is similar to that of tecovirimat in in vitro studies, its production is less complicated than tecovirimat, 
and has been recognized as an essential antiviral in the future. Ribavirin and tiazofurin inhibited the 
activity of every OPV tested including VARV and MPXV[59,61,68,69]. Saquinavir, ritonavir, and 
nelfinavir are protease inhibitors, and efavirenz, stavudine, and zidovudine are reverse transcriptase 
inhibitors and have been used against OPVs. In addition, two adenosine analogs (C-ca3-Ado and C3-
Npc A) have been shown to have protective activity against OPVs in viral replication assays, and these 
analogs are also inhibitors of S-adenosylhomocysteine hydrolase (SAH)[59,61,67,68]. These SAH 
hydrolase inhibitors have broad antiviral activity but had no detectable effect on CPXV in vitro. Using 
specific mechanisms, cidofovir and N-(2-hydroxypropyl) methacrylamide inhibited viral duplication in 
PXVs. However, adefovir and dipivoxil showed no sizeable activity against poxviruses.

Furthermore, adenosine oxide N1 had a considerable effect on OPV by inhibiting CPXV viral 
reproduction in vitro by blocking viral mRNA translation[52,68,70]. Although there is no optimal 
therapy, MPXV is managed only by supportive than evidential treatment, and is only suitable for 
symptomatic individuals[66,68]. Thus, environmentally friendly MPXV vaccination and antiviral agents 
are required to prevent transmission from asymptomatic people.

Biocidal agents and disinfectants: On June 5, 2022, a study was conducted to assess the published data 
regarding the antiviral effect of biocides and disinfectants against MPXV and orthopoxviruses. Vaccinia 
viruses must be rendered inactive by at least four log10 using 70% ethanol (70%, 1 min), peracetic acid 
(0.2%, 10 min), and probiotic cleanser (1%-10%, one h) on contaminated surfaces. These tests also 
demonstrated the efficacy of glutaraldehyde (2%; 10 min), orthophthalaldehyde (0.55%, 5 min), iodine 
(0.04%-1%) and sodium hypochlorite (0.25%-2.5%; 1 min). Vaccinia virus was not affected by copper 
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levels (99.9%) but MPXV was at 3 min[71].

CONCLUSION
As of May 2022, instances of MPXV have been recorded in nations where the infection is not endemic 
and are still being reported in several endemic nations. As a result, MPXV is no longer restricted to 
areas where it is endemic as, in recent years, visitors from Africa have brought MPXV to the United 
States, the United Kingdom, Israel, and Singapore. MPXV is a dangerous reemerging pathogen. MSM 
males in the United Kingdom have contracted MPXV via community transmission without directly 
interacting with travelers from endemic nations. In addition, a study reported admission to the Hospital 
for Infectious and Tropical Diseases in Romania of a 26-year-old HIV-positive male with high fever (up 
to 39 ℃), chills, rectal pain, vesiculo-pustular rash, dysphagia, and skin lesions primarily in the 
anogenital area who had developed a mild form of the disease. This was the first MPXV case officially 
verified in Romania with suspicious epidemiological and clinical symptoms. Excellent knowledge on 
how to prevent and control MPXV infection, and improve contact tracing is required. This is partic-
ularly true in populations with high-risk characteristics. Public health officials and medical profes-
sionals should rule out MPXV in all patients who exhibit the typical rash and risky sexual behavior, 
especially those who have recently had sex with partners who visited countries where MPXV cases have 
been reported or partners who exhibit the same clinical symptoms even if they do not travel abroad[72]. 
As a result, it is essential to focus more on national and international research efforts for laboratory 
diagnosis, infection control, and treatment strategies. These strategies should also support sexual health 
and other specialized services in managing this condition. For MPXV outbreaks around the world, the 
Surveillance Outbreak Response Management Analysis System must be established and implemented.
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Abstract
The 2019 coronavirus disease (COVID-19), resulting from the severe acute 
respiratory syndrome 2 virus, has transformed our globe and provided a new 
perspective on respiratory tract infections. However, COVID-19 would not be 
recognized as a condition restricted to only pneumonia. This narrative review was 
conducted by searching manuscripts in several databases, including PubMed/ 
MEDLINE, Web of Science, and Reference Citation Analysis, from December 2019 
to July 2022. Many studies have revealed a broad spectrum of potential systemic 
symptoms, including biliary complications. Although biliary injury has been 
observed in a very low proportion of COVID-19 patients, it is associated with 
increased mortalities and long-term morbidities. We identify a cholangiopathy 
condition in individuals during infection and after recovering from severe 
COVID-19, defined by a significant increase in serum alkaline phosphatase and 
signs of bile duct injury. Understanding the pathogeneses behind this condition 
would help us develop new techniques to prevent these complications. This 
review thoroughly discusses and summarizes the current information regarding 
COVID-19-associated cholangiopathy. In addition, the possible explanations for 
COVID-19-associated cholangiopathy are presented. Since the exact pathogenesis 
may not be concluded, this review could provide relevant information to 
encourage additional investigations shortly.
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Core Tip: The 2019 coronavirus disease (COVID-19) is not only regarded as a respiratory tract disease but 
also demonstrates a wide range of systemic consequences, including the biliary tract. A significant 
increase in serum alkaline phosphatase and signs of biliary injury on imaging and/or pathology are the 
hallmarks of COVID-19-associated cholangiopathy. Direct viral invasion, ischemic injury related to 
microvascular coagulopathy, drug-induced cholestatic liver injury, alteration of gut microbiota, and 
cytokine release syndrome are proposed as potential explanations for cholangiopathy associated with 
severe COVID-19 infection.

Citation: Wongtanasarasin W. Cholestatic liver injury: A rare but fatal complication during and after COVID-19 
infection. World J Virol 2022; 11(6): 435-442
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/435.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.435

INTRODUCTION
Since December 2019, the recent Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), later 
confirmed as the source of the 2019 coronavirus disease (COVID-19), has turned into a global threat to 
public health[1]. With a rapidly increasing number of overall cases, the World Health Organization 
announced the disease pandemic in March 2020. Currently, COVID-19 has caused about 577 million 
cases and over 6 million deaths worldwide[2].

SARS-CoV-2 is greatly transmitted by droplet transmission[3], with respiratory symptoms (i.e., sore 
throat, cough, dyspnea) being the most prevalent manifestation as a result of host seeding via 
angiotensin-converting enzyme 2 (ACE-2) receptors present primarily in type II alveolar cells of the 
lungs[4,5]. Although respiratory and non-specific symptoms such as fever, myalgia, and fatigue 
represented the most common presentations in patients with COVID-19 infection, gastrointestinal and 
hepatic symptoms have also been observed[6,7]. Infected individuals reported nausea, vomiting, and 
abdominal discomfort[6,8,9]. Current evidence has proposed pneumonia as a severe COVID-19 feature
[10]. However, complications are notably distinguishable, and the virus has impacted different organ 
systems[11]. At initial presentation and in hospitalized patients, the incidence of abnormal serum liver 
function tests (LFTs) varies from 22% to 67%, with levels of elevation ranging from minor to severe[12-
14]. Autopsy findings from the case series also demonstrated mild microvesicular steatosis and lobular 
with portal inflammation[15].

To date, the findings have concentrated on evidence of hepatocellular injury, serum aspartate 
aminotransferase (AST), and alanine aminotransferase (ALT) elevations[16-18]. Several studies also 
observed that abnormal LFTs during hospitalization had been linked with disease severity[19-22]. One 
article that included over 2000 patients in the United States investigated ALT increases and their associ-
ations with disease severity, also emphasizing the rarity of cholestasis[20]. Despite a myriad of research 
on the severe COVID-19 progression, we noticed a small number of reported reports on the 
consequences. Previously, Faruqui et al[11] described a condition characterized by increases in LFTs, 
particularly markedly elevated serum alkaline phosphatase (ALP), and radiographic findings indicating 
biliary tract inflammation, primarily bile duct stricture, similar to those seen in critically ill patients with 
secondary sclerosing cholangitis (SSC)[23]. Still, this condition named COVID-19-associated cholan-
giopathy is not antecedently reviewed and discussed. This review comprehensively summarizes up-to-
date reports from studies highlighting this condition and its perspective. Moreover, possible explan-
ations for COVID-19-associated cholangiopathy are provided and discussed. We anticipate that this 
review could underline the importance of this condition since it appears to have significantly negative 
effects on patients’ recovery and may potentially result in long-term morbidities.

SEARCH STRATEGY
This narrative review was performed considering articles published from December 2019 to July 2022. 
The manuscripts were searched electronically using several standard databases, including 
PubMed/MEDLINE, Web of Science, and Reference Citation Analysis. Various search terms and 
Medical Subject Headings (MeSH) were used to identify potential articles: “COVID-19”, “cholestasis”, 
“alkaline phosphatase”, and “obstructive jaundice” (Supplementary Table 1). This mini-review may 
only serve as a hypothesis-generation of all relevant articles existing in the literature. The extensive 
details of this condition may have been reviewed elsewhere. The included articles were only those that 
were published in English.

https://www.wjgnet.com/2220-3249/full/v11/i6/435.htm
https://dx.doi.org/10.5501/wjv.v11.i6.435
https://f6publishing.blob.core.windows.net/c4930537-1732-49c1-977e-75a988a59985/WJV-11-435-supplementary-material.pdf
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COVID-19-ASSOCIATED CHOLANGIOPATHY
COVID-19-associated cholangiopathy (COVID-C) or COVID-19 cholestasis has been proposed to 
describe a condition that occurs in individuals during and after severe COVID-19 infection[11]. It is 
characterized by elevated liver enzymes, especially substantial increases in serum ALP, and imaging-
based biliary tract inflammation[11]. This condition appears to have significant negative effects on 
patient recovery. After other indications of COVID-19 have recovered, it may cause delayed morbidity
[17], the necessity for a liver transplant, and death[11].

Elevated serum ALP and serum gamma-glutamyl transferase levels
COVID-19 is frequently linked with aberrant LFTs, despite the absence of disease-specific lesions on 
radiographic imaging or biopsy. Liver damage has been discovered to be a common feature of the 
highly deadly coronavirus-associated illness in humans[24]. Previous studies, mainly from China, have 
identified abnormal LFTs in infected individuals from the early stages of the recent SARS-CoV-2 
pandemic[25-27]. Several systematic reviews with meta-analysis found that any abnormal LFTs were 
reported in 25%-47%[12-14,26]. Most abnormalities were elevated serum AST and ALT, representing 
hepatocellular injury[12,13]. Recent literature showed that acute hepatocellular injury during COVID-19 
positively correlates with more severe COVID-19 disease[20]. Furthermore, SARS-CoV-2 can enter the 
liver via the ACE-2 receptor proteins found on the bile duct epithelium, which theoretically results in 
“direct viral cholangiocyte injury”. Supporting this concept, the findings from meta-analyses reported 
serum ALP elevations occurring in up to 4.0%-13.7% of patients[12-14]. In addition, recent studies 
identified serum ALP elevation as an independent predictor for unfavorable outcomes, including 
intensive care unit (ICU) admission and hospital mortality[13,28]. Furthermore, Da et al[17] documented 
that COVID-19 patients with increased ALP levels (> 3 times of normal upper limit) were correlated 
with a higher likelihood of prolonged mechanical ventilation and death. In the same way, a study 
conducted in Iraq reported that most SARS-CoV-2 patients had abnormal liver enzyme activities, which 
might be associated with viral replication in the liver[16].

Similarly, serum gamma-glutamyl transferase (GGT) activity represents a sign of hepatobiliary 
damage, particularly cholestasis and biliary impact[29]. Previous meta-analyses revealed that COVID-19 
patients had higher GGT levels than those without, ranging from 15.0-22.5%[12,13]. Although the ACE-2 
receptor is primarily expressed in the biliary tree, the evidence found that both abnormal serum ALP 
and GGT levels were lower than abnormal serum AST and ALT levels. We hypothesize that some 
abnormal hepatocellular enzymes may result from baseline chronic liver diseases. Furthermore, 
individuals with COVID-19 and concurrent advanced-stage liver disease may be more susceptible to 
severe liver damage than those without.

Abnormal biliary tract imaging associated with COVID-19 infection
Faruqui et al[11] reported that only 0.6% of patients with severe COVID-19 infection developed aberrant 
radiographic findings consistent with cholestatic liver damage. All had severe pneumonia with sepsis 
and required mechanical ventilation during admission. Extracorporeal membrane oxygenation was 
used on three of them. All patients underwent magnetic resonance cholangiopancreatography, which 
indicated aberrant findings such as beaded intrahepatic channels, peribiliary diffusion high signal, bile 
duct wall thickening and hyperenhancement, and common bile duct dilatation[11]. These cholan-
giopathies described in that study are comparable to SSC observed in patients following prolonged ICU 
stays[23]. This disease has been encountered in critically ill patients with infection, polytrauma, burns, 
or after major surgery[30,31]. SSC also has been described in a case report or small case series[11,30,31]. 
It has been defined as a cholangiopathy with radiographic characteristics similar to those observed in 
primary SSC and comparable to ischemic cholangiopathy reported following liver transplantation[31]. 
Endoscopic retrograde cholangiopancreatography or liver histology was used to diagnose several 
individuals who had SSC following a severe illness. Gelbmann et al[30] recorded endoscopic 
observations of biliary casts with the reduced biliary flow and eventual cholangitis, as well as verified 
cholangitis and hemorrhagic exudates in bile ducts from liver biopsy. All 26 patients in that research 
had respiratory failure and required mechanical ventilation[30]. The relationship between severe SSC 
patients and COVID-19 cholangiopathy highlights a potential connection between hypoxic liver damage 
or ischemic liver failure and cholestatic liver injury[11]. The portal vein and the hepatic arteries supply 
the liver parenchyma or hepatocytes. On the other hand, the intrahepatic biliary tree is nourished only 
by hepatic artery branches via the peribiliary vascular plexus. Given its dependence on only arterial 
supply, the biliary epithelium appears more sensitive to ischemia than hepatocytes, which get dual 
supply[32,33]. This is illustrated by instances of hepatic artery thrombosis, which occurs in 9% of adult 
liver transplant patients following arterial blood supply termination, commonly leading in biliary 
ischemia lesions such as necrosis with biliary leakage and ischemic strictures[34].
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POSSIBLE EXPLANATIONS FOR COVID-19-ASSOCIATED CHOLANGIOPATHY
Direct viral invasion
Direct viral cholangiocyte injury is a hypothetically pathogenic mechanism of the virus leading to 
cholestatic liver injury since SARS-CoV-2 may enter the liver via the ACE-2 receptor protein found on 
the bile duct epithelium[35]. In liver tissues taken from 4 deceased donors of liver transplants, it is 
demonstrated that specific ACE-2 activity was expressed in 60% of cholangiocytes, compared with 3% 
of hepatocytes, suggesting that the virus might directly bind to specific ACE-2 receptors on cholan-
giocytes[36]. They discovered that ACE-2 expression in cholangiocytes is equivalent to ACE-2 
expression in type II lung alveolar cells[36]. Also, subsequent reports have found that biliary epithelial 
cells exhibit a high level of ACE-2[35,37]. An in vitro investigation of human liver cells revealed that 
cholangiocytes might be more vulnerable to being infected with SARS-CoV-2 than other viruses[35]. 
Previous literature illustrated that viral particles in cholangiocytes had been found in ultrastructural 
and histological studies, highlighting the possibility that cholestatic damage may be caused by SARS-
CoV-2 direct infection of biliary epithelial cells[11,38]. Furthermore, transmembrane protease serine 2 
(TMPRSS2), the key host protease that allows several coronaviruses to enter the cells, including SARS-
CoV-2, has been found to be associated with viral invasion mechanism since its activity was expressed 
in cholangiocytes[39]. Its actions lead to cell apoptosis, impaired transportation of bile acids, and 
epithelial barrier dysfunction[35]. On the other hand, another report documented that the proportion of 
cells expressing ACE-2 and TMPRSS2 was only 2.50% for cholangiocytes and 0.04% for hepatocytes, 
questioning the uncertain hypothesis of a direct viral effect on liver and bile duct cells[40].

Ischemic injury referred to the microvascular coagulopathy
The previously discussed cholestatic injury might result from ischemic damage caused by microvascular 
coagulopathy and/or hypotension during critical illness or sepsis[11,19,21]. Researchers have found that 
SARS-CoV-2 enters the host via the respiratory epithelial ACE-2 receptor[41]. ACE-2 is, nevertheless, 
widely expressed in endothelial cells of minor and major vessels across the body[37]. The expression of 
ACE-2 in vascular endothelium has been proposed as a key pathogenetic factor in the widespread 
coagulation that contributes considerably to COVID-19 morbidity and mortality[19,21]. A recent case 
series discovered many platelet-fibrin microthrombi in postmortem liver cells[36]. However, another 
case series of 40 COVID-19 cases found sinusoidal microthrombi in only 15%, whereas most reported 
macrovascular steatosis (75%) and mild lobular necroinflammation and portal inflammation (50%)[42]. 
These controversial issues, nonetheless, did not exclude the possibility of intravascular microthrombi 
and thrombosis theory. More research on this topic may be warranted.

Drug-induced cholestatic liver injury
Another possible explanation for COVID-C is drug-induced cholestatic liver injury. A wide range of 
medications has been investigated throughout this pandemic. Among these, remsidivir[43,44], lopinavir
[45], ritonavir[45], and interleukin-6 antagonists (tocilizumab)[46] have been reported as a cause of 
increased ALT levels. However, the pattern of biliary injury from pathological examination strongly 
supports this hypothesis was insufficient[43,44,46]. Besides, no single medication was constantly 
delivered to all patients with COVID-19 infection, resulting in inconclusive confirmation of this issue.

Alteration of gut microbiota
Interestingly, changes in the gut microbiota may also lead to cholestatic damage[47]. When SARS-CoV-2 
infected the enterocytes, it inhibited the absorption of intestinal tryptophan; therefore, resulting in the 
generation of antimicrobial peptides, mostly through the downregulation of ACE2 following viral 
entrance[48,49]. It has been proposed that disruption of the gut-liver axis may increase the likelihood of 
developing severe COVID-19 in patients with non-alcoholic fatty liver disease[50]. In addition, the gut 
microbiota has been used as a prospective target for adjuvant therapy during SARS-CoV-2 infection[51,
52].

Cytokine release syndrome
Moreover, cytokine release syndrome (CRS), which occurs in both SSC and COVID-19, is another sign 
that the pathophysiology of SSC-associated severe illnesses and COVID-C may be pathogenetically 
similar[32]. Documents indicating that CRS can produce severe cholestatic liver damage suggest that the 
biliary epithelium is partially sensitive to CRS-immune mediated damage[53]. Overall, we may assume 
that the inducers, such as SARS-CoV-2 epithelial infection, microthrombosis, or the magnitude of the 
COVID-19 CRS, aggravate the severity and frequency of COVID-19 infection[11].

CLINICAL IMPLICATION
This review provided some important and interesting points. Recently, many researchers raised the 



Wongtanasarasin W. Cholestatic liver injury during and after COVID-19

WJV https://www.wjgnet.com 439 November 25, 2022 Volume 11 Issue 6

question of when the COVID-19 pandemic will end. One statistical report showed that the COVID-19 
pandemic could terminate in 2022, but COVID-19 could be one or two times more fatal than seasonal 
influenza by 2023[54]. Understanding the complications and consequences after COVID-19 infection 
would help clinicians prevent such conditions and improve the quality of care during the post-infection 
period. Knowledge and evidence regarding COVID-19-associated cholangiopathy are comparably low 
despite the growing literature on COVID-19 and other complications. This review could pave the way 
for a better comprehension of this condition. Future research to completely explain the behind 
mechanism would advance the treatment and management paradigm. Furthermore, this mini-review 
will emphasize that all healthcare professionals recognize this disease and its circumstances better.

CONCLUSION
SARS-CoV-2 infection has taken our world into a disastrous situation. Severe COVID-19 patients may 
encounter COVID-19-associated cholangiopathy, similar to those with SSC after critical illness. COVID-
19 infection initially signifies the virus's contact with ACE-2 receptors (expressed in cholangiocytes and 
vascular endothelium). Based on current evidence, several theories were described in this review, 
including direct viral invasion, microvascular coagulopathy, alteration of gut microbiota, drug-induced 
liver injury, and cytokine release syndrome (Figure 1). The exact underlining pathogenesis might not be 
concluded at this moment, raising the importance of further investigations into this issue. COVID-C 
may be rarely found in patients with severe COVID-19 infection but is associated with increased 
mortality and impaired quality of life. We anticipate that the findings described in this review will 
advance more translational research, resulting in a better understanding and improved treatment of 
COVID-C in the near future.

Figure 1 Possible mechanism involved in the pathogenesis of COVID-19-associated cholangiopathy during and after COVID-19 infection. 
ACE-2: Angiotensin-converting enzyme 2; COVID-19: 2019 coronavirus disease; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; TMPRSS2: 
Transmembrane protease serine 2.
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Abstract
Coronavirus disease has spread worldwide since 2019, causing important 
pandemic issues and various social health problems to date. Little is known about 
the origin of this virus and the effects it has on extra-pulmonary organs. The 
different mechanisms of the virus and the influence it has on humans are still 
being studied, with hopes of finding a cure for the disease and the pathologies 
associated with the infection. Liver damage caused by coronavirus disease 2019 
(COVID-19) is sometimes underestimated and has been of important clinical 
interest in the past few years. Hepatic dysfunctions can manifest in different 
forms which can sometimes be mild and without specific signs and symptoms or 
be severe with important clinical implications. There are several studies that have 
tried to explain the mechanism of entry (hepatotropism) of the virus into 
hepatocytes and the effects the virus has on this important organ. What clearly 
emerges from the current literature is that hepatic injury represents an important 
clinical aspect in the management of patients infected with COVID-19, especially 
in frail patients and those with comorbidities. The aim of our brief overview is to 
summarize the current literature regarding the forms of hepatic damage, complic-
ations, mechanisms of pathology, clinical features of liver injury, influence of 
comorbidities and clinical management in patients with COVID-19 infection.
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Cytokine storm; Angiotensin-converting enzyme 2
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Core Tip: Liver damage can occur in patients infected by coronavirus disease 2019 (COVID-19). The 
organ damage can be due to various mechanisms such as direct infection, immune injury, drug-induced 
damage, hypoxia or inflammation response. It is of clinical importance to manage hepatic damage in 
COVID-19-positive patients. Patient outcomes, the success of therapy, prevention of life-threatening 
complications and management of existing comorbidities depend on proper organ functioning.

Citation: Grando M, Balbi M, Zeppieri M. COVID-19-induced liver injury in adult patients: A brief overview. 
World J Virol 2022; 11(6): 443-452
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/443.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.443

INTRODUCTION
In December 2019, a new ribonucleic acid (RNA) virus in humans was reported in China, known as 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This viral infection has spread quickly 
throughout the world ever since the first outbreak. The virus causes coronavirus disease 2019 (COVID-
19) which has had a great global impact[1]. SARS-CoV-2 started as a zoonotic infection but currently 
also affect humans. The disease propagates quickly between humans via air droplets, sneezing and 
coughing, especially amongst people that are in close contact with each other. Studies have also shown 
the possibility of fecal-oral transmission[2]. The majority of SARS-CoV-2 infected patients can be 
asymptomatic or can present with mild symptoms which range from coughing, fever, headache, 
anosmia, etc. About 15% of cases, however, can show severe pulmonary disease leading to respiratory 
dysfunction, which can progress to multiorgan failure, coagulopathy and even death[3-5]. Common risk 
factors for severe disease progression include male sex, advanced age and coexisting comorbidities (i.e. 
heart disease, tumors, diabetes, hypertension, etc)[6,7].

Possible hepatic involvement has been shown in two recent types of pathogenic Coronaviruses, 
which include SARS-CoV-2 and middle east respiratory syndrome coronavirus. These two viruses show 
striking genetic similarities, thus hepatic involvement is not entirely unexpected[8]. COVID-19 patients 
showing injury of the liver can present with abnormal liver biochemical indicators, such as elevated 
levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total bilirubin, in 
addition to low levels of albumin[9,10]. The possible mechanisms involved in viral infections include: a 
direct effect of the virus on hepatocytes or biliary epithelium; liver injury related to accentuated immune 
response (cytokine storm) and immune-mediated damage; drug toxicity; and ischemic hepatitis. These 
complications can be favored in patients having multiorgan dysfunction and hemodynamic instability
[11]. COVID-19 can give rise to a worsening of existing chronic liver disease (CLD) which can lead to 
higher mortality due to acute-on-chronic liver failure and/or hepatic decompensation.

Our overview provides a brief summary based on the various forms of hepatic damage, complic-
ations, mechanisms, clinical features of liver injury, influence of comorbidities and clinical management 
in patients with infection of SARS-CoV-2.

SEARCHING OF THE LITERATURE
We conducted a search of the literature published between January 1, 2011 to June 1, 2022, using 
PubMed (https://pubmed.ncbi.nlm.nih.gov) and Reference Citation Analysis (https://www.
referencecitationanalysis.com). The database was first searched using the key words “SARS-CoV-2 AND 
hepatic injury, hepatic damage AND therapy”. We considered only studies in English and those 
referring to humans and with abstract, thus reducing the count to 350 papers. The reference lists of all 
retrieved articles were assessed to identify additional relevant studies. Only articles with abstracts were 
considered. Each study was independently assessed by at least two reviewers (Grando M and Balbi M), 
and rating decisions were based on the consensus of the reviewing authors. Our manuscript was based 
on the most relevant and pertinent studies which included 76 references listed in the paper.

Mechanism and hepatotropism of SARS-CoV-2
Angiotensin-converting enzyme 2 (ACE2) is expressed in about 80% of pulmonary alveolar cells, but 
also in other organs. It seems to be a susceptible receptor for SARS-CoV-2. In vitro studies during the 
SARS epidemic showed that ACE2 acts as the host receptor for viral entry[12]. Moreover, furin gene and 
transmembrane serine protease 2 (TMPRSS2) have also shown to play an important role in infection. 
Cells expressing these specific receptors can be indicative of putative hepatic permissive cells[13].

https://www.wjgnet.com/2220-3249/full/v11/i6/443.htm
https://dx.doi.org/10.5501/wjv.v11.i6.443
https://pubmed.ncbi.nlm.nih.gov
https://www.referencecitationanalysis.com
https://www.referencecitationanalysis.com
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Hepatic distribution of ACE2 is particular. Single-cell RNA sequencing analyzed from livers from 
normal patients have shown higher levels of gene expression in cholangiocytes, sinusoidal endothelial 
cells and hepatocytes[14,15]. The ACE2 expression levels in cholangiocytes are like those found in 
pulmonary type 2 alveolar cells of the lungs, thus indicating that the liver could be a potential target for 
SARS-CoV-2[16]. In addition, studies have reported that furin and TMPRSS2 have shown a broad gene 
expression profile in many types of liver cells[14]. In three single-cell RNA combined analysis from 
sequencing obtained from healthy liver tissue, relatively few hepatocytes co-expressed ACE2 and 
TMPRSS2[17]. Zhao et al[18] conducted studies on liver ductal organoids that expressed ACE2 and 
TMPRSS2. These were shown to recapitulate infection of SARS-CoV-2, which could be indicative that 
the epithelium of the bile duct may support entry of pseudo particles[18]. The exact reasons to explain 
these findings are not known. It may be possible, however, that the virus may show low levels of 
replication in cholangiocytes in vivo in the absence of cell death.

The effects of coexisting liver disease and injury on SARS-CoV-2 hepatotropism is still not known. 
Studies performed before COVID-19 have reported an increase in liver ACE2 expression in patients 
with cirrhosis due to hepatitis virus C when compared with normal patients[19]. Moreover, liver mRNA 
TMPRSS2 and ACE2 expression have shown to be upregulated in non-infected obese individuals and 
non-alcoholic steatohepatitis patients[20]. Studies based on liver injury in animal models using ligation 
of the bile ducts have shown elevated expression and activity of hepatic ACE2 and the presence of 
hypoxia markers[19,21]. Inflammation and injury of the liver may potentially enhance hepatotropism of 
SARS-CoV-2 by influencing the expression of viral receptors, with ACE2 shown as an interferon-
inducible gene in the epithelia of the respiratory system in humans[22,23]. While the tissue specific 
factors involved in the infection of SARS-CoV-2 are not completely known, the importance of accessory 
receptors like the receptor B type 1 high-density lipoprotein scavenger (SR-B1) can help better 
understand in vitro facilitated coronavirus attachment[24].

Clinical presentation
Liver biochemistries abnormalities are frequent in COVID-19 patients which has been reported to be 
seen in 15-65% of individuals infected with SARS-CoV-2[13]. Liver biochemistry abnormalities are 
generally characterized by mild to moderate elevated ALT and AST levels, accompanied by a slight 
increase in bilirubin levels and gamma-glutamyl transferase (GGT)[25]. Hypoalbuminemia, a typical 
manifestation of a hepatic synthetic dysfunction, has been reported to be associated with a worsening in 
COVID-19 outcomes[26-28]. Despite the presence of ACE2 in cholangiocytes, patients have shown to 
have elevated levels of transaminases. Several studies, however, have reported the development of 
cholangiopathy after severe COVID-19, which was characterized by marked elevation in serum alkaline 
phosphatase (ALP) accompanied by bile duct injury shown in imaging scans. ALP peaks can be seen in 
patients with worse prognosis. AST elevations can also be seen as a result of myositis[29]. Studies have 
showed that levels of AST at hospital admission tended to correlate with ferritin[30]. However, further 
studies are needed to determine whether COVID-19 aggravates cholestasis in individuals with primary 
sclerosing cholangitis and primary biliary cholangitis[31,32]. The clinical manifestation[10,13,28,32] of 
the disease can include gastrointestinal alterations like nausea, anorexia, vomiting, diarrhea, etc. Patients 
can also complain of abdominal pain, especially in the right upper quadrant region.

Prognosis
The prognostic significance of elevated liver enzymes in COVID-19 patients is currently debatable. 
Unpublished data from Wuhan, China showed increased GGT levels in severe cases of COVID-19[8]. 
Several reports have demonstrated that high levels of AST and ALT can be associated with negative 
outcomes including mechanical ventilation and management in an intensive care unit (ICU)[33-36]. A 
recent review showed that the pooled frequency of elevations of ALT and AST was similar in all 
COVID-19 cases, however, the prevalence of AST elevations was more than ALT in patients with severe 
COVID-19 disease[37]. Increased liver enzymes are commonly seen in patients needing severe critical 
care. Studies have reported raised AST in 62% of patients in the ICU compared to 25% in a non-ICU 
setting[38]. The current literature in this field can potentially be prone to bias considering that infected 
individuals with severe health issues tend to undergo more laboratory testing than patients with mild 
symptoms.

The influence of liver enzymes on mortality is debatable. Several studies have stated that there are no 
apparent associations between mortality rates and elevations in levels of liver enzymes[33,39]. Other 
studies, however, have reported elevated levels of liver enzymes (i.e. AST and ALT elevations higher 
than five times the normal ranges) in patients with greater risk of mortality[27,40]. Some authors have 
suggested that indicators based on liver biochemical levels can be useful predictors of prognosis and 
severity in COVID-19 individuals, however, it is important to note that the prognostic significance could 
also be due to enhanced host response and active treatments that could be more aggressive in patients 
with important signs and symptoms[41].

Hepatic damage
The complex mechanisms of liver injury during SARS-CoV-2 infection are of important clinical 
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importance but are still not all completely known. Hepatic damage could be related to the direct 
cytopathic effect of the virus. Huang et al[42] found that liver injury as the first clinical manifestation in 
COVID-19 patients was very rare and that hepatic damage in COVID-19 patients appeared mostly due 
to secondary liver injury. Numerous studies have speculated that in addition to the virus itself causing 
initial liver injury, other factors involved could cause secondary liver injury. These mechanisms include: 
an uncontrolled immune reaction; systemic inflammatory response syndrome (SIRS); ischemia and 
reperfusion; cytokine storm injury; and liver injury induced by drugs[38,41,43].

Direct damage: Liver injury in patients with COVID-19 could be partially caused by direct SARS-CoV-2 
viral invasion and hepatocyte destruction. Several studies have reported hepatic necrosis foci located 
near peri-portal areas and terminal hepatic veins, without signs of surrounding inflammatory cellular 
infiltration (consistent with acute liver injury patterns)[43,44]. Amongst hospitalized patients with 
COVID-19, elevations of serum AST levels have been shown to be positively correlated with levels of 
ALT, which have not been seen with markers of systemic inflammation like ferritin and C-reactive 
protein (CRP)[30]. Increased liver enzyme levels in COVID-19 patients could possibly be due to direct 
hepatic injury. Bile duct epithelium shows ACE2 expression which tends to be much greater than that 
seen in hepatocytes. Compensatory proliferation in parenchymal cells of the liver arising from cells of 
the bile duct may lead to the upregulation of ACE2 expression in the liver. This could be an important 
mechanism involved in SARS-CoV-2 induced liver injury.

The direct hepatic damage caused by the virus is still a hypothesis, especially considering the low 
number of autopsies performed in COVID-19 patients and the relatively low ACE2 expression in the 
liver. The direct toxic attack of SARS-CoV-2 on the liver is still questionable and remains debatable. 
Moreover, biomarkers for cholangiocyte injury, such as GGT and ALP have also been seen in some 
patients, which tends to be consistent with injury to biliary epithelial cells[39]. COVID-19 patients can 
show elevated total bilirubin levels. These results could be indicative that SARS-CoV-2 can directly bind 
to cholangiocytes expressing ACE2, thus giving rise to cholangiocyte injury. Further clinical and 
histopathological studies are needed to confirm these hypothetical mechanisms.

SIRS and cytokine storm: Like numerous other diseases, SARS-CoV-2 is associated with systemic 
inflammation, which could cause elevations in biochemistries in the liver due to the release of cytokine
[45]. Individuals with relatively high serum ALT levels tend to show elevated levels of CRP, D-dimer, 
ferritin and IL6[46]. Studies have shown elevated serum levels of interleukin (IL) IL2 receptor and IL6 in 
COVID-19 individuals which tend to correlate with the severity of the disease[47]. Moreover, other 
cytokines such as tumor necrosis factor IL18, IL4 and IL 10 have shown to be increased, as do peripheral 
blood pro-inflammatory CCR4+, CCR6+ and Th17 cells[48]. After being infected, a large number of 
immune cells may be overactivated and induced to secret excessive cytokines and chemokines. This can 
lead to acute respiratory syndrome and SIRS which can give rise to cell damage and necrosis.

Ischemia and reperfusion injury: Individuals with COVID-19 tend to show different degrees of 
hypoxemia. Systemic hypoxia might also have a contributory role. Studies have shown raised AST 
levels with other viral pneumonias including influenza A (H1N1) infection[49]. With hypoxia and 
ischemia, glycogen consumption, lipid accumulation and adenosine triphosphate depletion of 
hepatocytes can inhibit cell survival signal transduction which can lead to hepatocyte death. It is 
important to note that hepatic ischemia-reperfusion injury (HIRI) is considered as a normal pa-
thophysiological process. The mechanisms behind this injury are closely related to neutrophils, Kupffer 
cells, reactive oxygen species and calcium overload. HIRI can induce neutrophils, Kupffer cells and 
platelets which induce destructive cellular processes that can cause inflammation and injury to cells
[11]. Ischemia and hypoxia could surely be involved in the mechanisms of liver damage in patients with 
severe and critical COVID-19 disease.

Histological studies have showed altered intrahepatic blood vessel derangement, coagulopathy, 
antiphospholipid antibodies and abnormal hepatic perfusion which could be indicative of micro 
thrombotic disease[50,51].

Antibody-dependent enhancement: Antibody-dependent enhancement (ADE) involves the interaction 
between the Fc receptor and/or complement receptor with the virus-specific antibody to enhance the 
virus’ ability to enter granulocytes, macrophages and monocytes. Studies have shown that antibodies 
against the SARS-CoV-2 spike protein trigger ADE causing the virus to enter immune cells that do not 
express ACE2[52-54]. The liver has numerous immune-response cells. ADE could also mediate SARS-
CoV-2 in immune cell infection by a pathway not dependent on ACE2 and be involved in injury to the 
liver.

Drug induced injury: Drug-induced liver injury may have been more common during the initial 
periods of the pandemic which could have been favored by the use of experimental therapies[53]. It is 
also important to note that the common symptom in COVID-19 patients tends to be fever which may 
lead to the abundant use of antipyretic agents that contain acetaminophen, which is known to cause 
liver damage when excessively used without prescription in certain patients.
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Antiviral drugs that are currently available have not proven to be very effective in controlling the 
disease. During the outbreak, patients were given ritonavir, lopinavir, oseltamivir, etc. Raised hepatic 
enzyme levels have been reported in patients receiving lopinavir/ritonavir therapy (56.1% vs 25%)[54,
55]. Remdesivir is another antiviral drug that is used to inhibit the replication of SARS-CoV-2 virus and 
studies have shown increased levels of blood creatinine, acute kidney injury and higher levels of liver 
enzymes in patients using the drug[56]. A study published in 2019 showed that CYP3A4 may have an 
important role in hepatotoxicity mediated by ritonavir and that oxygen free radical can be produced by 
the CYP3A4 metabolic pathways[56]. Covalent binding could occur with substances found in the cells of 
the liver which can cause peroxidation of membrane lipid, damage the integrity and ca2+-ATPase 
pathway of the membrane, influence the homeostasis of external and internal cell levels of Ca2+ and 
impair the function of critical organelles within the liver cells. This can eventually lead to tissue damage 
and cell death. In addition, the overuse of ritonavir and lopinavir could activate the endoplasmic 
reticulum stress pathway, induce apoptosis, inhibit the replication of hepatocytes, induce inflammatory 
reactions and accelerate liver injury by aggravating oxidative stress[11]. Drug-induced damage needs to 
be included in the differential diagnosis. This requires a thorough and accurate medical history in 
addition to pertinent examinations and testing to exclude other forms of liver injury and diseases.

Other mechanisms: There are several other potential contributors that can help provide a better 
understanding of abnormal liver biochemistries in COVID-19. Current literature has also described 
COVID-19 as a vascular disease, in which endothelial cells can be infected and cause endothelitis. 
Subsequent microvascular dysfunction can lead to hypercoagulability, tissue edema and organ ischemia
[57,58]. Moreover, some studies have shown that AST levels can exceed ALT during the disease which is 
not typical in classic hepatocellular patterns of liver injury. This is commonly seen in alcohol-related 
liver disease and cirrhosis. These alternative factors that may play a role in hepatic damage in COVID-
19 patients remain unknown and require future clinical and histological studies. The mechanisms may 
include mitochondrial dysfunction related to COVID-19 and hepatic steatosis induced by SARS-CoV-2
[59].

Aggravation or recurrence of existing liver disease
Patients with pre-existing CLD can get COVID-19. Whether or not CLD patients tend to be more 
susceptible to infection of SARS-CoV-2 is still not known. Data from large case series based on health 
records do not suggest that these patients are over-represented[60]. CLD patients tend to have immune 
disfunction due to the disease and/or to long-term immunosuppressants treatments (as in immune 
hepatitis). These chronic patients have been reported to have worse clinical outcomes when compared 
to patients without underlying liver diseases. Preliminary studies have reported a potentially higher 
mortality rate and a more severe disease course in these patients, however, further studies with large 
cohorts are needed[61-63].

Cirrhosis: Acute hepatic decompensation (AHD) is typical in individuals with COVID-19 and cirrhosis. 
Studies have reported that about 50% of patients with cirrhosis and COVID-19[62] show AHD which 
typically manifests as worsening ascites and encephalopathy. Amongst COVID-19 infected patients 
with cirrhosis, studies have shown an increase in mortality and morbidity with increasing disease 
severity based on the Child-Pugh class. The number of hospitalized individuals reported in COVID-Hep 
the SECURE-Cirrhosis registries have showed no significant differences amongst patients with CLD and 
CP classes A, B and C[63]. Studies however, have reported an increase in: ICU admissions; patients 
needing renal replacement therapy; individuals using mechanical ventilation; and mortality rates.

SARS-CoV-2 infection does not seem to cause the progression of liver disease beyond the natural 
clinical course of cirrhosis. The composition of the gut microbiota may play an important role in 
regulating disease severity and host immune responses. Considering that cirrhosis can induce changes 
in the function and composition of the gut microbiota, in addition to influencing the intestinal 
permeability, gut-liver axis alterations may play a role in the clinical severity in COVID-19 patients[13].

Non-alcoholic fatty liver disease: The influence of non-alcoholic fatty liver disease (NAFLD) on 
COVID-19 infected individuals is debatable. Studies have reported that it may be difficult to identify the 
effects of NAFLD from other metabolic conditions and viral-induced steatosis. A retrospective series 
based on about 200 SARS-CoV-2 patients showed NAFLD to be a risk factor in: COVID-19 infection 
severity; elevated levels of liver enzyme; and longer shedding times of the virus[13].

Immune hepatitis, viral chronic hepatitis: Studies have reported that individuals with autoimmune 
hepatitis tend to show COVID-19-related mortality rates similar to normal matched-individuals of the 
population[64]. Immunosuppression use does not seem to be an independent mortality risk factor. With 
regards to chronic hepatitis B individuals in the phase of immune tolerance, studies still need to be 
performed to show if these individuals have persistent liver injury after infection. Studied based on 
guidelines from the Chinese Medical Association reported that for hepatitis-B individuals using 
antiviral drugs, discontinuation of anti-HBV therapy could favor replication and reactivation of HBV 
after high-dose hormone therapy (i.e. estrogens, estradiol, progesterone, ethisterone, medroxyproges-
terone, norethindrone, cyproterone, norgestrel, clomiphene, etc) during SARS-CoV-2 infection[65]. 
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Clinicians that deal with autoimmune liver disease know that an unspecific infection may induce a flare 
of these diseases. It could be possible that SARS-Cov2 favors the onset of several types of autoimmune 
disease and/or induces an autoimmune phenomena.

Liver transplant: It is not yet clear if liver transplant (LT) recipients are more susceptible to COVID-19. 
A prospective study based on more than 100 individuals showed that patients that underwent liver 
transplantation had an increased risk of SARS-CoV-2 infection which could probably be due to the 
chronic immunosuppression therapy[66]. Moreover, data from the United Kingdom and Spain have 
shown that SARS-CoV-2 diagnoses tend to be greater in LT patients when compared to normal 
individuals. Biases in the data could be present, however, considering the increased testing and intense 
management in LT patients[67,68]. Studies have reported that LT recipients tended to be more likely to 
present gastrointestinal symptoms when compared to non-LT patients[69]. Clinical data incorporating 
adjustments for concurrent comorbidity suggest that LT individuals do not seem to be at greater risk of 
COVID-19 severity or mortality when compared to normal individuals[67,68].

Treatment 
In the presence of acute liver injury, clinicians should first assess the probable causes of injury before 
taking on applicable measures. Although liver injury is a normal complication of COVID-19 infection, 
most infected individuals show mild abnormalities in liver function that are not permanent and tend to 
resolve without therapy[38]. COVID-19 individuals showing liver damage can be treated with anti-
jaundice, hepatoprotective or anti-inflammatory drugs (i.e. glycyrrhizic acid, polyene phos-
phatidylcholine, adenosylmethionine and ursodeoxycholic acid)[70]. Hepatoprotective drugs should be 
administered prudently. It is preferable to avoid administering more than 2 types of these drugs at the 
same time. For individuals with critical and severe COVID-19 disease with liver injury, the clinician 
should consider carefully managing the respiratory and circulatory support systems. Xu et al[71] 
showed that an artificial liver blood purification system may be beneficial in severe patients. This could 
be due to the rapid removal of inflammatory mediators, thus limiting cytokine storms, and enhancing 
the balance of water-electrolytes. In COVID-19 individuals with suspected liver damage caused by 
drugs, clinicians should consider dose reduction or suspension. Acetaminophen (paracetamol) can be 
useful in patients with COVID-19, however, dosing (preferably not exceeding 2000 mg in a 24 h period) 
must be carefully monitored[72]. Future studies in large cohorts having long-follow-ups are needed in 
determining the long-term effects of COVID-19 induced liver injury.

CONCLUSION
Liver damage caused by COVID-19 is very common, especially in individuals with severe or critical 
disease. This aspect is also more relevant in patients with pre-existing CLD. The damage can be caused 
by various mechanisms such as direct infection, immune injury, drug induced, hypoxia or inflammation 
response. Further studies, however, are needed to understand the pathogenic mechanisms that lead to 
this damage and the hepatotropic mechanism of the virus. It is of utmost importance to monitor and 
manage abnormal liver function in COVID-19 positive patients, considering that the success of therapy, 
prevention of life-threatening complications and worsening of comorbidities also depends on proper 
hepatic functioning in the global management of these patients.
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Abstract
The novel coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute 
respiratory syndrome coronavirus 2, has become a global challenge of 
unprecedented nature since December 2019. Although most patients with COVID-
19 exhibit mild clinical manifestations and upper respiratory tract involvement, in 
approximately 5%-10% of patients, the disease is severe and involves multiple 
organs, leading to multi-organ dysfunction and failure. The liver and 
gastrointestinal tract are also frequently involved in COVID-19. In the context of 
liver involvement in patients with COVID-19, many key aspects need to be 
addressed in both native and transplanted organs. This review focuses on the 
clinical presentations and laboratory abnormalities of liver function tests in 
patients with COVID-19 with no prior liver disease, patients with pre-existing 
liver diseases and liver transplant recipients. A brief overview of the history of 
COVID-19 and etiopathogenesis of the liver injury will also be described as a 
prelude to better understanding the above aspects.

Key Words: COVID-19; Liver injury; SARS-CoV-2; Clinical manifestations; Liver 
function tests; Cirrhosis
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Core Tip: The novel coronavirus disease 2019 (COVID-19) has affected the entire globe with devastating 
consequences on the health and economy of all countries. Primarily a disease of the upper respiratory tract, 
it may involve multiple organs in severe cases, which are fortunately rare. The liver and gastrointestinal 
tract are also frequently involved in COVID-19. Involvement of the liver is multifaceted and may be 
asymptomatic or may lead to acute liver failure. This review article focused on various clinical present-
ations and laboratory abnormalities of liver function tests in patients with COVID-19. This will help in 
creating awareness among the general physicians, gastroenterologists, hepatologists and infectious disease 
consultants regarding this important complication.

Citation: Hanif FM, Majid Z, Ahmed S, Luck NH, Mubarak M. Hepatic manifestations of coronavirus disease 2019 
infection: Clinical and laboratory perspective. World J Virol 2022; 11(6): 453-466
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/453.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.453

INTRODUCTION
During the past 20 years, three major outbreaks by coronaviruses have occurred. These include severe 
acute respiratory distress syndrome (SARS), Middle East respiratory syndrome and coronavirus disease 
2019 (COVID-19)[1]. Among these, COVID-19, caused by SARS coronavirus 2 (SARS-CoV-2) was 
reported for the first time in Wuhan, China in December 2019, which later spread in pandemic form 
throughout the world[2]. In patients with COVID-19 infection, upper and lower respiratory tract 
involvement, e.g., common cold, bronchiolitis, and pneumonia, are the dominant manifestations. 
Primary clinical symptoms of COVID-19 patients are fever, dry cough, fatigue and myalgia. However, 
in many cases, SARS-CoV-2 affects other organs such as the heart, gastrointestinal tract, liver and 
kidneys with organ-specific symptoms (Table 1). Many patients with severe disease may die from 
multiorgan failure. In this review, we described liver involvement in COVID-19, which can be studied 
from many aspects. The focus of this review, however, was on clinical and laboratory manifestations of 
liver disease in COVID-19 patients, in the native healthy liver, native diseased liver and in the 
transplanted liver.

For this narrative review, we searched the electronic databases of Web of Science, Scopus, Embase, 
PubMed and Google Scholar. The search terms used were: COVID-19, combined with the following 
terms; acute liver injury (ALI), acute-on-chronic liver failure (ACLF), chronic liver disease (CLD), 
cirrhosis of liver, hepatitis, deranged liver function tests (LFTs), liver failure, SARS-CoV-2, angiotensin-
converting enzyme 2, hepatocellular carcinoma (HCC), liver transplantation, autoimmune liver disease, 
alcoholic liver disease (ALD), nonalcoholic fatty liver disease (NAFLD), hepatitis B virus (HBV) and 
hepatitis C virus (HCV). The search was carried out within the time frame of January 1, 2020 to May 
2022. We found 4758 records and used 85 (mainly original articles or guidelines) for extracting 
information to be presented in this review.

PATHOGENESIS OF LIVER INJURY
COVID-19 causes liver damage that is mostly hepatocellular in nature as demonstrated by increased 
transaminase levels. It is often asymptomatic and manifests with derangement in liver functions on 
laboratory testing. COVID-19-induced liver injury is due to a multitude of reasons, which possibly differ 
from case to case according to various clinical scenarios[1]. Various mechanisms have been proposed 
including the direct cytopathic effect of the virus itself, immune dysfunction, systemic inflammatory 
response syndrome, cytokine storm, sepsis, vascular thrombosis, hypoxia and ischemia-reperfusion 
injury, as shown in Figure 1. Additionally, drug-induced liver injury has also been implicated as a 
possible secondary mechanism of liver impairment in patients with COVID-19[3].

The entry of SARS-CoV-2 into human host cells with resultant injury is primarily mediated via a 
metalloproteinase enzyme, called angiotensin-converting enzyme 2 (ACE2) receptor, located in various 
tissues, including the lungs, liver and gastrointestinal tract[4]. The previous RNA-seq data in the 
Human Protein Atlas database (www.proteinatlas.org) has demonstrated relatively low expression of 
ACE2 in the liver that, in all respects, could be considered a potential target. In particular, ACE2 
expression is limited to the cholangiocytes of normal hepatic tissue and, to a minimal extent, in the 
hepatocytes[4]. A low throughput study of ACE2 protein expression in selected cell types of multiple 
organs showed a low frequency of ACE2 occurrence in cholangiocytes but not in hepatocytes, Kupffer 
cells and endothelial cells[5]. However, the antibody detection might be subjected to nonspecificity and 
sensitivity issues. Neither data sources could provide a definitive conclusion of cell type specific 
expression of the ACE2 gene in the liver.

https://www.wjgnet.com/2220-3249/full/v11/i6/453.htm
https://dx.doi.org/10.5501/wjv.v11.i6.453
http://www.proteinatlas.org
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Table 1 Major clinical manifestations and laboratory abnormalities in coronavirus disease 2019

Signs/symptoms

Systemic and respiratory system manifestations

Fever, cough, malaise, dyspnea, fatigue, sputum

Cardiovascular system manifestations

Heart failure, arrhythmia, shock, tight chest, acute myocarditis

Gastrointestinal manifestations

Anorexia, diarrhea, loss of appetite, loss of taste, gastrointestinal bleeding, nausea and vomiting, abdominal pain, mild pancreatitis, mild colitis

Hepatobiliary manifestations

Abnormal liver function tests, jaundice, hypoalbuminemia, new-onset decompensation, acute-on-chronic liver failure, cholangiopathy, acalculous 
cholecystitis

Kidney manifestations

Acute kidney injury, proteinuria, hematuria

Neurological manifestations

Dizziness, headache, skeletal muscle injury, acute cerebrovascular disease, seizures

Figure 1 Schematic illustration of possible mechanisms of liver injury in coronavirus disease 2019. Other mechanisms (not shown) may be 
involved.

Recent advances of single cell technologies allow unbiased profiling of all cell types in given tissues at 
an unparalleled scale. Chai et al[5] performed an unbiased evaluation of cell type specific expression of 
ACE2 in healthy hepatic tissues employing scRNA-seq data of two independent cohorts. This study 
revealed significant enrichment of ACE2 expression in cholangiocyte clusters (59.7% of cells) compared 
to hepatocytes (2.6% of cells) suggesting that SARS-CoV-2 might directly bind to ACE2-positive cholan-
giocytes, and the liver abnormalities of COVID-19 patients may not be due to a direct hepatocyte 
damage but, probably, to cholangiocyte dysfunction. It is well established that cholangiocytes play an 
essential role in liver regeneration and immune response; hence, their dysfunction may contribute to 
liver damage (Figure 2). Overexpression of the ACE2 receptor on hepatocytes has been observed in 
patients with liver fibrosis/cirrhosis and in cases of hypoxia. This might explain the high probability of 
liver injury in these populations[6]. Since liver biopsies of COVID-19 patients show focal hepatic 
necrosis without significant surrounding inflammatory infiltration, this points toward direct viral 
injury. However, considering high receptor levels in cholangiocytes rather than hepatocytes and as most 
of the COVID-19 patients manifest with elevated transaminases, the possibility of direct viral attack is 
less likely[7]. Other possible pathways of virus entry in hepatocytes have also been suggested to play a 
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Figure 2 Two principal types of severe acute respiratory syndrome coronavirus 2 infection of the liver parenchyma. A: Direct severe acute 
respiratory syndrome coronavirus 2 infection targeted to hepatocytes is designated as hepatocellular type; B: Direct viral entry into biliary epithelial cells is known as 
the cholangiocyte type. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: γ-Glutamyltransferase; ALP: Alkaline phosphatase.

role in liver involvement in COVID-19 (Figure 3).
Another mechanism potentially associated with hepatic injury is the cytokine storm generated by the 

coronavirus infection. Excess inflammatory burden and potential immune-mediated damage lead to 
increased vascular permeability, multiorgan failure and death[1,3]. Similarly, studies have documented 
a correlation between high levels of interleukins, a group of cytokines, and severity of COVID-19[8].

In addition, COVID-19-related vascular thrombotic complications with consequent hypoxia and 
shock can lead to liver injury mediated by the ischemia-reperfusion injury mechanism. Ischemia-
reperfusion injury involves a biphasic process of ischemia-induced cell injury and reperfusion-induced 
inflammatory response. Thus, an activated proinflammatory immune cascade due to the aforemen-
tioned processes can be a possible mechanism of liver injury in COVID-19 patients[3,6,9].

Finally, studies have also reported variable degrees of hepatotoxicity with medications used in the 
treatment of COVID-19[10,11]. Hundt et al[12] reported the use of medications needed to treat COVID-
19 virus (remdesivir, hydroxychloroquine, lopinavir/ritonavir and tocilizumab) as a significant 
predictor of raised transaminases [> 5 × upper limit of normal (ULN)] during hospitalization for 
COVID-19. Cai et al[13] described lopinavir/ritonavir as a risk factor for liver injury in COVID-19 
patients [odds ratio (OR): 4.44; 95% confidence interval: 1.50-13.17]. However, these authors did not 
report significant risk with the use of antibiotics, nonsteroidal anti-inflammatory drugs, ribavirin, herbal 
medications and interferon.

Muhović et al[14] reported severe drug-induced liver injury with tocilizumab in patients previously 
treated with chloroquine and lopinavir/ritonavir. As interleukin-6 is known to be associated with liver 
regeneration and metabolism, it is postulated that inhibition of interleukin-6 by tocilizumab may be the 
potential cause of liver enzyme derangement[11,15]. Hepatotoxicity can be expected in COVID-19 
patients as the liver metabolizes nearly all medications used in COVID-19. Several mechanisms, like 
upregulation of ACE2 receptors and downregulation of cytochrome p450, sensitize the hepatocytes to 
the SARS-CoV-2 virus or therapeutic agents. While on the other hand, the pharmacological features of 
medications may increase susceptibility to liver injury[11].

In summary, the progression of COVID-19 from a mild to severe form is associated with a dysreg-
ulated immune response, which leads to uncontrolled viral replication and cellular damage, thus further 
exacerbating the immune-mediated damage, which includes liver damage[16].

CLINICAL MANIFESTATIONS
The SARS-CoV-2 genomic sequence has shown similarity with the SARS coronavirus and Middle East 
respiratory syndrome coronavirus. Like these viruses, respiratory symptoms along with gastrointestinal 



Hanif FM et al. Liver in COVID-19 disease

WJV https://www.wjgnet.com 457 November 25, 2022 Volume 11 Issue 6

Figure 3 Possible pathways of virus entry in hepatocytes. A: The angiotensin converting enzyme-2 in conjunction with transmembrane protease serine 
protease 2 is considered the predominant receptor for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) entry into cells; B: CD147 is another possible 
receptor for SARS-CoV-2 entry into hepatocytes. CD147 is highly expressed in tumor tissues, inflamed tissues and pathogen-infected cells including hepatocytes; C: 
L-SIGN (CD209L) may serve as a liver-specific cell receptor for SARS-CoV-2 infection of hepatocytes; D: Antibody-dependent enhancement may also facilitate 
SARS-CoV-2 infection of hepatocytes. During antibody-dependent enhancement of infection, suboptimal non-neutralizing antibodies cannot completely neutralize the 
virus; instead, they bind with the Fc receptors expressed on hepatocytes, leading to virus entry and infection. ACE2: Angiotensin-converting enzyme 2.

and liver involvement have been reported in SARS-CoV-2[17]. Clinical manifestations in COVID-19 
infected patients with no previous liver comorbidities may range from asymptomatic liver function 
abnormalities to liver failure, as shown in Table 1[1,18].

ABNORMAL LIVER FUNCTIONS
The reported prevalence of liver injury in COVID-19 varies widely from 10.5% to 58.0% depending on 
many factors[4,19]. Various studies have reported a slight derangement of total bilirubin, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) and albumin levels[19,20]. The reported figures 
of complications in COVID-19 are slightly lower as compared to SARS-CoV and Middle East respiratory 
syndrome-CoV infections, as shown in Table 2. A systemic review reported a 15.0% elevation of AST 
and ALT, while a 16.7% elevation of bilirubin was reported[21]. Similarly, a meta-analysis pooled 13251 
COVID-19 patients and reported a mild decrease in albumin in 39.8% cases, with a mild increase in AST 
in 22.8% and ALT levels in 20.6%[19]. Parohan et al[22] reported older age, male sex, obesity and 
underlying liver disease as commonly associated risk factors for deranged LFTs.

Furthermore, the extent of liver enzyme derangement has been associated with the severity of 
COVID-19 infection and its prognosis. Marjot et al[23] and Wang et al[24] reported higher levels of AST 
in intensive care unit (ICU) admitted COVID-19 patients. Similarly, Guan et al[25] reported 18.2% liver 
enzyme derangement in non-severe disease as compared to 39.4% with severe disease in 1099 Chinese 
patients affected by COVID-19 infection. The authors also described higher bilirubin, ALT and AST 
levels in COVID-19 patients that had either passed away or required ICU admission and/or the need for 
mechanical ventilation as compared to those patients who did not[25].

Different studies have reported different prognoses of deranged LFTs in COVID-19 patients. 
Moreover, different studies have used different definitions of liver injury. Ding et al[26] labeled liver 
injury as a 3 × ULN increase in ALT or AST or 2 × ULN increase in total bilirubin, direct bilirubin or 
alkaline phosphatase. The authors documented ALI in 0.5% of the COVID-19 patients without 
underlying liver disease. In addition, all patients had concomitant debilitating conditions like acute 
respiratory distress syndrome, septic shock, kidney injury, etc. Hajifathalian et al[27] defined ALI as 
elevation of any parameter of a liver biochemistry panel and demonstrated a higher risk of ICU 
admission and death in patients with ALI. Phipps et al[28] retrospectively studied a large cohort of in-
hospital patients based on raised ALT levels, graded liver injury into no/mild (< 2 × ULN), moderate (2-
5 × ULN) or severe (> 5 × ULN) forms. Although only 6.4% of the study population developed severe 
injury, it was significantly associated with severe clinical outcomes including death. The authors also 
proposed that severe liver injury can be used as a prognostic factor in hospitalized patients. Considering 
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Table 2 Rates of hepatic complications in different clinically significant human coronavirus infectious diseases

Hepatic complications SARS-CoV-2, % SARS-CoV, % MERS-CoV, %

Increase in ALT 13.3-28.0 52.5-8.07 11.0-56.3

Increase in AST 22.0-58.0 37.1-86.9 15.0-86.8

Increase in TB 10.5-18.0 30.0 NA

Decrease in serum albumin 36.8 40.4-72.0 NA

Co-morbidity with liver 
disease

HBV-positive patients were more prone to develop severe 
disease (32.9%) vs HBV-negative patients (15.3%)

HBV infection was not associated with 
worse clinical outcomes

NA

ALT: Alanine transaminase; AST: Aspartate transaminase; HBV: Hepatitis B virus; MERS: Middle east respiratory syndrome; NA: Not applicable; SARS-
CoV-2: Severe acute respiratory syndrome coronavirus 2; SARS-CoV: Severe acute respiratory distress syndrome; TB: Total bilirubin.

the association of deranged LFTs with disease severity and prognosis, Tian and Ye[17] suggested that 
changes in LFTs should be vigilantly monitored for early identification and management.

Although, the majority of studies have reported higher levels of liver enzymes with the severity of 
COVID-19, a few case reports also documented liver failure in patients without underlying liver disease. 
Gurala et al[18] and Weber et al[29] documented acute liver failure in patients without comorbidities and 
presenting with worsening pulmonary symptoms. However, Orandi et al[30] reported acute liver failure 
documented by replicating SARS-COV-2 RNA in hepatocytes in a young female with COVID-19 
presenting with non-respiratory symptoms. Moreover, Busani et al[31] reported two fatal cases of acute 
liver failure in patients with COVID-19 secondary to herpes simplex virus 1 infection. Both patients 
were treated with tocilizumab.

The resolution of liver injury post-COVID-19 hospitalization is not well studied. A large retrospective 
study demonstrated persistent deranged LFTs post-discharge in 31.7% of the study population. Thus, it 
was suggested that recovery from liver injury after resolution of COVID-19 symptoms could be delayed
[26]. Hence, the European Association for the Study of the Liver (EASL) position paper recommends 
monitoring LFTs not only during hospitalization but also post-discharge in COVID-19 patients with 
persistent deranged laboratory parameters[32].

CHRONIC LIVER DISEASE
CLD, an immunocompromised state, makes the patient susceptible to various diseases including 
COVID-19 virus[4]. The reported prevalence of CLD amongst COVID-19 patients ranges between 2%-
11%[23]. Studies have reported contradictory outcomes for CLD patients with COVID-19. Some have 
documented higher mortality rates while others negated these findings.

An international registry study between March 2020 and July 2020 documented 745 CLD patients 
from 29 countries infected with COVID-19 virus. Of the total study population, 386 (51.8%) had 
cirrhosis, 345 were hospitalized, 108 required ICU admission, and 71 required mechanical ventilation. 
Among these, 123 (32%) cirrhotic patients died mainly due to pulmonary complications (64%). 
Moreover, in comparison with non-cirrhotic CLD patients, multivariate analysis documented age, 
higher Child-Turcotte-Pugh (CTP) score and ALD as significant prognostic factors. Additionally, 
increased morbidity and mortality were observed with an incremental increase in CTP score[33]. 
Similarly, a preliminary report of 152 CLD patients documented 39.8% mortality in patients with 
cirrhosis with CTP B and CTP C scores serving as significant predictors of mortality (P = 0.03 and < 
0.001, respectively)[34].

A large National COVID Cohort Collaborative dataset study reported 220727 COVID-19 patients with 
CLD. Among which, 8941 were patients with cirrhosis, out of which, 8.8% required mechanical 
ventilation, while 8.9% of patients died at 30 d. In contrast, amongst 29446 non-cirrhotic patients, 2.0% 
required mechanical ventilation while 30 d mortality was documented in 1.7% of patients. The 
multivariate analysis documented higher odds of mortality among patients with cirrhosis compared to 
patients without cirrhosis with COVID-19 (adjusted hazard ratio: 3.31)[35]. However, a pooled analysis 
of six studies documented no significant association between the severity of COVID-19 and death in 
patients with CLD[36].

Similarly, in a nationwide Swedish cohort, a nonsignificant association was documented between 
mortality and COVID-19 in CLD patients. In addition, the presence or absence of cirrhosis did not have 
an impact on this association. However, the authors did document a slightly higher risk of hospital-
ization and development of severe COVID-19 in CLD patients as compared to matched controls 
(adjusted hazard ratio: 1.08 and 1.23, respectively)[37].
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ALI at the admission of COVID-19-affected patients was documented in 14 (32.6%) patients, while 
(39.5%) developed ALI during the hospital stay. Acute decompensation was reported in 9.1%, while 
11.6% developed acute-on-chronic liver failure. Further analysis documented higher mortality and 
complications (liver-related and overall) in decompensated cirrhotic patients with COVID-19. In non-
cirrhotic patients with liver injury there was a higher propensity of ICU admission, but the recovery, 
hospital stay and mortality were comparable to those without liver injury[38]. In another study of 179 
patients with cirrhosis with acute decompensation, 50% developed acute-on-chronic liver failure, and 
this complication was associated with a higher rate of mortality (P < 0.001)[33]. Thus, it may be 
concluded that not only the underlying liver disease but also the existing liver reserve may predict a 
patient’s outcomes with COVID-19 infection. Hence, active and dynamic management of these patients 
should be done considering their high associated risk of morbidity and mortality.

Recognizing high-risk groups and those predisposed to the severe clinical courses are of utmost 
importance to plan preventive strategies and management. A limited number of studies have 
documented the variable impact of etiology on the severity of COVID-19 infection[37].

In a nationwide cohort of 42320 CLD patients, underlying etiology was not associated with a 
significant risk of hospitalization or development of severe COVID-19. In this study, 32.7% had viral 
hepatitis, 15.0% had NAFLD, 2.1% had ALD, and 44.0% had other etiologies. However, an international 
registry of 745 CLD patients with COVID-19 documented ALD as a predictor of mortality (P = 0.04). 
However, no significant association was documented with NAFLD, hepatitis B and C[33]. Similarly, a 
United States multicenter study also documented ALD along with decompensated cirrhosis and HCC as 
a liver-specific predictor of mortality in COVID-19 patients[39]. The authors suggested that the added 
cytokine storm of the SARS-CoV-2 virus to the already heightened inflammatory state in alcoholics 
could be the cause of the detrimental outcomes. Moreover, increased use of alcohol due to economic and 
social burdens during the COVID-19 era could be a contributing factor[39,40]. Wang et al[41], in a large 
case-control study, documented that patients with CLD secondary to alcohol-related liver damage and 
alcoholic liver cirrhosis have odds of 7.05 and 7.00, respectively, of developing COVID-19.

Viral hepatitides, mainly hepatitis B and C, have infected millions of people worldwide. A case-
control study of electronic health records documented that adjusted odds of developing COVID-19 were 
8.93 and 4.37 with chronic hepatitis C and chronic hepatitis B, respectively[41].

A higher prevalence of hepatitis B has been reported in COVID-19 patients in Asian studies, ranging 
from 0.8%-6.3%, while a lower prevalence rate of 0.1% has been reported in a United States-based study
[41-43]. Although, the pathogenesis is unclear, studies have documented the variable associations of 
HBV on clinical outcomes of patients with COVID-19. In 105 COVID-19 and HBV co-infected patients, 
Zhang et al[44] reported 23 cases of HBV-related CLD patients with COVID-19. Among which, two 
patients with cirrhosis (8.7%) became critically ill. Yet, no mortality was reported.

Chen et al[45] retrospectively analyzed 20 HBV-positive patients amongst 326 COVID-19 patients. 
Authors reported three deaths in hepatitis B surface antigen-negative patients, while no patients in the 
hepatitis B surface antigen-positive group died. Moreover, no statistically significant difference was 
noted in LFTs, hospital stay and disease severity[45]. In another retrospective analysis of 5639 chronic 
hepatitis B patients with COVID-19, the authors concluded that current or past hepatitis B infection is 
not associated with increased mortality[46]. However, another Chinese study documented higher 
COVID-19 severity and mortality in HBV-infected patients[47]. Zou et al[48] observed liver injury as a 
significant cause of disease severity and mortality in chronic hepatitis B patients with COVID-19.

A chronic immunosuppressed state potentiates the risk of HBV reactivation in patients with chronic 
or resolved hepatitis B. Moreover, HBV reactivation is associated with high morbidity and mortality
[49]. Few case reports have documented HBV reactivation in patients with COVID-19. Aldhaleei et al[50] 
reported a case of HBV reactivation in a patient with COVID-19 presenting with an altered level of 
consciousness and deranged LFTs. However, high HBV DNA levels were interpreted as reactivation 
without prior DNA levels.

It is postulated that the immunosuppressive therapy used in COVID-19 can attenuate the host 
immunity against HBV, thus leading to increased HBV replication. Moreover, with the later withdrawal 
of immunosuppressants, the reconstituted immune system might mount a heightened immune response 
against HBV antigen-laden hepatocytes, thus leading to liver injury[51]. Sagnelli et al[52] reported HBV 
reactivation in a patient with COVID-19 pneumonia 7 d after stopping corticosteroid therapy. Wu et al
[53] also documented HBV reactivation in a COVID-19 patient on entecavir treated with recombinant 
interferon-alpha-2b, lopinavir/ritonavir and subsequently with methylprednisolone. However, Yip et al
[46] did not document HBV reactivation in 10 patients on no treatment treated with corticosteroids for 
severe COVID-19. Nevertheless, the detrimental risk of hepatitis B reactivation persists with COVID-19 
treatment. Thus, the Asian Pacific Association for the Study of the Liver (APASL) COVID-19 Taskforce 
recommends screening all COVID-19 patients for hepatitis B surface antigen. Moreover, antiviral 
treatment should be prescribed to hepatitis B-positive patients especially treated with interleukin-6 
monoclonal antibodies or other immunosuppressive therapy[3].

The prevalence of HCV in COVID-19 is not well reported. A case series from the United States of 5700 
hospitalized patients with COVID-19 reported < 0.1% incidence of HCV infection[54]. However, a 
retrospective single-center study reported a higher incidence of 4.1%. In the latter study, the authors 
also reported HCV, age, D-dimers and serum ferritin as predictors of in-hospital mortality[55]. The 
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authors suggested that vascular endothelial dysfunction, elevated cytokine levels and the role of overex-
pressed transmembrane protease serine 2 could be the potential cause of morbidity and mortality of 
COVID-19 in HCV-infected patients.

Lensen et al[56] reported reactivation of HCV leading to patient mortality in an elderly patient 
following COVID-19 vaccination. However, the patient had multiple comorbidities along with HBV and 
HCV co-infection-related cirrhosis[56]. Although, a large veteran database study of HCV-positive 
patients documented a higher rate of hospitalization, the rates of ICU admission and mortality were 
similar to negative patients. Moreover, the rate of hospitalization increased with higher fibrosis[57]. The 
American Association for the Study of Liver Diseases recommends continuing therapy for HBV and 
HCV if patients are already on treatment when infected with COVID-19. In addition, HBV treatment 
should be considered in patients with a risk of HBV flare[58].

With the increasing prevalence of NAFLD, it is not surprising that a higher incidence of NAFLD is 
noted among COVID-19 patients. The prevalence varies from 30% to 55%. The range may be an overes-
timate, as most of the studies were concentrated on hospitalized patients[59]. NAFLD (recently renamed 
metabolic dysfunction-associated fatty liver disease) is associated with factors like diabetes and obesity, 
which are known to aggravate COVID-19 severity[60]. An electronic health records-based study 
reported that CLD patients have an increased risk of acquiring COVID-19 with the highest odds in 
patients with NAFLD (adjusted OR: 13.11), nonalcoholic cirrhosis (adjusted OR: 11.5) and chronic 
hepatitis C (adjusted OR: 8.7)[41]. A systemic review and meta-analysis of 14 studies reported an 
increased risk of COVID-19 severity and ICU admission in patients with NAFLD. However, no 
difference in mortality was observed in comparison to non-NAFLD patients[61]. Similar findings have 
also been reported in other studies[60,62,63]. However, a single-center study from India reported a 
nonsignificant difference in hospital stay and mortality in COVID-19 patients with or without NAFLD
[64]. Similarly, Madan et al[65] also documented no association of fatty liver with COVID-19 morbidity 
and mortality.

Thromboembolism risk is high in COVID-19 patients and is associated with high mortality[66]. A 
prospective cohort documented a statistically significant association of NAFLD with the development of 
pulmonary thrombosis in COVID-19 patients. Increased levels of proinflammatory proteins and 
cytokines may be the contributing factor in this debilitating disease process[59].

Like hepatitis B and C, the underlying liver fibrosis plays an important role in COVID-19 outcomes. 
Targher et al[67] determined the impact of non-invasive fibrosis scores, FIB-4 or NAFLD fibrosis score 
on COVID-19 severity. After adjustment for sex, obesity and diabetes, the authors documented a 
significant association of severe COVID-19 with high/intermediate FIB-4 or NAFLD fibrosis score[67].

Regarding autoimmune hepatitis (AIH), a database study of three large registries with 70 AIH 
patients documented no differences in rates of hospitalization, ICU admission and death between 
patients with and without AIH-related CLD. However, a higher risk of mortality was observed in the 
AIH cohort with CTP B and C. Interestingly, the use of immunosuppression was not associated with 
mortality[68]. Another case series reported uneventful clinical course of 10 AIH patients on 
immunosuppression[69].

Thus, liver disease etiology may play a role, but the underlying liver fibrosis is the cornerstone to 
determining susceptibility to COVID-19 and its outcomes. Furthermore, no studies have documented 
increased predisposition to COVID-19 infection or adverse outcomes in patients with CLD secondary to 
AIH, primary biliary cholangitis or primary sclerosing cholangitis[70].

HEPATOCELLULAR CARCINOMA
Studies amongst oncological patients have reported a higher risk of acquiring COVID-19 infection along 
with a greater risk of morbidity and mortality. Moreover, recent cancer treatment may also worsen the 
outcomes[71,72]. The reported mortality in cancer patients with COVID-19 ranges from 11% to 28%. 
Nevertheless, concomitant comorbidities, functional class and cancer activity status are associated with 
a poorer prognosis. Hence, the immunodeficient status of cancer patients determines clinical outcomes
[72].

It is estimated that more than 70% of HCC patients have underlying CLD or cirrhosis[73]. It has been 
shown that the SARS-CoV-2 virus can aggravate liver damage in patients with underlying disease, thus 
making patients with HCC more susceptible to COVID-19-related morbid complications[74]. Yet, data 
on the outcomes of HCC with COVID-19 is scarce. A large United States-based multicenter study 
involving CLD patients infected with COVID-19 reported 52% mortality among patients with HCC (n = 
22). Additionally, the authors concluded that decompensated cirrhosis, ALD and HCC were 
independent liver-related risk factors of mortality[75].

HCC is an aggressive tumor with a tumor volume doubling time of nearly 70 to 120 d[76]. A monthly 
ultrasound for 6 mo for HCC surveillance is thus recommended under normal circumstances. However, 
during the pandemic, the delay of 2-3 mo in surveillance has been considered acceptable[58,77]. 
Inchingolo et al[78] suggested prioritizing patients who are at high risk of incidence and/or recurrence 
of HCC and patients eligible for liver transplantation.
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Since the majority of resources were diverted in managing and treating COVID-19 patients during the 
COVID-19 pandemic, various hepatological associations and societies drafted recommendations for the 
management of patients with HCC in these times[58,77,79].

Regarding the treatment of HCC, hepatology societies have recommended tailoring the treatment on 
a case-by-case basis. The American Association for the Study of Liver Diseases proposes that during the 
COVID-19 pandemic, HCC treatment with curative intent should not be delayed[58]. In addition, 
APASL recommends postponing surgical treatment and suspending vascular intervention if there is 
high risk of decompensation or comorbidities since it increases the risk of severe COVID-19. Moreover, 
ablation therapy could be considered an alternative therapy during this time[77]. Like APASL, EASL 
guidelines recommend postponing locoregional therapies as these are mostly for the purpose of cytore-
duction[77,79]. Similarly, radiation therapy should only be considered in case of functional or life-
threatening situations[77].

Although, APASL suggests a preference for oral tyrosine kinase inhibitors over intravenous therapy, 
EASL proposes dose reduction based on the individual patients[77,79]. Moreover, EASL recommends 
temporary withdrawal of immune-checkpoint inhibitor therapy in patients with HCC[79].

In general, in all patients with HCC, it is of utmost importance to screen patients for the SARS-CoV-2 
virus prior to diagnosis or intervention. Assessment and/or treatment should be postponed until 
noninfective status is achieved in COVID-19-positive patients. Limited staff with protective gear along 
with hygienic measures should always be followed during each intervention to curtail the spread of the 
novel viruses[77].

SOLID ORGAN TRANSPLANTS
Globally, solid organ transplantation has been profoundly affected by the COVID-19 pandemic, 
resulting in decreased rates of organ procurement and transplantation[80,81]. Liver is the second most 
common solid organ transplanted in the world after kidney[82]. Although prolonged immunocom-
promised status and post-transplant associated comorbidities theoretically increase the susceptibility to 
COVID-19 severity, the data on liver transplant recipients is scarce. Contradictory to the initial reports, a 
recent multicenter and large database studies have reported similar outcomes in transplanted and non-
transplanted COVID-19 populations[80,83,84]. The studies were performed on only hospitalized 
patients, so it could not be concluded that transplanted patients are prone to be hospitalized due to 
COVID-19[80]. Centers for Medicare and Medicaid Services has labelled transplant surgery in Tier 3b 
that is not to be postponed[85]. Owing to diverted and limited resources amidst the pandemic, 
hepatology societies have restricted liver transplants to urgent transplants only. Table 3 describes a 
summary of recommendations from various societies regarding liver transplantation activities during 
the COVID-19 pandemic.

LIMITATIONS
There are certain limitations to this study. We addressed the clinical presentation and laboratory 
abnormalities primarily, and pathogenesis and particularly pathology were not described. We also did 
not cover management and prognostic aspects of this infection in detail. New variants of COVID-19 
virus were also not discussed nor the vaccination of patients with liver diseases.

FUTURE DIRECTIONS
There is a need for international collaboration for carrying out basic research for better understanding 
the pathogenesis of hepatobiliary injury in COVID-19 as it can pave the path for the development of 
targeted therapy and personalized medicine. The role of direct virus infection of the liver with 
consequent cytopathic effects vs indirect liver injury needs to be explored further. Expression profiles of 
various SARS-CoV-2 entry receptors vary across different in vitro and in vivo liver models; however, 
evidence of specific viral hepatotropism of SARS-CoV-2 is inadequate. Abnormal LFT values are 
common in patients with COVID-19; both the prognostic significance of these derangements and 
whether they are directly attributable to hepatic SARS-CoV-2 infection remain to be explored in future 
focused research.

CONCLUSION
In conclusion, liver involvement is common in patients with COVID-19 infection, particularly in those 
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Table 3 Summary of recommendations from various hepatology societies regarding liver transplantation during the coronavirus 
disease 2019 pandemic

Step AASLD EASL APASL Indian Transplant 
Society

Indications Develop a hospital-specific policy 
for organ acceptance in consid-
eration to community incidence of 
COVID-19 infection

Restrict transplant with poor 
short-term prognosis like ALF, 
ACLF, high MELD score and 
HCC at upper limit of Milan 
criteria

Can limit transplant to urgent cases 
(ALF, high MELD, high risk of HCC 
progression) according to resources 
and infection status of country

Until April 2020, elective 
transplants were 
withheld. However, in 
ALF and ACLF 
transplant could proceed

Pre- transplant 
evaluation 

Test all recipients and donors for 
SARS-CoV-2 before transplantation. 
In case of COVID-19 infection in 
potential recipient, transplant can 
be considered after at least 14-21 d if 
symptoms are resolved and repeat 
SARS-CoV-2 test is negative. 
Vaccination of potential recipient is 
encouraged 

All recipients and donors 
should be tested for SARS-CoV-
2 before transplantation. 
Reduction of hospital stay for 
transplant evaluation and 
consultation

All recipients and donors should be 
tested for SARS-CoV-2 before 
transplantation. Donor should also be 
evaluated for evidence of COVID-19 
infection on chest CT

All recipients and 
donors should be tested 
for SARS-CoV-2 before 
transplantation

Post-
transplant 
management 
without 
COVID-19

Dose reduction/adjustment to 
current immunosuppression is not 
recommended. Stable patients could 
be followed through telemedicine. 
Encourage COVID-19 vaccination at 
least 6 wk post-transplant if 
partially vaccinated pretransplant 
than vaccination can be completed 1 
mo after transplant

Dose reduction/adjustment to 
current immunosuppression is 
not recommended. Stable 
patients could be followed 
through telemedicine. 
Encourage vaccination against 
Streptococcus pneumoniae and 
influenza 

Standard immunosuppression 
protocols should be followed in new 
transplant recipient. In cases of long-
term transplant dose 
reduction/adjustment to current 
immunosuppression is not 
recommended. Stable patients could 
be followed through telemedicine. 
Encourage vaccination against 
Streptococcus pneumoniae and 
influenza

Standard immunosup-
pression protocols 
should be followed in 
post-transplant period

Post-
transplant 
management 
with COVID-
19

Consider lowering immunosup-
pression levels especially anti-
metabolite drugs (e.g., azathioprine 
or MMF). Dose adjustment of 
immunosuppression should be 
based on severity of COVID-19. 
Monitor kidney function and 
calcineurin inhibitor levels 

Dose adjustment of calcineurin- 
and/or mTOR- inhibitors may 
be required to avoid drug 
interactions with anti-viral 
therapy

Consider lowering immunosup-
pression levels in patients with 
moderate COVID-19 infection. 
Immunosuppression should be 
reduced in recipients with 
lymphopenia, fever or worsening 
pneumonia. Severe COVID-19 should 
be treated as per local protocol. Drug-
to-drug interaction should be 
considered with anti-viral therapy

AASLD: American Association for the Study of Liver Diseases; ACLF: Acute on chronic liver failure; ALF: Acute liver failure; APASL: Asian Pacific 
Association for the Study of the Liver; COVID-19: Coronavirus disease 2019; CT: Computed tomography; EASL: European Association for the Study of the 
Liver; MELD: Model For End-Stage Liver Disease; HCC: Hepatocellular carcinoma; MMF: Mycophenolate mofetil; mTOR: Mammalian target of 
rapamycin; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

with moderate to severe disease. It is mostly asymptomatic or mild in nature. Conversely, patients with 
pre-existing liver disease are prone to serious COVID-19. Data on the impact of COVID-19 infection on 
patients with pre-existing diseases or liver transplants is either conflicting or scarce. Hence, large collab-
orative studies with prolonged follow-up are needed to fully comprehend the impact of this challenging 
infection on patients with liver diseases.
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Abstract
Most of the antiseizure medications (ASMs) are metabolized in liver and many of 
them particularly first-generation ASMs have the potential to increase liver 
enzymes or induce liver injury. Hence, treatment of new onset seizures or 
epilepsy by ASMs during the course of coronavirus disease 2019 (COVID-19), 
which could potentially be complicated by hepatic dysfunction, is a challenging 
clinical issue. Intravenous form of levetiracetam which has no significant hepatic 
metabolism or drug-drug interaction is often a favorable option to control seizures 
in acute phase of COVID-19. Administration of enzyme inducer ASMs and 
valproate with the well-known hepatotoxicity and common drug interactions is 
not generally recommended. In patients with epilepsy who are under control with 
potentially hepatotoxic ASMs, close observation and cautious dose reduction or 
drug switch should be considered if any evidence of hepatic impairment exists. 
However, risks of possible breakthrough seizures should be weighed against 
benefits of lowering the hazard of liver injury. In patients with epilepsy who 
receive polytherapy with ASMs, transient dose modification with the tendency to 
increase the dose of ASMs with more favorable safety profile and less drug 
interaction and decrease the dose of drugs with main hepatic metabolism, high 
protein binding, potential to cause liver injury and known drug-drug reaction 
should be considered. Finally, decision making should be individualized based on 
patients’ conditions and course of illness.

Key Words: COVID-19; Epilepsy; Seizure; Drug induced liver injury; Corona virus; 
Hepatic failure
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Core Tip: Most of antiseizure medications (ASMs) are metabolized in liver and many of them particularly 
first-generation ASMs have the potential to increase liver enzymes or induce liver injury. Hence, treatment 
of new onset seizures or epilepsy by ASMs during the course of coronavirus disease 2019 (COVID-19), 
which could potentially be complicated by hepatic dysfunction, is a challenging clinical issue. In this 
review, we aimed to discuss the potential risks of liver injury in patients with COVID-19 who are under 
treatment for epilepsy or need to receive ASMs to subside acute symptomatic seizures.

Citation: Tabrizi N, Sharifi-Razavi A. Potential risk of liver injury in epileptic patients during COVID-19 
pandemic. World J Virol 2022; 11(6): 467-476
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/467.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.467

INTRODUCTION
Since December 2019, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has rapidly 
spread across the globe, creating the coronavirus disease 2019 (COVID-19) pandemic[1]. Despite the 
advent of COVID-19 vaccines, the global pandemic continues[2,3]. Although, the lungs are the main 
target organs infected during COVID-19[4,5] and the initial reported symptoms of disease focused on 
the respiratory system[6]; this coronavirus can also invade multiple systems (immune and nervous 
systems) and target several organs and tissues (brain, liver, heart, lung, intestine, muscle, kidney, and 
gastrointestinal tract[3,7,8]). Liver is one of the most frequently impaired organs and elevation of serum 
aminotransferases has been recorded in some patients with COVID-19[9-11]. Most COVID-19 patients 
with liver dysfunction present elevations in one or more aminotransferases, with less than a three-fold 
increase from the normal values[12,13]. In most patients, liver injury seems to be self-limiting, neither 
requiring any specific intervention, nor is associated with acute liver failure[14,15]. Chen et al[4], in a 
retrospective study on 830 cases, reported 27.3% of the COVID-19 patients presented with mild 
abnormalities in the liver function and approximately 3.9% eventually developed liver insufficiency[4]. 
Yip et al[16], reported 23% elevation of liver enzymes and 2% acute liver injury in a cohort study of 1040 
patients[16]. In another meta-analysis, approximately 25% of COVID-19 patients experienced elevation 
of liver enzymes which was directly correlated to the severity of COVID-19 disease[17]. Liver 
dysfunction could also increase the mortality rate in these patients[18].

Possible mechanisms of liver injury are complex and include direct viral attack, hypoxic/ischemic 
injury, COVID-19 hyperinflammatory response and potential hepatotoxicity from therapeutic drugs[19,
20] (Figure 1).

With the advent of the COVID-19, another health burden involved around 50 million people with 
epilepsy worldwide[21]. Epilepsy does not make patients more vulnerable to COVID-19 or its severe 
manifestations[22]. But, management of COVID-19 in patients with epilepsy needs special consider-
ations. Many antiseizure medications (ASMs) have interactions with drugs commonly used for 
treatment of COVID-19[23]. Many patients with autoimmune epilepsy are under treatment with 
corticosteroids and other immunosuppressive drugs which might affect the defense ability of immune 
system[24]. On the other hand, seizure and status epilepticus as neurological manifestations of COVID-
19 have been reported in patients with and without epilepsy[25-29]. In certain types of epilepsy partic-
ularly Dravet syndrome, fever might trigger seizures. Meanwhile, usual antipyretic and antihistaminic 
medications might lower seizure threshold in patients with epilepsy[24].

Most of the ASMs have hepatic metabolism and many of them especially older ASMs have the 
potential to increase hepatic enzymes or cause severe liver injury[30]. Treatment with these ASMs in 
patients with COVID-19 who have a potential predisposition to hepatic dysfunction, should proceed 
cautiously considering certain characteristics of medications and disease course. In this review, we 
aimed to discuss the potential risks of liver injury in patients with COVID-19 who are under treatment 
for epilepsy or need to receive ASMs to subside acute symptomatic seizures.

ACUTE SYMPTOMATIC SEIZURE DURING THE COURSE OF COVID-19
Several mechanisms might be involved in occurrence of acute symptomatic seizures during COVID-19 
infection. SARS-CoV-2 could directly invade central nervous system by targeting angiotensin-
converting-enzyme-2 (ACE-2) receptor and consequent meningoencephalitis could be a potential 
etiology of seizure[31-34]. Also, three indirect mechanisms including down-regulation of ACE-2 
expression, cytokine storm and hypoxia could precipitate seizures[31]. Metabolic derangement and 
organ failure are among the other possible causes of seizure in patients with COVID-19. Detection and 
management of etiology often need serum metabolic and electrolyte investigation, cerebrospinal fluid 
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Figure 1 Hepatic injury mechanism in coronavirus disease 2019.

analysis and brain imaging[28]. Short-term use of ASMs is often recommended to manage seizures in 
acute phase of COVID-19[35]. However, judicious selection of the ASMs is necessary to prevent exacer-
bation of organ failure, particularly liver dysfunction and also to decrease the possible drug interactions.

Moreover, new-onset refractory status epilepticus with a mortality rate of 10% to 20% has been 
reported secondary to COVID-19. Considering the undesirable response to ASMs, plasma exchange, 
intravenous immunoglobulin, steroids and immunosuppressives have been used for management of 
these patients with different success rates. There is no definite approach to manage these patients and 
the suggested treatment algorithm should be modified individually based on patient’s conditions[29].

EPILEPSY AND COVID-19
The COVID-19 pandemic has had several negative impacts on patients with epilepsy, which are beyond 
the scope of this paper. In patients with epilepsy who experience COVID-19 infection, breakthrough 
seizures might occur for at least three reasons. Firstly, predisposing factors such as sepsis, sleep 
deprivation, metabolic derangement and electrolyte imbalance along with previously mentioned direct 
and indirect mechanisms of acute phase seizures, could precipitate breakthrough seizures in patients 
with epilepsy[31]. Secondly, fever can trigger seizures in certain types of epilepsy particularly Dravet 
syndrome[24]. Finally, common medications used for treatment of COVID-19 could induce seizure via 
lowering seizure threshold or decreasing the efficacy of ASMs through drug-drug interaction[36]. Thus, 
recognition and addressing all possible causes are necessary to control the seizures and prevent the 
consequent morbidity and mortality. This point is of the greatest importance in patients with drug-
resistant epilepsy.

Furthermore, previously used ASMs in patients with epilepsy, might need modifications when 
COVID-19 complications such as cardiac, hepatic or renal dysfunction occur. Dose adjustment of ASMs 
should be considered in patients with hepatic or renal impairment. On the other hand, drug switch or 
dose reduction might be necessary if ASMs have the potential to aggravate organ failure. However, the 
possible risk of uncontrolled seizures induced by changes in type and dose of ASMs, should be weighed 
against the benefits of modifications and it might be injudicious for some ASMs with a high risk of 
withdrawal seizure and status epilepticus such as barbiturates.

ASMS WITH THE HIGH POTENTIAL OF LIVER INJURY
Valproic acid
Valproate is a broad-spectrum ASM with a high bioavailability (90%) and high protein binding (74%-
93%). It has several mechanisms of action including increase in gamma amino butyric acid (GABA) 
activity and blockage of voltage-gated Na+, Ca2+ and K+ channels. Valproate extensively metabolized 
in the liver via glucuronidation, β-oxidation and oxidation by cytochrome P450[37]. Valproate inhibits 
CYP2C9, uridine glucoronate-glucuronsyl transferase (UGT), and epoxide hydrolase[22]. Protease 
inhibitors, such as lopinavir/ritonavir could increase metabolism of valproate by induction of valproate 
glucuronidation[37]. In contrast, valproate decreases the plasma concentrations of darunavir/cobicistat 
and increases the concentrations of lopinavir/ritonavir[36]. Valproate has no significant interaction with 
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the other anti-COVID-19 drugs. However, there is a red flag for using this ASM in patients with 
abnormal liver function. Hepatotoxicity is a well-known adverse event of valproate[38]. It might occur 
through different mechanisms such as formation of valproate reactive metabolites, inhibition of fatty 
acid β-oxidation and excessive oxidative stress[39,40]. Valproate-induced liver injury has different 
degrees. The most common type is asymptomatic increase in liver enzymes. More than 3 times increase 
in liver function tests makes drug discontinuation necessary. The known risk factors for valproate 
hepatotoxicity are young age, polytherapy, developmental delay, metabolic disorders, febrile illness and 
polymerase gamma 1 related disorders[38]. Furthermore, valproate can cause hyperammonemic 
encephalopathy which presents as progressive confusional state leading to coma[41,42]. This condition 
could easily be neglected in a critically ill patient with COVID-19.

In conclusion, despite the high efficacy in treatment of various type of seizures, factors including 
possible drug interaction, potential to cause liver injury, exacerbation of underlying liver dysfunction 
and induction of hyperammonemia, have limited the use of valproate as the first line treatment in 
patients with COVID-19 and new onset seizures. However, in patients with epilepsy and COVID-19 
who were under control by valproate, decision making is more challenging. The clinician might choose 
not to switch the medication at the first step; but the possibility of interaction with mentioned anti-
COVID drugs should be closely observed by therapeutic drug monitoring. In addition, in case of any 
evidence of liver dysfunction, there should be a low threshold to lower the dose or switch the drug.

Cytochrome p450 inducers
Phenytoin, carbamazepine, phenobarbital and primidone are among the first generation of ASMs. Their 
strong potential to induce various cytochrome p450 enzymes often causes several drug-drug 
interactions[43-46].

Phenytoin
Phenytoin is one of the oldest ASMs which plays its antiseizure role by enhancing rapid inactivation of 
voltage-gated sodium channels[47]. Phenytoin has a high protein binding (> 90%) and 70%-100% 
bioavailability. It is metabolized by CYP2C9 and CYP2C19 hepatic isoenzymes.

It induces CYP1A2, CYP2B, CYP2C, CYP3A4, and UGT[22]. Phenytoin significantly decreases the 
serum concentration of atazanavir, darunavir/cobicistat, remdesivir, chloroquine and hydroxy-
chloroquine and has a potential to decrease serum level of lopinavir/ritonavir. Nitazoxanide partially 
increases and tocilizumab weakly decreases the serum concentration of phenytoin. Phosphenytoin, the 
water-soluble prodrug of phenytoin has the same drug-drug interactions[36].

Hepatotoxicity is a well-known adverse effect of phenytoin which probably occurs through increase 
in reactive oxygen species formation and cellular oxidized glutathione, decrease in intracellular reduced 
glutathione, enhancement of lipid peroxidation and mitochondrial damage[48,49]. Phenytoin-induced 
liver injury could have a broad spectrum from mild asymptomatic elevation in liver function tests to 
severe hepatotoxicity which is often associated with hypersensitivity reactions[37,48,50,51]. Although 
the cosmetic and systemic adverse events have limited its use in chronic epilepsy, phenytoin is 
commonly used to abort focal and generalized seizures and also status epilepticus in emergency 
department[52,53]. However, it is not a good option to control seizures in patients with COVID-19. 
Phenytoin might cause cardiorespiratory depression which is potentially harmful in critically ill 
patients, elderly and underlying cardiac disease[54]. The potential for hepatotoxicity and increase in free 
drug level in hepatic and renal impairment[55] also limited its use in COVID-19. Moreover, significant 
dug-drug reaction with anti-COVID-19 agents could be challenging.

Carbamazepine
Carbamazepine is an effective ASM with a high bioavailability (75%-85%) and high protein binding 
(70%-80%). Its mechanism of action is similar to phenytoin. Carbamazepine is metabolized in liver by 
CYP3A4 and CYP2C8 enzymes[37]. It induces CYP1A2, CYP2C, CYP3A4 and UGT[22] and so, has 
multiple drug-drug interactions with anti-COVID medications. It significantly decreases the serum 
concentration of atazanavir, darunavir/cobicistat, remdesivir, chloroquine and hydroxychloroquine. 
Co-administration of carbamazepine with lopinavir/ritonavir also might lead to decrease in serum level 
of anti-COVID agent. Atazanavir, darunavir/cobicistat and lopinavir/ritonavir could increase serum 
concentration of carbamazepine and cause toxicity. In addition, tocilizumab has the potential to 
decrease carbamazepine concentration[36].

In a report of ASM-induced liver injury by FDA, carbamazepine had the highest odds ratio (2.92) 
among the other ASMs of first generation[30] and hepatotoxicity is a well-known adverse effect of this 
potent ASM[56]. Metabolic activation and following immune responses are reported as possible 
mechanisms of carbamazepine-induced liver injury[57].

Carbamazepine has no parenteral formulation and needs about 3 to 5 wk to reach the steady state. So, 
it is not commonly used for treatment of seizures in acute phase. However, many of patients with 
epilepsy are under treatment with this ASM. When comorbidity with COVID-19 occurs in these 
patients, higher doses of antiviral agents might be needed to compensate the decrement of serum 
concentration caused by carbamazepine. On the other hand, patients should be closely observed for sign 
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and symptoms of carbamazepine toxicity in co-administration of atazanavir, darunavir/cobicistat and 
lopinavir/ritonavir. In critical patients with increased liver enzymes, reduction of carbamazepine 
dosage is generally recommended to prevent harmful increase in carbamazepine concentration and also 
further liver damage.

Phenobarbital and primidone
Phenobarbital, one of the first ASMs used to manage epilepsy, is of limited use currently. But it is still 
recommended as an alternative therapy in first and second line management of status epilepticus. 
Phenobarbital is also prescribed in some patients with epilepsy especially in countries with limited 
resources[58]. It plays its antiseizure role by affecting GABA-A receptors which leads to increase in 
chloride ions and consequently reduction of neuronal excitability. Phenobarbital has a high bioavail-
ability (> 90%) and moderate protein binding (55%)[59].

Primidone is another old ASM which affects synaptic and extrasynaptic GABA receptors[42]. It is 
metabolized to phenobarbital and phenylethylmalonamide by CYP2C9, CYP2C19, and CYP2E1 
enzymes[22]. Primidone is still prescribed for patients with epilepsy; but it has some other certain 
indications such as essential tremor as well[60]. It has a high bioavailability (> 90%) with a low plasma 
protein binding (10%)[59]. Phenobarbital and primidone induce CYP1A2, CYP2A6, CYP2B, CYP2C, 
CYP3A4, and UGT. Similar to other enzyme inducer ASMs, these two drugs considerably decrease the 
serum concentration of atazanavir, darunavir/cobicistat, remdesivir, chloroquine and hydroxy-
chloroquine and could possibly decrease serum level of lopinavir/ritonavir. Darunavir/cobicistat 
significantly decreases the serum concentration of phenobarbital, but has no effect on primidone. 
Lopinavir/ritonavir might decrease primidone level[36].

Phenobarbital can cause large spectrum of hepatic adverse effects which could be various from 
asymptomatic increase in liver enzymes, to devastating hepatitis and acute liver failure. A possible 
mechanism of liver injury by phenobarbital is oxidative stress in hepatic mitochondria[38,61,62]. Due to 
availability of newer effective ASMs with more favorable safety profile in recent decade, phenobarbital 
has been less frequently administered in acute phase seizures. IV phenobarbital has the potential to 
cause cardiorespiratory depression[63] and elevation of liver enzymes[38] in critically ill patients with 
COVID-19 who are potentially in a compromised respiratory and hepatic state. Hence, phenobarbital is 
an inappropriate choice for treatment of seizures in COVID-19. In patients with epilepsy who are under 
treatment with phenobarbital and primidone, serious drug-drug interaction with anti-COVID-19 agents 
should be considered. Since, rapid taper and switch of these 2 drugs are impossible due to high risk of 
withdrawal seizure and status epilepticus, they should be continued cautiously with slight dose 
reduction in hepatic impairment and therapeutic drug monitoring. According dose modification of anti-
COVID agents is also indispensable.

TREATMENT OF SEIZURES IN PATIENTS WITH LIVER INJURY
Several factors should be considered in treatment of seizures in acute phase of COVID-19. The selected 
ASM/ASMs should have the parenteral formulation to achieve a rapid appropriate serum level. The 
safety profile and low risk for systemic adverse effects are also very important; particularly if the 
disease course is already complicated with organ failure. Most of ASMs have hepatic metabolism and 
many of them could potentially cause hepatotoxicity which makes judicious selection and dose 
modification necessary. Moreover, several drug-drug interactions are expected between ASMs and anti-
COVID drugs which could form a more complicated clinical scenario. The possible drug-drug 
interactions of common ASMs and anti-COVID-19 agents have been summarized in Table 1.

Levetiracetam, lorazepam, gabapentin, vigabatrin and pregabalin are ASMs which have no 
interaction with anti-COVID drugs[36]. Among these ASMs, only levetiracetam and lorazepam have the 
parenteral form. IV lorazepam is the first line treatment to abort generalized convulsive seizure[64]. 
Benzodiazepines predominantly have hepatic metabolism. Metabolism of lorazepam is not significantly 
affected by liver dysfunction and the possibility of liver injury is very low with its administration[65]. 
However, it might cause transient respiratory depression and exacerbation of hepatic encephalopathy
[22]. So, cautious use of lorazepam is acceptable for first-line treatment of seizure; but it could not be 
used as maintenance therapy to prevent further seizures.

Levetiracetam is an efficient broad spectrum ASM which is commonly used in treatment of epilepsy, 
acute phase seizures and status epilepticus[66-69]. It has a high bioavailability (> 95%) and a very low 
protein binding (< 10%). Less than 2% of levetiracetam is metabolized in liver which makes it a safe 
drug with no significant pharmacokinetic interaction[22]. It is postulated that levetiracetam mainly 
presents its antiseizure effect by targeting the synaptic vesicle glycoprotein SV2A[70]. Levetiracetam is a 
safe ASM for patients with liver dysfunction. There are very rare reports of levetiracetam-induced liver 
injury and elevation of liver enzymes[30]. No significant difference in pharmacokinetic of levetiracetam 
is expected in patients with mild to moderate hepatic impairment. But 50% reduction in total dose is 
recommended due to decreased drug clearance in patients with severe hepatic failure (Child-Pugh Class 
C)[65]. Overall, IV formulation of levetiracetam is a safe and efficient choice for treatment of acute onset 
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Table 1 Drug-drug interaction between antiseizure medications and anti-coronavirus disease 2019 agents

ATV DRV/c LPV/r RDV FAV HCLQ/CLQ TCZ IFN-β-1α

Brivaracetam Mi - Mi - - Mo - -

Carbamazepine S S Mo S - S Mi Mo

Clobazam Mo Mo Mo - - - - -

Diazepam Mo Mo Mo - - - - -

Eslicarbazepine Mo Mo Mo Mo - Mo - -

Ethosuximide Mo Mo Mo - - - - -

Gabapentin - - - - - - - -

Lacosamide Mi Mo Mi - - - - -

Lamotrigine - Mo Mo - - - - -

Levetiracetam - - - - - - - -

Lorazepam - - - - - - - -

Oxcarbazepine Mo Mo Mo Mo - Mo - Mo

Perampanel Mo Mo Mo - - - - -

Phenytoin S S Mo S - S Mi Mo

Phenobarbital S S Mo S - S Mi Mo

Pregabalin - - - - - - - -

Primidone S S Mo S - S Mi -

Rufinamide Mo Mo Mo Mo - Mo - -

Topiramate - Mo - - - - - -

Valproic acid - Mo Mo - - - - Mo

Vigabatrin - - - - - - - -

Zonisamide - Mo - - - - - -

ATV: Atazanavir; DRV/c: Darunavir/cobicistat; LPV/r: Lopinavir/ritonavir; RDV: Remdesivir; FAV: Favipiravir; HCLQ/CLQ: Hydroxych- 
loroquine/chloroquine; TCZ: Tocilizumab; IFN-β-1α: Interferon β-1α; S: Severe interaction, medications should not be co-administered; Mo: Moderate 
interaction, dose adjustment or close monitoring is required; Mi: Mild interaction, the need for dose adjustment or monitoring is unlikely.

seizures in COVID-19.
Eslicarbazepine acetate, oxcarbazepine, lacosamide, lamotrigine, clobazam, perampanel, rufinamide, 

tiagabine, topiramate, and zonisamide have mild to moderate interaction with anti-COVID drugs[22]. 
Among these ASMs, lacosamide is available in IV form and commonly has been used in treatment of 
seizure and status epilepticus[71,72]. Lacosamide has an almost complete bioavailability and a very low 
(< 15%) protein binding. It is metabolized to inactive O-desmethyl derivatives by CYP2C19 in liver[37]. 
Lacosamide enhances the slow inactivation of voltage-gated sodium channels[73]. In patients with mild 
to moderate hepatic impairment, reduction to 75% of maximum dose is recommended. But, lacosamide 
should not be administered in patients with severe hepatic dysfunction. Lacosamide-induced liver 
injury has not been reported in the literature[30]. So, IV lacosamide is an appropriate choice for aborting 
seizure in patients with epilepsy and COVID-19; but dose adjustment in hepatic dysfunction, interaction 
with darunavir/cobicistat and potential PR prolongation in coadministration with atazanavir and 
lopinavir/ritonavir should be cautiously considered[22].

Among previously mentioned ASMs with the higher probability of liver injury, IV formulations of 
valproate, phenytoin and phenobarbital are available. However, use of these ASMs should be limited to 
special conditions such as unavailability of new generation ASMs and refractoriness of seizures.

TREATMENT OF EPILEPSY IN PATIENTS WITH LIVER INJURY
Many patients with epilepsy need long-term treatment with ASMs and drug withdrawal or switch 
might lead to breakthrough seizures or status epilepticus for them. Since, anti-COVID drugs-which have 
the most interaction with ASMs-are generally administered for a short course, mild to moderate drug-
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drug interactions could be cautiously managed by close observation, therapeutic drug monitoring and 
dose modifications. However, concurrent administration of drugs with severe interactions is not 
recommended. In these cases, the medical team should evaluate the risk and benefits of choosing a safer 
anti-COVID drug over switching the ASM.

In patients with controlled epilepsy who suffer from liver dysfunction during COVID-19 infection, 
appropriate dose adjustment of ASMs is the first step[22]. This approach could prevent serum concen-
tration of drugs to reach the toxic level and also could protect liver from further injury. In this stage, 
there should be a low threshold to reduce the dose or switch ASMs with a high potential of hepato-
toxicity. In patients with drug-resistant epilepsy or those who are on polytherapy with ASMs, transient 
dose reduction of hepatotoxic drugs and increase in dose of ASMs with more favorable profile might 
help the patients to pass the critical course without experiencing breakthrough seizures.

However, if severe liver injury occurs, some ASMs should be inevitably discontinued. Appropriate 
replacement of these drugs by safer ASMs such as levetiracetam could prevent seizure recurrence and 
subsequent complications.

CONCLUSION
COVID-19 pandemic has affected many people all over the world. Liver injury is a well-known 
complication of this infection and have an impact on management of patients with comorbidities. Partic-
ularly, management of seizure and epilepsy in patients with COVID-19 and liver injury could be 
challenging. Certain considerations should be taken in account in selection of ASMs for patients with 
new-onset seizures. Avoidance of ASMs with potential of hepatotoxicity, reasonable dose adjustment 
and monitoring of drug interactions with anti-COVID-19 drugs are necessary. Furthermore, in patients 
with epilepsy, cautious changes in dose and type of previously used ASMs are sometimes necessary. 
The possibility of drug-drug interactions along with the other comorbidities of patients should also be 
considered. Decision making by a medical team consists of different related specialties is often necessary 
to choose the best treatment method for the patients.
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Abstract
BACKGROUND 
The exponential rise in Coronavirus disease 2019 (COVID-19) cases has resulted in 
an increased number of patients requiring prolonged ventilatory support and 
subsequent tracheostomy. With the limited availability of literature regarding the 
outcomes of COVID-19 patients with tracheostomy, we attempted to study the 
clinical characteristics and multiple parameters affecting the outcomes in these 
patients.

AIM 
To determine all-cause mortality following tracheostomy and its association with 
various risk factors in COVID-19 patients.

METHODS 
This retrospective study included 73 adult COVID-19 patients admitted to the 
ICU between 1 April, 2020 and 30 September, 2021 who underwent tracheostomy 
as a result of acute respiratory failure due to COVID-19. The data collected 
included demographics (age, sex), comorbidities, type of oxygen support at 
admission, severity of COVID-19, complications, and other parameters such as 
admission to tracheostomy, intubation to tracheostomy, ICU stay, hospital stay, 
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and outcome.

RESULTS 
This study included 73 adult patients with an average age of 52 ± 16.67 years, of which 52% were 
men. The average time for admission to tracheostomy was 18.12 ± 12.98 days while intubation to 
tracheostomy was 11.97 ± 9 days. The mortality rate was 71.2% and 28.8% of patients were 
discharged alive. The mean duration of ICU and hospital stay was 25 ± 11 days and 28.21 ± 11.60 
days, respectively. Greater age, severe COVID-19, mechanical ventilation, shock and acute kidney 
injury were associated with poor prognosis; however, early tracheostomy in intubated patients 
resulted in better outcomes.

CONCLUSION 
Patients with severe COVID-19 requiring mechanical ventilation have a poor prognosis but 
patients with early tracheostomy may benefit with no added risk. We recommend that the timing 
of tracheostomy be decided on a case-by-case basis and a well-designed randomised controlled 
trial should be performed to elucidate the potential benefit of early tracheostomy in such patients.
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Core Tip: Tracheostomies are commonly performed in critically ill patients who require mechanical 
ventilation for a prolonged duration. Various recommendations and guidelines have been published 
regarding the safety of tracheostomy in Coronavirus disease 2019 (COVID-19) patients but literature with 
respect to indication, timing and outcome of tracheostomy in COVID-19 patients is still lacking. 
Therefore, in this study we aimed to describe the clinical characteristics of patients who underwent 
elective tracheostomies and multiple parameters affecting the outcomes in these patients. We found that 
patients with severe COVID-19 requiring mechanical ventilation had a poor prognosis but patients with 
early tracheostomy may benefit from this procedure.

Citation: Singh Y, Soni KD, Singh A, Choudhary N, Perveen F, Aggarwal R, Patel N, Kumar S, Trikha A. Clinical 
characteristics of COVID-19 patients who underwent tracheostomy and its effect on outcome: A retrospective 
observational study. World J Virol 2022; 11(6): 477-484
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/477.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.477

INTRODUCTION
The Coronavirus disease 2019 (COVID-19) pandemic has resulted in extreme stress in healthcare 
establishments worldwide. Various studies have shown that 5%-15% of the patients with COVID-19 will 
develop severe disease requiring endotracheal intubation and mechanical ventilation[1,2]. Some patients 
may require prolonged ventilatory support. Tracheostomies are commonly performed in critically ill 
patients who require prolonged mechanical ventilation[3]. Compared with the orotracheal tube, the 
tracheostomy tube bypasses the mouth and pharynx resulting in better patient comfort and sedation 
requirement[4]. Other benefits of tracheostomy include a reduced incidence of ventilator-associated 
pneumonia, reduction in anatomical dead space leading to less work of breathing, easy airway 
suctioning and toileting, and facilitation of weaning from mechanical ventilation[5]. During the 
pandemic, tracheostomy will help in early transition of the patients from ICU care to ward care, thus 
helping to create a much-needed ICU bed that is always scarce in resource-limited countries with 
limited manpower. Tracheostomy will also help reduce the generation of highly infectious aerosols that 
are associated with the use of high flow oxygen devices or non-invasive ventilation[6].

Various guidelines have been published regarding the safety of tracheostomy in COVID-19 patients; 
however, literature regarding the indications, timing, and outcomes of tracheostomy in COVID-19 
patients is lacking[7,8]. Some authors suggest that tracheostomy should be delayed for at least 14 days 
after endotracheal intubation to obtain better information regarding patient prognosis along with 
reduced viral load[9-13]. Early tracheostomy is advised so that patients can be weaned from the 
ventilator and transferred to ward care sparing the ICU bed[14]. However, these recommendations are 
based on expert opinions and a well-designed study is needed to provide a high level of evidence. In 
this study, we aimed to describe the clinical characteristics of patients who underwent elective tracheo-
stomies and to study multiple parameters affecting the outcomes of these patients.
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MATERIALS AND METHODS
Study overview
This study was conducted by the Department of Anaesthesiology, Pain Medicine, and Critical Care in a 
tertiary care centre. The retrospective data presented in this study is part of the project titled-Post 
discharge outcomes of COVID-19 patients following admission to the intensive care unit, which was 
approved by the institute ethics committee (IEC-291/17.04.2020). As the study is retrospective in nature, 
informed written consent from individual patients was waived. Major databases such as PubMed, 
Embase, Scopus, Web of Science and Google Scholar were searched to identify the latest literature. The 
search was strengthened using a new tool called Reference Citation Analysis (https://
www.referencecitationanalysis.com/).

Inclusion criteria
The study included all confirmed COVID-19 adult patients admitted to the ICU who underwent 
tracheostomy between April 1, 2020 and September 30, 2021.

Exclusion criteria 
All patients with missing data or polytrauma cases who were incidentally COVID-19 positive were 
excluded from the study.

Data collection
Data were retrospectively collected using medical records and a computerized patient record system. 
Data collected included demographics (age, sex), comorbidities, type of oxygen support at admission, 
the severity of COVID-19, complications, and tracheostomy-related parameters such as admission to 
tracheostomy, intubation to tracheostomy, ICU stay, hospital stay, and outcome. The timing of 
tracheostomy was classified as early (within 10 days of intubation) and late (more than 10 days of 
intubation).

Statistical analysis 
The primary outcome of the study was to measure all-cause mortality following tracheostomy and its 
association with various risk factors. The secondary outcome included various tracheostomy-related 
parameters such as the timing of tracheostomy, admission to tracheostomy, intubation to tracheostomy, 
ICU stay, and hospital stay. Continuous variables were expressed as mean ± SD and categorical 
variables as number (percentage). Group comparison was performed using independent t-tests or 
Fisher’s exact test. P values less than 0.05 were considered statistically significant.

RESULTS
During the study period, 113 mechanically ventilated patients with confirmed COVID-19 who 
underwent tracheostomy were screened for possible inclusion in the study. Seventy-three patients 
satisfied the inclusion criteria. They were further subdivided into survivors and non-survivors.

Table 1 shows the patient's demographics, comorbidities, COVID-19 severity, initial respiratory 
support, and tracheostomy-related parameters. The average age of the patients was 52 years (SD 16.67) 
and 52% were male. Hypertension was the most common comorbidity (35.6%) followed by chronic 
kidney disease with superimposed acute kidney injury (34.3%), diabetes (24.6%), cerebrovascular 
accident (15.1%), and coronary artery disease (5.44%). The most common oxygen therapy modality used 
at the time of ICU admission was mechanical ventilation (42.5%), followed by a non-rebreathing mask 
(19.2%), high flow nasal canula (10.9%), room air (12.3%), face mask (8.2%) and non-invasive ventilation 
(6.8%). Most of the patients who were admitted to the ICU were suffering from severe COVID-19 
(50.6%) followed by moderate (30.2%) and mild (19.2%) disease. The mortality rate was 71.2% and 28.2% 
were discharged alive. The mean duration of ICU and hospital stay was 25 ± 11 days and 28.21 ± 11.60 
days, respectively.

The average time for admission to tracheostomy was 18.12 ± 12.98 days while intubation to 
tracheostomy was 11.97 ± 9 days. In 35 (47.9%) patients, tracheostomies were performed early i.e., 
within 10 days of intubation. Subgroup analysis among survivors and non-survivors showed that 
patients in the non-survivor group were older (P = 0.02), had severe COVID-19 (P = 0.001), and had a 
late tracheostomy (P = 0.03) as compared to survivors. However, the number of days from admission to 
tracheostomy, duration of ICU, and hospital stay were not significantly different between survivors and 
non-survivors (Table 2).

https://www.referencecitationanalysis.com/
https://www.referencecitationanalysis.com/


Singh Y et al. Tracheostomy in COVID-19 patients

WJV https://www.wjgnet.com 480 November 25, 2022 Volume 11 Issue 6

Table 1 Clinical-demographic parameters of COVID-19 patients who underwent tracheostomy

Characteristics n = 73

Age (yr) 52 ± 16.67

Male 38 (52%)

Female 35 (48%)

Comorbities & COVID related complications n (%)

HTN 26 (35.6%)

DM 18 (24.66%)

CAD 04 (5.44%)

CKD with AKI 25 (34.3%)

CVA 11 (15.1%)

TBI 02 (2.74%)

Stroke 05 (6.8%)

Pneumothorax 10 (13.7%)

Mucormycosis 06 (8.22%)

Shock 44 (60.2%)

COVID severity n (%)

Mild 14 (19.2%)

Moderate 22 (30.2%)

Severe 37 (50.6%)

Initial respiratory support n (%)

RA 9 (12.3%)

FM 6 (8.2%)

NRBM 14 (19.2%)

HFNC 8 (10.9%)

NIV 5 (6.8%)

MV 31 (42.5%)

Tracheostomy related events (mean ± SD)

Admission to tracheostomy (d) 18.12 ± 12.98 

Intubation to tracheostomy (d) 11.97 ± 9 

ICU stay (d) 25 ± 11

Hospital stay (d) 28.21 ± 11.60

Death (n, %) 52 (71.2%)

Discharge (n, %) 21 (28.8%)

HTN: Hypertension; DM: Diabetes mellitus; CAD: Coronary artery disease; CKD with AKI: Chronic kidney disease with acute kidney injury; CVA: 
Cerebrovascular accident; TBI: Traumatic brain injury; RA: Room air; FM: Face mask; NRBM: Non-rebreathing mask; HFNC: High-flow nasal cannula; 
NIV: Non-invasive ventilation; MV: Mechanical ventilation.

DISCUSSION
This retrospective study describes the effect of tracheostomy in COVID-19 patients suffering from acute 
respiratory failure in a tertiary care centre in northern India. In our cohort of tracheotomized patients 
with COVID-19 pneumonia, we found that the average time from intubation to tracheostomy was 12 
days; tracheostomy was performed in 6.4% of the patients admitted to the ICU. This rate is slightly 
lower than the French COVID-ICU study which reported a rate of 9%[15]. The patients in the non-
survivor group were older and had severe COVID-19 and late tracheostomy.
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Table 2 Comparison of tracheostomy-related events between survivors and non-survivors

Parameters Survivors Non-survivors P value

Age (yr) 44.95 ± 4.19 54.84 ± 2.05 0.02

Gender male 12 (57.2%) 26 (50%) 0.38

Female 9 (42.8%) 26 (50%)

Comorbidities Present 06 (28.6%) 16 (30.77%) 0.54

Absent 15 (71.4%) 36 (69.23%)

COVID severity Mild 10 (71.4%) 04 (28.6%) 0.001

Moderate 03 (13.6%) 19 (86.4%)

Severe 08 (21.6%) 29 (78.4%)

Admission to tracheostomy (d) 17.09 ± 2.54 18.53 ± 1.88 0.67

Intubation to tracheostomy (d) 9.19 ± 8.57 13.09 ± 9.02 0.01

Early tracheostomy (< 10 d) 14 (66.6%) 21 (40.3%)

Late tracheostomy (> 10 d) 7 (33.4%) 31 (59.6%) 0.03

ICU stay (d) 26.19 ± 3.50 24.55 ± 1.41 0.6

Hospital stay (d) 30.85 ± 3.15 27.15 ± 1.41 0.21

The timing of tracheostomy in COVID-19 has been a matter of debate as published studies have 
presented heterogeneous results[8,16-19] and this debate is not going to be settled as most of the studies 
on tracheostomy are retrospective in nature. Various researchers have demonstrated that early 
tracheostomy has the advantage of rapid weaning from mechanical ventilation, decreased need for 
sedation, and shorter length of ICU stay[20]. Other proposed advantages include reduced risk of 
oropharyngeal and laryngeal damage as well as facilitation of oral feeding and oral care[21].

Before the COVID-19 pandemic, a systematic review by Adly et al[20] suggested that early 
tracheostomy i.e., within 7 days, was associated with a reduced duration of mechanical ventilation, 
decreased mortality rate, and shorter length of ICU stay. A Cochrane review by Andriolo et al[22] found 
that early tracheostomy was associated with lower mortality rates and a higher probability of discharge 
from the ICU at day 28. However, a meta-analysis by Griffiths et al[23] and Siempos et al[24] 
demonstrated that there was no survival benefit following early tracheostomy as compared to late 
tracheostomy. The TracMan randomized controlled[25] trial comparing early (within 4 days) vs late 
tracheostomy (after 10 days), demonstrated that there were no differences in 30-day mortality and 1- 
and 2-year survival or length of ICU stay between them.

During the COVID-19 pandemic, various studies have described different timing of tracheostomy. 
Kwak et al[26], the Queen Elizabeth Hospital Birmingham COVID-19 airway team[27], Angel et al[28], 
Chao et al[10], Martin-Villares et al[18], Hernandez-Gracia et al[29] and Mario et al[30] have reported a 
mean time from intubation to tracheostomy of 12.2, 13.9, 10.6, 19.7, 12, 17 and 15 days, respectively. In 
our study, the mean intubation to open tracheostomy time was 11.97 days and in 47.9% (n = 35) of 
COVID-19 patients tracheotomies were performed within 10 days of intubation.

The subgroup analysis of tracheostomy among non-survivors and survivors showed that the mean 
age of non-survivors was higher than survivors. This poor outcome in older patients with tracheo-
stomies is consistent with many studies published on COVID-19[1,18]. Similarly, non-survivors with 
tracheostomies were suffering from severe COVID-19, which was also consistent with previously 
published research. Furthermore, most of the non-survivors in our study had late tracheostomy 
demonstrating poor outcome in patients with late tracheostomy (beyond 10 days), which may be due to 
worsening of the disease at later stages. However, Tang et al[16] suggested better outcomes in tracheo-
stomies done after 14 days whereas Aviles-Jurado et al[31] in their prospective study on the safety of 
tracheostomy reported that early tracheostomy (< 10 days) had no association with mortality. Other 
parameters such as the number of days from admission to tracheostomy, duration of ICU, and hospital 
stay were not significantly different between survivors and non-survivors. The overall mortality in our 
study was 71.2%, which was consistent with other studies reporting > 50% mortality in COVID-19 
patients on mechanical ventilation[32,33].

Limitations 
Our study had several limitations. First, it was a retrospective observational study with a relatively 
small sample size. Therefore, a well-designed multicentre randomized controlled trial with adequate 
sample size is needed to validate the findings in our study. Second, due to its retrospective nature, some 
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key statistical tests could not be performed. Thirdly, the various scores used in the ICU in predicting the 
outcome were not analysed. Lastly, we were unable to retrieve and calculate the incidence of complic-
ations associated with a tracheostomy. The present study may help other clinicians in designing a 
clinical trial for future research to identify the best time of tracheostomy in critically ill mechanically 
ventilated patients.

CONCLUSION
Our study describes the clinical characteristics and outcome of a cohort of patients who underwent 
tracheostomy after intubation due to COVID-19. The results showed that early tracheostomy (less than 
10 days) was associated with reduced mortality. However, a well-designed randomized multicentre trial 
is needed to elucidate the potential benefit of early tracheostomy in mechanically ventilated COVID-19 
patients. We also suggest that the timing of tracheostomy be decided on a case-by-case basis rather than 
following a strict rule.

ARTICLE HIGHLIGHTS
Research background
The rapid increase in Coronavirus disease 2019 (COVID-19) patients has resulted in an increased 
number of patients with severe disease requiring prolonged ventilatory support and subsequently 
tracheostomy. Details regarding the timing, and safety of tracheostomy in the management of COVID-
19 patients continue to evolve.

Research motivation
With the limited availability of literature regarding the outcomes of COVID-19 patients with 
tracheostomy, we attempted to study the clinical characteristics and multiple parameters affecting the 
outcomes in these patients.

Research objectives
Our research objective was to determine the all-cause mortality after tracheostomy and its relation with 
various risk factors in COVID-19 patients.

Research methods
We conducted a retrospective observational study at a tertiary care hospital. The study included 73 
adult COVID-19 patients admitted to the ICU between 1 April, 2020 and 30 September, 2021 who 
underwent tracheostomy as a result of acute respiratory failure due to COVID-19.

Research results
Seventy-three adult patients were included in the study with an average age of 52 ± 16.67 years, of 
which 52% were male. The average time for admission to tracheostomy was 18.12 ± 12.98 days while 
intubation to tracheostomy was 11.97 ± 9 days. The mortality rate was 71.2% and only 28.8% of patients 
were discharged alive. Greater age, severe COVID-19, mechanical ventilation, presence of shock and 
acute kidney injury were associated with a poor prognosis; however, early tracheostomy in intubated 
patients resulted in a better outcome.

Research conclusions
The study showed that early tracheostomy (less than 10 days) was associated with reduced mortality 
with no added risk to the patient. Furthermore, the timing of tracheostomy should be decided on a case-
by-case basis rather than following a strict rule.

Research perspectives
A well designed randomised controlled trial should be performed to elucidate the potential benefit of 
early tracheostomy in COVID-19 patients.
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Abstract
BACKGROUND 
Coronavirus disease 2019 (COVID-19) has crippled humanity since early 2020. 
Various sequelae of COVID-19 have been reported in different body systems. 
Musculoskeletal symptoms are widely reported during COVID-19 infection, but 
musculoskeletal complications in long COVID-19 are underreported. However, 
post-COVID-19 survivors have reported complaints of persisting or new-onset 
fatigue, myalgia, arthralgia, arthritis, muscle weakness, etc in clinical practice. The 
well-known detrimental effects of steroids on the musculoskeletal system coupled 
with their over-the-counter availability can also be anticipated since they were the 
cornerstone of life-saving management in this pandemic.

AIM 
To determine the musculoskeletal complications in long COVID.

METHODS 
We performed a systematic review of ‘systematic reviews and meta-analyses’.

RESULTS 
Of the 63 articles screened, 24 articles were included. Two articles specifically 
discussed children and adolescents. One article discussed rehabilitation 
intervention. No article addressed rehabilitation of musculoskeletal issues in long 
COVID-19 in particular. Fatigue was the most common musculoskeletal 
complication.

CONCLUSION 
Fatigue is found to be very common along with myalgia and arthralgia. There 
were no studies on rehabilitation intervention in musculoskeletal complications 
specifically. Considering the lacuna in literature and the needs of the current 
situation, further studies are warranted to standardize effective rehabilitation 
interventions in musculoskeletal complications. More homogenous studies are 
needed. Studies on functional impairment due to musculoskeletal involvement 
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are essential.

Key Words: Musculoskeletal complications; COVID-19; Long COVID-19; Post-COVID-19 syndrome; 
Rehabilitation; SARS-CoV-2
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Core Tip: Though musculoskeletal involvement is reported in severe acute respiratory syndrome 
coronavirus 2 infection, the literature is limited for musculoskeletal symptoms in long coronavirus disease 
2019 (COVID-19). Moreover, rehabilitation of each musculoskeletal complaint is not addressed in most 
reviews. We highlighted those keys areas through our review article. Fatigue is the most common 
musculoskeletal issue in long COVID-19. Considering the gaps in literature and current needs, future 
studies are warranted to standardize effective rehabilitation interventions in musculoskeletal complic-
ations.

Citation: Swarnakar R, Jenifa S, Wadhwa S. Musculoskeletal complications in long COVID-19: A systematic 
review. World J Virol 2022; 11(6): 485-495
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/485.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.485

INTRODUCTION
Since 2020 the world has witnessed multiple waves of the coronavirus disease 2019 (COVID-19) 
pandemic caused by different variants of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) at different times and places. As of September 1, 2022, 599 million confirmed cases and more 
than 6 million deaths have been reported[1]. The loss of lives, superimposed by the deterioration of the 
quality of life of a significant number of survivors, made this pandemic a huge hurdle for the whole 
world. A range of long-term effects or complications involving different body systems have been 
reported. The respiratory sequelae of COVID-19 have been widely investigated, but musculoskeletal 
complications are underreported. Here we performed a systematic review of systematic reviews and 
meta-analyses to find musculoskeletal complications caused by long COVID-19 conditions.

MATERIALS AND METHODS
Here a systematic review of systematic reviews and meta-analyses was conducted (Figure 1). We also 
cited high-quality articles in Reference Citation Analysis (https://www.referencecitationanalysis.com).

Eligibility criteria
PICOS model: (1) Studies that considered patients with long-term COVID-19 symptoms at least > 4 wk 
of COVID-19 infections (population); (2) Studies where the primary aim was to evaluate long-term 
COVID-19 symptoms in mild, moderate, severe, and critical patients that have a follow-up of at least 14 
d (interventions); (3) Studies with or without a control group (comparisons); (4) Studies that reported 
the long COVID-19 symptoms (outcomes); and (5) Systematic review and meta-analyses (study 
designs). From January 2020 to mid-July 2022, any relevant studies that followed the above mentioned 
PICOS model and that reported musculoskeletal complications in long COVID-19 were eligible for 
inclusion.

Search strategy
The search was carried out by two independent researchers in all electronic databases, mainly 
MEDLINE, EMBASE, Web of Science, and Google Scholar with this time period. We combined search 
terms and key words related to the population (e.g., “COVID-19”, “SARS-CoV-2”, “long Covid-19”, 
“long Covid”, “long haulers”) and outcomes (e.g., “fatigue”, “pain”, “musculoskeletal”, “myalgia”, 
“myopathy”, “arthralgia”, “arthritis”, “rheumatic”, “joint”). We additionally filtered study designs 
“systemic review” and “meta-analyses” in humans.

Inclusion and exclusion
All the systematic reviews and meta-analyses on long COVID-19 following our above-mentioned PICOS 
model were included. After the preliminary search, we extracted the musculoskeletal complications that 

https://www.wjgnet.com/2220-3249/full/v11/i6/485.htm
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Figure 1  Flow diagram of the study.

were reported in long COVID-19 studies or in post COVID-19 studies (at least 4 wk after COVID-19 
active infection). We excluded any musculoskeletal issues that occurred after any neurological sequelae 
of long COVID-19 and excluded any myocarditis or issues related to smooth muscle dysfunction.

Study selection and data extraction
Titles and abstracts were screened for potentially eligible studies. Following an initial screening, full 
texts of potentially eligible studies were acquired for detailed evaluation eliminating all duplicates. 
Manual scanning of key articles and review papers was conducted to identify additional articles missed 
by the search strategy. Two reviewers assessed the articles independently and in case of any 
disagreements, the opinion of the third reviewer was consulted.

Analysis
We performed a descriptive analysis of the included reviews.

RESULTS
Of the 63 articles screened; 24 articles were included[2-25]. Two articles specifically discussed children 
and adolescents. One article discussed rehabilitation intervention. No article addressed rehabilitation on 
musculoskeletal issues in long COVID-19 in particular. Details of the selected articles are listed in 
Table 1.

DISCUSSION
According to the National Institute of Health and Care Excellence guidelines, post-acute COVID-19 and 
post-COVID-19 syndrome are included in long COVID. Post-acute-COVID-19 means ongoing 
symptomatic COVID-19 for people who still have symptoms 4 wk and 12 wk after acute COVID-19. On 
the other hand, post-COVID-19 syndrome means that patients are having persisting symptoms for > 12 
wk after acute symptoms[26]. According to the World Health Organization, post-COVID-19 conditions 
generally occur 3 mo from the onset of COVID-19 with symptoms lasting for at least 2 mo and should be 
unexplained by any alternative diagnosis[27].

Another definition consists of “not recovering several weeks or months following the start of 
symptoms that were suggestive of COVID-19, regardless individuals were tested or not”[28]. Common 
symptoms reported are fatigue, shortness of breath, cognitive dysfunction/attention disorder, hair loss, 
and dyspnea[29,30]. Musculoskeletal symptoms of skeletal muscle, neurological, bone, and joint 
disorders have also been reported. The proinflammatory responses can impact nearly every organ 
system, including the musculoskeletal system. Myalgias, arthralgias, fatigue, exercise, and intolerance 
are some of the common musculoskeletal sequelae.
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Table 1 Included systematic reviews and meta-analyses in this systematic review

Serial 
no. Ref. Reported musculoskeletal complications Type of study Types of 

patients
Rehabilitation 
intervention

1 Ludvigsson[2], 
2021

Fatigue, muscle weakness Systematic review Children No

2 Akbarialiabad et 
al[3], 2021

Fatigue (63%), muscle weakness Systematic 
scoping review

All age 
groups

No

3 Michelen et al[4], 
2021

Weakness (41%; 95%CI: 25%-59%), general malaise (33%; 95%CI: 
15%-57%), fatigue (31%; 95%CI: 24%-39%)

Living systematic 
review

All age 
groups

No

4 Iqbal et al[5], 
2021

48% fatigue in >12 wk Systematic review 
and meta-analysis

All age 
groups

No

5 Vollbracht and 
Kraft[6], 2021

Vitamin C improved in post-COVID-19 fatigue; the IV vitamin C 
doses administered ranged from 3.5 g to > 75 g/d

A systematic 
review on 
intervention

All age 
groups

No

6 Jennings et al[7], 
2021

Arthralgia 13% (6%-29%), myalgia 34% (2%-86%), fatigue 44% (10%-
71%)

Systematic review All age 
groups

No

7 Fernández-de-
Las-Peñas et al
[8], 2021

Fatigue (58%), headache (44%), joint pain (15%-20%) Systematic review All age 
groups

No

8 Malik et al[9], 
2022

Fatigue (64, 54-73), arthralgia (24.3, 14.0-36.0), headache (21, 3-47) Systematic review 
and meta-analysis

All age 
groups

No

9 Ceban et al[10], 
2022

Fatigue in 30% of cases Systematic review 
and meta-analysis

All age 
groups

No

10 Chen et al[11], 
2022

Fatigue prevalence 0.23 (95%CI: 0.17-0.30) Systematic review 
and meta-analysis

All age 
groups

No

11 van Kessel et al
[12], 2022

Fatigue most common Systematic review All age 
groups

No

12 Alkodaymi et al
[13], 2022

Fatigue 3-6 mo follow-up 32%, 36% 6-9 mo, 37% 9-12 mo, > 12 mo, 
41%

Systematic review All age 
groups

No

13 Fernández-de-
Las-Peñas et al
[14], 2022

Prevalence of post-COVID-19 myalgia, joint pain, and chest pain 
ranged from 5.65% to 18.15%, 4.6% to 12.1%, and 7.8% to 23.6%, 
respectively, at different follow-up periods during the 1st yr postin-
fection. Almost 10% of individuals infected by SARS-CoV-2 will 
suffer from musculoskeletal post-COVID-19 pain symptomatology at 
some time during the 1st yr after the infection

Systematic review All age 
groups

No

14 Han et al[15], 
2022

Fatigue/weakness (28%, 95%CI: 18%-39%), arthromyalgia (26%, 
95%CI: 8%-44%)

Systematic review All age 
groups

No

15 d’Ettorre et al
[16], 2022

63% of fatigue reported Systematic review All age 
groups

No

16 Behnood et al
[17], 2022

47% fatigue, 25% myalgia, 35% headache, females with higher pain 
symptoms

Systematic review In children 
and young 
people

No

17 Nguyen et al[18], 
2022

Fatigue (16%-64%), arthralgia (8%-55%), thoracic pain (5%-62%), 
myalgia (1%-22%), headache (9%-15%)

Systematic review All age 
groups

No

18 Lopez-Leon et al
[19], 2022

Fatigue (9.66%) Systematic review Children and 
adolescents

No

19 Abdel-Gawad et 
al[20], 2022

Fatigue (72.8%) and joint pain (31.4%) Systematic review All age 
groups

No

20 Almas et al[21], 
2022

Fatigue (54.11%), arthralgia (16.35%), myalgia (5.78%), chest pain 
(10.37%)

Systematic review All age 
groups

No

21 Maglietta et al
[22], 2022

Fatigue and female sex association statistically significant, with OR = 
1.54, 95%CI: 1.32-1.79

Systematic review All age 
groups

No

22 Healey et al[23], 
2022

fatigue (37%; 95%CI: 23%-55%), myalgia (12%; 95%CI: 5%-25%), 
headache (7%; 95%CI: 3%-16%), chest pain (3%; 95%CI: 1%-8%)

Systematic review All age 
groups

No

23 de Oliveira 
Almeida et al
[24], 2022

Fatigue. COVID-19 survivors can have a reduction in physical 
function, ability to perform activities of daily living and their health-
related quality of life 1-6 mo post-infection

Systematic review All age 
groups

No

Fugazzaro et al Muscle strength, walking capacity, sit-to-stand performance Systematic review All age 24 Yes
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[25], 2022 improvements of rehabilitation 
interventions

groups

CI: Confidence interval; COVID-19: Coronavirus disease 2019; IV: Intravenous; OR: Odds ratio; SARS-CoV-2: Severe acute respiratory syndrome 
coronavirus 2.

Why musculoskeletal system affected?
SARS-CoV-2 has three structural proteins (membrane protein, spike protein, and envelope protein). 
Spike glycoprotein through its subunits S1 and S2 helps in entering the host cells[31]. The angiotensin-
converting enzyme 2 (ACE2) receptor acts as the entry receptor using the serine protease trans-
membrane protease, serine 2 (TMPRSS2) for spike protein priming[32]. Following the binding of the 
receptor, viral spike protein is broken down by TMPRSS2 proteolytically, which exposes a fusion 
peptide signal that helps in the fusion of viral and human membranes. It leads to the cytoplasmic 
release of viral RNA. Interestingly, ACE2 is found in the lung, heart, kidney, liver, gastrointestinal, and 
musculoskeletal systems.

In humans, endothelial cells, smooth muscle cells, pericytes, muscle stem cells, macrophages, B cells, 
T cells, natural killer cells, and myonuclei express TMPRSS2. Furthermore, several cells in the synovium 
including fibroblasts, monocytes, B cells, and T cells express ACE2 and TMPRSS2. However, only 
smooth muscle cells and pericytes express ACE2. Articular cartilage (proliferative, hypertrophic, and 
effector chondrocytes) express ACE2, and only homeostatic chondrocytes (which control circadian 
rhythm in cartilage) express TMPRSS2. In the meniscus, a few cartilage progenitors and regulatory 
fibrochondrocytes express ACE2 (no TMPRSS2 is detected). ACE2 is also found to be present in 
composite unenriched cortical and trabecular bone and osteoblast enriched tissues. TMPRSS2 was 
almost absent in composite bone tissue, and TMPRSS2 was detected in all osteoblast-enriched samples.

The presence of these receptors implies that skeletal muscle, synovium, and cortical bone may serve 
as potential areas of direct SARS-CoV-2 infection and its probable long-term sequelae[33]. The cytokines 
and signaling molecules are induced by the infection [C-X-C motif chemokine 10, interferon-gamma, 
interleukin (IL)-1β, IL-6, IL-8, IL-17, and tumor necrosis factor-alpha (TNF-α)]. They play a crucial role in 
the pathogenesis of clinical signs and symptoms and long-term sequelae of COVID-19. Interferon-
gamma, IL-1β, IL-6, IL-17, and TNF-α show a negative impact on skeletal muscle (fiber proteolysis and 
decreasing protein synthesis). IL-1β and IL-6 may lead to fibrosis after inducing increased muscle 
fibroblast activity. IL-1β and TNF-α induce muscle fiber growth by inhibiting the differentiation and 
proliferation of satellite cells, the progenitor cells[34].

COVID-19 therapy sequelae in the musculoskeletal system
Corticosteroids, a lifesaving medication in the management of COVID-19, has been overused in many 
cases. Additionally, long-term corticosteroid use has been known to cause a variety of effects on the 
bone, including osteonecrosis, reduced bone mineral density (BMD), avascular necrosis of the hip joint, 
and osteoporosis with or without fracture. It implies that steroids might be an important cause of 
multiple musculoskeletal complications.

Skeletal muscle and fatigue
Many studies have reported fatigue myalgia and generalized weakness as some of the common 
persisting complaints in symptomatic infections of the disease[35]. In the previous epidemics of SARS, 
extensive myalgias and muscle dysfunction were also reported. Direct viral infection and/or the 
cytokine storm could lead to pathological changes in skeletal muscle tissue in addition to decondi-
tioning due to prolonged disuse during the hospitalization or disease period.

Mayer et al[36] showed that a long intensive care unit stay is linked with a rapid and significant 
reduction in the volume of the rectus femoris muscle (average: 18.5%), until the 7th d of hospitalization. 
Carfì et al[37], in a study to follow up the post-COVID-19 patients in a hospital in Italy, found that in 
recovered patients, 87.4% responded with at least one persistent symptom, especially fatigue. Paneroni 
et al[38] evaluated the muscle strength of the quadriceps and biceps femoris of patients in post-
discharge recovered COVID-19 cases. They found that 86% of cases had quadriceps weakness and 73% 
had biceps femoris weakness. These findings proved muscle dysfunction in individuals with long 
COVID-19. Jacobs et al[39] in their study to assess the persistence of symptoms and quality of life at 35 d 
after hospitalization of COVID-19 infection found fatigue as the most common persisting symptom.

Fatigue was found to be the most common symptom followed by shortness of breath (31%), loss of 
smell (22%), and muscle ache (21%) by the Office for the National Statistics, census 2021, in the estimates 
of the prevalence of self-reported long COVID-19 and associated activity limitation using United 
Kingdom Coronavirus (COVID-19) Infection Survey data[40]. Compared with age-matched healthy 
controls, approximately 2-3 mo after discharge, moderate to severe cases had a 32% reduction in grip 
strength and a 13% reduction in the distance walked in 6 min[41].
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Aiyegbusi et al[42] did a review on symptoms, complications, and management of long COVID-19 
and found that 47% reporting fatigue as the most common, myalgia (muscle pain) in 25%, and joint pain 
in 20%. Varghese et al[43] found that 54% of the patients reported fatigue as one of the persisting 
symptoms. Huang et al[44] did a follow-up study from June 16, 2020 to September 3, 2020 to assess 6 mo 
consequences of COVID-19 in patients discharged from the hospital, and they reported fatigue (63%) 
and sleep difficulties (26%) as the most common symptoms. Miyazato et al[45] also reported fatigue as 
one of the prolonged and late-onset symptoms conducted in patients admitted for COVID-19 to the 
Disease Control and Prevention Center and National Center for Global Health and Medicine from 
February to June 2020. Daher et al[46] conducted a follow-up study on 33 confirmed COVID-19 positive 
patients 6 wk post-discharge to assess the pulmonary and extrapulmonary disease sequelae and found a 
significant tendency among the patients to suffer from fatigue symptoms with significant limitations of 
their mobility, which was reflected by reduced 6-min walking test distance among the extrapulmonary 
sequelae. In their study, characterizing long COVID-19 in an international cohort over 7 mo of 
symptoms and their impact, Davis et al[47] also reported the patients who have had or were suspicious 
of COVID-19 reported fatigue as the most common persisting symptom even after 6 mo.

Multiple etiologies of fatigue (physical, mental, emotional) could be present. Therefore, fatigue 
should be researched according to the accompanying symptoms or more specific features[48]. Another 
sequelae is intolerance to physical activities associated with a chronic fatigue condition and difficulty in 
returning to normal daily life[49]. Eighteen people living with long COVID-19 in the United Kingdom 
were interviewed with a semi-structured questionnaire in a qualitative study by Humphrey et al[50] 
showing people faced reduced physical function, compounded by the cognitive and psychological 
effects of long COVID-19.

Arthralgia and myalgia
Arthralgia is pain localized to the joints, while myalgia is pain localized to muscle. They are typically 
present in the early course of the disease and in patients experiencing long-term effects of COVID-19 or 
a prolonged disease course. Studies have described how SARS-CoV-2 infection induces systemic 
elevations of cytokines and signaling molecules. This ‘cytokine storm’ is thought to be implicated in 
musculoskeletal manifestations, among many others. Myalgia and arthralgia are reported as one of the 
most common persistent symptoms in patients with post-acute sequelae of COVID-19 and are more 
notable in patients who were prone to being positioned during intensive care unit admission[51].

In a study of 294 patients hospitalized with COVID-19, Hoong et al[52] observed that 30% of patients 
reported musculoskeletal complaints; 37.5% had myalgia, 5.7% had arthralgia, 6.8% had new-onset 
backache, and 50% had generalized body aches. Elhiny et al[53] reported that physical decline was the 
most common symptom reported in musculoskeletal complications. Patients who also had mild to 
moderate forms of the infection can experience exacerbated muscle and joint pain. Petersen et al[54] in 
their study of long COVID-19 in a longitudinal study in the Faroe Islands found out arthralgia is one of 
the most persistent symptoms following fatigue and loss of smell and taste.

Follow-up of adults with non-critical COVID-19 after symptom onset in a study by Carvalho-
Schneider et al[55] found that 13% of the patients who never had arthralgia at the onset of the disease 
reported arthralgia 30 d after discharge and 21% after 60 d. The study by Chopra et al[56] on clinical 
predictors of long COVID-19 symptoms in patients with mild COVID-19 at 30 d post-discharge (long 
COVID-19) found myalgia as one of the most common persistent symptoms following fatigue and 
cough. Stavem et al[57] also reported myalgia as one of the most common persisting symptoms 1.5-6.0 
mo after infection in non-hospitalized patients. Ghosn et al[58] in a large prospective cohort study in 
France among the post-discharge patients at 3 mo and 6 mo observed mostly fatigue, dyspnea, joint 
pain, and myalgia. COVID-19 has also been found to cause reactive arthritis and new-onset inflam-
matory arthritis typically occurring within a month after its diagnosis[59].

There were reported cases of reactive arthritis post discharge from COVID-19[60]. Derksen et al[61] in 
a Dutch study of 5 patients who presented with inflammatory arthritis 6.6 wk post COVID-19 infection, 
found that 2 patients had strongly positive and another patient had weakly positive anti-CCP 
antibodies, suggesting post-COVID-19 rheumatoid arthritis development.

BMD
C-X-C motif chemokine 10, IL-17, and TNF-α induce osteoclastogenesis and inhibit osteoblast prolif-
eration and differentiation causing increased bone fragility[34]. Berktaş et al[62] assessed the BMD of 
hospitalized COVID-19 patients at diagnosis and follow-up visits using chest computed tomography. 
BMD was retrospectively measured by quantitative computed tomography. BMD decreased by a mean 
of 8.6% (± 10.5%) from diagnosis to follow-up. The osteoporosis ratio increased two-fold after hospital-
ization for COVID-19 because of this substantial bone loss.

An animal experimental study characterized the effects of SARS-CoV-2 infections on bone 
metabolism in an established golden Syrian hamster model for COVID-19. SARS-CoV-2 caused 
significant multifocal loss of bone trabeculae in the long bones and lumbar vertebrae of all infected 
hamsters implicating the same could happen in humans post-COVID-19. A multicenter study by Kottlor 
et al[63] showed that COVID-19 patients requiring intensive care had significantly lower BMD than 
those who were managed in non-intensive care settings.
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Researchers at Indiana University School of Medicine discovered that the mouse models infected with 
the novel coronavirus lost nearly 25% of their bone mass within 2 wk of infection. They also found 
mouse models with a 63% increase in osteoclasts, the cells that cause the bone to break down.

Neuromuscular
Musculoskeletal manifestations can be a result of underlying neurological disturbances. The central and 
peripheral nervous systems control our movements via the spinal motor neurons, which act as the final 
common pathway to the muscles[64]. Many studies have reported peripheral neuropathy, most 
commonly Guillain-Barre and related symptoms. Guillain-Barre syndrome and critical illness-induced 
polyneuropathy/myopathy are two important peripheral neuropathies seen in COVID-19[65].

A follow-up study conducted for 8 mo in Denmark performed electromyography and conventional 
nerve conduction study of 20 patients with persistent fatigue. They found that all patients with 
myopathic electromyography reported physical fatigue; 8 patients reported about myalgia while 3 
patients without myopathic changes complained about physical fatigue. Long-term COVID-19 does not 
cause large fiber neuropathy, but myopathic changes were seen[66]. Acute myopathies are reported in 
acute COVID-19 infection[67], which may have a detrimental effect in the muscle in the post infective 
stages.

Rehabilitation perspectives
COVID-19 has multisystem effects including physical as well as psychological effects. The wholesome 
evaluation and rehabilitation of such patients require a multifaceted and interdisciplinary approach to 
cover all aspects properly. Identification of the pre-existing disabling conditions contributing to the 
cumulative effect of long COVID-19 is also an important aspect. Reinfection, post-viral bacterial and 
fungal infections, baseline routine investigations along with C-reactive protein, fibrinogen, D-dimer, 
troponin, and ferritin can also be considered if clinically indicated. Cardiac function tests (echocardio-
graphy) should be done to check cardiopulmonary status before framing the exercise program.

Rehabilitation should be addressed holistically following the domains of the International Classi-
fication of Functioning, Disability, and Health. Studies have shown that early mobilization helps in the 
reduction of the harmful effects of the disease, especially on muscle and cardiopulmonary function, 
mobility, and function[68], implying rehabilitation of long COVID-19 should start from the beginning. 
Physical exercise should be individualized specifying intensity, frequency, duration, and type of 
exercise. Exercise should be gradually increased according to one’s capacity. The patient should be 
educated with an emphasis on self-management. The patient should respect the pain and their own 
capabilities. Energy conservation techniques such as simplifying tasks, pacing the activities over time, 
and taking breaks should be followed. Repeated practice of functional activities and a set of specific 
actions according to the patient’s priorities, needs, and goals may improve the functional aspects. All 
such activities need to be evaluated regularly to determine whether they should be continued, changed, 
or stopped[69].

However, no studies on rehabilitation intervention have been investigated in long COVID-19 for 
musculoskeletal complications in particular[70]. In our systematic reviews, we did only descriptive 
analysis. We did not address the individual cases or case series study or any cohort or trials, which may 
miss the characteristics of the individual cases in particular. However, performing a systematic review 
of all systematic reviews and meta-analyses provided a stronger evidence-based study.

CONCLUSION
Musculoskeletal involvement is common during active SARS-CoV-2 infection. Fatigue is very common 
during this phase. Here we have highlighted the musculoskeletal complications in long COVID-19 
syndrome. Again, fatigue is found to be very common along with myalgia and arthralgia. There is a lack 
of studies on these aspects. Moreover, all the studies are heterogeneous, especially in terms of the 
duration of post-COVID and the definition of long COVID. There are no studies for rehabilitation 
intervention in musculoskeletal complications specifically. This study reinforced the gravity of the 
current situation. Considering the lacuna in literature and the needs of the current situation, further 
studies are warranted to standardize effective rehabilitation interventions in musculoskeletal complic-
ations. More homogenous studies are needed using proper case definition and duration of long COVID. 
Studies on functional impairment due to musculoskeletal involvement are needed.

ARTICLE HIGHLIGHTS
Research background
Research is lacking in musculoskeletal complications in long coronavirus disease 2019 (COVID-19).
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Research motivation
Currently, many long COVID-19 patients are coming to outpatient departments of rehabilitation for 
musculoskeletal issues.

Research objectives
To find musculoskeletal complications in long COVID-19 and relevant rehabilitation interventions.

Research methods
A systematic review of systematic reviews and meta-analyses was done.

Research results
Among many musculoskeletal issues, fatigue was found to be the most common complication. Rehab 
intervention is severely lacking in literature.

Research conclusions
Rehabilitation need identification is of the utmost importance in musculoskeletal aspects of long 
COVID. Fatigue was found to be the most common complication.

Research perspectives
Identification of rehabilitation needed following identification of musculoskeletal complications is 
crucial in long COVID-19 cases.
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TO THE EDITOR
The proliferation of omicron (B.1.1.529) and its global dissemination
On November 25, 2021, 22 patients in Gauteng province, South Africa, were diagnosed with atypical 
pneumonia caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Afterward, the 
Technical Advisory Group of the World Health Organization (WHO) designated the novel SARS-CoV-2 
variant as B.1.1.529[1]. Omicron has been identified as the fifth variant of concern (VOCs); the B.1.1.529 
genome contains over 50 mutations that increase transmissibility, infectivity, immune system evasion, 
and vaccine inefficacy[2].

In late November 2021, the South African National Institute of Communicable Diseases reported a 
22.4% increase in infections with this variant in a single day[1]. Based on a retrospective study 
conducted in South Africa, the VOC omicron significantly increased the risk of reinfection (× 2.39) 
compared to the beta and delta variants, indicating that this variant has a higher potential to evade the 
immune system[3]. Belgium, Hong Kong, Israel, Germany, the Netherlands, and the United Kingdom 
reported the detection of the omicron variant shortly after.

On November 27, 2021 due to the omicron variant’s spread to more than 50 countries, the United 
States and Australia banned all transportation to those countries. However, on November 29, 2021 the 
first omicron case in Australia was identified in a traveler who traveled to Johannesburg, South Africa (
https://www.abc.net.au/news/2021-11-29/nt-covid-outbreakkatherine-traveller-positive-for-
omicron/100657690). Subsequently, the VOC omicron was identified in populations that were 
unvaccinated, partially or fully vaccinated, and immune to previous natural infection.

The birth of omicron BA.2 (B.1.1.59.2)
According to the WHO classification, the omicron variant has three to four subvariants, namely BA.1, 
BA.1.1, BA.2, and BA.3; nucleotide sequencing analysis revealed that BA.1, BA.1.1, BA.2, and BA.3 
subvariants possess 39, 40, 31, and 34 mutations, respectively. All three subvariants evolved simultan-
eously in South Africa[4] (Figure 1). According to the hypothesis of Gao et al[5], omicron subvariants 
have emerged in the unvaccinated African population with compromised immune systems. Immuno-
compromised individuals are unable to fight SARS-CoV-2 infection effectively, and they have the best 
opportunity for multiplication, mutagenesis, and the emergence of new surge variants. Furthermore, 
animals can act as reservoirs for the evolution of novel variants. Nonetheless, there has been an increase 
in cases of BA.2 in recent days, to the point where the BA.2 variant is now the most common SARS-CoV-
2 variant in most European countries.

BA.2 is also known as the “stealth variant” because it lacks a deletion signature at positions 69-70 that 
was not detected by the spike (S) gene target failure assay; therefore, BA.2 was underestimated with the 
current reverse transcription polymerase chain reaction setup, and its detection is only possible via 
whole genome sequencing[6,7]. According to viral genome sequences uploaded to the global GISAID 
database, the United Kingdom, the United States, Denmark, Germany, and Canada are the five 
countries with the highest prevalence of BA.2 (https://www.gisaid.org/). By February 18, 2022, BA.2 
was reported in 153 countries (https://www.gisaid.org).

The VOC BA.2 is a highly contagious subvariant
Beginning in 2022, BA.2 has been on the rise in European countries. On January 1, 2022, the prevalence 
of BA.2 in the United Kingdom was approximately 5%, and it has been steadily rising[8]. According to 
preliminary studies conducted in Denmark, the first reports of BA.1 and BA.2 occurred on November 
25, 2021 and December 5, 2021, respectively. During the 52nd wk of 2021, BA.2 prevalence in Denmark 
was 20%, while more than 45% of circulating SARS-CoV-2 strains in Denmark during the 2nd wk of 2022 
were the BA.2 subvariant[9]. To this end, BA.2 is spreading at an alarming rate across the globe 
(Figure 2).

Lyngse et al[9] demonstrated that the BA.2 subvariant was able to infect unvaccinated individuals 
(odds ratio = 2.19; 95% confidence interval: 1.58-3.14) and individuals vaccinated with a third booster 
(odds ratio = 2.99; 95% confidence interval: 2.11-4.20). According to the Danish Staten’s Serum Institute, 
BA.2 is approximately 1.5 and 4.2 times more contagious than BA.1 and the delta variant[9,10]. Yu et al
[11] observed that the neutralizing antibody titer against BA.1 and BA.2 is 23-fold and 27-fold lower 
than that of WA1/2020. According to their research, the mean neutralizing antibody titers after the third 
booster of the BNT162b2 mRNA vaccine were approximately 1.4-fold lower than BA.1, indicating the 
capacity of BA.2 to confer neutralizing antibodies and evade humoral immunity[11].

Chen and Wei[10] hypothesized that BA.2 mutations caused the ability of the immune evasion to be 
approximately 30% and 17-fold greater than that of BA.1 and the delta variants, respectively, and 
resistant to most monoclonal antibodies except for sotrovimab. Evidently, BA.2 will quickly become the 
next dominant global variant. In addition, the United Kingdom Health Security Agency (UKHSA) 
cautioned that contact tracing data from the United Kingdom estimates that BA.2 is more likely to infect 
household contacts than BA.1 (10.3%). UKHSA estimated that the increase in the number of BA.2 
patients after a third booster dose vaccination was more significant than that of BA.1-infected 
population (63% for BA.1 vs 70% for BA.2)[12]. According to Covglobe data, the incidence of BA.2 

https://www.abc.net.au/news/2021-11-29/nt-covid-outbreakkatherine-traveller-positive-for-omicron/100657690
https://www.abc.net.au/news/2021-11-29/nt-covid-outbreakkatherine-traveller-positive-for-omicron/100657690
https://www.gisaid.org/
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Roohani J et al. SARS-CoV-2 omicron BA.2 and global concern

WJV https://www.wjgnet.com 498 November 25, 2022 Volume 11 Issue 6

Figure 1 Severe acute respiratory syndrome coronavirus 2 genetic family tree diagram comprising omicron subvariants. Available from: 
https://www.npr.org/sections/goatsandsoda/2022/02/09/1047616658/take-a-look-at-sars-cov-2s-family-tree-its-full-of-surprises.

Figure 2 Global distribution of the BA.2 omicron subvariant in various countries/territories. Available from: https://gisaid.org/hcov19-variants/. A: 
According to GISAID databases, BA.2 is reported in more than 150 countries; B: The recent trend of BA.2 nucleotide sequence submission.

infections has been on the rise since October 2021 and has recently supplanted the VOC B.1.1.529; 
according to existing databases, BA.2 typically affects younger age groups (Figure 3).

BA.2 variant genome analysis
According to Nextstrain online server data, the omicron variant comprises three distinct branches: 21K 
(or Pangolin lineage12 BA.1), 21L (or BA.2), and BA.3 of the 21M omicron clade[4] (Figure 4). The BA.2 
genome contains 20 shared and 6 unique mutations in the S protein compared to B.1.1.529 (archetypical) 
variant. BA.2 has significantly more mutations than BA1; most of these mutations are non-synonymous. 
By analyzing and comparing the genomes of BA.1 and BA.2, Wiegand et al[13] observed that BA.2 
possesses the most genetic variation in the S protein (24-35 mutations, mean = 30.7) and that the effect of 
these mutations on virulence, viral transmission, and immune evasion has been identified in previous 
research. After the S protein, the nucleoprotein has the most genetic changes, but the majority of these 
changes are non-synonymous, affecting the sensitivity and specificity of diagnostic methods[13]. 
According to the CoronaTrend online server, the S, nsp6, and M proteins exhibited the most BA.2 
mutations (Figure 5).

Kumar et al[4] demonstrated in a recent study that multiple alignments of four omicron subvariants 
revealed that BA.1 comprised 39 mutations, BA.1.1 comprised 40 mutations, BA.2 comprised 31 
mutations, and BA.3 comprised 34 mutations. BA.1.1 has a single unique mutation of R346K, and BA.2 
has eight mutations. Only one unique mutation exists in T19I, L24del (deletion), P25del, P26del, A27S, 
V213G, T376A, R408S, and BA.3 (R216del). Meanwhile, all subvariants comprise eleven shared 
mutations in their second receptor binding domain, including G339D, S373P, S375F, K417N, N440K, 
S477N, T478K, E484A, Q493R, Q498R, and N501Y. By increasing the positive electrostatic surface, these 
mutations improve the interaction between the receptor binding domain motif and human angiotensin-
converting enzyme 2[4]. They also observed that R400, R490, and R495 mutations in BA.2 formed new 
salt bridges and hydrogen, resulting in higher viral transmission than the BA.1 and BA.1.1 subvariants
[4].

Desingu and Nagarajan[14] deduced that the BA.2 subvariant consisted of five distinct phylogenet-
ically based original geographic regions, namely Sweden/Denmark, Philippines, Hong Kong, India, and 
China. They demonstrated that each of these clades exhibited unique mutations, such as the H78Y 
mutation in Denmark, the substitutions of ORF1a: A2909V and ORF3a: L140F in isolates from the 

https://www.npr.org/sections/goatsandsoda/2022/02/09/1047616658/take-a-look-at-sars-cov-2s-family-tree-its-full-of-surprises
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Figure 3 Global outbreak statistics for the BA.2 omicron subvariant. Available from: https://cov-spectrum.org/explore (https://covglobe.org). A: Rising 
trend of BA.2, available from: https://covglobe.org; B: Age distribution of individuals infected with BA.2, available from: https://cov-spectrum.org/explore.

Figure 4 Comparison between the BA.1 and BA.2 omicron subvariant genomes. Available from: https://covdb.stanford.edu/page/mutation-
viewer/#omicron.

Philippines and Hong Kong, and ORF1a: -3677L, ORF1b: S959P, and ORF7b: H42Y in the Indian 
subgroup. Each distinct mutation in the subpopulations modified the characteristics of BA.2 in terms of 
viral transmission, infectivity, disease severity, vaccine efficacy, and clinical outcomes in different 
geographic regions[14,15]. Recent studies suggest that mutations of P681H, H655Y, and N679K at the 
furin cleavage site increase the replication of omicron variants and as a result the transmissibility of 
omicron subvariants[4].

Vaccination against the BA.2 omicron subvariant
The 21L/BA.2 omicron variant has become predominant even after the third dose of the Pfizer-
BioNTech vaccine, according to reports from Denmark (www.news-medical.net/news/20220214/First-
survey-on-Omicron-BA2-in-France.aspx). Moreover, on January 26, 2022, Tyra Grove Krause stated, “
There is some evidence that it is more contagious, particularly among the unvaccinated, but it can also infect 
vaccinated individuals to a greater extent” (https://www.gavi.org/vaccineswork/stealth-omicron-
everything-you-need-know-about-new-ba2-subvariant-coronavirus).

Lyngse et al[9] showed that the viral load of unvaccinated individuals is significantly greater than that 
of fully immunized populations. Thus, non-immunized individuals can more effectively release BA.2. 
Initial UKHSA surveys indicated that the effectiveness of the BA.2 vaccine against symptomatic BA.2 
infection was greater than that of the BA.1 vaccine (13% for BA.2 vs 9% for BA.1); additionally, a third 
booster dose may increase the effectiveness of the BA.2 vaccine (70% for BA.2 vs 63% for BA.1)[12,16]. 
However, Peiris et al[17] evaluated the effect of the third dose of BNT162b2 or CoronaVac vaccines 
against BA.2; they concluded that three doses with BNT162b2 or vaccination with two doses of 
CoronaVac and a third booster dose with BNT162b2 increased plaque reduction neutralization antibody 
titer above the threshold for protection against symptomatic BA.2 infection.

https://cov-spectrum.org/explore
https://covglobe.org
https://covglobe.org
https://cov-spectrum.org/explore
https://covdb.stanford.edu/page/mutation-viewer/#omicron
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http://www.news-medical.net/news/20220214/First-survey-on-Omicron-BA2-in-France.aspx
http://www.news-medical.net/news/20220214/First-survey-on-Omicron-BA2-in-France.aspx
https://www.gavi.org/vaccineswork/stealth-omicron-everything-you-need-know-about-new-ba2-subvariant-coronavirus
https://www.gavi.org/vaccineswork/stealth-omicron-everything-you-need-know-about-new-ba2-subvariant-coronavirus
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Figure 5 Significant mutation registrations of the BA.2 omicron subvariant. Available from: https://coronatrend.live/.

Although BA.2 mutations confer resistance to neutralizing antibodies, recent research shows that a 
third booster causes antibodies to cross-react with the omicron variant[18]. In addition, Lippi et al[19] 
revealed that the third booster vaccination increases neutralizing antibodies against the omicron variant 
and is a safe strategy until a new, more effective vaccine is introduced.

Further perspective
Despite the recent increase in BA.2 cases, the WHO has not yet given BA.2 a special designation. 
However, on January 21, 2022 the UKHSA designated BA.2 as a “variant under investigation” (
https://www.gavi.org/vaccineswork/stealth-omicron-everything-you-need-know-about-new-ba2-
subvariant-coronavirus). The WHO official Dr. Maria Van Kerkhove stated that BA.2 is significantly 
more contagious than BA.1 (https://www.cnbc.com/2022/02/08/who-says-omicron-bapoint2-
subvariant-will-rise-globally.html); nonetheless, preliminary studies indicate that there is no difference 
between BA.2 and BA.1 in terms of hospitalization risk.

The remarkable increase in BA.2 infection cases and the rapidity with which it has spread in a short 
period of time is perplexing. In addition, intensive care unit admissions and mortality rates are rising, 
causing worldwide concern in healthcare facilities. According to the Infectious Diseases Society of 
America, the most effective treatments for SARS-CoV-2 B1.1.529 are monoclonal antibodies such as 
sotrovimab, evusheld, convalescent sera, and Oxford-AstraZeneca and Pfizer-BioNTech vaccines (
https://www.idsociety.org/covid-19-real-time-learning-network/emerging-variants/emerging-covid-
19-variants/#). Hand hygiene, physical distance, mask use, and mass vaccination, particularly a third 
booster dose, are recommended countermeasures to control the global spread of the BA.2 variant, as is 
the consideration of nationwide lockdowns.
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Abstract
We would like to highlight the rehabilitation medicine perspective from India. 
Difficulties are impacted by the pandemic during this time, especially for people 
with disabilities. Awareness building among the public regarding the need for 
rehabilitation along with improvement in infrastructure is the key unmet need.
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Core Tip: Rehabilitation is a vital component of Universal Health Coverage. The 
coronavirus disease 2019 pandemic impacted negatively on health care delivery and 
rehabilitation services have been hindered severely as well. Proper awareness and health 
care infrastructure building are essential aspects that need to be addressed soon.

Citation: Swarnakar R, Yadav SL. Effect of the pandemic on rehabilitation healthcare services 
in India: Breaking barriers. World J Virol 2022; 11(6): 502-504
URL: https://www.wjgnet.com/2220-3249/full/v11/i6/502.htm
DOI: https://dx.doi.org/10.5501/wjv.v11.i6.502

TO THE EDITOR
We read with interest the review article by Nimavat et al[1] where they have shown 
healthcare difficulties impacted by the pandemic in India. We would like to emphasize 
the awareness, accessibilities and barriers of rehabilitation healthcare services in India 
and how coronavirus disease 2019 (COVID-19) pandemic has influenced it. Globally, 1 
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in 3 people is living with a health condition that would benefit from rehabilitation[2]. India, despite 
facing many odds, has played a distinguished role during the pandemic in terms of health care. Being 
the second largest populated country, it pioneered the country-wide COVID-19 vaccination drive[3]. On 
the other hand, though World Health Organization stated that rehabilitation should be incorporated 
into Universal Health Coverage as essential and indispensable health care[2], unfortunately, rehabil-
itation aspects are often neglected mainly due to the lack of awareness and partly due to misconception.

Physiatrists (expert doctors in rehabilitation medicine) are mainly responsible for patient care 
regarding rehabilitation. It is catering its service via the physical medicine and rehabilitation (PMR) 
department in Indian hospitals. The three most common misconceptions about rehabilitation are: (1) 
‘Rehabilitation’ is often wrongly equated with ‘exercise’; exercises are part of rehabilitation but not the 
sole part of it. Rehabilitation is far broader, from medical management to surgical rehabilitation. Such 
thought confinement to ‘exercise’/‘physiotherapy’ leads to losing the scope of overall possibilities of 
holistic rehabilitation; (2) ‘Rehabilitation’/‘Rehab’ is wrongly equated with ‘only drug addiction/mental 
illness rehab’. It results in losing opportunities for rehabilitation; and (3) It is considered wrongly as 
only ‘tertiary prevention’ of the disease spectrum, forgetting its immense role in an acute rehabilitation 
setting. Proper rehabilitation can reduce the duration of acute illness and also prevent disability.

In India, 2.21% (26.8 million) of the population has one or another kind of disability[4]. And in cases 
of disability, rehabilitation plays a vital role, even PMR departments in India are involved in disability 
certifications in India. The COVID-19 pandemic has caused disruption of routine rehabilitation services 
all over the world and India was no exception. People with disabilities like spinal cord injury/ 
paraplegia faced multiple issues like barriers in obtaining rehab services from hospitals and visiting 
hospitals for health complications[5]. But telemedicine facilities and telerehabilitation launched during 
the pandemic and opened a new arena for catering the health care service across India. Moreover, 
comorbidities and disabilities are risks for severe COVID-19 which led to home confinement and health 
service deprivation. Furthermore, stigma is another factor which causes concealment and which in turn 
results in avoidance of utilization of health services[6].

In this context, urgent needs are: (1) To increase the doctor population ratio; (2) To increase rehabil-
itation service centers at block and primary hospital levels; (3) Awareness regarding rehabilitation and 
its perceived benefit should be emphasized among the general population; and (4) Considering the 
increasing population of non-communicable diseases caused by long COVID, rehabilitation services and 
infrastructure should be strengthened[7]. Keeping pace with other developed countries, where much 
awareness of rehabilitation exists[8]; in India, developing such awareness is a key unmet need. 
Furthermore, there is an increasing trend or demand for the utilization of rehabilitation health services 
among the pediatric differently-abled population, any chronic disabling conditions like osteoarthritis, 
rheumatoid arthritis, stroke, traumatic brain injury, spinal cord injury/disorder etc, increasing geriatric 
population, people with cancers, amputations and many more. It is imperative that for a better post-
COVID world coordinated action should be taken by all stakeholders to strengthen the health system to 
provide quality and timely rehabilitation (rehabilitation initiative 2030)[2].
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