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Abstract
Coronavirus disease 2019 (COVID-19) is a contagious disease caused by severe 
acute respiratory syndrome coronavirus 2. It was declared a global pandemic on 
March 11, 2020, by the World Health Organization. An excessive inflammatory 
response is a severe respiratory manifestation of COVID-19, which becomes 
predominant in later stages. Due to its immunosuppressive and anti-inflam-
matory properties, dexamethasone is the first systemic glucocorticoid to treat 
severe COVID-19 patients. This editorial reviews the efficacy and safety of high-
dose vs low-dose dexamethasone in patients with COVID-19. Findings indicate 
that using low-dose dexamethasone is beneficial and emphasize the need for 
additional research on the use of high-dose dexamethasone. While the study 
provides a robust evidence base, it is limited by the lack of long-term data, focus 
on specific outcomes and heterogeneity of the included studies. Future research 
should focus on the long-term effects of dexamethasone and its impact across 
varying disease severities and patient populations to refine treatment strategies 
and improve patient care.

Key Words: COVID-19; Severe acute respiratory syndrome; Corticosteroid; Dexametha-
sone; Anti-inflammatory
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Core Tip: This editorial evaluates a meta-analysis comparing high-dose and low-dose dexamethasone in the treatment of 
coronavirus disease 2019 (COVID-19) patients. The study reveals no significant differences in adverse effects and mortality 
between the dosing regimens. In line with the current guidelines, the study favors using low-dose dexamethasone but 
highlights the call for additional research on high-dose dexamethasone’s benefits. The study includes limitations such as a 
lack of long-term data and heterogeneity of the included studies. It is crucial to address these gaps in the future to optimize 
treatment strategies for COVID-19.

Citation: Shamim L, Musharaf I, Nashwan AJ. Dexamethasone in coronavirus disease 2019 care: Dosage and utilization insights. 
World J Virol 2025; 14(1): 98765
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/98765.htm
DOI: https://dx.doi.org/10.5501/wjv.v14.i1.98765

INTRODUCTION
The disease known as coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome corona virus 
2 (SARS-CoV-2)[1]. It is among the most deadly viruses in the history of humans, causing more than 6.8 million deaths 
globally since its discovery in December 2019[2]. COVID-19 was declared a global pandemic by the World Health 
Organization on March 11, 2020[3]. There are multiple stages of COVID-19, and each stage indicates the appropriate 
course of treatment. Stage 1 is the initial phase of early viral infections, including gastrointestinal or respiratory infections, 
fever, and lymphopenia. The second stage refers to the pulmonary stage. Multisystemic inflammatory syndrome (MIS) 
occurs in stage 3, and as a pathogenic characteristic, it is frequently associated with a cytokine storm. There is also the 
involvement of other mechanisms in the late stage of COVID-19, including neutrophil extracellular traps, edema and 
vascular leak, bradykinin storm, prothrombotic events, endothelins, and coagulation and complement cascade activation
[4]. The clinical picture of COVID-19 shows the dominance of MIS and systemic inflammation over the original viral 
infection in advanced stages[4].

SYSTEMIC CORTICOSTEROIDS FOR COVID-19
Systemic corticosteroids are currently recommended by the National Institutes of Health COVID-19 treatment guidelines 
for COVID-19 patients who require respiratory support[5]. Systemic corticosteroids are the drugs available for treating 
inflammatory diseases, classified into mineralocorticoids and glucocorticoids. Dexamethasone is the first glucocorticoid 
to be used in severe COVID-19 patients with clinical benefits[6]. Dexamethasone is an anti-inflammatory and immuno-
suppressive agent. Inhibition of pro-inflammatory gene that encodes for cell adhesion molecules, cytokines, chemokines, 
and acute inflammatory response is the main anti-inflammatory effect of dexamethasone[7]. The primary causes of morta-
lity related to COVID-19 such as cytokine storm induced by SARS-CoV-2, multiorgan failure, and severe acute respiratory 
distress syndrome can be suppressed by dexamethasone[8]. In a RECOVERY study, it was found that dexamethasone 
showed a reduction in 28-day mortality among COVID-19 patients requiring respiratory support when 6 mg of it was 
administered for up to 10 days.

In contrast, no benefit was shown in patients who did not require respiratory support[9]. We aim to evaluate the role of 
dexamethasone in the treatment of COVID-19 and various dose regimens and offer evidence-based recommendations for 
dexamethasone to improve patient care. The meta-analysis conducted by Sethi et al[10] focuses on the safety and efficacy 
of low-dose vs high-dose dexamethasone by investigating the impact of various dosing regimens of dexamethasone on 
the outcomes of COVID-19 patients.

Sethi et al[10] conducted a meta-analysis on the dosage and utilization of dexamethasone in the management of 
COVID-19. PRISMA guidelines were followed to conduct the systematic review and meta-analyses. Keywords related to 
corticosteroid dosing and COVID-19 were used to conduct a thorough literature search from databases such as 
MEDLINE, Google Scholar, and PubMed up to March 2024. Only randomized controlled trials were included, including 
dexamethasone-treated COVID-19 patients. The exclusion criteria included single-arm, non-randomized controlled trials, 
case reports, observational studies, and non-English articles. Initial screening involved reviewing the abstract and the 
title, after which the independent reviewers assessed the full text. Data extraction included participant demographics, 
study specifics, details of intervention, and outcomes. The Cochrane risk of bias tool and Newcastle-Ottawa scale were 
used to assess the potential biases and the quality of the study. A narrative synthesis approach was employed with meta-
analyses utilizing a random-effect model where necessary. Forest plots were used to quantitatively synthesize and 
present the adverse events, hospital stay durations, and mortality outcomes.

Nine randomized controlled trials were analyzed in the study to compare the safety and efficacy of low-dose vs high-
dose dexamethasone involving 2740 COVID-19 patients. Negligible differences in 28-day and 60-day all-cause mortality 
were found between the two dosing regimens. There was a slight reduction in average hospital stay when low-dose 
dexamethasone was administered to patients compared to high-dose dexamethasone administration. The reduction 
achieved no statistical significance. The rate of occurrence of the adverse effects, including infections, thrombosis, 
arrhythmias, and myocardial infarction, showed no significant differences and were similar between both groups. The 
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overall findings of the study support the use of low-dose dexamethasone and highlight the need for further research on 
high-dose dexamethasone and its potential benefits.

Similarly, Snow et al[11] and Kow et al[12] also conducted a meta-analysis and found no significant mortality benefit 
from high-dose dexamethasone compared to low-dose treatment. However, both studies noted a higher risk of 
hyperglycemia with a higher dose. This aligns with Sethi et al’s emphasis on the need for further investigation into high-
dose dexamethasone, suggesting that its risks might outweigh the benefits without improving clinical outcomes[10].

The article covered a wide range of studies by offering an in-depth analysis. It provides a robust evidence base by 
synthesizing data from multiple studies and clinical trials. The patient cohort was directly compared by evenly dividing it 
between low-dose and high-dose treatments. The authors maintained a balanced perspective by considering both the 
potential risks and the advantages related to dexamethasone therapy.

The lack of long-term data on the dexamethasone usage is one significant limitation. Most of the studies included in the 
review are short-term, which may not fully reflect dexamethasone’s potential side effects and long-term effects. Studies of 
varying quality were included in the review, which may impact the overall conclusion. The generalizability of the 
findings can be limited, and biases can be introduced by differences in methodologies, sample size, and study design. 
Studies with different patient populations were involved with disease severity of varying degrees. This variation makes it 
difficult to apply findings consistently to every patient group. The vaccination status of the patients was not discussed, 
which may influence the effectiveness of dexamethasone.

Moreover, the study focuses on hospitalized COVID-19 patients, which may have overlooked the effects of 
dexamethasone on less severe or non-hospitalized patients. Hospital stay duration and mortality were mainly assessed in 
the study, while other potential outcomes, such as functional recovery and quality of life, were not evaluated. Due to the 
emergence of new studies and treatment guidelines, some of the conclusions and data in the study may become outdated, 
given the evolving nature of COVID-19. To ensure the study remains accurate and relevant, there is a need for continuous 
updates to the review.

CONCLUSION
Low-dose dexamethasone has become the standard treatment for COVID-19 patients requiring oxygen support, showing 
reduced mortality. It is safer and more effective than higher doses. The risk of adverse events like hyperglycemia may rise 
with higher dosages, even if they might be just as effective as low doses in lowering mortality. The research by Sethi et al
[10] provides valuable insights into the dosage of dexamethasone in COVID-19 patients. The evidence-based and compre-
hensive approach of the research is commendable. However, limitations such as heterogeneous patient population, 
rapidly evolving field, variability in study quality, and lack of long-term data must be acknowledged. Future research 
should address these limitations, assuring that treatment plans can be continuously improved and refined.
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Abstract
This editorial comments on the article by Desai et al, which investigates the impact 
of coronavirus disease 2019 (COVID-19) on in-hospital mortality among patients 
with recurrent stroke using data from the 2020 National Inpatient Sample. The 
findings reveal significantly higher mortality rates in COVID-19-positive patients 
compared to non-COVID-19 patients, particularly among middle-aged indi-
viduals, males, and ethnic minorities. This editorial explores the underlying me-
chanisms contributing to these outcomes and discusses the clinical implications 
for targeted management strategies in high-risk groups. The results emphasize the 
need for comprehensive approaches to mitigate the heightened risks faced by 
recurrent stroke patients during the COVID-19 pandemic.
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Core Tip: This editorial highlighted the critical findings of heightened in-hospital mortality risk among recurrent stroke 
patients with coronavirus disease 2019 (COVID-19). Key findings include significantly higher mortality rates in COVID-19-
positive patients, especially among middle-aged individuals, males, and ethnic minorities. The discussion explores the 
underlying mechanisms, such as inflammation and endothelial dysfunction, contributing to these outcomes. It also 
underscores the need for targeted management strategies for high-risk groups, emphasizing comprehensive approaches to 
mitigate risks for recurrent stroke patients during the COVID-19 pandemic. These insights aim to enhance clinical practices 
and improve patient outcomes in this vulnerable population.

Citation: Nagoba BS, Dhotre SV, Gavkare AM, Mumbre SS, Dhotre PS. Convergence of COVID-19 and recurrent stroke: In-hospital 
mortality risks explored. World J Virol 2025; 14(1): 99904
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/99904.htm
DOI: https://dx.doi.org/10.5501/wjv.v14.i1.99904

INTRODUCTION
The intersection of infectious diseases and chronic health conditions has been starkly highlighted during the coronavirus 
disease 2019 (COVID-19) pandemic. The study by Desai et al[1] provides critical insights into how COVID-19 affects 
patients with recurrent stroke, a condition already associated with high morbidity and mortality. By analyzing 
nationwide data from 2020, this study offers a comprehensive overview of the additional risks posed by COVID-19 to this 
vulnerable population.

Recurrent stroke significantly increases the risk of severe complications and mortality, with nearly 25% of all strokes 
being recurrent[2]. The emergence of COVID-19 has exacerbated these risks, leading to heightened mortality rates among 
patients with comorbid conditions, including recurrent stroke[3,4]. Several studies have highlighted the prothrombotic 
nature of COVID-19, which contributes to increased stroke incidence and severity[5,6]. Desai et al[1] utilize data from the 
National Inpatient Sample to compare in-hospital mortality rates between COVID-19-positive and COVID-19-negative 
patients with recurrent stroke. The study reveals significantly higher mortality rates in COVID-19-positive patients, 
particularly among middle-aged individuals, males, and ethnic minorities, aligning with other research indicating dispro-
portionate impacts on these groups[7,8].

This editorial explores the underlying mechanisms contributing to these outcomes, such as inflammation, endothelial 
dysfunction, and cytokine storms, which exacerbate the severity of recurrent strokes in COVID-19 patients[9,10]. 
Furthermore, the editorial discusses the clinical implications for targeted management strategies in high-risk groups, 
emphasizing comprehensive approaches to mitigate these heightened risks during the pandemic.

MECHANISMS OF RECURRENT STROKE ADMISSIONS WITH AND WITHOUT COVID-19 AND ASSO-
CIATED IN-HOSPITAL MORTALITY
The mechanisms underlying the increased mortality in recurrent stroke patients with COVID-19 are multifaceted, 
involving a complex interplay of viral pathogenesis and pre-existing cerebrovascular conditions. A study by Desai et al[1] 
highlights several key mechanisms that contribute to this heightened risk. Firstly, COVID-19 is known to induce a 
hypercoagulable state, which significantly elevates the risk of thrombotic events, including stroke[11]. The virus’s ability 
to cause widespread endothelial injury leads to the activation of the coagulation cascade, resulting in an increased 
incidence of ischemic strokes. This is particularly detrimental in patients with a history of recurrent stroke, where the 
vascular system is already compromised[5]. Additionally, systemic inflammation plays a critical role. COVID-19 triggers 
a robust inflammatory response, often referred to as a cytokine storm, which can exacerbate pre-existing cerebrovascular 
conditions[12]. Inflammatory cytokines such as interleukin-6, interleukin-1β, and tumor necrosis factor alpha are elevated 
in COVID-19 patients, contributing to endothelial dysfunction and further increasing the risk of stroke[13]. The study also 
points to the role of direct viral invasion of the central nervous system (CNS). Severe acute respiratory syndrome 
coronavirus 2 can enter the CNS via the olfactory nerve or hematogenous spread, causing direct neuronal damage and 
further increasing the risk of neurological complications, including stroke[10]. This mechanism is particularly concerning 
for patients with a history of recurrent stroke, as their CNS may be more susceptible to viral invasion and subsequent 
damage. Moreover, the demographic disparities observed in the study by Desai et al[1] align with other research 
indicating that males, middle-aged individuals, and ethnic minorities are disproportionately affected by both COVID-19 
and stroke[7]. These populations often have higher prevalence rates of comorbidities such as hypertension and diabetes, 
which are known risk factors for both stroke and severe COVID-19[8]. Lastly, delayed medical intervention due to 
overwhelmed healthcare systems during the pandemic has also been a significant factor. Many stroke patients with 
COVID-19 experienced delays in receiving timely medical care, which is crucial for reducing stroke-related morbidity and 
mortality[14]. This delay exacerbates the outcomes for recurrent stroke patients, leading to higher in-hospital mortality 
rates. By understanding these mechanisms, clinicians can develop targeted management strategies to better support 
recurrent stroke patients during the ongoing COVID-19 pandemic, thereby improving patient outcomes.
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CLINICAL IMPLICATIONS
The study’s findings have several significant clinical implications for managing recurrent stroke patients during and 
beyond the COVID-19 pandemic.

Enhanced risk stratification
Clinicians must integrate COVID-19 status into the risk assessment of patients with recurrent stroke. Given the higher 
mortality risk associated with COVID-19, especially in middle-aged individuals, males, and ethnic minorities, healthcare 
providers should prioritize rigorous monitoring and management of these high-risk groups.

Targeted interventions
There is a critical need for tailored interventions for recurrent stroke patients who test positive for COVID-19. This 
includes adjusting treatment plans to address COVID-19-specific complications, such as hypercoagulability and systemic 
inflammation, which significantly impact stroke outcomes.

Multidisciplinary approach
A collaborative, multidisciplinary approach involving neurologists, infectious disease specialists, and primary care 
providers is essential for managing patients with concurrent stroke and COVID-19. This team-based strategy can ensure 
comprehensive care that addresses both the neurological and infectious aspects of the disease.

Improved preventive measures
Emphasizing preventive strategies, such as vaccination against COVID-19 and adherence to stroke prevention protocols, 
is crucial. Given the higher risk of severe outcomes associated with COVID-19, ensuring that stroke patients are 
vaccinated and manage their chronic conditions effectively can help reduce mortality and morbidity.

Access to healthcare
Addressing disparities in healthcare access is vital. The study highlights that ethnic minorities and those from lower 
socioeconomic backgrounds are at higher risk of poor outcomes. Efforts should be made to ensure equitable access to 
care, including telemedicine options for patients who may face barriers to in-person visits.

Healthcare system adaptations
The increased burden on healthcare systems due to the pandemic necessitates adaptations to manage the dual challenge 
of recurrent stroke and COVID-19. This includes optimizing hospital resources, streamlining patient pathways, and 
ensuring adequate support for both acute and long-term care. By addressing these clinical implications, healthcare 
providers can better manage recurrent stroke patients during the ongoing pandemic, ultimately improving patient 
outcomes and reducing the overall impact of COVID-19 on this vulnerable population.

CONCLUSION
The study provides critical insights into the exacerbated in-hospital mortality risk for recurrent stroke patients with 
COVID-19. The findings underscore the severe impact of the pandemic on this vulnerable population, highlighting 
significant disparities based on age, gender, and ethnicity. COVID-19’s role in heightening stroke-related mortality is 
intricately linked to its induction of hypercoagulability, systemic inflammation, and direct neural damage. These factors, 
compounded by delayed medical care and prevalent comorbidities, exacerbate outcomes for these patients.

The heightened mortality risk among middle-aged individuals, males, and ethnic minorities necessitates targeted 
management strategies to mitigate these risks. Implementing comprehensive care protocols that address both COVID-19 
and cerebrovascular conditions is crucial. This includes enhancing preventive measures, optimizing treatment 
approaches, and ensuring equitable access to healthcare. As the pandemic continues, it is imperative for healthcare 
systems to adapt and refine strategies to improve outcomes for recurrent stroke patients, thereby reducing the adverse 
impact of COVID-19 on this high-risk group.
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Abstract
Arboviral diseases are viral infections transmitted to humans through the bites of 
arthropods, such as mosquitoes, often causing a variety of pathologies associated 
with high levels of morbidity and mortality. Over the past decades, these in-
fections have proven to be a significant challenge to health systems worldwide, 
particularly following the considerable geographic expansion of the dengue virus 
(DENV) and its most recent outbreak in Latin America as well as the difficult-to-
control outbreaks of yellow fever virus (YFV), chikungunya virus (CHIKV), and 
Zika virus (ZIKV), leaving behind a substantial portion of the population with 
complications related to these infections. Currently, the world is experiencing a 
period of intense globalization, which, combined with global warming, directly 
contributes to wider dissemination of arbovirus vectors across the globe. Con-
sequently, all continents remain on high alert for potential new outbreaks. Thus, 
this review aims to provide a comprehensive understanding of the pathogenesis 
of the four main arboviruses today (DENV, ZIKV, YFV, and CHIKV) discussing 
their viral characteristics, immune responses, and mechanisms of viral evasion, as 
well as important clinical aspects for patient management. This includes asso-
ciated symptoms, laboratory tests, treatments, existing or developing vaccines and 
the main associated complications, thus integrating a broad historical, scientific 
and clinical approach.

Key Words: Arboviruses; Arbovirus infections; Dengue; Zika virus; Yellow fever; Chi-
kungunya virus; Clinical diagnosis; Pathogenesis; Flavivirus; Togaviridae infections
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Core Tip: This review delves into the historical characteristics, pathogenesis, and clinical management of the four major 
arboviruses that have triggered outbreaks worldwide: Dengue, Zika, yellow fever, and chikungunya fever. It aims to 
elucidate the viral characteristics, cellular tropism, and immune evasion mechanisms, as well as the primary clinical 
manifestations and their complications, laboratory diagnosis, treatment, prevention, and vaccines either currently available or 
under development. Thus, with a focus on the medical and scientific fields, this review enables the reader to acquire compre-
hensive and generalized knowledge about each of these arboviruses.

Citation: Cenci Dietrich V, Costa JMC, Oliveira MMGL, Aguiar CEO, Silva LGO, Luz MS, Lemos FFB, de Melo FF. Pathogenesis 
and clinical management of arboviral diseases. World J Virol 2025; 14(1): 100489
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/100489.htm
DOI: https://dx.doi.org/10.5501/wjv.v14.i1.100489

INTRODUCTION
Arboviruses are an extensive group of viruses that have arthropods (insects and arachnids) as their primary vectors, 
transmitting the viruses to vertebrate hosts, such as humans, through their bites along with their saliva[1]. These 
infections are endemic to tropical and subtropical regions, where approximately 3.9 billion people live today, dispropor-
tionately affecting the poorest populations[2]. However, with rising temperatures due to global warming, there is a 
greater spread of the main urban vectors of arboviruses worldwide, such as mosquitoes of the genus Aedes [Aedes aegypti 
(Ae. aegypti) and Ae. Albopictus] and Culex [Culex pipiens (Cx. Pipiens), Cx. quinquefasciatus, and Cx. tarsalis], as these vectors 
tend to develop better in warm and humid environments[1,3-6]. Consequently, there is an increasing need for global 
collaborative efforts to prevent arbovirus outbreaks from becoming more common, with the first step in prevention being 
a better understanding of their main viral agents.

Currently, the main arboviruses with the potential to cause worldwide outbreaks are the dengue virus (DENV), with 
an estimated 96 million symptomatic cases and 40000 annual deaths in more than 129 countries[2], in addition to the Zika 
virus (ZIKV), the yellow fever (YFV) virus, and the chikungunya (CHIKV) virus (viruses which also have the capacity to 
generate morbidity and mortality). All these diseases have epidemic potential, as evidenced by their significant global 
outbreaks in the last decades[7,8].

According to the World Health Organization (WHO), arboviruses are responsible for 17% of all infectious diseases and 
cause approximately 700000 deaths annually worldwide[2], directly affecting the healthcare systems of developing and 
even developed countries. These diseases can overcrowd hospitals during outbreak periods and cause chronic complic-
ations in infected patients, leading to increased healthcare costs and considerable social damages. These impacts are 
further exacerbated by the limited knowledge about the viral characteristics and the suitable clinical management. Thus, 
this article aims to elucidate the pathogenic mechanisms of each of the four main arboviruses, with the intention of 
understanding aspects related to viral characteristics, tropism, immune response, and viral evasion, as well as the main 
symptoms, possible complications, treatment, vaccines, and prevention, highlighting the main points of appropriate 
patients’ clinical management.

DENGUE FEVER
DENV is a positive-sense single-stranded RNA virus that belongs to the Flavivirus genus within the Flaviviridae family. 
There are four known serotypes spread globally: DENV-1, DENV-2, DENV-3, and DENV-4. Its RNA encodes 10 proteins, 
including three structural: Capsid (C), membrane (prM/M), and envelope (E); and seven non-structural, associated with 
RNA replication: NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5[9,10].

DENV is primarily transmitted by Ae. aegypti and Ae. albopictus mosquitoes[11]. Initially, Ae. aegypti was thought to be 
the sole vector capable of causing significant outbreaks. However, recent research indicates that Ae. albopictus also plays a 
significant role in sustaining large outbreaks and has contributed to the resurgence of DENV, particularly in Southeast 
Asia[12]. Dengue fever, caused by DENV infection, is considered the most important mosquito-borne viral disease, 
spread globally[13], with 50-100 million people infected yearly[14]. Dengue incidence has started to notoriously increase 
since 1990[15], and numerous social and economic factors might explain this phenomenon[9], as well as global warming, 
seeing that it can contribute to the re-emergence of DENV by expanding the geographical range of mosquitoes and 
increasing infection rates[16].

Although most dengue cases present as mild or asymptomatic (anorexia, retro-orbital pain, myalgia and rash), approx-
imately 5% progress to a more severe form[17], primarily attributed to immunological factors such as the cytokine storm 
and antibody-dependent enhancement[18], that cause an exacerbation of the inflammatory process, leading to increased 
vascular permeability and a risk for hemorrhage and shock[19], usually followed by persisting vomiting and abdominal 
pain, as well as other various warning signs[20]. Such severe cases are mostly seen in heterotypic secondary infections 
(infection with a different serotype) but can also occur primarily in children who inherit immunity from their mothers[21] 
correlating with an impaired adaptative immune response. Even though hard to predict, certain authors argue that 
elevated viremia is correlated with severity[22], while others refute this idea[23], and instead propose evaluating factors 

https://www.wjgnet.com/2220-3249/full/v14/i1/100489.htm
https://dx.doi.org/10.5501/wjv.v14.i1.100489
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like viral NS1 protein levels or host cytokine expression[24].
This complex host-pathogen interaction occurs within the context of the DENV’s cyclical transmission process, 

involving human-mosquito and mosquito-human transmission. It is not very easy to predict sporadic outbreaks, as 
around 80% of DENV transmission occurs via asymptomatic hosts[25]. In this process, healthy mosquitoes acquire the 
virus by feeding on the blood of an infected host, and once the virus has infiltrated the vector’s tissues, it becomes 
infected for life, and capable of transmitting the virus[26]. When an infected vector feeds on a naive host’s blood, mos-
quito’s saliva containing the virus is inoculated into the skin, initiating the infection.

Pathogenesis of dengue
Viral entry, replication, and release: Upon injection into the skin, cells of the monocyte lineage, such as macrophages, 
Langerhans cells and dendritic cells are among the primary targets[27]. Other potential targets include endothelial and 
epithelial cells, lymphocytes, hepatocytes, fibroblasts and keratinocytes[28] with reports of viral presence in various 
tissues, including the dermis (skin), blood, bone marrow, lymph nodes, liver and occasionally, the brain[29]. Cellular 
internalization of DENV occurs through envelope protein (E) interaction with numerous different receptors, including 
heparan sulfate proteoglycans[30], DC-Sing[31], heat shock protein (HSP) 70 and HSP90[32], triggering receptor-mediated 
endocytosis, that can be dependent or independent of clathrin. Fc and C1q receptors can also facilitate entry via antibody-
mediated pathway[33]. Additionally, alternative entry pathways such as diffusion and macropinocytosis have been 
reported. The specific entry route for DENV also varies depending on the virus serotype[34,35].

Subsequently, the virus’s E protein undergoes irreversible conformational changes due to the endosome’s low pH, 
leading to fusion with the endosomal membrane[36], facilitated by hydrophobic peptides[36,37]. Following its release, the 
viral genome acts as a mRNA and gets translated into a single polypeptide, later processed and cleaved by host and viral 
proteases, resulting in the ten viral proteins. The seven non-structural proteins form a replication complex through in-
vagination of the endoplasmic reticulum (ER) membrane, facilitating RNA replication and protecting viral particles from 
the host’s innate immunity. This process relies on RNA-RNA, RNA-protein, and protein-protein interactions[38], with 
significant roles observed regarding NS3 and NS5[39,40].

During this process, numerous viral mechanisms have been observed to take place in order to maximize replication, 
including reprogramming protein synthesis in host cells to favor viral RNA translation[41], regulating cellular apoptosis 
through interaction between NS5 protein and the mechanistic target of rapamycin complex 2[42], binding between NS1 
and Beclin 1[43], and maximizing ATP production by promoting anaerobic glycolysis via the hypoxic response[44] or 
activating lipophagy to enhance β-oxidation[45].

Once enough proteins are synthesized and the virion is assembled, it is again processed by the Golgi apparatus 
changing its surface from spiky to smooth[9,46]. Then, mature virions are secreted from the infected cell along with NS1 
hexamers, that play a crucial role in the disease pathogenesis and severity[47].

Innate response and evasion: The innate immune response to DENV initiates upon the first cell infection and progresses 
concurrently with viral replication and release, rather than following these events[48]. Not surprisingly, the virus has 
developed multiple strategies to evade the host’s innate response, primarily through its non-structural proteins[49].

When a dengue virion infects its initial target host cells, it activates pattern recognition receptors (PRRs) such as 
retinoic acid-inducible gene 1 (RIG1), melanoma differentiation-associated protein 5 (MDA5), toll-like receptor 3 (TLR-3), 
and TLR-7[50]. This sets off the signaling cascade of the innate response, leading to the release of cytokines and ultimately 
resulting in the expression of type I and III interferons (IFNs), recruitment of additional monocytes, and activation of the 
complement system[49]. Meanwhile, infected dendritic and Langerhans cells migrate to the lymph nodes and present 
viral antigens, initiating the adaptive response[51]. If successful, the antiviral response will counteract viral replication 
and infection. However, DENV evades it through its non-structural proteins (NS1 to NS5), which can disrupt receptor 
signaling, IFN synthesis, and regulation pathways[52-55]. Additionally, DENV’s NS1 protein can inhibit the complement 
response by interacting with its protein complexes[56].

In a more passive way, DENV evades the immune response by forming the replication complex, that serves as a 
“barrier”[40], and by regulating cellular apoptosis, a common mechanism used by the immune system to suppress viral 
replication[57]. Furthermore, DENV’s capability of infecting defense cells is itself a mean of dysregulating the host’s 
antiviral response.

Despite its notable role in dengue pathogenesis, the innate response is not typically singled out as a factor in dengue 
severity, whereas the adaptive immune response has been pointed as the primary contributor, due to impaired immune 
responses against different serotypes[58].

Adaptative response and antibody-dependent enhancement: The adaptive immune response to DENV begins with 
antigen-presenting cells (APCs) presenting viral antigens to T cells in lymph nodes. This activation leads to differentiation 
of T lymphocytes into effector and memory T cells, providing long-term immunity against infections with the same 
serotype, but only short-term immunity against heterotypic infections[59]. DENV has shown capability of interacting 
with numerous factors regarding antigen-specific immunity, such as priming and activation of T and B cells[60], antibody 
production and neutralization properties, along with cytokine release[61]. The highlighted factors have a significant 
impact on the disease pathogenesis and will be further discussed.

DENV is able to impair T lymphocyte priming and activation either by antigenic variation or inducing apoptosis of 
APCs[62]. This leads to a compromised T cell response, regarding both CD8+ direct targeting of infected cells and CD4+ 
differentiation into helper T cells, the ladder being related to activation of B cells and antibody production. Anti-DENV 
neutralizing antibodies primarily target specific regions of the E and C proteins[63,64], and can also target the NS pro-
teins, especially NS1[65]. However, genomic variations within a single serotype can cause alteration of these antigens, 
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disrupting the immune response even in homotypic infections[49]. Moreover, the antibody response to different DENV 
serotypes is less effective and can enhance viral infection through a process called antibody-dependent enhancement[66].

Antibody-dependent enhancement occurs when antibodies bind to the virus but fail to neutralize it, forming an 
antibody-virus complex[67]. This phenomenon is exacerbated by the original antigenic sin, where antibodies from the 
primary infection are more prevalent than those from the secondary infection. The antibody-virus complex can more 
efficiently enter monocytes by interacting with Fc and C1q receptors and triggering endocytosis, enhancing viral re-
plication and dissemination[68]. This pathway also correlates with an increased inflammatory response by inhibiting the 
release of anti-inflammatory cytokines[69] and suppressing antiviral innate mediators[70]. Incomplete cleavage of the 
prM protein can also cause binding to prM antibodies and promote antibody-dependent enhancement to immature 
virions[71].

Recent studies have also demonstrated the potentiality of autoimmunity in dengue pathogenesis. Anti-NS1 antibodies 
can interact with endothelial cells (ECs), triggering inflammatory cytokine signaling and cellular apoptosis[72], and 
autoantibodies targeting ECs and platelets have also been observed, correlating to the increased vascular permeability 
seen in secondary dengue infections[73,74].

Overall, the adaptive immune response is a significant factor in dengue severity during secondary infections, especially 
regarding the process of antibody-dependent enhancement. These events, related to the evasion of the adaptive response, 
ultimately result in increased inflammatory process and vascular permeability, which are the main causes of dengue 
severity.

Cytokine storm and vascular permeability: Cytokine release is a common physiological event in the immunological 
system[75]; however, the exacerbated release of cytokines is one of the main events in severe cases of dengue. It is mostly 
observed in secondary infections[76], correlating with the impairment of the immune response. The molecular mecha-
nisms through which the cytokine storm relates to dengue severity are still poorly understood, but numerous in vitro and 
in vivo experiments with animal models, as well as observational studies, have been conducted to better understand the 
role of different cytokines.

Events of the cytokine storm can be triggered by viral infection of both leukocytes and ECs[77], but also by the 
interaction of the NS1 protein with receptors such as TLR-4[78,79]. High levels of cytokines such as interleukin 1 (IL-1), 
IL-4, IL-8, IL-10, IL-13, and IL-17, as well as C-X-C motif chemokine ligand 10 (CXCL10), tumor necrosis factor-alpha 
(TNF-α), vascular endothelium growth factor A (VEGFA), macrophage migration inhibiting factor (MIF), IFN-β, and IFN-
γ have largely associated with disease severity[61,80]. These cytokines are closely related to the increase of vascular 
permeability and subsequent plasma leak, and also to disrupting tight junctions[81] and inducing autophagy[82], with in 
vitro studies suggesting more specific roles of different cytokines, such as MIF’s role in EC glycocalyx degradation[83,84] 
and the roles of CXCL10, VEGFA, and TNF-α in increased permeability and EC apoptosis[80,85,86]. For instance, a recent 
longitudinal study conducted by Bhatt et al[87] suggests that the analysis of cytokine levels in patients can be useful in 
predicting dengue severity.

Interestingly, anti-inflammatory cytokines such as IL-4 and IL-10 have been shown to paradoxically contribute to more 
inflammation, as they can suppress the immune response and impair viral clearance, increasing viral dissemination[88]. 
Moreover, cytokines that recruit more leukocytes to the site of inflammation, such as IL-8, IFN-γ, MIF, TNF-α, and 
CXCL10, can contribute to more infection and viral replication, since DENV has a tropism for these types of cells[89].

In summary, the cytokine storm is amplified during DENV infection due to a process of positive feedback, in which the 
release of cytokines and recruiting of leukocytes leads to even more inflammation. This ultimately results in events of 
vascular leak, which are maintained and amplified by DENV-induced coagulopathy and thrombocytopenia[90].

Coagulopathy and thrombocytopenia: Besides inducing vascular leak through endothelial damage and a cytokine storm, 
DENV employs numerous mechanisms to disrupt coagulation, which is meant to contain plasma leakage. Such events 
can occur via activating and dysregulating coagulation pathways, and also impairing various steps of the coagulation 
process[91].

In vitro and in vivo studies have demonstrated multiple ways DENV induces coagulopathy and thrombocytopenia. In 
bone marrow, the virus has been shown to suppress its activity and interfere with megakaryocyte maturation, either 
directly through infection and interaction with E protein[92] or indirectly via cytokines[93]. Apart from affecting megaka-
ryopoiesis, early activation through DENV NS1 binding to TLR-4 on platelets can potentially cause apoptosis[79], platelet 
phagocytosis by macrophages and dysregulated clot formation[94], leading to platelet ‘waste’ and thrombocytopenia. 
DENV infection can also promote the production of cross-reactive antibodies that target platelets[95] and coagulation 
factors such as thrombin and plasminogen[73], resulting in imbalanced coagulation and fibrinolysis, ultimately leading to 
amplified vascular permeability. A simplified schematic representation of the discussed immunological aspects of dengue 
pathogenesis can be seen in Figure 1.

All of the highlighted aspects act dynamically and synergetically, ultimately resulting in increased vascular leak and 
risk for hemorrhage, correlating with dengue’s clinical manifestations and major complications.

Clinical management of dengue
Clinical manifestations: Most cases of dengue infection are asymptomatic, but some patients can manifest symptoms 
after an incubation period of 3-15 days. Traditionally, dengue was classified into the stages of dengue fever (DF), dengue 
hemorrhagic fever, and dengue shock syndrome (DSS)[96], with plasma leakage identified as the main factor to disease 
severity[97]. However, in 2009, the WHO published an update, categorizing the disease as “dengue without warning 
signs” (DWS-), “dengue with warning signs” (DWS+), and “severe dengue” (SD), aiming to improve on the limitations of 
the previous classification and broaden the assessment and management of warning signs. Unusual manifestations and 
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Figure 1 Simplified scheme of dengue pathogenesis’ immunological aspects. APCs: Antigen-presenting cells; FcR: Fc receptor; C1qR: C1q receptor; 
ADE: Antibody-dependent enhancement; IFN: Interferon; TLR-4: Toll-like receptor 4; ECs: Endothelial cells. The Figure was partly generated using Servier Medical 
Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license (Supplementary material).

involvement of various body systems beyond typical dengue symptoms are categorized under “extended dengue” (ED)
[98]. Due to its importance and recent resurgence, the specific guidelines for dengue identifying and management have 
been reinforced worldwide, with the publishing of management manuals by important health organs.

Dengue presents dynamically with an abrupt onset of symptoms. It starts with a febrile phase, usually exceeding 38 °C
[99] and lasting for 2-7 days, followed by symptoms such as anorexia, retro-orbital pain, myalgia, arthralgia, diarrhea, 
nausea, vomiting[100] and a maculopapular rash in 50% of cases, spreading from the face to the limbs[99]. The early 
phase of the disease can be nonspecific and challenging to differentiate from other febrile illnesses, especially arboviral 
diseases. In such cases, if the epidemiological factors are compatible, dengue management measures are recommended 
even if laboratory diagnosis has not been obtained, due to its potential for severe complications[99,101].

Most patients experience defervescence and recover within 3-7 days[100]. However, some patients may progress to a 
critical phase following fever reduction, characterized by increased plasma leakage. Symptoms can include abdominal 
pain, persistent vomiting, lethargy, bleeding tendencies, and fluid accumulation in the lungs (pleural effusion) or 
abdominal cavity (ascites) as well as disseminated intravascular coagulation[100]. Laboratory findings during this stage 
typically reveal an increase in hematocrit, thrombocytopenia, and leukopenia[102]. The critical phase usually lasts about 
48 hours, with peak vascular leakage occurring approximately 24 hours after onset. Said vascular leak can lead to a 
hypovolemic shock, causing metabolic acidosis and multisystemic impairment, potentially fatal within only 24 hours or 
less, if left untreated[98,99].

Patients in use of non-steroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen or aspirin may present instances 
of hemorrhage that are not directly related to thrombocytopenia[99], but to reduced thromboxane A2 synthesis via 
cyclooxygenase-1 inhibition[103]. Furthermore, ED presentations may include neurological, cardiac, and renal inflam-
mation and dysfunction, that may present as encephalitis[104] myocarditis[105,106] and acute kidney failure[107]. Such 
complications have been documented in literature and require careful analysis and more specific interventions, although 
less common[108,109].

As of the listed symptoms, abdominal pain, persistent vomiting (three occurrences per hour or four occurrences in six 
hours), and mucosal bleeding are categorized as warning signs for DWS+, along with lethargy or restlessness, hepato-
megaly (greater than 2 cm below the costal margin), increased hematocrit (observed in two consecutive measurements), 
and a decrease in platelet count (below 100000 cells/mm³)[98,110]. These signs indicate a higher risk of developing severe 
dengue and necessitate careful monitoring.

If the patient survives the critical phase, the recovery is characterized by gradual improvement in well-being, return of 
appetite, fluid reabsorption, and hemodynamic stabilization. Additionally, hematocrit levels decrease and white blood 

https://f6publishing.blob.core.windows.net/64b61fc1-9777-4771-8002-98e0301521bf/100489-supplementary-material.pdf
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cell count will increase, in a returning to a normal state. However, it is important to note that DSS can also promote these 
hematological manifestations as a stress response[98], therefore, a careful analysis of these variables, alongside other 
clinical presentations, is crucial. Nonetheless, it is not unusual for recovering patients to present bradycardia, pruritus, 
polyuria, and islands of pallid areas in between the rash, indicating vascular recovery[98,99].

Diagnosis: Dengue diagnosis is crucial for decision-making in the management of suspected patients. It should be 
conducted carefully, considering the particularities of each specific case and context. In endemic areas, diagnosis can be 
based solely on clinical findings and the epidemiological context, not always requiring laboratory testing[99]. However, 
specific testing is also a very important tool in diagnosis, especially in cases with warning signs.

If a patient is suspected of dengue infection, tracking potential exposure by evaluating the presence of infected family 
members and recent travelling to endemic areas is crucial[98,99]. Vital signs, level of consciousness, and hemodynamic 
state must be assessed, as well as noting the presence of the most common dengue symptoms, discussed earlier (see 
“Clinical Manifestations”). A positive tourniquet test, along with other symptoms, suggests dengue infection, although it 
can yield negative results in obese patients or those already in shock, and should not be the only diagnostic tool[99,111]. 
All these factors should be paired with analysis of complementary laboratory findings, paying special attention to 
leukopenia, which has been shown to accurately indicate dengue infection[112]. It is extremely important to monitor for 
warning signs in newly admitted patients to promptly manage complications.

When specific testing is needed, the current stage of the disease and available resources should be considered. Up to 5 
days from symptom onset, reverse transcription-polymerase chain reaction (RT-PCR) can be used, but as of requiring 
specialized work, it is usually not the first option[113]. Given that the acute viremic phase is sometimes missed because 
patients may seek medical assistance only after symptoms worsen[114], detection of NS1 antigen and IgM antibodies 
using enzyme-linked immunosorbent assay (ELISA), immunochromatographic assay or rapid diagnostic test kits can be 
useful. NS1 antigen levels are present from the beginning and typically peak around 6-10 days after disease onset[115], 
while IgM antibodies begin to rise after 6-14 days. These tests are simpler and provide quicker results, although they may 
cross-react with other flaviviruses[116]. In secondary infections, NS1 detection shows limited sensitivity[117], and IgM 
testing is complicated due to rapid IgG rise[114]. Distinguishing between primary and secondary infections is crucial not 
only for diagnostic purposes but also due to the risk of developing a more severe disease.

Therefore, detection of viral genome by RT-PCR is mostly recommended up until the first 5 days of symptoms, 
whereas detecting NS1 antigen and IgM antibodies with ELISA can be more effective for patients that have exceeded this 
mark, with higher serological levels at around 6-10 and 6-14 days, respectively[115-117]. Additionally, if a secondary 
infection is suspected, IgM and IgG detection can be conducted concomitantly for more specific results[116]. For every 
case, it is always important to pair laboratory findings with clinical and epidemiological factors in order to reassure the 
diagnosis.

Besides the most commonly used in clinical practice, the plaque reduction neutralization test (PRNT) is considered the 
gold standard for identifying DENV antibodies, seeing it is highly specific and can distinguish serotypes. However, it is 
not routinely used for clinical purposes, as it requires samples from both the febrile and convalescent phases with a 
minimum interval of 14 days, as well as specialized materials and professionals[99,118]. It is primarily used for research 
and surveillance purposes.

Treatment: Currently, there is no antiviral drug available for dengue, so disease treatment focuses on symptomatic 
control and managing complications. Patients can be categorized into groups for more specific management decisions 
based on their disease status, although specific guidelines for categorization may vary. The WHO categorizes patients as 
follows: DWS- (Group A); DWS+ and DF with co-existing risk factors or important social circumstances (Group B); and 
severe dengue (Group C)[98]. In contrast, the Brazilian dengue management manual categorizes patients as: Absence of 
warning signs (Group A); absence of warning signs but with spontaneous bleeding (Group B); presence of warning signs 
and/or risk factors (Group C); and presence of signs of shock, severe bleeding or organ disfunction (Group D)[99]. The 
Brazilian manual also emphasizes that a suspected case is enough for taking the according measurements, even if 
laboratory testing has not yet been done[99]. Although not always equal, the division into groups is important in order to 
optimize the use of hospital beds, especially in the context of large regional outbreaks, as well as how to specifically 
manage the disease complications. Even then, an individualized analysis to each context is important.

Patients without warning signs can be sent home, prescribed oral hydration, and advised to seek the nearest hospital if 
any warning signs appear. Paracetamol (acetaminophen) is usually the preferred drug for pain and fever control[98], 
though metamizole is also widely used in Latin American countries[99,119]. NSAIDs are not recommended, as they can 
increase the risk of internal bleeding and Reye’s syndrome[100].

When warning signs are present and patients are hospitalized, intravenous fluid replacement is important to prevent 
further complications. If shock occurs, fluid resuscitation is necessary. Crystalloid solutions are primarily used, but if 
shock persists and progresses to a hypotensive state, a colloid solution may be required[98,99]. Careful attention to fluid 
administration is crucial, as fluid overload can cause or exacerbate complications. For that, laboratory indicators should 
be closely monitored, and IV fluid therapy should not exceed 48 hours[99,120].

There is a lack of consensus and clear evidence about some therapeutic measurements for dengue disease. Prophylactic 
platelet transfusion, for example, is sometimes conducted, but some procedures seem to be inappropriate[121]. 
Randomized trials and observational studies have shown that there is no evidence of prophylactic transfusion in bleeding 
prevention[122], and that unnecessary transfusions can be harmful[122]. Still in regard to bleeding, the WHO emphasizes 
that patients in use of anticoagulant therapy have a higher risk of severe hemorrhage[98], but no clear instructions are 
given to manage this situation. Temporary suspending of these medications by specific evaluation of clinicians appears to 
be safe, but more studies are needed to further specify this action[123].
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Due to the immunological aspects of dengue, the idea of using corticosteroids to prevent severe cases pops to mind. 
These drugs could supposedly be useful in the intermediate phase of the disease, seeing that is when the immune system 
plays the bigger role in the pathogenesis[124]. However, there is no indication for the use of corticosteroids, as most 
studies conducted present inconclusive results or low-quality evidence[125]. All the discussed aspects highlight the 
importance of a careful and individualized analysis of each patient and case, even when following specific guidelines, as 
it is very hard to make general affirmations[124].

The development of drugs that target dengue structural and non-structural proteins emerges as a possibility for 
controlling viral entry and replication in hosts. Several in vitro and in silico studies have shown potentiality in this activity
[126] but it is still hard to further correlate with clinical practice, as the available animal models for testing lack a 
mirroring to disease severity as seen in humans[127,128]. Targeting host cellular receptors that facilitate viral entry is also 
a possibility, but cytotoxicity should be taken into consideration, as these receptors also serve a purpose to the host[129].

Prevention: Various prevention methods have been implied as an attempt of controlling DENV vectors, encompassing 
biological, chemical and environmental techniques[130]. However, they present some serious issues that impair their 
capacity of controlling the disease transmission.

The releasing of mosquitoes infected with Wolbachia, as well as the sterile insect technique was believed to be an 
effective way of vector control for Ae. aegypti and Ae. albopictus, but further analysis revealed that by eliminating larvae 
competition, they could increase rates of surviving adults[131]. Trying to eliminate reproduction sites and using pe-
sticides seem to not be very effective[132] and can lead to selection of resistant mosquitoes, while also being potentially 
harmful for the environment and for humans[133]. Moreover, behavioral methods such as the use of repellents and 
protective nets are usually recommended, but as of being dependent of community involvement, may not be effective in 
large scale[9]. The discussed topics do not mean that these attempts of vector control should not be implied at all, but 
they highlight the need for the development of effective vaccines.

Vaccines: The development of vaccines for dengue is specially difficulted due to the phenomenon of antibody-dependent 
enhancement[58]. Several different types, such as live attenuated, inactive virus, viral vector and DNA vaccines are now 
in development[134], but only live-attenuated vaccines have made into phase III trials, as registered in the Cli-
nicalTrials.gov website, including DengVaxia© (CYD-TDV) by Sanofi Pasteur, QDenga© (TAK-003) by Takeda, the only 
approved and commercialized dengue vaccines as of today, and also a vaccine produced by Butantan Institute, not yet 
commercialized. These studies aim to evaluate the safety of dengue vaccines, either by themselves or concomitantly with 
other vaccines (Table 1).

DengVaxia© was the first dengue vaccine to be licensed. It is based on a YFV strain (YF17D) but with the prM and E 
regions substituted with those from DENV serotypes 1-4[135]. Conducted clinical trials have demonstrated that Deng-
Vaxia has a higher effectiveness against DENV-3 and DENV-4, than to the other viral serotypes[136]. As of today, the 
vaccination with DengVaxia© is restricted to children in age 9-16 that have been previously infected[137] although testing 
each individual for the confirmation of a previous dengue occurrence seems impracticable, seen that, after three years, the 
immunization with this vaccine has shown to increase hospitalization rates in dengue naive patients[138].

QDenga©, on the other hand, is based on a DENV-2 strain, with recombinant strains of the other 3 serotypes[139]. A 
phase III trial with patients across 8 endemic countries has demonstrated, after 4.5 years, that QDenga© is effective and 
safe for all 4 DENV serotypes in patients that have been previously infected, but only shows effectiveness against DENV-
1 and DENV-2 for dengue naive patients[140]. However, there is no evidence of Qdenga© vaccinees having a higher risk 
of developing a severe illness, in contrast to what is observed to DengVaxia©. Considering that DengVaxia© is only 
capable of inducing anti-DENV antibodies against E and prM proteins, that might explain why QDenga© has a higher 
effectiveness, and also why DengVaxia© vaccinees can develop a higher risk of severity, seen that E and prM proteins are 
the ones involved in antibody-dependent enhancement.

ZIKA FEVER
ZIKV is an enveloped virus that upon infecting humans, primarily through the human-mosquito-human route, con-
sequently causes the Zika fever[141].

This virus possesses a single-stranded, positive-sense RNA genome. It encodes proteins associated with the capsid (C), 
envelope (E), precursor of membrane protein (prM), and non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, 
and NS5). Initially, these proteins are translated into a single polyprotein (5’-C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-
NS4B-NS5-3’), which is subsequently cleaved[142,143].

The envelope protein (E) is a surface protein essential for the adsorption and fusion of the viral envelope with the host 
cell’s plasma membrane[144]. Consequently, it is the primary target for the majority of vaccines in development, as it 
elicits an innate immune response, triggering the neutralizing antibodies production (nAbs). These vaccines commonly 
utilize an alignment of the prM and E sequences (prM-E), which has already demonstrated favorable results, generating 
high levels of nAbs in both immunocompetent and immunocompromised mice[145-147].

The precursor of membrane protein (prM) plays a role in viral maturation and release from cells[148]. Therefore, its 
inhibition also yields a beneficial response by reducing viral multiplication in tissues. Additionally, the non-structural 
proteins are involved in the replication of the ZIKV and inhibit the expression of IFN I. As a result, they ensure a less 
effective immune response[149].
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Table 1 Dengue live-attenuated vaccines phase III clinical trials-ClinicalTrials.gov database

Vaccine Intervention/treatment ClinicalTrials.gov 
ID Status Sponsor

DengVaxia© CYD tetravalent dengue vaccine/human papillomavirus 
quadrivalent vaccine

NCT02993757 Completed Sanofi Pasteur

CYD tetravalent dengue vaccine/human papillomavirus bivalent 
vaccine

NCT02979535 Completed Sanofi Pasteur

CYD tetravalent dengue vaccine/yellow fever vaccine NCT01436396 Completed Sanofi Pasteur

CYD tetravalent dengue vaccine/pentaxim™ vaccine NCT01411241 Completed Sanofi Pasteur

Placebo/CYD tetravalent dengue vaccine NCT01374516 Completed Sanofi Pasteur

Placebo/CYD tetravalent dengue vaccine NCT01373281 Completed Sanofi Pasteur

Placebo/CYD tetravalent dengue vaccine NCT01254422 Completed Sanofi Pasteur

Placebo/CYD tetravalent dengue vaccine NCT01134263 Completed Sanofi Pasteur

QDenga© Placebo/TAK-003 tetravalent dengue vaccine NCT06060067 Recruiting Takeda

9vHPV vaccine/TAK-003 tetravalent dengue vaccine NCT04313244 Completed Takeda

Placebo/TAK-003 tetravalent dengue vaccine NCT03999996 Completed Takeda

TAK-003 tetravalent dengue vaccine NCT03771963 Completed Takeda

Placebo/TAK-003 tetravalent dengue vaccine/HAV vaccine NCT03525119 Completed Takeda

Placebo/TAK-003 tetravalent dengue vaccine NCT03423173 Completed Takeda

Placebo/TAK-003 tetravalent dengue vaccine/yellow fever 
vaccine

NCT03342898 Completed Takeda

Placebo/TAK-003 tetravalent dengue vaccine NCT03341637 Completed Takeda

Placebo/TAK-003 tetravalent dengue vaccine NCT02747927 Active, not 
recruiting

Takeda

Dengue Vaccine by 
Butantan

Placebo/butantan tetravalent dengue vaccine NCT02406729 Active, not 
recruiting

Butantan 
Institute

The ZIKV was first isolated in 1947 from a febrile Rhesus monkey in Uganda’s Zika Forest. This was followed by its 
isolation from Ae. africanus mosquitoes the next year[150]. Human infection was first documented in 1954 in Nigeria[6], 
with only 14 reported cases over the subsequent fifty years. After this long period, a significant outbreak occurred in 2007 
on Yap Island, Micronesia, involving 45 confirmed cases associated with Ae. hensilli mosquitoes, where patients presented 
with fever, rash, and arthralgia[151] and subsequent outbreaks in French Polynesia revealed severe complications such as 
Guillain-Barré syndrome and microcephaly resulting from maternal-fetal transmission[147]. The virus rapidly spread 
across the Pacific[141] and into the Americas, culminating in a major outbreak in Brazil in 2015, with an estimated 440000 
to 1.3 million suspected cases[151].

As of May 2024, the WHO reported through its epidemiological update that ninety-two countries in Africa, Oceania, 
America, Europe, and Asia presented current or previous ZIKV transmission. Sixty other countries across the aforemen-
tioned continents have established Ae. aegypti vectors but without known cases of viral transmission[152].

Main vectors of transmission: The vectors of ZIKV transmission, as with all other arboviruses, are arthropods, primarily 
mosquitoes of the family Culicidae and genus Ae. These mosquitoes inject the virus with their saliva when biting 
vertebrates such as humans, thereby infecting the host (horizontal transmission)[141,153,154]. These mosquitoes have 
both sylvatic and urban transmission cycles, with Ae. aegypti being the main cause of outbreaks in urban environments 
around the world[153]. Furthermore, other species within the family are also responsible for epidemics: Ae. albopictus is 
associated with the 2007 outbreak in Gabon[4]; Ae. hensilli was identified as the primary cause of the Zika outbreak on the 
island of Yap in the same year[5,155]. The ZIKV has also been detected in Ae. polynesiensis, Ae. africanus, and even in the 
common household mosquito Cx. pipiens, among others[150,153,156].

Non-vector means of transmission: The viral transmission is not only limited to horizontal transmission through mos-
quito bites, since it is also possible for the virus to be transmitted between humans through sexual intercourse[157-160], 
blood transfusions[161], and even maternal-fetal transmission (vertical transmission)[162-164].

There are several reports reinforcing the possibility of sexual transmission. It is likely that the viral presence in semen 
components and tissues associated with the reproductive organs contributes to this infection form[165], since some 
research has demonstrated that the viral presence in semen components can be substantial even weeks after infection 
onset[157,166]. The aforementioned reports provide data on confirmed symptomatic infections through positive se-
rological tests in women residing in non-endemic countries for ZIKV, without recent travel or transfusions, but engaging 
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in unprotected sexual intercourse with partners who had traveled to countries where the virus is endemic. The traveling 
partners also exhibited symptoms and tested positive for ZIKV[158,159,167]. This type of transmission has already been 
reported from infected women to men[160] and even between men[168] and asymptomatic individuals[169]. Male-to-
male transmission had the highest probability of transmission. After, male-to-female and female-to-male[160].

Therefore, considering the possibility of sexual transmission of ZIKV, the use of condoms during sexual intercourse, 
especially when pregnant, is extremely relevant. This not only helps prevent other sexually transmitted diseases but also 
reduces the possibility of sexually transmitting ZIKV, thus inhibiting the probability of developing another type of trans-
mission: Vertical transmission (maternal-fetal).

Vertical transmission of pathogens is typically not facilitated, as the placenta acts as a protective barrier for the fetus 
against invading pathogens, preventing infection from crossing the placental barrier in most cases. The placenta is formed 
by cellular layers of syncytiotrophoblasts, originating from trophoblasts that merge to form syncytia. These initially 
penetrate the endometrium to secure the blastocyst and subsequently act as a barrier between maternal and fetal blood. 
Blastocysts are highly resistant to infections from various viruses and confer viral resistance to non-trophoblast paracrine 
cells through the release of effectors such as type III IFN[170,171].

However, one of the viruses capable of crossing the placenta is the ZIKV, and its invasion mechanisms remain unclear. 
The complexity of simulating vertical transmission, all stages of pregnancy, and the fact that the placentas of animals 
used for analysis usually have significant anatomical differences compared to the human placenta, make it challenging to 
conduct high-quality research[163,172,173].

Pathogenesis of Zika
Viral tropism, entry, replication and exocytosis: ZIKV has a capsule with surface glycoproteins that facilitate its ad-
sorption by connecting with host cell receptors and subsequent phagocytosis[174]. In some cells, there are transmembrane 
receptors, such as TIM and TAM, that recognize phosphatidylserine, a signaling molecule for phagocytosis. The ex-
pression of these receptors in cells increases the infectivity of the ZIKV, as it has phosphatidylserine molecules in its 
envelope, along with the exposure of the transmembrane E protein, which also facilitates the virus’s adsorption and 
phagocytosis[144,175]. Other cofactors present in the host cell, such as DC-SIGN and Hsp70, also assist in viral entry, 
giving the virus tropism for various cells in the human body[176,177].

The viral presence in rodents, humans, and other primates tissue analyses has been detected in placental cells, tropho-
blasts, endothelium, epithelium, immune cells, mature and progenitor neuronal cells, ocular tissues (cornea, retina, optic 
nerve, and aqueous humor), and bodily fluids such as tears, saliva, semen, cervical mucus, and urine. There is also 
infection evidence in the male reproductive system, including testicular cells (Sertoli cells, Leydig cells, and sperma-
togenic cells), as well as in the female reproductive system in vaginal epithelial cells and uterine fibroblasts[165,178].

Upon entering the cell, the virus begins its replication using the host’s machinery to generate new viral copies. In the 
ER of the cell, the virus undergoes RNA replication and capsid assembly[179]. The cell then uses reticulophagy to 
degrade the ER and prevent the maturation of ZIKV. The reticulophagy receptor FAM134B is essential for this process. 
However, the viral protein NS2B3 cleaves and inactivates FAM134B, preventing reticulophagy and enhancing ZIKV 
replication[180].

After the virus is assembled in the ER, it is transported to the Golgi complex, undergoing maturation processes and 
conformational changes, facilitating the subsequent fusion of the mature virus with the plasma membrane and cellular 
exocytosis[181].

Host intrinsic defenses and IFN inhibition: Upon being infected, a significant portion of the host’s cells have the ca-
pacity to release IFNs, particularly type 1 IFNs (IFN-α and IFN-β), which are glycoprotein cytokines capable of modifying 
the immune response through paracrine antiviral effects[182]. Thus, soon after the virus enters the cell, PRRs can 
recognize pathogen-associated patterns. PRRs such as RIG-I and MDA5 receptors (RIG-I-like receptors) detect the 
presence of viral RNA in the cytoplasm and are transported to the mitochondria after recognition, acting on the 
production of mitochondrial antiviral signaling proteins that will activate TANK-binding kinase 1 (TBK1). TBK1, in turn, 
phosphorylates transcription factors such as IRF3, 5, and 7, and NF-κB, which will then be responsible for activating the 
transcription of IFNs in the cell nucleus[183]. Finally, the produced IFN will induce the synthesis of enzymes through 
IFN-stimulated genes (ISGs) in neighboring cells, which will hinder viral replication in the respective stimulated cells
[184].

However, the virus has the ability to inhibit the host’s immune response through various mechanisms. The ZIKV has 
non-structural proteins responsible for several actions, including the inhibition of IFN production. The NS3 protein can 
bind to the 14-3-3 protein of RIG-I-like receptors, blocking the translocation of RIG-I and MDA5 to the mitochondria and 
thereby preventing the pathway for IFN transcription factors from occurring[185]. NS4A acts directly on the mito-
chondria, preventing the local action of RIG-I and MDA5[186]. NS1, NS2A, NS2B, and NS4B have been shown to inhibit 
TBK1, preventing the phosphorylation of transcription factors[149,187], and NS5 also has the ability to directly inactivate 
IRF3, reducing IFN-β synthesis[187]. All these mechanisms ensure that the virus evades the IFN-mediated immune 
response.

Adaptative response and the viral strains: The adaptive response against ZIKV is primarily mediated by CD4+ and 
CD8+ T cells, playing an important role in inhibiting viral replication, especially when there is inhibition of type I IFN
[188]. CD4+ T cells predominantly differentiate into T helper 1 cells during Zika infection, increasing levels of cytokines 
such as IFN-γ, IL-2, TNF-α, and the transcription factor T-bet, given their crucial role in orchestrating the immune 
response through cytokine production[189]. CD8+ T cells, in turn, also aid in the release of cytokines like IFN-γ and TNF-
α, along with higher expression of granzyme B[189]. B lymphocytes also participate in the adaptive immune response, 
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eventually transforming into plasma cells, ensuring humoral immunity by releasing antibodies against ZIKV. This action 
is also driven by CD4+ T cells, and one of the main antibodies released are EDIII-specific neutralizing antibodies that 
neutralize epitopes present in the virus’s EDIII protein[190,191].

The inhibition of CD8+ T cells during infection has been correlated with increased viral infection in the central nervous 
system (CNS), but with higher survival rates and lower incidence of paralysis[192]. On the other hand, the decrease in 
CD4+ T cells resulted in paralysis in all studied mice, in addition to increasing the viral load in the CNS and reducing 
survival[193]. These findings highlight the significant role of CD8+ T cells in neuropathology, as it has been shown that 
these cells mediate the lysis of virus-infected neurons[189]. Conversely, CD4+ T cells have demonstrated a regulatory 
function by reducing the immunopathological effects triggered by CD8+ T cells.

Therefore, our immune system, which is responsible for defending the body against pathogens such as ZIKV, has its 
efficacy dependent on the virus’s ability to evade immune signaling pathways and inhibit IFN production. The different 
strains of the ZIKV, which emerged after various genetic mutations, also differ in their capacity to manipulate this 
immune response and are essentially divided into two main lineages with considerably different pathogenic character-
istics: The African and Asian lineages.

African strains (such as the East African MR766 and West African lineages) have been shown to induce more potent 
inflammatory reactions and possess greater virulence[182]. However, the Asian strains (which include contemporary 
strains from Asia, Oceania, and the Americas) are more strongly associated with neurological disorders and microcephaly 
present in congenital Zika syndrome[163,194]. The Asian lineage emerged following the viral migration from Africa to 
Southeast Asia, being detected in Malaysia (1966; P6-740), the Pacific Islands, and later spreading to the Americas[195].

In addition to inhibiting the production and signaling of type I IFN, which is also present in African strains, studies 
indicate that the Asian strains can prevent the transcription and translocation of INF to the cell nucleus through the 
actions of NS1, NS4B, and NS5 proteins. This can lead to much more prolonged infections, potentially lasting for months, 
in contrast to the African strains that typically result in self-limited febrile infections[193,196,197].

Cutaneous pruritus: Pruritus is a frequent symptom in ZIKV -infected patients potentially linked to mast cell degranu-
lation via the IgE-dependent histaminergic itch pathway[164,198]. Mast cells, a type of innate immune system cell, are 
among the main culprits for the symptomatic manifestation of various inflammatory and allergic reactions, and their G 
protein-coupled receptors (mainly H1R and H4R) play an important role in the development of cutaneous itching[164,
198].

The ZIKV has already shown tropism for the HMC-1 Lineage of mast cells isolated from the human placenta, 
triggering histamine degranulation and releasing various cytokines, thus being identified as a potential cause of itching 
during infection[164]. This itching can be alleviated by administering antihistamine medications, thereby reducing this 
uncomfortable symptom.

Congenital Zika virus syndrome and neuronal tropism: The correlation between Zika infection in pregnant women and 
microcephaly in their offspring is widely known[199]. However, all the associated mechanisms are not yet completely 
elucidated. Although, ZIKV effectively replicates in immature neurons in vivo, as shown in studies infecting embryonic 
mouse brains with the Asian strain SZ01. This replication triggers apoptosis, disrupts the cell cycle, inhibits neural 
progenitor cell differentiation, and ultimately causes cerebral cortex thinning and microcephaly, a critical factor in the 
development of human microcephaly[194].

Wu et al[163] also demonstrated vertical transmission in immunocompetent pregnant mice through intraperitoneal 
injection containing the contemporary Asian strain (ZIKV SZ01) isolated in serum, infecting radial glial cells of the dorsal 
ventricular zone in offspring with decreased proliferation of cortical neuronal progenitor cells, which are their main 
target. The infection was shown to affect brain development, reducing the lateral ventricle cavity and cortical surface 
area. A considerable number increase of IL-17a receptors in brain samples was also observed, likely due to maternal 
immune activation in response to the virus.

The ZIKV can activate T cells (Th1, Th2, Th9, and Th17), increasing cytokine levels in the acute phase with significant 
elevation of interleukins IL-1b, IL-2, IL-4, IL-6, IL-9, IL-10, IL-13, and IL-17, decreasing their levels in the subsequent 
phase (subacute)[178]. However, the action of interleukins can extend beyond their antiviral role, as IL-17a is likely 
involved in the development of microcephaly in infected humans.

In 2016, a study subjected pregnant rodents to controlled immune response activation by the IL-17a pathway. The 
results demonstrated impairments in offspring cortical development alongside behavioral abnormalities similar to autism 
spectrum disorder, with impaired social interactions and considerable phenotypic changes. Blocking IL-17a activity 
through specific antibodies protected the offspring against brain damage, demonstrating the significant role of this 
cytokine in the observed alterations, such as fetal brain malformation. Therefore, in addition to the virus’s direct action on 
CNS cells, cytokine reactions released due to maternal immune activation may also influence the brain damage caused by 
congenital Zika virus syndrome[200].

Guillain-Barré Syndrome and molecular mimicry: Adults can also develop neurological complications due to the virus’s 
strong tropism for nervous tissues[165]. One of the most common complications of the infection is Guillain-Barré 
Syndrome (GBS), an immune-mediated polyradiculoneuropathy that results in axonal neuropathy and is the leading 
cause of flaccid paralysis worldwide[201].

Data from seven countries in Central and South America showed a significant 2.0 to 9.8-fold increase in GBS cases 
during ZIKV outbreaks, with subsequent decreases observed once outbreaks were controlled[202]. The presence of 
antiglycolipid antibodies, mainly against GA1, has been reported by Cao-Lormeau et al[203] in one-third of the analyzed 
patients diagnosed with GBS having anti-ZIKV IgG or IgM. Other analyses have demonstrated IgM and IgG antigan-
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glioside antibodies in patients under similar conditions[204,205]. This immune response is likely triggered by molecular 
mimicry between viral structures and neuronal proteins, a situation where the patient’s body begins to recognize parts of 
its own body as structures of the invading pathogen, causing self-damage.

Among the probable structures involved in molecular mimicry, the neuronal proteins associated with GBS (Heat Shock 
70 kDa protein 12A and voltage-dependent L type Calcium channel subunit α-1C) and the glycan loop region of the viral 
envelope protein E may be responsible for the immune recognition error due to the conservation of an IVNDT motif 
present in both proteins[206]. This situation ultimately triggers the production of antibodies and an immune response 
against the myelin sheath of peripheral nerves, thus causing the axonal neuropathy associated with GBS.

Clinical management of Zika
Clinical manifestations and major complications: After being transmitted through arthropod bites, the ZIKV enters a 
period of incubation, which typically lasts between 3- and 12-day following transmission. Notably, only a minority of 
those infected (20% to 25%) develop symptoms after the incubation period[153,207].

Symptoms are generally mild, nonspecific, and often self-limiting[199], making them easily confusable with other 
infections, especially those caused by other arboviruses[153]. Therefore, diagnosis should not rely solely on symptoms 
but also on epidemiological factors, taking into account current endemic and epidemic conditions in the patient’s 
residence and places they may have traveled.

Concurrent infections are not uncommon[208], especially in regions where common arbovirus vectors are endemic, 
such as parts of Africa, Asia, and Latin America[152]. Consequently, many symptoms may be erroneously attributed to 
another pathogen causing simultaneous infection in the host. Laboratory tests are essential allies in diagnosis, particularly 
for concurrent infections, allowing for the prediction and potential prevention of various complications associated with 
the involved pathogens, including gestational complications related to ZIKV[209].

Among the signs and symptoms, ZIKV infection can present with a maculopapular rash typically associated with 
pruritus. This rash usually has a centrifugal distribution, developing in proximal regions and later affecting distal limbs, 
lasting between one to four days. Fever tends to be mild (between 37.4-38.0 degrees Celsius), unlike the higher fevers 
associated with the DENV infection[153,199].

Other symptoms such as arthralgia, extremity edema, myalgia, fatigue, mild headache, dizziness, loss of appetite, 
digestive disturbances, auditory issues, and hypotension may also occur, rarely persisting for more than two weeks[153,
199,207]. Retro-orbital pain, commonly linked with dengue, can also arise in ZIKV infections, and conjunctivitis or 
conjunctival hyperemia is more frequent in ZIKV infections compared to other arboviral infections[153]. Elevated 
intraocular pressure can also be a complication, potentially leading to glaucoma[210].

Genitourinary symptoms, including hematospermia, have been reported[167]. The virus’s tropism for tissues in this 
region, as well as its presence in urine, semen, and secretions, is well-documented[157,165,166,199].

One of the most concerning complications of ZIKV infection is microcephaly. Reports from the 2013 outbreak in French 
Polynesia[211] to the 2015 outbreak in Brazil[212] have highlighted the detrimental impact of ZIKV on ongoing 
pregnancies. An increase from 20 cases of microcephaly per 10000 live births during the ZIKV outbreak in Brazil, 
compared to 0.5 per 10000 live births before the outbreak[213], underscores the virus’s aggressive potential in disrupting 
fetal CNS development.

The virus’s strong neurotropism also poses risks for adults, often underestimated. Besides potentially causing 
autoimmune complications such as Guillain-Barré Syndrome due to molecular mimicry[201,204,206,214], ZIKV infection 
has been associated with complications like transverse myelitis, encephalitis, chronic inflammatory demyelinating 
polyneuropathy, meningitis, seizures, optic neuropathy, and acute demyelinating polyneuropathy[215]. A case-control 
neuroimaging study demonstrated changes in gray matter volume in certain brain regions post-infection, thereby altering 
the functional organization and structure of the adult brain[216].

Deaths related to ZIKV infection are rare and typically linked to microcephaly[162]. In 2015, three deaths were reported 
in Brazil: An adult man with lupus erythematosus, rheumatoid arthritis, chronic corticosteroid use, and a history of 
alcoholism, a 16-year-old girl, and a newborn[217]. In Colombia, a 15-year-old girl with sickle cell anemia also died 
following ZIKV infection[218], indicating that comorbidities can increase mortality risk. When ZIKV infection is 
suspected, the WHO emphasizes the importance of asking the patient about the onset of symptoms. This information 
guides the selection of appropriate laboratory tests based on the duration of symptoms. A thorough travel history, 
especially if travel occurred within the past two weeks, should be obtained, including dates, locations, and duration of 
travel, as well as possible sexual contact with confirmed Zika cases, breastfeeding status, and recent vaccinations, partic-
ularly against other flaviviruses such as YFV, Japanese Encephalitis, and dengue[219].

Laboratory diagnosis: The laboratory diagnosis of ZIKV is typically performed using ELISAs to detect the presence of 
anti-ZIKV IgM and IgG antibodies. IgM is detectable from 5 days to 12 weeks after the onset of symptoms, whereas IgG 
antibodies appear a few days after IgM detection and usually remain detectable for over a year[220-222].

ELISA is generally a less complex, quicker, and cheaper method compared to other tests still used worldwide, such as 
the PRNT, fluorescent antibody test, hemagglutination-inhibition test, and complement fixation test[223]. However, false-
positive and false-negative (particularly in immunocompromised patients with inadequate adaptive immune responses 
or when tests are conducted before the onset of the antibody-associated adaptive immune response) results for IgM and 
IgG tests are still significantly reported. Cross-reactivity, especially with viruses from the same family (Flaviviridae)[221], 
remains a common issue in these tests, potentially leading to incorrect diagnoses.

Therefore, PRNT can be used to confirm laboratory diagnoses by quantifying neutralizing antibodies in serum or 
cerebrospinal fluid (CSF) samples more specifically, serving as the gold standard for diagnosis[223]. For viral RNA 
detection, RT-PCR can be utilized during the infection, offering high sensitivity and specificity[141,155,223,224].
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However, these tests are not very compatible with common outpatient settings, as they require appropriate in-
frastructure, trained professionals, and PCR thermocyclers[225,226]. Recently developed isothermal nucleic acid 
amplification technologies, which can amplify nucleic acids at constant temperatures, offer a faster alternative for 
diagnosing arboviruses. This technology provides results within minutes and does not require cycling equipment, 
potentially serving as a cheaper option for future outbreaks, particularly in regions with limited infrastructure[225].

According to the WHO[219], laboratory diagnosis can be conducted using serum, whole blood, or urine samples. Other 
samples may be considered when neurological complications related to ZIKV infection are suspected, including in cases 
of a sexual transmission suspected, as semen samples, since the virus tends to persist longer in urine and semen tests 
compared to blood analyses[166,227].

For patients within 7 days of symptom onset, nucleic acid tests (NAT), such as RT-PCR, are recommended to diagnose 
viral presence. For those with more than 7 days of symptoms, serological detection tests for IgM antibodies (ELISA), 
present in the acute phase of infection, can be used. NAT can also be employed, although negative results do not rule out 
infection since viremia may be low after one week of symptom onset[219]. IgG detection just indicates a past infection 
that elicited an immune memory response.

During outbreak periods, the WHO recommends prioritizing testing for a select group of patients[219] as there is 
normally a limited number of tests available to be used (Table 2).

Findings in complementary exams: During ZIKV infection, additional exams are commonly requested to assist in the 
clinical management of the patient. However, reports contain limited information about other laboratory exams 
performed. The results of a complete blood count and leukogram are usually normal, without leukopenia or thrombocyt-
openia, which are common in CHIKV and DENV infections[153]. The patient may show slight elevations in C-reactive 
protein, ferritin, and fibrinogen, as well as increased serum lactate dehydrogenase and liver enzymes, findings commonly 
seen in other viral infections[153,199]. These clinical data have little impact on the management of ZIKV infection, as the 
disease lacks research indicating a likelihood of a worse outcome even when the patient presents such altered exams.

Treatment: There is no specific treatment for ZIKV. However, appropriate management focuses on alleviating symptoms. 
The WHO recommends using antipyretics for patients with fever, antihistamines for those with itching, and analgesics 
for pain relief. Adequate hydration and rest can also aid in the patient’s recovery[228].

The use of NSAIDs is contraindicated without completely ruling out DENV infection, as there is a risk of hemorrhagic 
complications[228]. Additionally, NSAIDs are contraindicated in pregnant women after the 32nd week of gestation 
regardless of the infecting virus, due to the risk of premature closure of the ductus arteriosus[229]. Administration of 
acetylsalicylic acid is also contraindicated, as it increases the risk of developing Reye’s syndrome[229].

However, even if the current treatment is still just medication to alleviate the symptoms of the infection, various 
compounds have been studied in recent years as anti-flavivirus substances and may be available on the market for 
infection treatment in the coming years. An ideal drug should possess the ability to penetrate the blood-brain barrier, 
characterized by small and/or lipophilic molecules. Additionally, it should target the infection’s host cells, such as fetal 
neural progenitor cells, exhibit placental penetrance to prevent vertical transmission, and be highly safe for adminis-
tration to pregnant women[230].

The coinfection and cocirculation of flaviviruses like DENV, YFV, Mayaro, and Oropouche virus in various parts of the 
world infect hosts and cause immune responses with cross-reactivity. This has led researchers to conclude that the best 
option for developing an anti-ZIKV drug would also be one that protects against other flaviviruses. This is because the 
structures of several studied target proteins are similar, and recently developed preclinical compounds have shown 
activity against multiple flaviviruses, making them promising candidates for medication[230].

Consequently, considering the most promising proteins for the development of this medicine when examining host 
factors associated with infection, the TIM1 binding protein proves to be a significant factor for the binding of the viral 
phospholipid during ZIKV entry. However, it is also involved in the infection of DENV-2 and West Nile virus, making it 
an interesting target for a multi-flavivirus drug[230,231]. Inhibitors of the E protein binding to host receptors also show 
potential as drug targets, thus preventing viral adsorption. Nevertheless, one of the most promising targets for drug 
creation is certainly viral RNA-dependent RNA polymerases (RdRp), as they are extensively studied targets with 
substantial literature supporting their efficacy and safety[232]. By inhibiting RdRp, viral replication and the production of 
infectious particles are also inhibited.

To understand the importance of RdRp in the virus replication cycle, research shows that Zika, being part of a genus of 
single-stranded positive-sense RNA viruses, has RdRp proteins that synthesize a complementary (negative-sense) strand 
used to synthesize new positive-sense strands, which will later be used as mRNA in virus replication. In ZIKV, the RdRp 
protein responsible for creating new strands is NS5, which also suppresses type I IFN and is the focus of various drugs 
currently being developed.

The RdRp inhibitors have been successful in treating other viruses such as hepatitis C virus, HIV, and herpes simplex 
virus. A ProTide technology nucleoside analog for HCV, already approved by the FDA (Sofosbuvir), has shown 
significant effects and high safety as an anti-ZIKV agent both in vivo in mice (demonstrating prevention of vertical 
transmission and reduced morbidity) and in vitro in neuronal cells. Sofosbuvir is classified as category B for adminis-
tration in pregnant women, meaning that while there are no controlled studies in pregnant women, animal studies have 
not shown risk to the fetus.

Conversely, analogs of Sofosbuvir (such as 2’-C-ethynyluridine aryoxyl phosphoramidate and 2’-C-methyluridine 
aryoxyl phosphoramidate) have demonstrated superior anti-ZIKV effects compared to the medication. However, clinical 
trials are also necessary to prove their safety in pregnant women and efficacy against sexual and vertical transmission.
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Table 2 Recommendation for viral testing during Zika virus outbreak-World Health Organization

No. Priority recommendation for viral testing during periods of ZIKV outbreak-WHO

1 Symptomatic patients who have had sexual relations with a partner with probable or confirmed infection

2 Suspected patients with neurological complications

3 Pregnant women with a travel history to endemic areas, residents in endemic areas or those in current outbreak regions

4 Pregnant women who have had sexual relations with a confirmed or probably infected patient

5 Pregnant women with suspected or confirmed fetal brain anomalies who have a travel history to endemic areas or reside in endemic areas or current 
outbreak regions

6 Women who have had miscarriages or stillbirths and traveled or resided in Zika virus-affected areas during pregnancy

7 Infants born with microcephaly or neurological complications whose mothers traveled or resided in endemic areas or current outbreak regions

8 Breastfeeding infants with mothers diagnosed with the viral infection

ZIKV: Zika virus; WHO: World Health Organization.

Finally, other potential preclinical compounds under investigation include protease inhibitors, viral assembly 
inhibitors, inhibitors of ZIKV fusion to the cell membrane, nucleoside biosynthesis inhibitors, and ZIKV antivirals 
targeting the host. These drugs are still being evaluated for safety and efficacy.

Prevention: Preventive measures range from personal care, such as using effective repellents containing DEET, IR3535, or 
icaridin, and wearing long clothing that covers as much skin as possible, especially in areas known to have ZIKV vectors, 
to collective measures, like eliminating potential breeding sites where water can accumulate. Special caution is advised 
during the peak activity times of the major urban vector, Ae. aegypti (early morning and late afternoon), using mosquito 
nets, window and door screens, and electric repellents at home to aid in prevention[228].

During pregnancy, women are advised not to travel to endemic or outbreak areas. Ultrasound scans to monitor fetal 
development are recommended every 3 to 4 weeks for patients with confirmed or suspected ZIKV infection, and 
newborns should be tested at birth[209].

Furthermore, regarding men, the WHO also advises that those who have traveled to endemic or outbreak areas should 
avoid sexual relations with their pregnant partners or use condoms for up to three months after exposure[228].

Vaccines in development: Successful flavivirus vaccines, such as the current dengue vaccine (Qdenga) from Takeda, 
along with knowledge of ZIKV pathogenesis and general characteristics, are key factors directly influencing the 
advancements in the development of various ZIKV vaccines. Nucleic acid vaccines (DNA and mRNA), inactivated virus 
vaccines, live attenuated virus vaccines, viral-vectored vaccines, virus-like particle (VLP) vaccines, protein antigen-based 
vaccines, and mosquito saliva antigen-based vaccines are all in preclinical or clinical stages of human testing[145,146].

Currently, more than 50 ZIKV vaccines are under development and a large portion is detailed on the ClinicalTrials.gov 
website, a global database maintained by the National Library of Medicine[233]. However, the WHO and the National 
Institutes of Health (NIH) report that Phase III field efficacy trials become unfeasible in the absence of a new outbreak, 
thus hindering effective human trials and subsequent approvals[234](Table 3). Finally, the lack of substantial investment 
from both private and governmental initiatives also delays the development process.

According to the WHO and the United Nations International Children’s Emergency Fund (UNICEF), the target 
product against ZIKV should provide adequate protection against congenital Zika syndrome, particularly focusing on the 
immunization of women of childbearing age and pregnant women[235]. Innovative technologies recently developed, 
such as mRNA vaccines authorized to treat COVID-19[236], can be a promising alternative for ZIKV immunization, 
especially after the successful performance observed during the pandemic[237,238].

Inactivated virus vaccines are generally safe, even for pregnant women and immunocompromised individuals, making 
them an ideal candidate for preventing congenital Zika syndrome. However, this type of vaccine typically requires higher 
doses to ensure an adequate and long-lasting immune response. On the other hand, live attenuated virus vaccines usually 
elicit efficient immune responses from the first dose and tend to provide a much more durable immune response. 
However, given the pathogenesis of ZIKV, this type of vaccine may not be ideal for pregnant women due to the potential 
for maternal-fetal transmission and associated complications[239].

Probably, the combination of various types of vaccines that may become available on the market in the coming years 
will offer greater benefits to the population, as they have diverse indications, contraindications, and benefits.

YELLOW FEVER
Yellow fever (YF) is caused by the YFV and has historically been one of the world’s most lethal and feared diseases. YFV 
belongs to the Flaviviridae family and is one of over 70 members of the Flavivirus genus, with “flavus” being the Latin 
word for yellow. The virion has a spherical shape with a diameter of 40-50 nm[143]. Its genome consists of a single-
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Table 3 Zika vaccines currently in clinical trials-clinicalTrials.gov database

Vaccine technology 
platforms Intervention/treatment ClinicalTrials.gov 

ID Phase Status Sponsor

Biological: VRC-ZKADNA090-00-VP; Other: VRC-
PBSPLA043-00-VP

NCT03110770 2 Completed NIAID

Biological: VRC-ZKADNA090-00-VP NCT02996461 1 Completed NIAID

DNA vaccine

Biological: VRC-ZKADNA085-00-VP NCT02840487 1 Completed NIAID

Placebo/biological: mRNA-1325 NCT03014089 1 Completed ModernaTX, Inc.

Placebo/biological: mRNA-1893 NCT04064905 1 Completed ModernaTX, Inc.

mRNA vaccine

Placebo/biological: mRNA-1893 NCT04917861 2 Active, Not 
Recruiting

ModernaTX, Inc.

Placebo/biological: MV-ZIKA-RSP vaccinations (high or 
low doses)

NCT04033068 1 Completed Themis Bioscience 
GmbH

Biological: ChAdOx1 Zika NCT04015648 1 Completed University of 
Oxford

Viral vectored vaccine

Placebo/biological: MV-ZIKA NCT02996890 1 Completed Themis Bioscience 
GmbH

Live attenuated 
vaccine

Placebo/biological: rZIKV/D4Δ30-713 NCT03611946 1 Completed NIAID

Placebo/biological: VLA1601 NCT03425149 1 Completed Valneva Austria 
GmbH

Placebo/biological: Zika virus purified inactivated 
vaccine

NCT02937233 1 Completed Kathryn 
Stephenson

Biological: VLA1601/CpG 1018®/3M-052-AF NCT06334393 1 Recruiting Valneva Austria 
GmbH

Placebo/biological: PIZV NCT03343626 1 Completed Takeda

Purified inactivated 
vaccine

Placebo/biological: Zika virus purified inactivated 
vaccine

NCT03008122 1 Completed NIAID

Placebo/biological: IXIARO; YF Vax 17D strain and Zika 
virus purified inactivated vaccine

NCT02963909 1 Completed NIAID

Drug: Saline/biological: Zika virus purified inactivated 
vaccine

NCT02952833 1 Completed NIAID

NIAID: National Institute of Allergy and Infectious Diseases.

stranded positive-sense RNA of approximately 10.8 kb, containing an open reading frame that encodes a single 
polyprotein of 3411 amino acids[240], which is post-translationally cleaved to produce mature viral proteins. These viral 
proteins are classified as structural and non-structural. Despite having different genotypes, the YFV has a single serotype
[241].

The structural proteins crucial for the formation and structure of the virion include the capsid protein C, the pre-
membrane protein prM, and the envelope protein E, which together constitute the viral particle[242]. The transmembrane 
domains of the prM and E proteins act as localization signals to the ER, containing specific sequences that direct these 
proteins to the ER[243]. Notably, the E protein plays a crucial role in recognizing and binding to host cell receptors, 
facilitating viral entry[244], and is an important target of the immune system during YFV infection, triggering the pro-
duction of neutralizing antibodies[245]. The non-structural proteins, including NS1, NS2A, NS2B, NS3, NS4A, NS4B, and 
NS5, perform various essential functions in the viral replication cycle[246].

YF is a zoonotic viral disease endemic to various tropical regions in Africa and the Americas, characterized by a 
transmission dynamic involving non-human primates (NHP) reservoir and humans, mediated by mosquito vectors. The 
YFV is primarily transmitted to humans by primates through the bite of infected mosquitoes, posteriorly establishing a 
human-mosquito-human transmission cycle[247]. This interaction can result in a wide range of symptoms, from mild 
fever to severe liver disease and jaundice, the latter giving the disease its name[241]. Effective transmission control and a 
thorough understanding of the virus-host interaction are crucial for the management of the disease.

Although YF cannot be eradicated, epidemics can be prevented through mass immunization of the population and the 
maintenance of routine childhood vaccinations. Low vaccination coverage has led to significant outbreaks in Angola 
(2015-2016), the Democratic Republic of Congo (2016), and Brazil (2017-2018)[248], highlighting the urgent need to 
address this gap. Consequently, in 2016, to combat and eliminate the growing urban outbreaks of YFV and prevent its 
international spread, the WHO, in partnership with UNICEF and Gavi, launched the Eliminate Yellow Fever Epidemics 
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initiative. This initiative has strategic objectives to protect at-risk populations, prevent the international spread of YFV, 
and quickly contain outbreaks. One of its key actions is mass vaccination campaigns, with an estimate to have over one 
billion people properly vaccinated by 2026[249].

Phylogenetic analyses suggest that the virus, which gave rise to the currently circulating strains, originated in Africa 
within the last 1500 years and was introduced to the Americas around 300-400 years ago during the transatlantic slave 
trade[250]. The first recorded epidemic occurred in Yucatan in 1648[251]. The Spanish-American War highlighted the 
disease’s impact, with more soldiers dying from YF than combat in Cuba invasions. Walter Reed’s research between 1899 
and 1901 confirmed mosquito transmission of the virus[251,252]. The isolation of the virus from a patient named Asibi in 
1927 led to the development of the 17D vaccine by Max Theiler, who received a Nobel Prize for this achievement in 1936
[253].

As of 2023, the WHO reports that YF remains endemic in 34 African countries and 13 countries in Central and South 
America[254]. Ongoing vaccination efforts and surveillance are vital to prevent outbreaks and control the spread of the 
disease. The 17D vaccine continues to be a cornerstone in the fight against YF, highlighting the importance of 
immunization programs in endemic regions.

Pathogenesis of yellow fever
Transmission cycle: YF is a zoonotic infection transmitted from primates to humans through the bite of infected 
mosquitoes[241]. The virus is inoculated into the host via the mosquito’s saliva. After an incubation period of 3 to 7 days, 
viremic hosts can infect other mosquitoes that feed on their blood, thus continuing the transmission cycle. Mosquitoes 
remain infected for life and can pass the virus to their eggs through transovarial transmission[255,256].

YFV has different transmission cycles: Sylvatic, urban, and intermediate. In the sylvatic cycle, transmission occurs in 
forested areas between blood-feeding mosquitoes and NHP. In the Americas, the primary vectors are mosquitoes of the 
Haemagogus and Sabethes genera, while in Africa, Aedes mosquitoes predominate. NHPs are the natural hosts of the virus. 
Following urbanization, YF entered the urban cycle, where transmission occurs among humans in urban and peri-urban 
areas, with Ae. aegypti being the primary vector[257]. There is a high risk of outbreaks when infected humans from forest 
areas travel to densely populated areas with low immunity to the virus, where vector mosquitoes are present[258].

In addition to the sylvatic cycle, there is an intermediate transmission cycle for YF. Small epidemics can occur at the 
edges of African savanna forests, in humid and semi-humid zones, known as emergent zones, where humans come into 
contact with the wild cycle. In this cycle, transmission occurs among NHPs, humans, and mosquitoes, such as Ae. 
africanus[257].

The recent detection of Ae. albopictus mosquitoes contaminated with YFV in urban and rural areas around the world is 
concerning and needs attention[259]. Additionally, transmission can occur through other routes, such as exposure to 
infected blood and aerosols in laboratories[260]. Cases of perinatal transmission to newborns have also been reported[261,
262]. Furthermore, the attenuated 17D vaccine strain of the virus has been reported to be transmissible through blood 
transfusion[263], organ transplantation[264] and, in rare cases, breastfeeding[265,266]. An investigation in the United 
States in 2021 revealed that transmission of the YF vaccine virus virus via organ transplantation and blood transfusion 
caused severe neurological disease and fatalities in four recipients. These findings suggest that after receiving a vaccine 
dose, blood donation should be delayed for at least two weeks[264]. Continuous surveillance and adequate vaccination 
are essential to prevent outbreaks.

Binding and entry: After the inoculation of the virus, the process of viral replication and dissemination to other tissues 
begins. In the Flaviviridae family, viral replication occurs through the synthesis of an antigenome template used for the 
production of genomic RNA and the synthesis of viral proteins[267]. The entry of flaviviruses into their target cells is 
mediated by the interaction of the E glycoprotein with receptor molecules on the cell surface, promoting fusion with the 
cell membrane for viral entry[268]. However, the host cell receptors that bind to the E glycoprotein have not yet been 
identified[269]. The DIII domain of the E protein is considered the receptor-binding domain of flaviviruses[244,270-273].

YFV binds non-specifically to heparan sulfate on the surface of host cells, such as hepatocytes and dendritic cells[274,
275]. Despite using different pathways, both wild-type and attenuated strains of YFV employ a pH-dependent entry 
mechanism[276]. The wild-type Asibi strain enters host cells through clathrin-mediated endocytosis, while the attenuated 
YFV-17D strain utilizes a clathrin-independent pathway[277]. The conformational rearrangement of the E glycoprotein 
occurs in the lower pH environment of the endosome, facilitating the fusion of the viral lipid envelope with the 
endosomal membrane[278].

It is important to note that the valosin-containing protein (VCP/p97), a cellular ATPase that unfolds and extracts 
ubiquitinated client proteins from large complexes, has been reported as a factor with various functions in flavivirus 
replication, such as viral uncoating[279]. Consequently, the viral genome is released into the host cell cytoplasm.

After the flavivirus RNA enters the host cell, the viral genome acts as messenger RNA (mRNA) and is translated at the 
rough ER into a polyprotein, anchored in the ER itself[280]. This polyprotein is cleaved by cellular peptidases and viral 
proteases NS2B/3[281-283].

The NS5 protein is particularly notable as it houses the methyltransferase and RdRp domains, which play a crucial role 
in viral RNA synthesis and regulation of replication processes[284], providing insights into targets for the development of 
therapeutic strategies[241]. Additionally, it is suggested that G protein-coupled receptor kinase 2 contributes to various 
stages of the virus life cycle by enhancing both viral entry and RNA synthesis, being a regulator of flavivirus infection
[285].

Host factors play essential roles in this process: The signal peptidase complex associated with the ER (SPCS) is 
responsible for processing the Pr-E junction and secreting viral particles[286]; the DNAJC14 protein, a Hsp40 cocha-
perone, modulates flavivirus replication and may confer resistance to cell death during YFV infection by inhibiting viral 
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replication[287,288]; ribosomal proteins RPLP1 and RPLP2 facilitate viral genome translation, exhibiting pan-flaviviral 
activity[289]. These factors facilitate the processing and translation of the viral genome.

Following this processing, the viral RNA replication complex is assembled by non-structural proteins such as NS1, 
NS2B, NS3, NS4A, NS4B, and NS5. The NS4A protein induces rearrangements in the ER membrane, promoting active 
viral RNA replication, which is then packaged forming the virion[290]. These immature virions are secreted in vesicles 
and transported to the Golgi apparatus, where they traverse chambers with increasingly lower pH. The enzyme furin 
cleaves the viral envelope proteins, resulting in mature virions that are then released by exocytosis[291,292].

Immune response: The understanding of the pathogenic mechanisms of the YFV remains limited, primarily due to the 
lack of animal models that accurately reproduce the disease observed in humans[269]. Current knowledge is largely 
based on human tissue biopsies from fatal YF cases and indirect observations made in animal models[293], which do not 
fully capture the characteristics of human infection.

Upon being bitten, the infected mosquito injects the YFV into the skin. The virus is then recognized by APCs, such as 
dendritic cells, which activate PRRs, including RIG-I-like receptor (RLR) family[294] and TLRs such as TLR-2, 7, 8, and 9. 
This activation leads to the production of pro-inflammatory mediators and type I IFNs (such as IFN-α and IFN-β). These 
IFNs play a fundamental role in the antiviral response by promoting an antiviral state in adjacent cells and activating 
immune cells, which trigger multifaceted immune responses to present the antigen to CD4+ T lymphocytes in lymphoid 
tissues like the spleen and lymph nodes[295]. Plasmacytoid dendritic cells (pDCs) produce IFNs in response to YFV in a 
TLR-7-dependent manner, with this stimulation being more effective with immature viral particles[296]. In addition to 
this, antiviral response is mediated by RNA-sensing proteins like RIG-I and protein kinase R, which induce pro-inflam-
matory cytokines upon detection of viral genetic material independently of stress granules[297].

Studies have demonstrated that the viral non-structural protein NS5 interacts with the human transcription factor 
hSTAT2, induced by IFN-1, playing a crucial role in modulating the host’s immune response, viral replication, and 
determining the tropism of YFV. This interaction allows the virus to evade type I IFN-mediated antiviral defenses[298,
299]. YFV uses its NS5 protein to inhibit IFN-I signaling by interacting with STAT2, a process dependent on IFN-I-
induced modifications, specifically STAT1 phosphorylation and NS5 polyubiquitination by TRIM23[300,301].

APCs like macrophages and dendritic cells are crucial in activating Th1-type CD4+ T lymphocytes, where antigens are 
presented on the surface of APCs via class II major histocompatibility complex molecules, recognized by T cell receptors
[302]. The immune response against YFV begins with innate immunity, the body’s first line of defense. Dendritic cells 
(S100+), present in tissues such as the skin and liver, are among the first to detect YFV. They phagocytize the virus and 
present its antigens to the adaptive immune system. Macrophages (CD68+), in addition to phagocytizing the virus and 
infected cells, secrete cytokines and inflammatory mediators, including reactive oxygen species, nitric oxide (NO), and 
TNF-α, which promote inflammation and recruit other immune cells to the infection site[303]. This release of inflam-
matory substances and cytokines, causes a “cytokine storm” that triggers disturbances. Consequently, there is midzonal 
apoptosis of hepatocytes, along with pathological changes like heart apoptosis and acute tubular necrosis in renal tissues
[302]. Regarding serum markers, elevated levels of IL-6, MCP-1, IP-10, TNF-α, and IL-1RA were found in the sera of YFV-
infected patients who had fatal outcomes compared to those with non-fatal outcomes[304].

Adaptive immunity is triggered when dendritic cells present viral antigens to CD4+ T cells. These helper T cells 
proliferate and release cytokines that activate other immune cells. In fatal YF cases, CD4+ T cells are predominant and 
crucial for coordinating the immune response[303]. CD8+ T lymphocytes target and lyse virus-infected liver cells, 
releasing viral particles that expose antigens to B lymphocyte-produced antibodies. B lymphocytes (CD20+), activated by 
helper T cells, produce specific antibodies that neutralize YFV, prevent viral entry into new cells, and mark the virus for 
destruction by macrophages[305].

Hepatic damage: The liver is particularly affected in YF. Immunohistochemical studies on the livers of patients who 
succumbed to the disease have revealed damage characterized by macro/microvesicular steatosis, apoptosis, and 
necrosis, especially in the intermediate zone of the liver, where viral antigens were most frequently observed[306].

Studies in animal models[293,307-310] and human tissue biopsies from fatal cases[303,306,311,312] highlight apoptosis 
as a central mechanism in the pathogenesis of YF, attributed not only to the cytopathic effect (CPE) induced by the virus 
but also to an imbalanced cytokine response.

The inflammatory infiltrate in the liver of fatal YF cases predominantly consists of CD4+ T lymphocytes, with smaller 
quantities of CD8+ T lymphocytes, macrophages CD68+, CD20+ B lymphocytes, NKT+ cells, and S100+ dendritic cells
[303,311]. Cytokine expression is also notable, with significant numbers of cells expressing TGF-β, and to a lesser extent, 
TNF-α and IFN-γ[311]. Apoptosis, rather than necrosis, has been identified as the primary mechanism of cell death during 
infection, likely influenced by viral antigens and the presence of TGF-β, an apoptosis-inducing cytokine responsible for 
the downregulation of inflammatory infiltrates observed in the liver of fatal cases[303,306,311]. The interaction between 
the Fas receptor (CD95) and its ligand FasL, induced by TGF-β, is one of the mechanisms by which CD8+ T cells promote 
the apoptosis of infected cells, thereby limiting viral spread[312]. Other apoptotic markers are also found in the hepatic 
parenchyma, including CASPASE 3, CASPASE 8, BAX, GRANZYME B, and SURVIVIN[313]. These mechanisms 
contribute to the pathology observed in fatal cases and various symptoms associated such vascular leak syndrome, 
thrombocytopenia, changes in aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels, elevated 
blood urea nitrogen and creatinine, jaundice, vomiting, and hemorrhagic diathesis[302,311].

In situ studies suggest that viral infection activates the endothelium, exacerbating the inflammatory response in the 
liver. This occurs through the increased expression of adhesion molecules such as E-selectin, P-selectin, ICAM-1, VCAM-
1, and VLA-4, which facilitate the adhesion and migration of inflammatory cells into the hepatic parenchyma, con-
tributing to more severe tissue damage and potentially fatal outcomes in YF[314,315]. Complementing these findings, in 
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vitro tests indicate that the NS1 protein of flaviviruses can bind to and alter the permeability of ECs, particularly in the 
lungs and liver in the case of YF, resulting in increased vascular permeability in these tissues. This is associated with the 
virus’s tropism[316].

Moreover, histopathological and immunohistochemical analyses of fatal YF patients revealed a predominant ex-
pression of Th17 cytokine markers in the midzonal region of the liver, the most affected area in the hepatic acinus, like 
ROR-γ, STAT3, IL-6, TGF-β, IL-17A e IL-23. These analyses showed significant cellular damage, with inflammatory 
infiltrates, councilman bodies (apoptotic hepatocytes)[317], steatosis, and necrosis[318].

Research indicates that inositol trisphosphate receptor type 3 (ITPR3), a calcium channel isoform, expressed in 
hepatocytes infected by the virus, can stimulate hepatocyte proliferation and reduce both steatosis and cell death, thereby 
protecting the organ against insufficiency. This protective mechanism implies that enhancing ITPR3 expression could be 
an effective therapeutic intervention to prevent the progression of liver failure and reduce mortality, potentially eli-
minating the need for liver transplants[319].

Clinical management of yellow fever
Clinical manifestation: The YFV is predominantly viscerotropic, primarily affecting the liver, as well as organs such as 
the kidneys, spleen, lymph nodes, and heart[241]. The disease classically manifests in three stages: Infection, remission, 
and intoxication. These stages are often not well demarcated[320].

In the first stage, the acute infection phase occurs approximately 3 to 6 days after the mosquito bite, presenting clinical 
characteristics such as high fever (approximately 39 °C), headache, malaise, photophobia, back pain, myalgia, irritability, 
restlessness, nausea, and vomiting, as well as conjunctival infection, white tongue with a red tip, and bradycardia (Faget’s 
sign)[302,321]. During this phase, viremia occurs, where the virus replicates and disseminates through the bloodstream, 
making the host infectious to vectors. Laboratory findings may demonstrate leukopenia, neutropenia, and low C-reactive 
protein; elevated transaminases and proteinuria may also occur. Only about 45% of infected individuals exhibit 
symptoms[322].

Next, the remission stage begins, characterized by a temporary improvement in symptoms, lasting between 12 hours 
and 2 days. The final stage is the intoxication stage, marked by an exacerbated inflammatory response associated with 
hemodynamic collapse, where there is a sudden deterioration of the patient’s clinical condition, with typical signs of liver 
and kidney failure, hemorrhagic fever, and multiple organ dysfunction. Liver dysfunction results from apoptosis with 
limited inflammation and manifests with elevated transaminases and bilirubin, as well as decreased synthesis of 
coagulation factors produced by the liver[241,303]. Patients may present with jaundice, oliguria or anuria, cardiovascular 
instability, and hemorrhagic diathesis[302,321]. Notably, about 12% of infected individuals reach this phase, of which 
approximately 47% succumb to the disease[322].

In the intoxication stage of YF, various laboratory and pathophysiological changes occur that reflect the severity of the 
disease, including thrombocytopenia with platelet counts below 50000 per milliliter; prolonged coagulation time and 
prothrombin time; decreased hepatic coagulation factors; decreased fibrinogen and factor VIII; and elevated fibrin 
degradation products, characteristic of disseminated intravascular coagulation[323,324].

The increase in AST/SGOT can exceed that of ALT/SGPT, which differs from other forms of viral hepatitis and may be 
related to skeletal or cardiac muscle injuries[241,325].

Laboratory diagnosis: Due to the numerous differential diagnoses stemming from the similarity of symptoms with a 
wide range of diseases, such as dengue, leptospirosis, viral hepatitis, malaria, and other hemorrhagic diseases, the clinical 
diagnosis of YF is challenging. Therefore, laboratory confirmation plays an essential role[320]. Laboratory diagnostic 
methods for YF are crucial to accurately identify the infection in suspected cases. According to the WHO, a suspected case 
is defined as any person with an acute onset of fever, accompanied by jaundice within 14 days of the onset of initial 
symptoms[326]. However, this categorization remains restrictive as the disease progresses to jaundice only in its more 
advanced stages (Table 4).

Laboratory tests for YF diagnosis, performed on blood, serum, CSF, urine, or other tissue samples, can be conducted 
through serological methods, viral isolation, viral genome detection, and viral antigen detection[259].

The most commonly used serological procedure is the detection of anti-YFV antibodies by IgM-ELISA, which offers a 
presumptive diagnosis of YF within a few hours[241]. The accuracy of this test for detecting YF is generally regarded as 
high, with a minimum precision of 90%[259]. However, case confirmation requires evaluation of the epidemiological 
context, detailed vaccination history of the individual, timing of sample collection, and potential co-circulation of other 
flaviviruses in the region[259]. It is important to consider that this type of test may present limitations, including cross-
reactions with other flaviviruses and the need for additional confirmation[327].

NS1 antigen capture ELISA assays have proven efficient for early diagnosis of YF, with high sensitivity and no cross-
reactions with other flaviviruses[328]. In serological tests, the PRNT, also known as the virus neutralization test, is more 
specific for the detection of anti-YFV antibodies compared to other assays and is considered the “gold standard” for 
differential diagnosis of flaviviruses[329]. However, the requirement for specific cell culture facilities, standardized 
controls, and well-trained personnel for reproducible results, as well as the 4-7 days needed for result analysis, limit the 
use of this method during outbreaks[320]. Another technique commonly used to identify IgM and IgG antibodies against 
the YFV is the indirect immunofluorescence[330].

For viral genome detection, the RT-PCR technique is highly sensitive, capable of detecting YFV in the early stages of 
infection, even before clinical symptoms manifest. Additionally, RT-PCR can distinguish between wild and vaccine 
strains of YFV, making it useful for monitoring viral spread and evaluating vaccination strategies[331,332]. Furthermore, 
other molecular approaches, such as loop-mediated isothermal amplification (LAMP)[333] and reverse transcription-
mediated amplification (RT-LAMP)[334,335], offer the possibility of rapid and sensitive YFV diagnosis in field settings 
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Table 4 Final case classification of yellow fever

Classification Criteria

Probable case A suspected case and at least one of the following

Presence of YF IgM antibody in the absence of YF immunization within 30 days of illness onset

Epidemiological link to a confirmed case or an outbreak (e.g., household members or persons in close proximity through work, residence 
in past month)

Confirmed 
case

A probable case and at least one of the following

Negative results of differential neutralization testing with flaviviruses endemic in the area of exposure

Seroconversion in appropriately paired samples tested by YF neutralization testing

And absence of YF immunization within 30 days before onset of illness

Or a suspected case and at least one of the following

Detection of YFV genome in blood or other organs by real-time reverse transcriptase polymerase chain reaction

Detection of YF antigen in liver or other organs by immunohistochemistry

Isolation of YF virus

And absence of YF immunization within 14 days before onset of illness

Discarded case A person who tests negative for YF antibody testing (with specimen collected > 7 days post onset)

Or negative immunohistochemistry on tissue samples

YF: Yellow fever; YFV: Yellow fever virus.

without requiring complex equipment.

Treatment, care and prophylaxis in the management of infection: YF presents a significant challenge for healthcare 
professionals, as it is a severe viral hemorrhagic disease requiring early diagnosis despite often having nonspecific 
symptoms. There is no specific therapeutic treatment for YF, and its management relies on supportive care. The Pan 
American Health Organization categorizes YF patients into three groups, corresponding to the classic phases of the 
disease[241] and reflecting its severity: Group A for mild cases, Group B for patients in remission, and Group C for severe 
forms with hepatic and renal complications[336].

Due to the potential for rapid disease progression, it is crucial to monitor the warning signs and risk factors associated 
with YF. For confirmed cases in the infection phase (Group A), attention should be paid to alarm signs such as 
dehydration, vomiting, diarrhea, abdominal pain, and mild bleeding. Clinical findings such as AST levels more than five 
times the upper limit of normal, platelet count below 50000/mm³, and proteinuria are also significant[336]. These 
findings are associated with hepatic damage, hemorrhage risk, and renal impairment[337], respectively. Clinical 
management in this group includes oral and/or intravenous hydration, pain and fever control using dipyrone (maximum 
8 g per day) and acetaminophen (maximum 2 g per day), taking into account the patient’s hepatic condition and avoiding 
the use of NSAIDs. It is noteworthy that these medication recommendations may not be applicable worldwide, as the use 
of dipyrone is restricted in several countries.

For Groups B and C, the required level of attention increases due to the worsening of the patient’s overall condition. 
Severe signs and symptoms at this stage include clinical findings such as jaundice, oliguria, mental confusion, seizures, 
hemorrhagic phenomena, tachypnea, hypotension, and signs of poor blood perfusion. Group B requires hospitalization, 
as patients in this group experience dehydration, multiple episodes of vomiting, nausea, diarrhea, altered urinary output, 
and hemodynamic instability, which may progress to shock. Finally, Group C patients exhibit characteristic signs of 
hepatic failure, acute renal failure, and hepatic encephalopathy, necessitating intensive care unit (ICU) support with 
advanced care[336].

Antiviral therapies have not yet been formally recommended for the treatment of YF. However, there is evidence 
supporting the efficacy of such therapies, including the use of sofosbuvir (an NS5 RNA-dependent RNA polymerase 
inhibitor), an antiviral drug used against hepatitis C, which has demonstrated antiviral activity against YFV in vitro and in 
vivo[338,339]. An off-label cohort study using sofosbuvir in YF patients suggested that this medication reduces the viral 
load of the virus in these patients[340].

Currently, there is no predictive model for the severity and mortality caused by the YFV[336]. However, during the YF 
epidemic in Brazil, several studies evaluated these parameters. A study conducted on patients admitted to a Brazilian 
ICU during the 2017 and 2018 outbreaks indicated that factors such as PT-INR, APACHE II, and grade IV hepatic enceph-
alopathy were significant prognostic indicators of mortality risk, independent of other factors[341]. Another 2018 study in 
São Paulo found that advanced age, high neutrophil count, elevated creatinine, increased AST, and higher viral load were 
independently associated with higher mortality in YF cases[342]. Additionally, another study demonstrated a higher 
mortality rate for patients with a history of diabetes mellitus compared to those without this condition. This study also 
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showed that prophylactic use of anticonvulsants for patients with hepatic encephalopathy or arterial ammonia levels 
above 70 μmol/L reduced the frequency of seizures from 28% to 17%[343]. Furthermore, early aggressive hemodialysis, 
routine use of intravenous proton pump inhibitors, and plasma exchange were found to be beneficial[343].

Vaccines: Currently, all YF vaccines are derived from the 17D vaccine strain. Vaccination is the most important measure 
for preventing YF, being safe, accessible, and capable of providing lifelong immunity with a single dose. The YFV has 
seven genotypes, but only one serotype[241], ensuring that a single vaccine can protect individuals against all genotypes.

The immune response to the attenuated 17D virus (YF-17D) is mediated by both innate and adaptive immune 
mechanisms. The virus induces a strong innate immune response, triggered by the TLR-2, 7, 8, and 9 receptors on 
dendritic cells, leading to the production of pro-inflammatory mediators and type 1 IFNs[295]. The stimulation of these 
receptors induces a balanced Th1 and Th2 immune response[344]. Additionally, pDCs activate downstream signaling 
pathways that contribute to the antiviral state[252]. Notably, the complement system also plays a role in the innate 
immune response[345].

The adaptive immune response is characterized by the rapid and specific production of antibodies. The neutralizing 
IgM antibody is the first to be produced in the humoral response, peaking two weeks after vaccination and persisting for 
at least 18 months[344]. IgG antibodies are produced subsequently and can last up to 40 years in the body[252]. The 
vaccine provides effective immunity for 80%-100% of those vaccinated within 10 days and for over 99% within 30 days
[254].

A randomized study conducted in Uganda demonstrated that a fractional dose (1/5 of the standard dose) was non-
inferior to the standard dose in inducing seroconversion 28 days after vaccination[346]. These findings support the use of 
fractional doses during outbreaks when vaccine demand surges and in endemic regions where there is a shortage of YF 
vaccines.

According to WHO, people who are usually excluded from vaccination include[254]: (1) Infants aged less than 9 
months; (2) Pregnant women-except during a YF outbreak when the risk of infection is high; (3) People with severe 
allergies to egg protein; and (4) People with severe immunodeficiency due to symptomatic HIV/AIDS or other causes, or 
who have a thymus disorder.

Despite the high reliability of the YF-17D vaccine, the occurrence of serious adverse events has been reported. These 
include vaccine-associated neurotropic disease, with a case fatality rate of 63%, and vaccine-associated viscerotropic 
disease, with a case fatality rate of less than 1.5%[241,344]. Additionally, anaphylaxis caused by the egg protein present in 
YF-17D vaccines is also a significant adverse effect[347].

The WHO recommends vaccination against YFV for travelers over nine months of age who are visiting areas at risk of 
YFV transmission. Additionally, with certain exceptions, vaccination is advised for all individuals residing in these 
regions, where it should be part of routine immunization programs. In the event of outbreaks, the WHO advocates for 
mass vaccination campaigns to achieve the necessary coverage to interrupt virus transmission[259] (Table 5).

CHIKUNGUNYA FEVER
CHIKV is a mosquito-borne virus responsible for periodic and explosive outbreaks of a febrile disease that is charac-
terized by severe and sometimes prolonged polyarthritis[348]. CHIKV is in the Togaviridae family, genus Alphavirus. It is a 
small spherical enveloped virus, with a 60-70 nm diameter and its genome is a single strand RNA molecule of positive 
polarity, encoding four nonstructural (nsP1-4) and three structural proteins (C, E1, and E2)[349].

CHIKV is maintained in a complex sylvatic and rural cycle. The sylvatic cycles of CHIKV exist primarily in Africa 
between NHPs, rodents and possibly in bats and forest dwelling Ae. species (Ae. albopictus, Ae. furcifer, Ae. africanus, and 
Ae. taylori)[350]. Regarding rural and urban cycles, CHIKV transmission is primarily sustained within urban envi-
ronments through human-to-human transmission. This occurs predominantly via the bite of infected mosquitoes such as 
Ae. aegypti or Ae. Albopictus[348,351,352].

Recent outbreaks of CHIKV in the Indian Ocean basin and Southeast Asia have been attributed to strains from the 
Indian Ocean lineage, a newly emerged subgroup within the ECSA clade[353]. This subgroup includes strains with an 
adaptive mutation (E1-A226V) that enhances viral fitness in Ae. albopictus mosquitoes, while maintaining replication 
efficiency in Ae. aegypti[354-357].

Thus, the intensification and expansion of vector-borne diseases are likely to become significant threats due to climate 
change. Although complicating factors such as mosquito range limits and viral evolution exist, climate change is expected 
to cause a substantial increase in exposure to Aedes-borne viruses. Moreover, several modeling studies predict that 
climate change will result in the expansion of vectors into temperate zones[358,359].

Despite the low mortality rates associated with CHIKV, it results in significant illness, severely affecting the quality of 
life for those affected and causing substantial economic losses, particularly in developing nations[360]. Recent outbreaks 
have heightened concerns about the potential public health impact of CHIKV in temperate regions. Factors such as 
urbanization, increased human mobility, viral adaptation, inadequate control measures, and the spread of new vectors 
are likely driving the resurgence of CHIKV infections[361].

CHIKV infection typically begins suddenly with a high fever, often accompanied by joint pain. Additional symptoms, 
though less common, can include severe polyarthralgia and arthritis, as well as rash, muscle pain, and headaches[348]. 
Acute symptomatic CHIKV disease often resembles other well-known arbovirus infections, such as DENV and ZIKV 
disease[362]. The simultaneous presence of these viruses in the same area complicates accurate diagnosis, as their 
symptoms can overlap and lead to frequent misdiagnoses.
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Table 5 Yellow fever live-attenuated vaccines phase III and IV clinical trials-ClinicalTrials.gov database

Intervention/treatment ClinicalTrials.gov 
ID Status Phase Sponsor

Biological: 17D Yellow fever vaccine NCT05332197 Unknown 
status

Phase 
3

London School of Hygiene and Tropical 
Medicine

Biological: STAMARIL®/biological: Yellow fever vaccine, bio-
manguinhos/biological: yellow fever vaccine, institut 
pasteur/biological: Yellow fever vaccine, chumakov institute 
(fractional doses)

NCT02991495 Completed Phase 
4

Epicentre

Biological: Yellow fever vaccine, institut pasteur (fractional 
doses)

NCT04059471 Completed Phase 
4

University of Oxford

Biological: 17DD yellow fever vaccine NCT02555072 Completed Phase 
4

The Immunobiological Technology 
Institute (Bio-Manguinhos)/Oswaldo 
Cruz Foundation (Fiocruz)

Biological: SII yellow fever vaccine/biological: STAMARIL® NCT05421611 Recruiting Phase 
3

Serum Institute of India Pvt. Ltd.

Biological: 17D yellow fever vaccine/other: Deuterad water NCT01290055 Recruiting Phase 
4

Sri Edupuganti

Biological: SII yellow fever vaccine/biological: STAMARIL® NCT05447377 Recruiting Phase 
3

Serum Institute of India Pvt. Ltd.

Biological: 17DD yellow fever vaccine (fractional doses) NCT03725618 Unknown 
status

Phase 
4

Centers for Disease Control and 
Prevention

Biological: YF-VAX® NCT00694655 Recruiting Phase 
4

Emory University

Placebo/biological: CYD tetravalent dengue vaccine/biological: 
STAMARIL®

NCT01436396 Completed Phase 
3

Sanofi Pasteur

Biological: YF-VAX® NCT05374317 Completed Phase 
4 

United States Army Medical Research 
Institute of Infectious Diseases

Biological: STAMARIL® NCT01426243 Completed Phase 
3

French National Agency for Research on 
AIDS and Viral Hepatitis

Biological: Yellow fever vaccine/biological: MMR vaccine NCT03368495 Completed Phase 
4

Alba Maria Ropero

Dietary supplement: vitamin A/biological: candidate 
plasmodium falciparum malaria vaccine/biological: MR-
Vac/biological: STAMARIL®

NCT02699099 Completed Phase 
3

GlaxoSmithKline

Biological: 17 DD yellow fever vaccine, biomanguinhos NCT03132311 Recruiting Phase 
4

Oswaldo Cruz Foundation

Biological: Typhoid Vi polysaccharide vaccine/biological: 
Yellow fever vaccine/biological: Japanese encephalitis 
vaccine/biological: Rabies Vaccine/biological: MenACWY-CRM 
vaccine

NCT01466387 Completed Phase 
3

Novartis

Placebo/TAK-003 tetravalent dengue vaccine/YF-17D yellow 
fever vaccine

NCT03342898 Completed Phase 
3

Takeda

Placebo/biological: BCG vaccine/biological: Yellow fever 
vaccine/drug: Vancomycin/drug: neomycin

NCT06148025 Recruiting Phase 
4

South Australian Health and Medical 
Research Institute

Pathogenesis of chikungunya
Viral entry, replication and release: After the skin bite, the CHIKV enters subcutaneous capillaries and replicates in 
variety of susceptible cells, including dendritic cells, macrophages, synovial fibroblasts, ECs, and myocytes[362,363]. 
Additionally, it infects osteoblasts, contributing to the joint pathology and erosive disease observed in chronic arthritis 
patients[364]. To mediate the processes of entry and viral cell-cell spread, the fusion-related envelope glycoproteins of 
CHIKV, especially E1 and E2, expressed on the surface of the virion, are essential[365].

Thereby, multiple pathways and mechanisms are employed for CHIKV entry in a cell-type specific manner[366], such 
as then cell-adhesion molecule, matrix-remodeling-associated protein 8 (MXRA8), a multiple arthritogenic alphavirus 
receptor, widely expressed in epithelial and mesenchymal cells. Through the creation of various deletion variants, it has 
been demonstrated that the stalk region of MXRA8 is crucial for facilitating CHIKV entry as it binds in the ‘‘canyon’’ 
between two protomers of the E spike on the surface of the virion[365,367-369]. Besides, another host protein also 
identified as an entry factor for CHIKV is the CD147 complex, involved in its replication cycle. CD147 is widely expressed 
in various human cell types, including broblast and ECs. Interestingly, CD147 contains similar protein domains and 
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high structural homology as the previously mentioned alphavirus entry factor MXRA8[370].
Glycosaminoglycans were also shown to be host molecules involved in the binding of CHIKV, particularly heparin/

heparan sulfate[371,372]. Some of the other already know CHIKV cell receptors are prohibitin[373], the phospha-
tidylserine receptor TIM-1[374], C-type calcium-dependent lectin DC-SIGN (DC-specic intercellular adhesion molecule-
3-grabbing non-integrin)[375], and, more recently, the four-and-a-half LIM domain protein 1[376].

Furthermore, during the entry process, most reports indicate that CHIKV enters cells via clathrin-mediated endocytosis
[377], although clathrin-independent pathways have been reported to mediate CHIKV entry to the target cells[378]. In 
addition, other pathways such as macropinocytosis[379,380], and the engulfment of apoptotic blebs[381]. Following entry, 
the virus’s incubation period ranges from three to seven days[362].

Upon the early endosome’s formation, clathrin molecules detach from the endocytic vesicle. This detachment, along 
with the endosome’s pH acidification, prompts the fusion of the endosomal membrane with the viral membranes (via the 
E1 protein), leading to the release of genomic RNA. Immediately following this release, the ribosome translates the non-
structural polyproteins (P1234 precursor). Then, the P1234 polyprotein is cleaved by nsP2, liberating the individual non-
structural proteins, which forms the viral replicase complex. Consequently, this complex mediates the synthesis of 
negative-strand RNA, which serves as templates for both new positive-strand RNA and 26S subgenomic RNA. Next, the 
synthesis of these RNA forms takes place in specialized replication compartments known as spherules. The subgenomic 
RNA is then translated into the structural polyprotein precursor C-pE2-6K-E1 in the rough ER. The C protein, containing 
a protease domain, self-cleaves, dissociates from the polyprotein, and assembles with the genomic RNA to form the 
icosahedral nucleocapsid core in the cytoplasm. The pE2-6K-E1 precursor is directed to the RER lumen for maturation, 
culminating in the formation of E1-E2 heterodimers. These heterodimers are inserted into the cell membrane, creating the 
“virus budding microdomain”. Finally, the assembled icosahedral nucleocapsid core migrates to this domain, where new 
viral particles are released extracellularly via the budding process[382-386].

Currently, the precise cellular mechanisms of the disease are still in need of elucidation. Although the structural details 
of the coat glycoproteins essential for viral entry are well understood, the potential target cell receptors and the exact 
mechanism of cell entry remain less well-known[387]. Lastly, numerous cell types, many of which are found at disease 
sites, are susceptible to CHIKV. As previously mentioned, these include chondrocytes, ECs, fibroblasts, hepatocytes, 
macrophages, monocytes, muscle satellite cells, myocytes, and osteoblasts[388-391].

Innate antiviral IFN response: Foremost, CHIKV infection induces systemic innate responses, primarily involving 
antiviral IFN-α, pro-inflammatory cytokines, and chemokines. This process is subsequently followed by the activation of 
adaptive immune responses[392].

When a chikungunya virion infects its initial target cells, it activates specific PRRs for RNA viruses, such as RLRs (RIG-
I and MDA5) in the cytoplasm and TLRs, including TLR-3, TLR-7, and TLR-8 in the endosomal compartment[386,393]. 
This viral recognition initiates the signaling cascade of the innate immune response, activating IFN regulatory factors[394,
395] and leading to the induction of type I-IFNs and various proinammatory chemokines and cytokines. CHIKV 
infection has been demonstrated to induce the increased production of type I IFNs (IFN-α and IFN-β) as well as IFN-γ
[394,396], that ultimately result in the induction of hundreds of ISGs that cooperatively establish an antiviral state within 
the infected and adjacent cells, including inhibition of viral replication and virion maturation[397-399].

Consequently, to persist within infected host cells, CHIKV has developed various strategies to evade IFN responses, 
much like many other viruses, such as CHIKV-encoded proteins strongly inhibiting the activation of the IFN-β and NF-κB 
promoters. Thus, CHIKV-encoded proteins may evade viral detection, resulting in a reduction of IFN responses[400-402].

Analysis of chemokines in CHIKV-infected patients shows a significant increase in IFN-γ-induced chemokines, such as 
CXCL9/MIG and CXCL10/IP-10, during the early days of infection[396]. IFN-γ, a primary cytokine for type 1 T helper 
cells, promotes the production of these chemokines, which are associated with the severity of CHIKV disease[403]. 
Additionally, elevated levels of CCL2/MCP-1, a known monocyte attractant, were detected, suggesting its involvement 
in disease progression and bone loss during chronic stages[404,405]. Furthermore, high levels of C5a anaphylatoxin were 
found early in the infection, a new observation. C5a’s role in inflammation, similar to its effects in rheumatoid arthritis 
and dengue fever, indicates its potential as a therapeutic target for managing rheumatic complications associated with 
CHIKV[406-408].

Adaptative immune response: There is relatively more knowledge about innate immune responses to infection, which 
primarily react to the acute phase of the disease[409]. Research indicates that CD4 T cells are essential for mediating 
humoral immunity against CHIKV[410]. In patients who have chronic chikungunya infection or have recovered from it, 
IFN-γ-producing CD4+ T and CD8+ T cells were detectable in the majority (85%) of the patients 12 to 24 months post-
infection[392]. These T cells were primarily directed against the nsP1 and E2 peptides[411]. However, the pathogenic 
roles of CD4+ T cells have also been demonstrated, as ndings indicate that CD4+ T, and not CD8+ T cells, are 
responsible for the joint inammation induced by CHIKV infection[412].

In patients with acute CHIKV infection, CD8+ T cells were shown to be activated, evidenced by increased expression of 
activation markers such as CD69, CD107a, perforin, and granzyme, which suggests that CD8+ T cells are active during 
the acute phase and mediate cytotoxic activities[413]. Results such as the increased activation of CD8+ T cells in patients 
with acute CHIKV infection, the accumulation of CHIKV-specific CD8+ T cells in mouse spleen and joint-associated 
tissues, and their ability to produce IFN-γ upon ex vivo stimulation, suggest that CD8+ T cells are functionally active 
during the acute phase[414]. However, the fact that these effector T cells did not reduce viremia levels, combined with the 
observation that pre-existing functional effector CD8+ T cells led to CHIKV clearance mainly in the spleen, suggests that 
CHIKV has developed strategies to evade CD8+ T cell recognition, allowing it to establish chronic infection in the joints
[414].
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Antibodies play a crucial role in controlling CHIKV infection[410]. Anti-CHIKV IgM levels gradually increase from as 
early as day 2-4 after symptom onset[415,416] and then remain stable for up to 4 months[417]. Similarly, anti-CHIKV IgG 
can be detected in the early convalescent stage, appearing around 10 days post-symptom onset in some patients, and 
persists for 2-3 months[418]. Early formation of IgG3 antibodies at day 10 correlates with reduced viremia levels and 
mitigates chronic and severe disease[418]. Moreover, early production of IgM antibodies, which possess neutralizing 
capabilities, contributes to lowering viremia levels, and the neutralizing activity of IgM complements early IgG antibodies 
and plays a critical role from days 4 to 10 post-symptom onset[416]. Additionally, the presence of both IgM and IgG is 
associated with modulation of cytokine and chemokine levels, suggesting their role in regulating immune responses in 
CHIKV-infected patients[418,419].

Antibodies directed against the E2 glycoprotein are critical in the immune response to CHIKV infection[410,420-422]. 
Furthermore, studies in CHIKV-infected patients have identified several monoclonal antibodies that neutralize the virus 
by targeting epitopes in the E1 and E2 glycoproteins, with E2-specific antibodies proving effective in protecting against 
lethal chikungunya infection[423]. These antibodies block viral fusion and release from infected cells[420]. Moreover, 
analysis of antibody responses in patients has revealed that CHIKV-specific IgG avidity increases over time, correlating 
with improved neutralizing capacity[414]. Additionally, patients in the acute phase show higher avidity against E1 and 
E2 proteins compared to those with chronic infections[424], suggesting that robust antibody responses may play a crucial 
role in preventing chronic disease progression.

Chronic chikungunya arthritis: It is roughly estimated that 30% to 40% of infected individuals experience some long-
term sequelae. These sequelae include persistent arthralgia and/or arthritis, with severe pain present in about 37% of 
individuals suffering from persistent arthralgia[425]. Factors associated with the persistence of arthralgia in CHIKV-
infected patients have not been fully explored. However, the few available studies indicate that patients over 40 years old, 
females, and those with higher levels of CXCL8 detected during the acute phase of the disease are more likely to 
experience persistent arthralgia[426,427].

Recent studies have identified human synovial tissues as sanctuaries for CHIKV, where viral RNA persists in joint 
fluid[428]. This persistence is thought to contribute to CHIKV -associated arthritis by infecting fibroblast-like 
synoviocytes and promoting the migration of primary human monocytes[429]. These monocytes/macrophages can then 
transform into osteoclast-like cells, producing high levels of TNF-α and IL-6 proinflammatory cytokines.

Despite advancements in our understanding of CHIKV infection, the exact immunopathogenic mechanisms that lead 
to CHIKV-induced arthralgia remain unclear. Cytokines and chemokines are key players in CHIKV immunopathology, 
considering that during the early acute phase, serum proinflammatory cytokines such as IFN-α, IFN-β, IFN-γ, CXCL10/
IP-10, and IL-1β show a strong upregulation. IFN-α is detected early during infection, often on the first day, and its 
concentration correlates with viral load, which is significantly higher in elderly patients[430]. Additionally, the elevation 
of MCP-1, IL-6, IL-8, MIP-1α, and MIP-1β is most prominent in the chronic phase[431].

Furthermore, another study found that levels of CXCL9/MIG and CXCL10/IP-10, along with high concentrations of 
IgG, were associated with severe symptoms in CHIKV patients[432]. Moreover, TNF-α and IFN-γ-secreting NK-like T 
cells were elevated in patients with persistent CHIKV arthralgia[433]. In addition, a systematic meta-analysis of immune 
signatures in patients with acute CHIKV infection showed a correlation between increased proinflammatory cytokines 
and arthralgia[426].

Clinical management of chikungunya
CHIKV infection is typically classified into three stages: The acute stage (lasting from day 1 to day 21), the post-acute 
stage (spanning from day 21 to 3 months), and the chronic stage (lasting beyond 3 months)[434].

Acute phase of infection: During the acute stage, infected patients may undergo a viremic phase lasting 5 to 10 days, 
followed by a post-viremic phase lasting 6 to 21 days[434]. The acute viremic stage of CHIKV infection is characterized by 
an abrupt onset of high-grade fever (often > 39 °C), arthralgia, myalgia, headache, fatigue, nausea, vomiting, and arthritis. 
Additionally, other symptoms such as conjunctivitis, exanthema, and edema may also occur. The exanthema can manifest 
as a diffuse or focal skin rash. Despite these symptoms, the disease is self-limiting, and in most patients, it resolves within 
7-10 days[430,435].

In the post-acute phase, symptoms exhibit diverse manifestations stemming from persistent initial acute symptoms, 
such as joint issues and fatigue, while fever typically subsides[436]. Additionally, polyarthritis tends to affect both sides 
of the body symmetrically, involving both small and large joints like knees, ankles, hands, and wrists and there may be 
periarticular involvement, including enthesitis, tenosynovitis, and bursitis[437,438]. Furthermore, acute CHIKV infection 
can potentially exacerbate pre-existing autoimmune arthritis[439].

Severe symptoms affecting vital organs can develop during CHIKV infection, including encephalitis, encephalopathy, 
and neuro-ocular diseases (such as uveitis, retinitis, and optic neuritis), as well as myelopathy and myelitis, Guillain-
Barré syndrome, myocarditis, hepatitis, acute interstitial nephritis, severe sepsis, septic shock, and multi-organ failure
[440-442]. Furthermore, individuals with comorbidities, the elderly, and infants are at a higher risk for these severe 
symptoms[442-444]. Additionally, perinatal CHIKV infection can result in sequelae such as microcephaly, cerebral palsy, 
and neurocognitive impairment[445].

Chronic or persistent phase of infection: The chronic stage of CHIKV infection is marked by symptoms that persist for 
over three months following the initial diagnosis of acute infection. Specifically, this chronic phase often affects distal 
joints due to continuous viral replication and inflammation. Moreover, the virus has been detected in several organs, 
including ECs in the liver, mononuclear cells in the spleen, macrophages in the synovial fluid and surrounding tissues, 
and satellite cells in the muscles[348].
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Table 6 Chikungunya vaccines currently in clinical trials-clinicalTrials.gov database

Vaccine technology 
platforms Intervention/treatment ClinicalTrials.gov 

ID Phase Status Sponsor

Biological: VRC-CHKVLP059-00-VP NCT01489358 1 Completed NIAID

Biological: PXVX0317 NCT03992872 2 Completed Bavarian Nordic

Biological: CHIKV VLP/adjuvant NCT05072080 3 Completed Bavarian Nordic

Virus-like particle vaccine

Biological: VRC-CHKVLP059-00-VP NCT02562482 2 Completed NIAID

Biological: MV-CHIK/ Biological: MMR-
vaccine

NCT03101111 2 Completed Themis Bioscience GmbHViral vectored vaccine

Biological: ChAdOx1 Chik NCT04440774 1 Completed University of Oxford

Biological: VLA1553 NCT04650399 3 Completed Butantan Institute

Biological: VLA1553 NCT03382964 1 Completed Valneva Austria GmbH

Live attenuated vaccine

Biological: V184 NCT03807843 2 Completed Themis Bioscience GmbH

Inactivated whole virion 
vaccine

Biological: BBV87 NCT04566484 3 Completed International Vaccine 
Institute

NIAID: National Institute of Allergy and Infectious Diseases.

During the chronic stage, patients can suffer from unpredictable relapses of fever, fatigue, joint pain, and stiffness[446,
447]. Furthermore, older individuals and those with a history of rheumatic or traumatic joint disorders are more likely to 
develop this chronic phase[447]. Age, female sex, and dehydration state during the acute phase are also important factors
[448].

Diagnosis: The diagnosis of CHIKV infection can be conducted using various methods, including viral isolation, 
serological assays, and RNA detection through real-time quantitative reverse transcriptase PCR (qRT-PCR)[449]. RT-PCR 
and virus isolation are most effective when conducted near the onset of febrile illness, when viremia is at its peak. 
Serological tests to detect IgM and IgG antibodies are best performed approximately seven days after the onset of 
symptoms[386].

Diagnosing CHIKV infection solely based on clinical symptoms poses significant challenges, particularly in endemic 
regions where other arboviruses like DENV and ZIKV are also circulating. Healthcare providers should consider CHIKV 
infection in patients exhibiting acute febrile illness and polyarthralgia, especially among travelers returning from areas 
known for CHIKV transmission[386].

Virus isolation through cell culture is considered the gold standard for viral detection due to its high specificity[447]. 
To isolate CHIKV, various cell lines from humans, monkeys, and mosquitoes have been utilized[450]. CHIKV infection 
typically results in a noticeable CPE in culture, which can be observed as early as 24 hours after infection[363].

Nucleic acid detection is a rapid and highly sensitive assay used to diagnose CHIKV infection. One common method is 
qRT-PCR, which detects the CHIKV genome[451-454]. This technique can also be employed in multiplex PCR assays to 
simultaneously detect other arboviruses, including ZIKV[454]. A conserved region of the envelope E1 and E2 genes is the 
most common target for qRT-PCR, and other targets include nsP1 and nsP4 genes[451,452,455]. The viral RNA of CHIKV 
can be detected by the qRT-PCR method from 0 to 7 days of infection, after which qRT-PCR detection becomes unreliable
[456].

Serological testing, simpler than qRT-PCR, can detect anti-CHIKV immunoglobulin M (IgM) and IgG. These antibodies 
are detectable using ELISA, immunouorescence assays (IFA), and PRNT[457]. Among these, IgM ELISA is the most 
frequently utilized method for diagnosing CHIKV infection[458]. Serology-based diagnosis is constrained by potential 
cross-reactivity with other arboviruses[459]. CHIKV shares antigenic similarities with other viruses in the Alphavirus 
genus, such as Semliki forest virus, Mayaro virus, and o’nyong nyong virus[460].

A systematic review and meta-analysis found that IgM detection tests demonstrated over 90% diagnostic accuracy for 
ELISA-based tests, IFA, in-house developed tests, and samples collected more than seven days after symptom onset. 
However, sensitivity was lower for rapid tests (42.3%), commercial tests (78.6%), and samples collected within seven days 
before symptom onset (26.2%). Therefore, IgM detection tests are particularly recommended for use with samples 
obtained during the convalescent phase of CHIKV infection. The specificity of IgM detection tests remained above 90% 
across all test formats and sample collection times[461].

Serological tests for CHIKV E1/E2 antigen detection, including rapid assays[461,462], ELISA-based tests[456], and 
FLISA-based tests[458] have shown promising performance. However, challenges in developing antigen-based tests 
include variability in performance across different CHIKV genotypes[463]. Therefore, further evaluation in diverse 
geographical settings is crucial to validate these tests against all circulating CHIKV genotypes.

Treatment: At present, treatment for chikungunya primarily aims to alleviate symptoms, as there is no dedicated vaccine 
or specific treatment available. As a result, a range of drugs have been utilized with mixed effectiveness, primarily 
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targeting supportive care and the reduction of joint pain. It should be tailored to the clinical context and targeted at 
specific risk groups, focusing on managing fever and pain, addressing dehydration, providing organ support, and 
preventing iatrogenic complications and functional impairment[464]. Key pharmaceutical treatments for chikungunya 
include NSAIDs, disease-modifying antirheumatic drugs, and antivirals[465].

Analgesia using acetaminophen is the preferred treatment. Avoiding NSAIDs and salicylates within the initial 14 days 
of disease onset is advised due to the risk of bleeding complications associated with dengue fever, unless dengue has 
been definitively ruled out[464]. No specific NSAID class has demonstrated superiority in effectively managing post-
chikungunya symptoms. In cases where conditions such as tenosynovitis, bursitis, tunnel syndrome, capsulitis, or 
synovitis are not adequately controlled by oral treatments, local anti-inflammatory therapy (either topical or via infilt-
ration) should be prescribed to minimize excessive systemic medication use[434].

The use of corticosteroids is not recommended due to the risk of severe rebound arthritis and tenosynovitis. Therefore, 
systemic corticosteroids should only be considered for treating inflammatory polyarticular presentations, particularly 
when there is concurrent tenosynovitis or active synovitis, or when NSAIDs are ineffective or contraindicated[460].

In animal models of CHIKV infection, the use of CHIKV IgG or CHIKV-specific monoclonal antibodies for prophylaxis 
has demonstrated protective effects[466]. This highlights the potential of antibody-based therapies as a promising 
strategy for preventing severe CHIKV infection in at-risk individuals.

In cell-based screenings aimed at combating CHIKV infection, several drugs with antiviral properties have been 
identified. These drugs target distinct stages of the CHIKV replication cycle: Chloroquine[467] and chlorpromazine[468] 
act on virus entry, while harringtonine and homoharringtonine[469] affect viral protein translation. Others, such as 
trigocherriolide A[470], ribavirin[471], IFN-alpha[472], apigenin, and silybin[468], and inhibit virus replication.

Vaccines: Given the rapid spread of CHIKV across many countries, vaccinating the susceptible population remains the 
most effective method to control infection. CHIKV preclinical candidate vaccines under development encompass a 
variety of approaches, including a whole-virus inactivated vaccine[473], a VEE/CHIKV chimeric vaccine[474], a re-
combinant adenovirus vectored vaccine[475], a DNA-based CHIKV vaccine[476], a VLP vaccine[477], and a live-atte-
nuated vaccine designed to elicit robust and enduring immune responses[478] (Table 6).

The leading vaccine candidate, a live-attenuated Δ5nsP3 (Valneva), has successfully completed Phase III trials and is 
now in the process of obtaining licensure. This vaccine stands out due to its superiority over single-dose regimens, 
achieving a remarkable 98.9% seroconversion in adults and older adults. It holds potential benefits for travelers planning 
to visit endemic areas. Nevertheless, further research is needed to determine its effectiveness in providing protection 
within endemic regions[479-481].

Another vaccine candidate, the adjuvanted VLP (CHIKV VLP) PXVX0317PXV, is non-self-replicating and known for its 
ability to elicit robust immunogenicity. However, it necessitates two doses, and the ongoing trial does not include 
participants from endemic areas. Therefore, this vaccine might be a viable option for immunocompromised individuals
[482-485].

CONCLUSION
In summary, DENV, ZIKV, YFV, and CHIKV share several common characteristics, including their protein structure, 
tropism, evasion of the immune response, and various symptoms such as fever and rash. Moreover, they often have 
common transmission vectors and can exhibit cross-reactions in laboratory tests. Nonetheless, their individualities can 
significantly aid in differential diagnosis, necessitating healthcare professionals to adopt a clinical management approach 
tailored to the patients’ symptoms and to prevent potential complications typically associated with a specific virus. For 
example, dengue is often correlated with hemorrhages, Zika with microcephaly, YFV with hepatitis, and CHIKV with 
polyarthralgia.

However, it is essential to highlight that the immune response of each patient and their symptoms are not always clear, 
and symptoms more commonly associated with one viral infection can also be present in others. Therefore, laboratory 
and epidemiological diagnoses, considering local endemics and current outbreaks, are crucial in accurately diagnosing 
the aforementioned arboviruses.
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Abstract
Human immunodeficiency virus (HIV) modifies CD4-positive cells, resulting in 
immunodeficiency and a wide range of gastrointestinal (GI) manifestations. The 
burden of HIV-related GI illnesses has significantly evolved with the widespread 
use of antiretroviral therapy (ART). While ART has effectively reduced the 
occurrence of opportunistic infections, it has led to an increase in therapy-related 
GI illnesses. Common esophageal conditions in HIV patients include gastroeso-
phageal reflux disease, idiopathic esophageal ulcers, herpes simplex virus, 
cytomegalovirus (CMV), and candidal esophagitis. Kaposi’s sarcoma, a hallmark 
of acquired immunodeficiency syndrome, may affect the entire GI system. 
Gastritis and peptic ulcer disease are also frequently seen in patients with HIV. 
Diarrhea, often linked to both opportunistic infections and ART, requires careful 
evaluation. Bloody diarrhea, often a sign of colitis caused by bacterial infections 
such as Shigella or Clostridium difficile, is prevalent. Small bowel lymphoma, 
although rare, is increasing in prevalence. Anorectal disorders, including proctitis, 
fissures, and anal squamous cell carcinoma, are particularly relevant in homo-
sexual men, underlining the importance of timely diagnosis. This review compre-
hensively explores the epidemiology, pathogenesis, and treatment considerations 
for the various GI disorders associated with HIV, highlighting the importance of 
accurate diagnosis and effective treatment to improve outcomes for HIV-infected 
patients.

https://www.f6publishing.com
https://dx.doi.org/10.5501/wjv.v14.i1.99249
mailto:aalamsohal@gmail.com


Moliya P et al. GI manifestation of HIV

WJV https://www.wjgnet.com 2 March 25, 2025 Volume 14 Issue 1

Key Words: Human immunodeficiency virus; Opportunistic infections; Antiretroviral treatment; Gastrointestinal

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Human immunodeficiency virus (HIV) modifies CD4-positive cells, causing immunodeficiency and leading to 
various gastrointestinal (GI) issues. Highly active antiretroviral therapy (ART) has shifted the burden of HIV-related GI 
illnesses, reducing opportunistic infections while increasing GI problems associated with therapy, such as gastroesophageal 
reflux disease, non-infectious diarrhea, and HIV enteropathy. Diarrhea, linked to both infections and ART, requires careful 
evaluation to identify the etiology. Conditions such as colitis-related bloody diarrhea, small bowel lymphoma, and anorectal 
disorders, including proctitis and anal squamous cell carcinoma, also require timely diagnosis and management, especially in 
at-risk populations.
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INTRODUCTION
The epidemiology of human immunodeficiency virus (HIV) has changed significantly over the past few decades, partic-
ularly with the introduction and widespread adoption of active antiretroviral therapy (ART). As of 2017, an estimated 
36.8 million people worldwide were living with HIV, with the highest prevalence in southern sub-Saharan Africa. The 
incidence of new HIV cases peaked in 1999 at 3.16 million but decreased to 1.94 million by 2017. Similarly, HIV-related 
mortality reached its highest point in 2006 with 1.95 million deaths, dropping to 0.95 million deaths by 2017[1]. HIV 
interacts with host cells that express the CD4 surface glycoprotein in order to be recognized, making CD4-expressing T 
cells and macrophages the main targets of the virus. The envelope glycoprotein on the viral surface facilitates viral entry 
into host cells. Chemokine coreceptors, CCR5 and CXCR4, present on the host cell surface, induce a conformational 
change in the envelope protein, resulting in the fusion of viral and host cell membranes. This membrane fusion releases 
the viral capsid into the host cell. HIV manipulates these CD4-positive cells to facilitate its multiplication, resulting in 
their elimination, disruption of T cell homeostasis, and subsequent immunodeficiency[2].

Multiple opportunistic infections and some cancers are characteristics of AIDS that clearly define it as a disease based 
on cell-mediated immunity. HIV can cause a wide range of conditions in the gastrointestinal (GI) tract, leading to 
symptoms ranging from dysphagia to bloody diarrhea and tenesmus. GI problems are quite prevalent in HIV patients 
and might result from immunosuppressed states that make them more vulnerable to opportunistic infections, 
medication-induced consequences, or other underlying etiologies. It has been suggested that more than 70% of the 
patients will have GI manifestations during their disease course[3]. HIV-related GI disorders have changed significantly 
since the mid-1990s with the introduction of highly ART. As of now, 50%-70% of HIV patients reported GI symptoms. 
With the increased use of ART, the prevalence of opportunistic infections has declined, changing the burden of GI 
diseases in HIV patients.

In addition to the increased risk of infections, HIV may also lead to the development of tumors secondary to 
immunosuppression. HIV-associated neoplasms and infections are the two primary categories of these GI illnesses. 
Squamous cell carcinoma, non-Hodgkin's lymphoma, and Kaposi sarcoma (KS) are examples of HIV-acquired neoplasms, 
while common infections include ailments like cytomegalovirus and tuberculosis (TB)[4,5]. The presentation of these 
disorders varies significantly leading to much diagnostic confusion. Anorectal disorders are also common, which may 
present as tumors, warts, ulcers, and infections in the anorectal area[6]. The complex link between HIV infection and GI 
diseases is highlighted by these clinical problems, underscoring the need for a thorough knowledge of these manifest-
ations to effectively treat patients and improve their quality of life.

To diagnose the underlying illness and provide the right medication, HIV patients who appear with GI problems must 
be evaluated using a comprehensive strategy that includes a full medical history, a thorough physical examination, and 
targeted diagnostic testing[3]. This review aims to provide insight into the dynamic nature of HIV-related GI illnesses and 
the critical role that contemporary diagnostic and treatment approaches play in the management of this condition.

The objective of conducting this literature review was to assess the various GI manifestations noted in HIV patients. 
Various databases, including PubMed, Google Scholar, EMBASE and MEDLINE, were used (from Inception to May 2024) 
to locate sources for this literary analysis. Search terms used for this review included “HIV” “gastrointestinal manifest-
ations” “antiretroviral therapy” “opportunistic infections” “esophagitis” “Kaposi’s sarcoma” and “diarrhea”. The studies 
were reviewed by two independent authors (Moliya P and Singh A), and if there was any conflict regarding the 
inclusion/exclusion of the study in the literature review, the opinion of the third author (Sohal A) was taken into account. 
Studies were included if they focused on GI disorders in HIV patients and were published in English. Exclusion criteria 
were studies not focusing on HIV-associated GI conditions or those with incomplete data. To minimize selection bias, 
studies were evaluated based on their relevance, quality, and recency.
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ESOPHAGEAL MANIFESTATIONS IN HIV
Patients with HIV/acquired immunodeficiency syndrome (AIDS) often exhibit various upper GI symptoms, ranging 
from odynophagia (discomfort on swallowing) to dysphagia (trouble swallowing). Opportunistic infections are more 
prevalent in HIV patients with low CD4 counts and the severity of the symptoms is directly correlated with CD4 count. 
The most common opportunistic manifestations in the esophagus include Herpes simplex virus (HSV), cytomegalovirus 
(CMV), and Candida species[7]. Additionally, HIV patients may also be affected by a disorder called idiopathic 
esophageal ulcers (IEU), which may be brought on by immunological factors or direct consequences of HIV. Non-
infectious conditions and malignancies such as lymphoma and Kaposi's sarcoma are also possible manifestations. Before 
the advent of ART, the burden of esophageal manifestations secondary to opportunistic infections was high. However, 
after the advent of ART and protease inhibitors (PIs) in 1996, there has been an observed increase in esophageal 
conditions such as gastroesophageal reflux disease (GERD), Pill esophagitis, etc. in this patient population[8].

While odynophagia is usually a sign of esophageal ulcerative illness, dysphagia is often linked to candidal esophagitis
[9]. Considering that some patients with HIV may have both odynophagia and dysphagia, a thorough evaluation is 
essential (Figure 1, Table 1).

Candidal esophagitis
The most frequent cause of esophagitis in HIV patients is candidal esophagitis with the prevalence of Candidal 
esophagitis being 11.2% in HIV-infected patients while 2.9% in non-HIV-infected patients[10]. Although other Candida 
species may potentially infect the esophagus, Candida albicans are often the culprit, accounting for 88% of cases. Patients 
who have esophageal symptoms, particularly dysphagia, odynophagia, and retrosternal pain with a CD4+ lymphocyte 
count of less than 100 cells/μL, should be suspected of having this condition. Systemic antifungals like Fluconazole are 
useful empirical therapy with 82% of patients showing improvement[11]. Fluconazole is taken orally in loading doses of 
200 mg and then 100 mg every day for a period of 10 to 14 days[12]. A two-week regimen of isavuconazole, administered 
orally, is as effective as fluconazole for treating uncomplicated esophageal candidiasis. This regimen includes options for 
a loading dose of 200 mg followed by 50 mg daily, a loading dose of 400 mg followed by 100 mg daily, or 400 mg weekly
[13]. However, patients with severe dysphagia may face challenges swallowing oral drugs.

While symptoms of esophageal candidiasis can be mimicked by infections such as CMV or HSV esophagitis, initiating 
antifungal therapy is generally recommended as both a diagnostic and therapeutic approach before considering 
endoscopy. If there is no response to the antifungal treatment, endoscopy is recommended to investigate other causes of 
esophagitis or drug-resistant Candida (Figure 1). Most patients respond quickly to antifungal therapy; signs and 
symptoms typically improve within 48 to 72 hours. The refractory disease affects around 4% to 5% of HIV-positive 
patients with esophageal candidiasis, particularly those with CD4 counts below 50 cells/mm³ and extensive azole 
treatment history. For such cases, Posaconazole oral suspension (400 mg twice daily for 28 days) is effective in 75% of 
patients. Alternatives include anidulafungin, caspofungin, micafungin, or voriconazole for azole-refractory esophageal 
candidiasis[14].

CMV esophagitis
CMV is the most frequent viral opportunistic infection in individuals with AIDS, with the esophagus being the second 
most commonly affected site in the GI tract after the colon. Patients are most vulnerable to opportunistic infections when 
their CD4+ T lymphocyte cell count falls below 50 cells/mm3[15]. Dysphagia and odynophagia are symptoms associated 
with CMV esophagitis. Endoscopy and biopsy are the gold standard for diagnosing the condition, which might reveal 
well-demarcated, vertical, single, or multiple ulcers or widespread esophagitis at the mid to distal esophagus. The 
primary treatments for CMV esophagitis are ganciclovir and valganciclovir. Treatment begins with induction therapy 
using intravenous ganciclovir at 10-15 mg/kg daily in divided doses for 3 to 6 weeks, depending on the patient's 
condition. Maintenance therapy involves daily intravenous ganciclovir at 5 mg/kg, particularly for those with concurrent 
retinitis or recurring symptoms. Relapse is common due to underlying severe immune deficiency, and treatment 
suppresses rather than eradicates the virus. If resistance develops, foscarnet is an alternative, and in patients with 
monotherapy, combination therapy with ganciclovir and foscarnet is beneficial[16]. CMV esophagitis in immunocom-
promised patients is associated with considerable morbidity and mortality, with some studies indicating up to a 25% 
mortality rate within one year[17].

HSV esophagitis
HSV esophagitis mostly occurs in immunocompromised hosts, particularly HIV patients, and it mostly co-exists with 
herpes labialis or oropharyngeal ulcers; it is rare in immunocompetent patients. Most cases of HSV esophagitis typically 
occur at an average age of 35 years, mainly in males, and are caused by HSV-1, though a few cases of HSV-2 esophagitis 
have also been reported[18]. HSV esophagitis may present either as a primary infection or as a reactivation, typically 
featuring acute systemic symptoms and widespread erosive-ulcerative lesions in the mid to distal esophagus. Patients 
often experience an initial prodrome of systemic symptoms such as fever, nausea, or vomiting, which precedes the onset 
of esophageal symptoms. The GI manifestations commonly include odynophagia, dysphagia, heartburn, epigastric pain, 
and occasionally atypical symptoms such as chest pain.

HSV esophagitis is typically identified through endoscopic findings, with further confirmation from histopathology. 
Endoscopically, it appears as fragile mucosa dotted with distinct vesicles and “volcano” ulcers, usually 1-3 mm in size, 
predominantly located in the distal esophagus. For the most accurate diagnostic results, biopsies should be taken from 
the ulcer margins, where signs of viral activity are most evident. Histological examination often reveals multinucleated 
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Table 1 Various esophageal manifestations in patients with human immunodeficiency virus

Type CD4 
counts

Endoscopic 
findings Biopsy findings First line therapy Alternative treatment(s)

Candidal 
esophagitis

< 
200/uL

White plaques, 
exudates, mucosal 
lesions

Yeast with pseudohyphae, 
parakeratosis

Fluconazole: 200 mg loading 
dose, followed by 100 mg 
daily for 10-14 days

Isavuconazole: (200 mg load, then 50 mg 
daily; 400 mg load, then 100 mg daily; or 
400 mg weekly), posaconazole for 
refractory cases (400 mg twice daily for 
28 days)

CMV 
esophagitis

< 50/uL Well-demarcated 
vertical ulcers, single 
or multiple

Intracellular: Inclusions 
with clear halo- “owl's 
eye" appearance

Ganciclovir: 10-15 mg/kg 
daily in divided doses for 3-6 
weeks

Valganciclovir (oral), foscarnet for 
resistance, combination therapy with 
ganciclovir and foscarnet in case of 
failure

HSV 
esophagitis

< 
200/uL

Fragile mucosa with 
distinct vesicles and 
“volcano” ulcers

Multinucleated giant cells, 
cowdry a inclusion bodies

Acyclovir 200 mg five times a 
day or 400 mg three times a 
day for 7-10 days

Famciclovir, valacyclovir

Idiopathic 
esophageal 
ulcers

Large single ulcers, 
profound depth, 
located mid-
esophagus

Negative for infections or 
malignancy

Oral steroids dosages vary 
based on severity and patient 
response

Thalidomide (as a therapeutic trial in 
severe cases)

Pill 
esophagitis

Varied ulcerations 
along the esophageal 
lining

Granulation tissue, 
necrotic squamous 
epithelium, and intrae-
pithelial eosinophils

Behavioral changes like taking 
medication with enough 
water, avoiding lying down 
immediately after taking pills

Prevention is key; treatment focuses on 
behavioral changes)

Figure 1 Clinical strategy for management of human immunodeficiency virus positive patients presenting with complaints of dysphagia 
and odynophagia. EGD: Esophagogastroduodenoscopy.

giant cells with ground-glass nuclei and eosinophilic inclusions, which are characteristic of this condition. Acute HSV-1 
infections can be identified through serological analysis, showing positive IgM and negative IgG. This pattern may also 
be observed in HSV-2 infections, though less frequently[18]. A treatment course with oral acyclovir 200 mg five times a 
day or 400 mg three times a day for 7-10 days can lead to faster improvement. Famciclovir (500 mg two times daily) or 
Valacyclovir (1 g two times daily) can also be considered alternative oral therapy, although there is limited experience 
with these drugs in HSV esophagitis[18,19].

IEUs
IEUs occur in around 10% of HIV patients, either during acute retroviral syndrome or in advanced HIV (CD4 < 50/uL) 
due to severe immunodeficiency. They are typically seen in the middle esophagus and present as a single ulcer that is 
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enormous (5-10 cm) in size, oval, and has a profound depth. The exact pathogenesis is unknown, and the diagnosis is 
based on exclusion, necessitating repeated negative biopsies that are negative for infectious processes. Odynophagia is 
the main symptom of IEUs. A review of the current literature shows that there are no prospective, placebo-controlled, 
randomized, double-blind trials on the specific therapy of IEU, but according to case reports, oral corticosteroid treatment 
appears to be a reliable and secure therapy for HIV-related IEU. The response rate to steroids can be 92%-96%. Altern-
atively, thalidomide 200 mg orally daily for a 28-day course has been reported to be effective[20].

Pill esophagitis
Pill-induced esophagitis in HIV patients is an under-recognized condition that requires greater awareness among 
healthcare providers. Often, the high burden of antiretroviral treatment, combined with improper techniques like taking 
pills before sleeping or lying down and insufficient water intake, leads to damage to the esophageal mucosal lining. 
Zidovudine, Didanosine, and Stavudine, commonly used in highly ART (HAART), can lead to esophagitis. Common 
symptoms include dysphagia, odynophagia, chest discomfort, heartburn, and retrosternal irritation. To reduce the risk of 
such injuries, it is crucial for patients to take medications with plenty of water and to remain upright–sitting or 
standing–for at least 30 minutes afterward[21].

Esophageal malignancies and other conditions
Esophageal malignancies, such as KS and lymphoma, provide a major challenge to HIV patients because of their 
aggressive nature and complicated therapy. KS is the most common GI malignancy in AIDS, affecting 40% of patients, 
and is often asymptomatic[22]. The best imaging modality for diagnosing GI KS is port venous-enhanced computed 
tomography (CT). CT scans of individuals with disseminated illness show enhanced lymph nodes in around 80% of cases
[23]. KS masses usually have a polypoid appearance and are usually less than 3 cm, while bigger masses may sometimes 
arise. Radiological evaluations, endoscopy, and biopsy are necessary for the diagnosis. Radiation treatment, 
chemotherapy, surgery, and antiretroviral therapy are examples of management techniques[24].

In addition to infections and ulcers, HIV patients may also have problems with neuropathic pain and esophageal 
motility. HIV neuropathy can lead to GI discomfort and is usually managed symptomatically with metoclopramide and 
other prokinetic medicines. HIV's neurotrophic properties may also cause irregularities in esophageal motility, which can 
lead to autonomic dysfunction in the GI, and neurologic plexus[25].

GASTRIC DISORDERS
While the stomach is usually unaffected by opportunistic infections, HIV patients often experience abdominal discomfort, 
nausea, or vomiting. Common gastric conditions in these patients, like the general population, include gastritis, GERD, 
and peptic ulcer[26]. The incidence of Helicobacter pylori, a frequent cause of PUD in non-HIV positive people, seems to be 
lower in HIV patients; instead, CMV is the leading cause of peptic ulcer disease in these patients. Chronic gastritis is a 
common finding, however, the incidence of acute gastritis in the gastric antrum is lower in severely immunodeficient 
patients compared to their HIV-negative counterparts[27]. These patients also have concurrent elevated pH, which 
influences drug absorption and can predispose patients to gastric colonization by pathogens like Candida albicans[28]. 
Proton-pump inhibitors and histamine-2 blockers which are commonly used for symptomatic management might also 
interfere with HAART[8]. Thus, caution must be given when prescribing these Dyspepsia is a prevalent complaint among 
HIV-infected individuals on HAART, often accompanied by mucosal alterations such as erythema, erosion, and ulcers 
upon endoscopic evaluation[29]. Despite these observations, conflicting findings exist regarding the extent of gastric acid 
impairment in non-AIDS HIV-1-infected individuals. While some studies have reported no significant alterations, others 
have documented notable changes in reduced gastric acid output[30].

Studies have also shown that patients with HIV have motor activity disturbances secondary to damage to the 
peripheral and central autonomic nervous system. As a result, various patterns of gastric emptying, with delayed 
emptying of solids and accelerated emptying of liquids, have been observed in HIV-positive individuals compared to 
healthy controls[31]. The other common gastric pathologies include gastric lymphoma, KS, and a few opportunistic 
infections (including CMV, TB, toxoplasmosis, and cryptococcosis)[26]. GI toxoplasmosis is relatively rare, affecting only 
6%-20% of patients with disseminated disease. The symptoms can range from diarrhea and abdominal pain to nausea, 
vomiting, anorexia, and ascites. Typical endoscopic findings include thickened gastric folds, ulcerative lesions, and 
general inflammation[32]. Gastric cryptococcus is primarily asymptomatic but, when symptoms do occur, it includes 
odynophagia, diarrhea, nausea, vomiting, and melena. Gastric cryptococcus is most identified during post-mortem 
autopsies[33].

DIARRHEA IN HIV PATIENTS
Acute and chronic diarrhea are major complications of HIV infection and AIDS, which leads to significant morbidity and 
increased healthcare costs[34,35]. Diarrhea has been noted in up to 50% of the AIDS patients in North America, with 
numbers approaching 100% in the developing world. Previous studies have shown that patients are more likely to 
experience diarrhea compared to patients without HIV (28% vs 7%, P < 0.001)[34]. The etiology of diarrhea in HIV-
infected patients is multi-factorial. Infections, HIV-enteropathy, HAART-associated diarrhea, autonomic neuropathy, and 
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chronic pancreatitis are among the common causes (Table 2). With the introduction of ART, a decline in infectious 
diarrhea along with a rise in non-infectious diarrhea has been noted. In this section, we will focus on infectious etiologies 
and HAART-associated diarrhea[35]. The impact on quality of life is illustrated in a national survey in which 40% of HIV 
patients reported that diarrhea negatively affected their social lives, causing them to alter their daily schedules and 
develop feelings of shame. Therefore, thorough workup is essential when an HIV patient presents with diarrhea 
(Figure 2).

Infectious diarrhea
Previous studies have noted that approximately 44% to 82% of cases of chronic diarrhea in HIV patients have an identi-
fiable infectious etiology[36-39]. However, in resource risk settings, the infectious etiology has been noted in as low as 
12% of patients with diarrhea[40]. However, infections continue to be highly endemic in resource-limited settings, with 
chronic diarrheal disease being used as a predictor for HIV-seropositivity in certain populations. Table 2 highlights the 
various infectious causes of diarrhea in HIV patients along with the recommended management options.

HAART-associated diarrhea
Since the introduction of HAART therapy, there has been a significant reduction in the incidence of infectious diarrhea. 
However, at the same time, there has been a steady increase in the incidence of medication-induced, such that it is the 
leading diagnostic consideration when diarrhea is the sole complaint, particularly when there is a temporal association
[40]. Up to 12.5% of patients taking post-exposure prophylaxis experience diarrhea[41]. GI complications continue to be 
one of the major reasons for discontinuing retroviral treatment and associated reduced quality of life. Up to 19% of the 
patients treated with HAART reported moderate to potentially life-threatening diarrhea, which can be related to the 
study drug[42].

Diarrhea has been noted with all main classes of ARVs: Nucleoside reverse transcriptase inhibitors, non-nucleoside 
reverse transcriptase inhibitor, PIs, and integrase inhibitors[43,44]. Among these medications, ritonavir, which is used in 
combination with other PIs, is most commonly associated with diarrhea. Lopinavir/ritonavir and fosamprenavir/
ritonavir have been noted to have the highest incidence (10%-15%) compared to the other combinations[45,46]. Poor 
adherence and switching regimes also increase the risk of development of resistance to virological treatment. Various 
mechanisms have been proposed for the occurrence of diarrhea. Nefinavir is noted to enhance calcium signaling in the 
secretory epithelial cells leading to the loss of chloride ions across the epithelial membrane, leading to secretory diarrhea
[47]. Ritonavir on the other hand has demonstrated cell apoptosis and disruption of intestinal epithelial barrier integrity 
leading to diarrhea[48].

Management options included probiotics, antimotility, and antisecretory agents. Crofelemer is an antisecretory drug 
that inhibits chloride channels in the gut, which are responsible for large-volume water loss. In a randomized controlled 
trial of 376 HIV patients on HAART, Crofelemer was noted to significantly reduce diarrheal symptoms compared with 
placebo (clinical response defined as ≤ 2 watery stools/week during ≥ 2 of 4 weeks; 17.6 vs 8.0%; P ¼ 0.01)[49]. Pharma-
cokinetic studies have shown that systemic absorption of Crofelemer is minimal, with over 95% of subjects having serum 
levels below the quantifiable threshold[50]. Importantly, Crofelemer does not exhibit significant interactions with antiret-
roviral therapies[51].

HIV enteropathy
HIV enteropathy is an idiopathic form of diarrhea in HIV-infected individuals, characterized by the absence of identi-
fiable pathogens and diagnosed by exclusion. It is associated with increased inflammation and immune activation and 
decreased mucosal repair and regeneration. It is also known as the ‘Slim disease’, in recognition of the severity of weight 
loss caused[52]. Chronic diarrhea, malabsorption, increased intestinal permeability and malnutrition are common clinical 
manifestations. The primary goal of managing HIV enteropathy is to prevent further depletion of CD4+ T lymphocytes, 
incorporating the initiation of HAART alongside supportive care. Previous studies highlighting the improvement in 
clinical signs and symptoms support the initiation of HAART[53]. Additionally, adjunctive therapies, including 
antimotility agents, antisecretory drugs (Crofelemer as discussed in the previous section), adsorbents, and opioids, are 
utilized to manage symptoms[54].

COLITIS
Bloody diarrhea and tenesmus are frequent symptoms of colitis in HIV patients. These conditions are often brought on by 
bacterial infections such as Shigella, E. coli, Campylobacter jejuni, and Clostridium difficile. HIV individuals are much more 
likely to get salmonellosis, for which ciprofloxacin is used as a therapy[55]. While Campylobacter jejuni usually causes 
watery diarrhea, Shigella presents similarly. Ciprofloxacin is a medication that treats a variety of enteric diseases, 
including E. coli infections[56]. When Clostridium difficile-related colitis is detected by toxin assay and treated with 
metronidazole or tinidazole, it may happen even in the absence of recent antibiotic medication. Amphotericin B and 
itraconazole are used to treat fungus-related diarrhea, which is uncommon and often occurs with systemic diseases such 
as GI histoplasmosis. HIV patients may also have GI problems from non-infectious reasons, such as drug-induced 
diarrhea from antiretroviral drugs, inflammatory bowel disorders, lymphoma, and Kaposi's sarcoma[57]. Each of these 
conditions calls for a different diagnosis and treatment strategy.
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Table 2 Common opportunistic pathogens in human immunodeficiency virus-associated diarrhea-location, presentation, diagnosis and 
treatment

Pathogen Location Clinical features Diagnosis Chemoprophylaxis Treatment

Cytomegalovirus Gastric, 
small bowel 
(ileum), and 
large bowel 
(colon)

Bloody diarrhea, fever, 
weight loss, fever, 
anorexia, abdominal 
pain

DNA PCR from stool 
sample

None recommended IV ganciclovir for 21 to 42 days (can 
with to oral valganciclovir once the 
patient can tolerate)

Herpes simplex Anorectal Tenesmus, rectal pain, 
hematochezia, proctitis

DNA PCR for cutaneous 
lesion

None recommended Acyclovir/Valacyclovir PO for 5 to 
10 days

Cryptosporidium Gastric, 
small bowel 
(ileum), and 
large bowel

Acute/Subacute onset 
watery diarrhea, 
nausea/vomiting, 
lower abdominal 
cramping

Microscopic identification 
of the oocysts in stool with 
acid-fast staining or direct 
immunofluorescence

None recommended Nitazoxanide (500/1000 mg POD 
BID for 14 days) or paromomycin 
(500 mg PO QID for 14 to 21 days)

Microsporidia Small and 
large bowel

Diarrhea with cramps 
and abdominal pain, 
wasting, malnutrition

Microscopic identification 
of the spores in stool with 
trichrome staining

None recommended For Enterocytozoon bieneusi
–nitazoxanide 500 mg BID for 14 
days. For intestinal infection caused 
by microsporidia other than E. 
bieneusi–albendazole 400 mg BID for 
14 days

Isospora belli Gastric Watery diarrhea, with 
abdominal pain, 
cramping, 
nausea/vomiting, low-
grade fever, 
dehydration

Microscopic identification 
of the oocysts in stool with 
acid-fast staining or UV 
fluorescence microscopy

None recommended. 
Indirect evidence of a 
protective effect of TMP-
SMX

TMP-SMX (160/800mg QID for 10 
days)

Cyclospora Small bowel Watery diarrhea, 
weight loss, abdominal 
cramping, low-grade 
fever

Microscopic identification 
of the oocysts in stool with 
acid-fast staining

None recommended TMP-SMX (160/800 mg PO BID for 
14 days) or nitazoxanide (500 mg PO 
BID for 7 days)

Entamoeba 
histolytica

Colon Diarrhea with blood 
and mucus, cramping 
lower abdomen pain, 
bloating, fever, chills

DNA PCR from stool 
sample, stool antigen test, 
microscopic identification 
of the cysts/trophozoites 
in stool

None recommended Metronidazole 500-750 mg PO TID 
for 5-10 days or tinidazole 2 g PO 
once daily for 3 days, followed by a 
luminal agent 

Histoplasmosis Terminal 
ileum and 
colon

Intermittent bloody 
diarrhea, abdominal 
pain, fever, weight loss

EIA for urine or serum 
antigen. Histopathological 
examination using GMS 
stain

Itraconazole for patients 
with CD4 counts < 
150/mm3

IV liposomal amphotericin B (3 
mg/kg daily) for ≥ 2 weeks or 
clinical improvement with stepdown 
to oral itraconazole

Mycobacterium 
tuberculosis

Terminal 
ileum and 
cecum

Abdominal pain, 
diarrhea, fever, weight 
loss, night sweats, 
fatigue

Acid-fast staining None recommended Initial phase (2 months): Isoniazid 
300 mg daily, rifampin 600 mg daily, 
pyrazinamide 25 mg/kg daily, and 
ethambutol 15 mg/kg daily. 
Continuation phase (4-7 months): 
Isoniazid 300 mg daily and rifampin 
600 mg daily

Mycobacterium 
avium complex

Small bowel 
and large 
bowel

Fever, abdominal pain, 
weight loss, night 
sweats, fatigue

Acid-fast staining Azithromycin for 
patients with CD4 count 
< 50/mm3

Clarithromycin (7.5 to 15 mg/kg PO 
BID for at least 12 months)

PCR: Polymerase chain reaction; PO: Per Os (by mouth/orally); BID: Bis in die (twice daily); QID: Quater in die (four times daily); TMP-SMX: 
Trimethoprim-Sulfamethoxazole; GMS: Grocott's methenamine Silver; EIA: Enzyme immunoassay.

SMALL BOWEL LYMPHOMA
Although primary small bowel lymphoma is an uncommon condition, its prevalence is rising, especially in those living 
with HIV. As you go proximally in the small intestine, the incidence of this lymphoma decreases, mostly affecting the 
terminal ileum. AIDS is often diagnosed in people with non-Hodgkin's lymphoma or small bowel lymphoma[58].

Spoken thickening of the intestinal wall (between 1 and 7 cm), fungating masses, tumor infiltration of the myenteric 
nerve plexus resulting in aneurysmal intestine dilatation, and, less often, solid mass lesions are among the radiological 
characteristics of small bowel lymphoma. In one case, for example, a 50-year-old man with a CD4 count of 190 cells/μL 
showed signs of lymphadenopathy, upstream small intestinal dilatation, circumferential thickening of the terminal ileum 
and caecum, and lymphomatous infiltration of the ileocaecal valve. Further pathological examination confirmed the non-
Hodgkin's lymphoma diagnosis[59]. This manifestation emphasizes how crucial it is to keep an eye on and manage GI 
issues in HIV patients, as these illnesses may have detrimental effects and call for specific diagnosis and treatment plans.
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Figure 2 Clinical strategy for management of human immunodeficiency virus positive patients presenting with complaints of diarrhea. 
ART: Antiretroviral therapy; HAART: Highly active ART; HIV: Human immunodeficiency virus.

ANORECTAL DISORDERS
The frequency of anorectal disease is unchanged by ART, which makes it a significant issue for HIV patients, especially 
gay men. Numerous anorectal diseases affect this population, such as proctitis, fissures, ulcerations, perirectal abscesses, 
and anal fistulas. Add to this the possibility of anal neoplasms associated with the human papillomavirus (HPV) and 
other variables, and anorectal carcinoma ranks fourth among malignancies in HIV patients; it is more prevalent among 
homosexual men who are HIV positive[59]. Anorectal cytology may identify anal squamous cell carcinoma, which is 
similar to cervical cancer screening in that it is often linked to squamous intraepithelial neoplasia associated with HPV. 
While anoscopy combined with biopsy is still the preferred method of diagnosis, anorectal cytology may be a helpful 
screening tool[6].

Other common anorectal symptoms in the HIV population include proctitis, which is frequently brought on by 
infectious agents such as gonorrhea, herpes simplex, chlamydia, and syphilis and requires the use of an appropriate 
antibiotic or antiviral therapy, and anal condyloma associated with HPV infection, which can be treated with a variety of 
surgical options[60]. Furthermore, overlapping clinical presentations may result from colitis caused by various sources, 
such as lymphogranuloma venereum. Essential diagnostic instruments for evaluating anorectal disorders, identifying 
opportunistic infections, and directing treatment choices include associative sigmoidoscopy and anoscopy combined with 
mucosal biopsies.

ANAL SQUAMOUS CELL CARCINOMA
HPV infection is a common cause of anal squamous cell carcinoma, which is more common in HIV-positive persons 
because of the higher risk of co-infections, especially via anoreceptive sexual relations[60]. While HIV is not a direct cause, 
it is a marker for increased vulnerability to STDs such as HPV, with those who are positive for the virus seven times more 
likely to have persistent HPV[5]. Magnetic resonance imaging (MRI) is the recommended imaging modality for 
evaluating anal malignancies. It offers comprehensive details on the tumor's location, size, and local invasion. When 
using T1-weighted imaging, T2-weighted imaging, or short tau inversion recovery sequences, malignant tissue located 
inside the anal canal usually exhibits low signal intensity, intermediate signal intensity, or lower signal intensity than 
ischioanal fat[61].

Anal squamous cell carcinoma appears on CT images as a solid, enhancing mass that becomes larger and more 
amorphous. In one example, T2-weighted imaging revealed a massive soft tissue mass with significant soft tissue 
invasion in a 42-year-old male HIV-positive patient with a CD4 level of 16 cells/μL[59]. The mass's signal strength was 
moderate, meaning it was less than that of the adipose tissue around it. This manifestation highlights how crucial it is for 
HIV-positive people to get routine monitoring and early identification to treat potentially dangerous GI side effects 
including anal squamous cell carcinoma.
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GI TB
Global health concerns about TB persist, particularly concerning those living with HIV. Up to 70% of HIV patients are 
predicted to have TB at some time in their life. When the CD4 count falls, TB risk rises dramatically, reaching a crucial 
threshold of around 200 cells/μL. In those who are HIV-positive, lung TB often leads to intestinal TB[55].

Although TB in the abdomen may infect any section of the GI system, this is the area most often affected because of the 
large concentration of lymphoid tissue in the terminal ileum. Abdominal TB manifests on CT or MRI scans as circumfer-
ential thickening of the afflicted intestine segment, sometimes with adjacent lymphadenopathy[56]. These imaging 
characteristics, however, are often non-specific and may be confused with illnesses like cancer or inflammatory bowel 
disease.

Asymmetric thickening of the medial wall of the caecum and terminal ileum, together with significant lymphaden-
opathy with central regions of diminished attenuation, are indicative signs. Research involving two patients with 
abdominal TB revealed that at the time of presentation, their CD4 Levels were both less than 100 cells/μL[59]. These 
instances underscore the need to identify GI TB as a plausible complication in patients living with HIV/AIDS and the 
necessity of exercising caution in both diagnosis and treatment.

PANCREATITIS
The interplay between HIV and the pancreas encompasses a complex array of direct viral effects, indirect consequences, 
and complications arising from ART. Notably, HIV-infected patients may present with various pancreatic abnormalities, 
including acute pancreatitis, which is influenced by factors such as prolonged HIV seropositivity, exposure to PIs, 
immunodeficiency, AIDS, chronic liver and/or biliary disease, and hypertriglyceridemia[62]. This underscores the 
ongoing concern regarding the management and assessment of pancreatitis risk in such settings. Compared to the general 
population, HIV-infected individuals exhibit a heightened incidence of acute pancreatitis, with risk factors including 
severe immunosuppression, female gender, and specific medication usage such as stavudine and aerosolized 
pentamidine[63]. PIs used in ART have been implicated in inducing insulin resistance and diminishing insulin secretion 
by pancreatic beta cells via inhibition of glucose translocation through glucose transporter 4[64].

Moreover, an inverse relationship exists between serum pancreatic enzyme levels and CD4 Lymphocyte counts, 
suggesting a link between immunosuppression and pancreatic inflammation[57]. Non-infectious complications, notably 
non-Hodgkin's lymphoma, can also involve the pancreas in HIV-infected patients[65]. Furthermore, exocrine pancreatic 
insufficiency has been identified in HIV-infected individuals, contributing to malabsorption and growth alterations, 
particularly in pediatric populations[64,66]. The prevalence of exocrine pancreatic insufficiency among HIV-infected 
patients on suppressive ART remains significant, with some responding to pancreatic enzyme replacement therapy[67]. 
In summary, HIV infection impacts the pancreas through diverse mechanisms, including direct viral effects, ART-related 
toxicity, and associated opportunistic infections or malignancies. Clinicians should maintain vigilance for signs of 
pancreatic involvement in HIV-infected patients, as it can significantly contribute to morbidity and complicate the 
management of HIV disease.

CONCLUSION
In conclusion, there is a complex connection between HIV infection and a variety of GI symptoms. It highlights how 
important it is to comprehend and treat these GI disorders, which can range from diarrhea, enteritis, colitis, and 
esophageal problems to anorectal diseases, anal squamous cell carcinoma, GI tuberculosis, liver disorders, and pancre-
atitis. Early diagnosis of HIV and identifying the underlying causes of associated GI conditions are essential. The research 
also highlights the evolving patterns of GI disease since the introduction of HAART, with a decline in infectious GI 
complications in developing countries and a rise in those related to medication side effects and direct viral injury. 
Recognizing how factors like medication use and local dietary habits influence these changing patterns is key to 
effectively managing these patients. Addressing these GI issues is crucial for improving the quality of life in HIV-positive 
individuals and reducing the burden of these complications as HIV treatments continue to advance.
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Abstract
The dangerous Crimean-Congo hemorrhagic fever virus (CCHFV), an encapsu-
lated negative-sense RNA virus of the family Nairoviridae, is transmitted from 
person to person via ticks. With a case fatality rate between 10% to 40%, the most 
common ways that the disease may spread to humans are via tick bites or coming 
into touch with infected animals' blood or tissues. Furthermore, the transfer of 
bodily fluids between individuals is another potential route of infection. There is a 
wide range of symptoms experienced by patients throughout each stage, from 
myalgia and fever to extreme bruising and excess bleeding. Tick management 
measures include minimising the spread of ticks from one species to another and 
from people to animals via the use of protective clothing, repellents, and proper 
animal handling. In order to prevent the spread of illness, healthcare workers 
must adhere to stringent protocols. Despite the lack of an authorised vaccine, the 
main components of treatment now consist of preventative measures and 
supportive care, which may include the antiviral medicine ribavirin. We still don't 
know very much about the virus's mechanisms, even though advances in 
molecular virology and animal models have improved our understanding of the 
pathogenesis of CCHFV. A critical need for vaccination that is both safe and 
effective, as well as for quick diagnosis and efficient treatments to lessen the 
disease's impact in areas where it is most prevalent. Important steps towards 
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lowering Crimean-Congo hemorrhagic fever mortality and morbidity rates were to anticipatethe future availability 
of immunoglobulin products.

Key Words: Crimean-congo haemorrhagic fever; Tick-borne illness; Immunoglobulins; Viral hemorrhagic fever; Antiviral 
therapy

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This review provides a comprehensive overview of Crimean-Congo hemorrhagic fever (CCHF), a severe tick-
borne viral disease with significant public health implications. The article discusses the virus's transmission dynamics, 
clinical manifestations, current diagnostic techniques, and available treatments, including the use of antiviral therapy. It 
emphasizes the urgent need for vaccine development, better diagnostic tools, and efficient therapies. By addressing gaps in 
knowledge and highlighting the importance of a one health approach, this review serves as a critical resource for researchers 
and healthcare professionals seeking to improve CCHF control and prevention strategies.
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and public health challenges. World J Virol 2025; 14(1): 100003
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/100003.htm
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INTRODUCTION
Between 10%-40% of infected people die during Crimean-Congo hemorrhagic fever virus (CCHFV) outbreaks of severe 
viral hemorrhagic fever. As a febrile sickness, the disease was first known as Crimean haemorrhagic fever when it was 
initially discovered in 1944 among troops on the Crimean Peninsula (near the Black Sea)[1]. The present name of the 
disease was given to it in 1969 when the same bacterium was identified as the cause of febrile sickness in the Congo 
Basin. The main vector and reservoir of CCHFV are ticks of the species Hyalomma[2]. The species of Hyalomma tick that 
causes Crimean-Congo hemorrhagic fever (CCHF) depends on the geographic region. Hyalomma marginatum is the 
primary vector of CCHF in Europe and the Balkans where as Hyalomma anatolicum in Iran, Pakistan, Turkmenistan, and 
Tajikistan, Hyalomma asiaticum in Central Asia and China and Hyalomma rufipes in Africa.

Many non-domesticated animal species, including ostriches, buffalo, tiny rodents, hares, and rhinoceroses, may be 
infected with CCHFV, according to serological investigations. Important amplifying hosts for the transmission of tick-
borne diseases include animals that ingest infected ticks or co-feed with them[3]. Tick bites or coming into contact with 
sick animals during slaughter are the most common ways for humans to get the disease. In humans, an infection usually 
manifests as a fever, which may later develop into a hemorrhagic condition and could be deadly. Particularly in areas 
without access to high-containment facilities, molecular testing have allowed for safe and quick diagnosis. Sheep, goats, 
and cattle are just a few of the many domestic and wild animal species that may harbour the CCHFV[4].

Although most birds can withstand infections, ostriches aren't immune and may have a high infection rate in regions 
where it is common. The tick-borne disease stays in an infected animal's bloodstream for around seven days after 
infection[5]. When another tick bites the sick animal, the tick-animal-tick cycle might resume. Hyalomma ticks are the 
most common vectors of the CCHFV (Figure 1), however infections may occur in other tick genera as well.

Although CCHF is common in many regions of the globe, including the Indian subcontinent, northwest China, Africa, 
the Balkans, and Eastern Europe, there is no vaccine that can protect people or animals against this disease at this time[6].

The four families of viruses known to cause viral hemorrhagic fevers are Arenaviridae, Bunyaviridae, Filoviridae, and 
Flaviviridae which cause severe systemic febrile diseases (Table 1). The arenaviridae family of viruses includes both Old 
World and New World Strains, and they are known to cause infections transmitted by rodents. Europe, Asia, and Africa 
are just a few of the numerous regions where rats are susceptible to viral infections[7]. Urine or droppings from rodents 
are a common vector for infection. A 50% case mortality rate has been reported in West African epidemics caused by the 
arenavirus Lassa. Insects and rodents may transmit viruses that belong to the Bunyaviridae family, which can cause mild 
to severe illness[8]. Rift Valley fever, hemorrhagic fever in the Crimean-Congo region, and hantavirus infections are 
among the most prominent ailments. The Ixodid tick is the vector for the virus. The family Filoviridae includes the Ebola 
virus and Marburg hemorrhagic sickness, both of which have been found in African bats. The danger of transmission 
from person to person is considerable for human infections, particularly among those in care takers[9]. In low-income 
nations, the case fatality rate for Marburg hemorrhagic fever may reach 82%, while in the Democratic Republic of Congo, 
it can reach 80% to 90%. Various forms of infections are carried by the flavivirus family, which is carried by arthropods
[10]. Dengue fever affects more than a hundred nations throughout Europe, Asia, Australia, Africa, and the Pacific 
Islands. It is a global health crisis. The mosquitoes Aedes aegypti and Aedes albopictus are vectors for the flavivirus that 
causes dengue fever. The disease can progress through three stages: (1) Mild; (2) Moderate; and (3) Severe[11].
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Table 1 Different types of viral haemorrhagic fevers and causative agents

Family Causative virus Disease Symptoms Treatment

Arenaviridae Lassa virus Lassa fever Fever, weakness, and haemorrhage Supportive care and ribavirin

Junin virus Argentine haemor-
rhagic fever

Fever, malaise, and haemorrhage Supportive care

Chapare virus Chapare hemorrhagic 
fever

Fever, malaise, headache, vomiting and 
diarrhoea

Supportive care and early 
diagnosis

Guanarito virus Venezuelan 
hemorrhagic fever

Confusion, convulsions, coma, and bleeding 
from body orifices

No specific anti-viral treatment is 
available

Lujo virus Lujo hemorrhagic fever Fever, headache, vomiting, diarrhea, arthralgia, 
and myalgia

Supportive care

Lymphocytic choriomen-
ingitis virus 

Lymphocytic 
choriomeningitis

Fever (38.5 °C to 40 °C), malaise, myalgia, retro-
orbital headache, photophobia, and anorexia

Supportive care and ribavirin

Machupo virus Bolivian hemorrhagic 
fever

Fever, malaise, fatigue headache, dizziness, 
myalgias, and severe lower back pain

Supportive care

Sabia virus Brazilian hemorrhagic 
fever

High fever, fatigue, maculopapular/petechial 
rash bleeding and haemorrhage

Supportive care and ribavirin 
antiviral drug

Bunyaviridae Crimean-Congo haemor-
rhagic fever virus 

Crimean-Congo 
haemorrhagic fever

Fever, myalgia, and haemorrhage Supportive care and ribavirin

Hantan virus Hantavirus pulmonary 
syndrome

Fever, muscle pain, and pulmonary edema Supportive care

Dobrava-Belgrade virus Hemorrhagic fever with 
renal syndrome

Intense headache, back and abdominal pain, 
fever, chills, and blurred vision

Supportive therapy, renal dialysis. 
Treatment with ribavirin

Seoul virus Hemorrhagic fever with 
renal syndrome

Intense headache, back and abdominal pain, 
fever, chills, and blurred vision

Supportive therapy, renal dialysis. 
Treatment with ribavirin

Puumalavirus Hemorrhagic fever with 
renal syndrome

Intense headache, back and abdominal pain, 
fever, chills, and blurred vision

Supportive therapy, renal dialysis. 
Treatment with ribavirin

Rift Valley fever virus Rift Valley fever Transient fever, headache, severe muscle and 
joint pain, photophobia and anorexia

Drugs like Ibuprofen or 
Acetaminophen

Saaremaa virus Hemorrhagic fever with 
renal syndrome

Intense headache, back and abdominal pain, 
fever, chills, and blurred vision

Supportive therapy, renal dialysis. 
Treatment with ribavirin

Sin nombre virus Hantavirus pulmonary 
syndrome

Fever, muscle pain, and pulmonary edema Intubation and oxygen therapy, 
fluid replacement and use of 
medications to support blood 
pressure

Severe fever and 
thrombocytopenia 
syndrome virus 

Severe fever and 
thrombocytopenia 
syndrome

Fever, vomiting, diarrhoea, multiple organ 
failure, thrombocytopenia, and leucopoenia 
elevated liver enzyme levels

Intravenous ribavirin

Tula virus Hemorrhagic fever with 
renal syndrome

Intense headache, back and abdominal pain, 
fever, chills, and blurred vision

Supportive therapy, renal dialysis. 
Treatment with ribavirin

Filoviridae Bundibugyo ebola virus Ebola virus disease Fever, severe hemorrhage, and organ failure Supportive care and experimental 
treatments

Marburg marburg virus Marburg haemorrhagic 
fever

Fever, severe hemorrhage, and organ failure Supportive care and experimental 
treatments

Sudan ebola virus Ebola virus disease Sudden onset of fever, fatigue, muscle pain, 
headaches, sore throat, vomiting, diarrhoea, 
rash, impaired kidney, and liver functions

Monoclonal antibodies like 
Inmazeb and Ebanga

Tai forest ebola virus Ebola virus disease Sudden onset of fever, fatigue, muscle pain, 
headaches, sore throat, vomiting, diarrhoea, 
rash, impaired kidney, and liver

Monoclonal antibodies like 
Inmazeb and Ebanga

Zaire ebola virus Ebola virus disease Sudden onset of fever, fatigue, muscle pain, 
headaches, sore throat, vomiting, diarrhoea, 
rash, impaired kidney, and liver functions

Monoclonal antibodies like 
Inmazeb and Ebanga

Flaviviridae Dengue virus Dengue fever Fever, rash, and haemorrhage Supportive care and fluids

Supportive treatment with 
maintenance of proper hydration 
and circulation by transfusion of 

Kyasanur forest disease 
virus

Kyasanur forest disease Sudden onset of chills, fever, and headache
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IV fluids

Omsk hemorrhagic fever 
virus 

Omsk hemorrhagic 
fever

Fever, headache, myalgia, cough, petechial rash 
or bruises

Supportive care

Yellow fever virus Yellow fever Fever, chills, headache, back pain, vomiting, 
and fatigue

Rest, hydration and seek medical 
advice

Transmission
Tick bites or coming into touch with infected animal blood or tissues during or just after slaughter are the main routes of 
transmission for the CCHF virus to humans”. Direct contact with infected blood, saliva, organs, or other bodily fluids is 
the most typical way infectious illnesses are transmitted from one person to another (Figure 2)[12]. Additional factors that 
may lead to nosocomial infections include reusing needles, contaminated medical supplies, and insufficient sterilisation 
of medical equipment[13].

EPIDEMIOLOGY OF CCHF IN INDIA
On June 29, a male patient suffering from CCHF passed away in a private hospital in Ahmedabad. He was 51 years old 
and lived in the hamlet of Lakhapar in the Anjar taluka of Kutch. According to health officials, this is the first case of 
CCHF that has been documented in Gujarat this year. The state of Gujarat recorded five instances of confirmed CCHF in 
2022. Since 2011, when the state first recorded a case of CCHF, Gujarat has been the reporting centre for the vast majority 
of CCHF cases in India[14]. Gujarat reported verified cases of CCHF from 2011 to 2019, with Rajasthan reporting extra 
cases in 2014, 2015, and 2019. A 39-year-old guy who survived after testing positive for the virus in March 2022 was a 
cattle rearer. One of them was a 55-year-old housewife who died of CCHF after a tick bit her while she was tending to her 
cattle. One case of CCHF was recorded in the Sabarkantha district in 2021 by the state[15].

EPIDEMIOLOGY OF CCHF IN AFRICA
There were 494 CCHF cases (115 fatal) recorded in Africa between January 1, 1956, and July 25, 2020. Over the last 
decade, nine nations Kenya, Mali, Mozambique, Nigeria, Senegal, Sierra Leone, South Sudan, Sudan, and Tunisia have 
reported the first cases of CCHF[16].

Within the Bunyavirales order, the Nairoviridae family, and the Orthonairo virus genus, there will be enveloped, 
negative-sense RNA virus known as CCHFV. One crucial component of the virus is the envelope Gn glycoprotein, which, 
at its C-terminus, possesses a cytoplasmic tail. The genetic code of CCHFV consists of S, M, and L segments of RNA. 
Segment L encodes an RNA-dependent RNA polymerase, segment M viral glycoproteins, and segment S the nucleo-
capsid protein (N) (Figure 3)[17].

STAGES OF CCHF
Incubation stage
The duration of incubation is usually less than a week, falling anywhere from one to nine days (depending on the way the 
virus was exposed to and the dosage). It lasts the shortest time after a tick bite (about 1-3 days) and the longest time after 
coming into contact with contaminated human or cattle blood, tissue, or secretions (5-6 days).

Pre-hemorrhagic stage
Begins suddenly with vague symptoms and lasts an average of two to four days (range: One to seven days). Signs and 
symptoms may manifest as a high temperature (39–41 °C), neck discomfort or stiffness, dizziness, headache, myalgia, 
backache, eye pain, or photophobia. Nausea, vomiting, diarrhoea, stomach ache, and a sore throat are possible side 
effects. Jaundice, conjunctivitis, congested sclera, and hyperaemia of the chest, neck, and face are some possible 
symptoms. Hepatomegaly and splenomegaly, as well as changes in mood and sensory perception (such as somnolence 
supplanting agitation), may be seen in extreme instances.

Hemorrhagic stage
Usually brief (around two or three days), but may last up to two weeks. One distinctive aspect of CCHF compared to 
other viral haemorrhagic fevers is the wide variety of hemorrhagic symptoms it may cause, which can vary from little 
bleeding patches (peteziae) to widespread discolouration of the skin (ecchymosis) on both the skin and mucosal 
membranes. Some common symptoms may include injection site bleeding, epistaxis, melena, haematuria, haemoptysis, 
and haematemesis.
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Figure 1 Lifecycle and vector role of Hyalomma ticks in Crimean-Congo hemorrhagic fever transmission. A.Larval stage of the Hyalomma tick; 
B: Nymphal stage attached to a host; C: Adult Hyalomma tick, the main vector for Crimean-Congo hemorrhagic fever virus; D: Close-up of the tick attachment to host 
skin for blood-feeding; E: Transmission cycle from animal to human through tick bites and handling infected animals.
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Convalescence stage
Within 9–10 days after the beginning of the disease (within a range of 9–20 days), convalescence often occurs in survivors, 
in the same vein as when laboratory measurements were back to normal. Symptoms such as hypotension, bradycardia or 
tachycardia, polyneuritis, difficulty breathing, xerostomia, impaired vision or hearing, hair loss, memory loss, and other 
difficulties might manifest during this protracted period. Although long-term consequences have not been thoroughly 
investigated, there is no solid proof of recurrence or a biphasic progression of the illness[18-21].

Signs and symptoms
Depending on how the virus is acquired, the incubation time for CCHF might vary in duration. The incubation phase, 
which begins three to nine days following a tick bite, is when the disease is usually spread. Contact with infected blood or 
tissues may spread viruses, and the incubation period for these viruses can be anywhere from 5 days to 6 days, up to 13 
days[22]. A broad variety of symptoms, including myalgia, vertigo, headache, neck pain, backache, and photophobia, all 
manifest suddenly. Petechiae, or red patches on the palate, red eyes, heated cheeks, and a red throat are other common 
early signs (Figure 4). In the beginning, you can have a sore throat, nausea, vomiting, diarrhoea, stomach ache, and 
confusion[23]. In the two to four days after the start of symptoms, restlessness, melancholy, and lassitude may take the 
place of agitation. Additionally, the stomach discomfort may shift to the upper right quadrant and be accompanied by 
noticeable hepatomegaly. About 30% of those with CCHF will pass away throughout the course of their disease, usually 
during the second week. On the ninth or tenth day after the start of symptoms, individuals who are able to recover often 
start to feel better. Symptoms such as extensive bruising, nosebleeds, and uncontrolled bleeding at injection sites become 
apparent on day four of sickness and last for around two weeks. The reported mortality rates of CCHF patients in 
hospitals range from 9% to 50%[24].

Diagnosis in laboratory
A numberof laboratory techniques may be used to diagnose CCHF. By integrating enzyme-linked immunosorbent assay 
antigen capture for viral antigen detection with RT-PCR in blood or tissues collected from a dead patient and virus 
isolation, it is feasible to detect CCHF in its acute phase in individuals with a proper medical history. Tissues treated with 
formalin may also be stained immune-histo-chemically to reveal viral antigens (Figure 5)[25].

Treatment
The main strategy is to provide general supportive care with an emphasis on symptom treatment. Both the oral and 
injectable forms of the antiviral medication ribavirin have shown efficacy in treating CCHF infection. Fluid balance, 
electrolyte imbalances, oxygenation, haemodynamic support, and secondary infection therapy should all be part of the 
supportive care plan[26]. At this time, neither humans nor animals have access to any immunizations that have proven 
successful. Without a vaccine, informing the public about the virus and its dangers and encouraging them to take 
precautions against exposure is the only method to lessen the likelihood of infection. Everyone who works with animals 
or in agriculture should wear insect repellent and stay away from potentially infectious blood and other body fluids[27]. 
Control and prevention The Unnoticed tick-animal-tick cycle poses a significant challenge to tick-borne disease 
prevention and management. Ticks are abundant, and only properly supervised livestock farms are allowed to use 
acaricides. There is now no widely accessible, safe, and effective vaccination against CCHF for humans, despite the 
development and limited use of an inactivated vaccine produced from the mouse brain in Eastern Europe[28]. Public 
health advice several factors should be at the centre of public health recommendations.

Reducing the risk of tick-to-human transmission: Put on protective clothing, such as long pants and sleeves. To make 
ticks easier to see, dress in bright colours. Approved acaricides should be applied on garments. To protect one's skin and 
clothes, use an authorised repellant. Keep an eye out for ticks on a frequent basis, and gently remove them if you discover 
any. Get out of areas where ticks are common and stay away from areas where ticks are active.

Reducing the risk of animal-to-human transmission: When dealing with animals or their tissues in endemic regions, it is 
important to use protective clothing, such as gloves, whether you are in an abattoir or at home. This is particularly true 
while butchering, culling or slaughtering. Either regularly treat animals with pesticides two weeks before slaughter or 
quarantine them before they reach slaughterhouses.

Reducing the risk of human-to-human transmission in the community: Avoid physical contact with someone who 
seems to be sick with CCHF. When caring for sick persons, always wear protective clothing, including gloves. After 
touching or visiting someone who is sick, be sure to wash your hands often.

Controlling infection in health-care workers: All healthcare personnel who come into contact with patients who have 
CCHF, whether it's suspected or proven, or who handle specimens from these patients, should follow basic procedures 
for infection control. Basic hand hygiene, personal protective equipment usage, safe injection procedures, and proper 
burial procedures are all included in this. Samples collected from patients suspected of having CCHF should only be 
handled by qualified personnel in labs with the proper equipment[29-31].

Health concept: A health concept, emphasizing the interconnectedness of human, animal, and environmental health in 
the context of CCHF. The zoonotic nature of CCHFV and the role of livestock, wildlife, and tick habitats in the 
transmission cycle make this approach particularly relevant. By addressing these links, the review highlights the 
importance of integrated efforts across human, veterinary, and environmental health sectors to effectively manage and 
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Figure 2 Overview of clinical stages and symptoms in Crimean-Congo hemorrhagic fever patients. Early stage with fever, myalgia, and fatigue. 
Pre-hemorrhagic stage with signs of conjunctival hemorrhage. Hemorrhagic stage showing extensive petechiae and ecchymosis. Recovery phase after supportive 
treatment. Post-recovery convalescence with residual symptoms. ELISA: Enzyme-linked immunosorbent assay; RT-LAMP: Reverse transcription loop-mediated 
isothermal amplification; NGS: Next-generation sequencing.

Figure 3 Structure of Crimean-Congo hemorrhagic fever virus. This includes electron microscopy image of the Crimean-Congo hemorrhagic fever virus 
virion, schematic of the viral genome, showing S, M, and L RNA segments, envelope structure with Gn and Gc glycoproteins, viral RNA polymerase encoded by the L 
segment, nucleocapsid protein (N) from the S segment.

control the disease.

CONCLUSION
Conclusion despite the vast number of individuals who could be affected and the virus's extensive circulation, much 
remains unclear about the viral and host variables that contribute to CCHFV pathogenesis. We will gain greater 
mechanistic insights into the mechanisms by which CCHFV causes illness when molecular virology techniques and better 
small-animal models are developed. It is probable that novel viral protein functions will yet be found. Educating the 
public, limiting tick contact, treating livestock to minimise infestations, quarantining animals, and safeguarding people 
involved in high-risk activities are all necessary preventative actions for communities at risk in endemic regions. Limiting 
the impact of CCHF on patients and public health systems requires effective vaccinations and antivirals, as well as 
prompt and accurate diagnostics. Future perspective research one hope for the future of CCHF therapy is the availability 
of immunoglobulin products and other alternative medicines. In order to create targeted treatments, researchers need a 
deeper knowledge of the CCHF pathophysiology. Developing a vaccine against CCHF is an important objective, despite 
the fact that it is difficult and is not nearing practical application. People in endemic locations are eagerly awaiting the 
development of a CCHF vaccination since it is the most effective way to decrease the mortality and morbidity caused by 
CCHF. This review discussed not only the development of new antiviral drugs and vaccines but also basic research aimed 
at better understanding the mechanisms of the virus, improving tick control strategies, and addressing the human-
animal-environment interface. The review aims to serve as a foundation for future studies and interventions in these 
critical areas.
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Figure 4 Petechiae on the hand of a Crimean-Congo hemorrhagic fever patient. Petechiae are small red or purple spots resulting from capillary 
bleeding under the skin, commonly seen in the hemorrhagic phase of Crimean-Congo hemorrhagic fever. These non-blanching spots, distributed unevenly across the 
skin, indicate the severity of infection and can be accompanied by additional hemorrhagic symptoms like ecchymosis and mucosal bleeding.

Figure 5 Laboratory diagnostic methods for Crimean-Congo hemorrhagic fever detection. PCR amplification of Crimean-Congo hemorrhagic fever 
virus (CCHFV) RNA in patient blood samples, enzyme-linked immunosorbent assay antigen capture method for viral antigen detection in serum samples, viral 
isolation technique from infected tick tissues, immunohistochemical staining of CCHFV antigens in formalin-fixed tissue, real-time PCR results showing viral load 
quantification. CCHF: Crimean-Congo hemorrhagic fever; RT-LAMP: Reverse transcription loop-mediated isothermal amplification.
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Abstract
BACKGROUND 
For decades, hepatitis A virus (HAV) has been a leading cause of acute hepatitis 
among children and was less prevalent among adults. However, recently a 
paradigm shift has been observed in the epidemiology of HAV, as evident by 
cases of acute hepatitis due to HAV among adults.

AIM 
To estimate frequency of HAV in acute viral hepatitis and compare characteristics 
in HAV and hepatitis E virus (HEV) infection.

METHODS 
This was a trend analysis conducted at Aga Khan University Hospital Karachi 
(Sindh, Pakistan) from February 2024 to May 2024. Individuals aged 18 years and 
older diagnosed with acute viral hepatitis attributed to hepatotropic viruses in 
2024 were reviewed. To compare the trend patients admitted with acute hepatitis 
during 2019-2023 were also reviewed. Data regarding clinical and laboratory 
parameters were recorded. The yearly trend of acute hepatitis due to HAV and 
HEV was analyzed, and comparative analysis was done between HAV and HEV 
cases among adults.

RESULTS 
A total of 396 patients were found to have acute hepatitis during our study 
duration. HAV was diagnosed in 234 patients (59%) while 157 patients (39.6%) 
were found to have acute HEV infection. Additionally, acute hepatitis B virus 
infection was identified in 3 patients (0.7%), whereas acute hepatitis C virus 
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infection was found in 2 (0.5%) cases of acute hepatitis. Yearly trends showed increasing occurrence of HAV 
infection among adults over last 5 years. The patients with acute HAV were younger than patients with HEV (28 
years ± 8 years vs 30 years ± 8 years; P < 0.01). Higher levels of total bilirubin were seen in HEV infection, while 
higher levels of alanine transaminase were seen in HAV infection. However, a higher proportion of acute liver 
failure (ALF), coagulopathy, and mortality were observed in HEV.

CONCLUSION 
An increase in acute hepatitis A cases among adults shows less severity than hepatitis E, highlighting the need for 
better sanitation, hygiene, and adult hepatitis A vaccination programs.

Key Words: Acute hepatitis; Hepatitis A virus; Hepatitis E virus; Acute liver failure; Hepatotropic virus; Vaccination

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In recent years, there has been a notable shift in the prevalence of viruses causing acute hepatitis. The hepatitis A 
virus (HAV) is increasingly affecting adults, contrary to its previous predominance among children, while the incidence of 
hepatitis E virus (HEV) among adults appears to remain unchanged. This change highlights a significant epidemiological 
transition. Although cases of HEV infection are associated with higher mortality rates, acute liver failure, and coagulopathy 
compared to those of HAV, signaling distinct impacts between the two viruses in adult populations.

Citation: Shahid Y, Butt AS, Jamali I, Ismail FW. Rising incidence of acute hepatitis A among adults and clinical characteristics in a 
tertiary care center of Pakistan. World J Virol 2025; 14(1): 97482
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/97482.htm
DOI: https://dx.doi.org/10.5501/wjv.v14.i1.97482

INTRODUCTION
Affecting approximately 1.4 million individuals annually worldwide, hepatitis A virus (HAV) is attributed to an 
increasing burden of disease especially in the developing world and individuals with underprivileged conditions[1]. 
HAV is a single-stranded, non-enveloped RNA virus, which belongs to the Picornaviridae family and the hepatovirus 
genus. HAV spreads primarily through the fecal-oral route, typically through direct person-to-person contact or 
consumption of contaminated food or water[2,3]. Acute hepatitis A infection typically leads to a self-limiting illness. 
Nonetheless, instances of fulminant liver failure have been documented, with advanced age identified as the primary risk 
factor for developing symptomatic disease[4]. Numerous studies have emphasized a shift in the epidemiology of HAV 
among adults. While children were predominantly affected by HAV in the past, there has been a noticeable increase in 
cases among the adult population in recent years. This trend necessitates further investigation to understand the 
underlying reasons for this shift. The Korea Centers for Disease Control and Prevention noted an exponential rise in 
symptomatic HAV infections since 2006 among adults, reflecting a shifting pattern of HAV which has also been observed 
in other Asian countries as well. A study conducted in Egypt also noted a significant rise in acute HAV infection rates, 
increasing from 2.1% in 1983 to 34% in 2002 among adult population[5,6]. Some studies have shown higher HEV 
prevalence compared with HAV, indicating variations in epidemiological trend[7]. HAV transmission varies globally, 
influenced by socioeconomic factors, with higher endemicity in resource-poor regions where early childhood infections 
are common and often mild, conferring lifelong immunity. By contrast, low endemicity in high-income regions results in 
fewer childhood exposures, leading to susceptibility in adults and the potential for severe outbreaks among high-risk 
groups. Improved sanitation in some low- and middle-income countries has reduced transmission but paradoxically 
increased morbidity and mortality by shifting the age of infection to older populations[8].

Exposure to HAV during early childhood typically leads to asymptomatic infection and confers lifelong immunity. 
However, with advancements in hygiene and the resulting reduction in HAV exposure, a segment of the population 
remains susceptible to acquiring the infection during adulthood. At this age, HAV infection carries a higher chance of 
morbidity and mortality. A review from the Indian subcontinent suggests that the lower prevalence of anti-HAV 
antibodies may be one of the reasons for the higher frequency of hepatitis A infection among adults[9]. The older studies 
from Pakistan reported HAV to be responsible for 50%-60% of cases of acute hepatitis among children and 3.5% among 
adults[10,11]. However, in Pakistan, a shift in HAV epidemiology has been observed but the data are very limited. There 
is one study from Pakistan where cases of HAV have been reported among adults (beyond 18 years), but this was based 
on a study conducted on individuals during two outbreaks of hepatitis A[12]. In 2009, the Pakistan Field Epidemiology 
and Laboratory Training Program collaborated with the Ministry of Health, Pakistan, and the Centers for Disease 
Prevention and Control, United States, to establish the Hepatitis Sentinel Surveillance System. This initiative identified 
five public sector tertiary care hospitals across Pakistan to collect relevant data. Analysis of the sentinel site data from 
June 2010 to March 2011 revealed a total of 712 cases of viral hepatitis, with acute hepatitis A accounting for 19.8% of the 
cases. Notably, males were more affected, comprising 69.5% of the cases. A noteworthy observation in this study was the 
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shift in the age distribution pattern, with the highest prevalence of HAV observed in the 20-29 age group (41.2%), 
followed by the 30-39 age group (16.3%), and the 6-19 age group (12.8%)[13].

HAV can lead to significant morbidity and mortality among adults if not treated in a timely manner. Very limited data 
were available from Pakistan on the burden of HAV among adults in Pakistan. Hence, the evaluation of HAV among 
adult patients with acute hepatitis will help to assess the disease burden among the adult population in Pakistan and the 
need for immunization against HAV in adults.

In this study, we established the increasing incidence of HAV among adults and compared the clinical characteristics, 
severity, and mortality rates of acute hepatitis among adults caused by HAV vs hepatitis E virus (HEV).

MATERIALS AND METHODS
Study population and data collection
This was a trend analysis conducted at Aga Khan University Hospital Karachi (Sindh, Pakistan). Data were collected 
during February 2024 to May 2024 for patients admitted with acute hepatitis during February 2024 to May 2024, as well 
as patients admitted with acute hepatitis during 2019 to 2023 to compare the trend. Inclusion criteria comprised 
individuals aged 18 years and older, who presented to the outpatient and inpatient departments and were diagnosed 
with acute viral hepatitis attributed to hepatotropic viruses. Exclusion criteria encompassed cases of acute hepatitis 
unrelated to hepatotropic viruses, drug induced, alcoholic hepatitis, and other metabolic etiologies (including hemochro-
matosis, autoimmune hepatitis, Wilson’s disease, alpha 1 anti-trypsin deficiency, metabolic dysfunction-associated 
steatotic liver disease). Acute hepatitis due to hepatotropic viruses was considered if hepatitis was due to HAV, hepatitis 
B virus (HBV), hepatitis C virus (HCV), hepatitis D virus (HDV) and HEV. These viruses specifically affect liver hence the 
term “hepatotropic.” Non-hepatotropic viruses encompass all other viral agents capable of inducing acute hepatitis, such 
as cytomegalovirus, Epstein-Barr virus, dengue, and herpes simplex virus[14,15].

The diagnosis of acute hepatitis was established based on symptoms such as jaundice, fever, or vomiting lasting for 
less than 6 months recognized by elevation of liver enzymes, specifically alanine transaminase (ALT) and aspartate 
transaminase (AST) more than five times the upper limit of normal. Acute hepatitis A and hepatitis E were defined as 
patients with acute hepatitis found to have immunoglobulin M (IgM) antibody to HAV (anti-HAV) and HEV (anti-HEV), 
respectively[16]. Acute liver failure (ALF) was characterized by a severe, sudden liver injury lasting less than 26 weeks, 
accompanied by encephalopathy and impaired synthetic function (indicated by an international normalized ratio of 1.5 or 
higher), in individuals without preexisting liver disease or cirrhosis. Deranged coagulopathy and altered mentation are 
two important criteria of ALF. It is associated with high rates of complications and death, often necessitating intensive 
care, and in many cases, an emergency liver transplant[17].

Data pertaining to demographic characteristics, clinical and laboratory parameters, duration of hospitalization, disease 
severity, and mortality were retrieved by reviewing their medical charts and electronic patient medical records. The Aga 
Khan University hospital is a Joint Commission International accredited hospital currently using “MypatientsAku,” a 
locally developed electronic medical record data base application with availability of data for all laboratory tests 
including radiology, access to medication records, diagnosis, details about hospital encounters, and discharge summaries, 
etc. This is a validated application and accessible to credentialed house staff. The records of daily follow-ups are 
maintained in patients’ charts.

Informed consent was not required by ethic review board since methodology involved review of patient charts. Ethics 
approval was obtained from Ethics Review Committee Aga Khan University Pakistan (No. 2024-9479-28215).

Statistical analyses
Data were analyzed using Statistical Package for the Social Sciences version 22 (IBM, Armonk, NY, United States). 
Continuous variables are presented as the mean ± standard deviation or median (minimum-maximum), while categorical 
variables are expressed as the frequency and percentages. The normality of quantitative data was checked using 
histogram and Shapiro–Wilk test. In cases where the data did not meet the assumption of normality (P < 0.05), non-
parametric alternatives were employed. Specifically, for continuous variables that were not normally distributed, the 
Mann-Whitney U test was used in place of the independent t-test, and the Wilcoxon signed-rank test was used instead of 
the paired t-test. Additionally, transformations of the data or bootstrapping techniques were considered when necessary 
to meet normality assumptions. These approaches ensured robust analysis even in the presence of deviations from 
normality.

Comparative analysis was performed using the independent samples t-test, while categorical variables were analyzed 
using the χ² or Fischer exact test wherever appropriate. P ≤ 0.05 was considered statistically significant. The effect size 
estimation was done using Cohen's d test for independent samples t-test and Cramér's for χ². The Cohen’s d = 0.2 d was 
considered a small effect, medium effect: D = 0.5 d and large effect: D = 0.8 d. For Cramér's v = 0.1, V = 0.3 and V = 0.5 
were considered as small, medium, and large effect, respectively.

RESULTS
Demographics
A total of 396 patients fulfilled the eligibility criteria and were found to have acute hepatitis during our study. A total of 
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234 (59%) patients were diagnosed with acute HAV infection, 157 (39.6%) patients were found to have acute HEV 
infection. Additionally, HBV infection was identified as the cause in 3 patients (0.7%), whereas HCV infection was found 
in only 2 (0.5%) cases of acute hepatitis. No case of acute HDV infection was identified. The mean age of overall patients 
was 29 years ± 8 years. Overall frequencies of baseline characteristics are presented in Table 1.

Comparative analysis
After excluding HBV and HCV cases from dataset, comparative analysis was done between HAV and HEV cases. The 
mean age of patients with HAV was 28 years ± 8 years, while those with HEV were 30 years ± 8 years with a P value of 
0.017 showing that older adults were affected with HEV infection. An elevated total leukocyte count of 11 ± 7 was 
observed among patients with HEV, whereas individuals with HAV exhibited a comparatively lower leukocyte count of 
6 ± 3, with a significant P value (P < 0.001). Total bilirubin (TB) was noted to be raised among HEV, which is 13 ± 11 while 
in HAV, TB was found to be 6 ± 7 with P < 0.001. Increased ALT, gamma-glutamyl transferase (GGT), and AST were seen 
among HAV compared with HEV. Laboratory parameters of HAV and HEV are shown in detail in Table 2.

Interpretation
The effect size for the difference between patients with HAV vs HEV, i.e. Cohen's d ≥ 0.6 for white cell count, total and 
direct bilirubin, GGT, ALT, and AST indicating a moderate to large effect. This suggests that the observed difference 
between the two groups is not only statistically significant but also substantial in magnitude. Although the difference 
between HAV and HEV for hospital stay was statistically significant but the effect size for difference was small reflecting 
early recovering for both HAV and HAV. Likewise, a significantly higher proportion of patients with HEV infection 
develop coagulopathy, ALF with higher mortality but the effect size for this difference ranged between medium-small. 
However, the observed difference and higher proportion of pregnancy in HEV group as compared to HAV was 
moderate.

Extended hospitalization for a duration of 4 days was observed among patients diagnosed with HEV, as opposed to a 
3-day stay in the HAV cohort. A total of 87 instances of coagulopathy were documented in the HEV group, while 80 cases 
were identified among those with HAV infection. ALF manifested in 24 patients within the HEV cohort, in contrast to a 
mere 8 cases observed in the HAV group. Regarding mortality, HEV resulted in 11 fatalities, contrasting with two 
mortalities attributed to HAV infection (Table 2). These data represent that HEV causes more severe disease and complic-
ations like coagulopathy and ALF (Figure 1).

Yearly trends revealed a notable increase in the incidence of HAV, with 30 cases reported in 2019, 27 cases in 2020, 31 
cases in 2021, a substantial surge to 59 cases in 2022, and a further escalation to 63 cases in 2023. By contrast, the 
prevalence of HEV remained comparatively lower. HEV accounted for 33 cases in 2019, 28 cases in 2020, 40 cases in 2021, 
experienced a decline to 19 cases in 2022, and slightly rose to 28 cases in 2023. The cases from 2024 were not included in 
the bar chart because the data only cover January to May. Therefore, it does not accurately represent the yearly trend for 
2024 (Figure 2).

Young adults (age 18-30 years) are the most common group affected by acute hepatitis (Figure 3). HEV was more 
prevalent in summers and spring while HAV was seen throughout the year (Figure 4).

DISCUSSION
In this study, we evaluated clinical spectrum of acute hepatitis, changing trends of HAV occurrence and compared the 
disease activity of HAV and HEV, which are the most common causes of acute hepatitis worldwide[16]. Our study 
revealed that HAV constituted the predominant etiology of acute hepatitis among adults, accounting for 59% of cases. 
Furthermore, our findings indicate a notable upward trend in HAV incidence over successive years, consistent with 
findings reported in recent literature. For instance, a Brazilian study has evaluated temporal trend analysis on hepatitis A 
cases reported from 2007 to 2018, which showed a fall in the incidence of hepatitis A among people under 20 years from 
2007 to 2016, whereas after 2016 a rising trend in hepatitis A was observed among males aged 20-39 years[18]. Zakaria et 
al[6] similarly observed a parallel trend in their study, where the prevalence of HAV cases among adults increased 
substantially from 2.1% in 1983 to 34% in 2002. Additionally, the incidence of non-A non-B acute hepatitis demonstrated a 
decline from 38.7% to 31% over the same period[6]. In our study, we meticulously examined the annual patterns of HAV 
and HEV from 2019 to 2023 and found similar results. Our findings revealed a consistent upward trajectory in HAV 
cases, escalating from 30 cases in 2019 to 85 cases in 2023. Conversely, no significant fluctuation was observed in HEV 
cases over the same period (Figure 2).

Overall in our study, we discovered that the most common age group affected with acute hepatitis was 18-30 years, 
while older adults (51-60 years) were affected more in 2023 compared with previous years (Figure 3). Sun et al[19] studied 
the epidemiology of hepatitis A in three different regions of China. In 2004–2007, the median ages of HAV cases were 38 
years, 29 years, and 21 years in the eastern, central, and western regions, respectively. Subsequently, during 2008–2011, 
the median ages rose to 40 years, 36 years, and 24 years. Lastly from 2012 to 2017, the median ages further increased to 43 
years, 47 years, and 33 years in the respective regions[19]. Another study from China reported a decrease in the incidence 
of HAV cases among individuals aged ≤ 19 years. Their study showed a declining pattern among the younger age group 
(< 19 years) from 1.68 cases per 100000 individuals in 2008 to 0.22 cases per 100000 individuals in 2014. They noticed an 
increase in the mean age during the study period from 36.8 years in 2005 to 47.2 years in 2014[20]. Globalization has also 
contributed to the change in the epidemiology of hepatitis A. In low socioeconomic countries, improved sanitation has 
reduced the incidence of HAV but high-income countries are facing foodborne outbreaks which are mainly affecting the 
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Table 1 Baseline characteristics of all patients with acute hepatitis A and hepatitis E

Baseline characteristics mean ± SD

Age in years 29 ± 8

Male 221 (55.8)

Female 175 (44.2)

Hemoglobin in g/dL 12.5 ± 2

White cell count as × 109/L 8 ± 5

Platelet as × 109/L 237 ± 127

Total bilirubin in mg/dL 9.2 ± 9

Direct bilirubin in mg/dL 7 ± 7

Gamma-glutamyl transferase in IU/L 171 ± 142

Alanine aminotransferase in IU/L 2626 ± 1925

Alkaline phosphatase 198 ± 92

Aspartate aminotransferase in IU/L 2229 ± 2036

International normalized ratio 1.6 ± 0.8

Coagulopathy 169 (42.7)

Acute liver failure 32 (8.1)

Pregnancy 39 (9.8)

Chronic liver disease 15 (3.8)

Mortality 13 (3.3)

Data are n (%). SD: Standard deviation.

Figure 1 Rate of coagulopathy, acute liver failure, and mortality among hepatitis A virus and hepatitis E virus cases. ALF: Acute liver failure; 
HAV: Hepatitis A virus; HEV: Hepatitis E virus.

adult population. Rural-to-urban migration is one of the most important factors that is likely contributing to this shift in 
epidemiology[21]. Recent research indicates that the prevalence of anti-HAV antibodies is notably lower among 
individuals in their twenties and has remained relatively stable over the past decade. Conversely, the seropositivity of 
anti-HAV among adults in their thirties has exhibited a consistent decline, dropping from 69.6% in 2005 to 32.4% in 2014. 
This suggests that many young adults who have not yet encountered hepatitis A and have not received vaccination are 
susceptible to the infection. Consequently, there is a pressing need for effective strategies to control and prevent acute 
hepatitis A, particularly targeting individuals in their twenties and thirties[22].
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Table 2 Comparison of patients with hepatitis A virus and hepatitis E virus

Baseline characteristics Hepatitis A virus Hepatitis E virus Effect size P value

Age in years 28 ± 8 30 ± 8 0.23 0.017

Sex

Male 124 (53) 93 (59.2) 0.09 0.223

Female 110 (47) 64 (40.8)

Hemoglobin in g/dL 12.8 ± 1 12.1 ± 2 0.32 0.002

White cell count as × 109/L 6 ± 3 11 ± 7 0.87 < 0.001

Platelet as × 109/L 236 ± 140 239 ± 106 0.03 0.80

Total bilirubin in mg/dL 6 ± 7 13 ± 11 0.76 < 0.001

Direct bilirubin in mg/dL 5 ± 5 10 ± 9 0.72 < 0.001

Gamma-glutamylcysteine in IU/L 215 ± 138 110 ± 126 0.79 < 0.001

Alanine aminotransferase in IU/L 3274 ± 1937 1760 ± 1517 0.87 < 0.001

Alkaline phosphatase 181 ± 83 224 ± 100 0.46 < 0.001

Aspartate aminotransferase in IU/L 2820 ± 2255 1445 ± 1338 0.74 < 0.001

International normalized ratio 1.5 ± 0.7 1.8 ± 1 0.36 < 0.001

Coagulopathy 80 (34.2) 87 (55.4) 0.21 < 0.001

Acute liver failure 8 (3.4) 24 (15.3) 0.22 < 0.001

Pregnancy 3 (1.3) 36 (23) 0.36 < 0.001

Chronic liver disease 1 (0.4) 13 (8.3) 0.26 < 0.001

Mortality 2 (0.9) 11 (7) 0.17 < 0.001

Hospital stay 2.8 ± 3 4 ± 3.6 0.26 0.002

Data are n (%).

Figure 2 Yearly trends of cases of acute hepatitis from 2019 to 2023. 2024 was excluded because the entire year’s worth of data were not available.
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Figure 3  Common age groups affected divided in four age groups.

Figure 4 Seasonal trends among hepatitis A virus and hepatitis E virus. Spring: March-May; Summer: June-August; Fall: September-November; 
Winter: December-February; HAV: Hepatitis A virus; HEV: Hepatitis E virus.

Upon comparing patients diagnosed with HAV to those with HEV, notable differences emerged in their laboratory 
parameters and clinical outcomes. Specifically, individuals with HAV infection exhibited elevated aminotransferase 
levels (ALT = 3274 U/L; P < 0.001), whereas those with HEV infection demonstrated higher levels of TB (TB = 13 mg/dL 
± 11 mg/dL; P < 0.001). Moreover, the HEV group displayed a higher incidence of mortality and ALF (Figure 2). 
Interestingly, these findings contrast with those reported in a study conducted in Thailand, where HAV-infected patients 
presented with higher aminotransferase and TB levels. Additionally, both cohorts exhibited comparable outcomes in 
terms of mortality, ALF, and hospitalization rates[23]. In another study, patients diagnosed with acute hepatitis E 
displayed markedly lower median levels of ALT (798 U/L) and TB (1.8 mg/dL) compared to those with acute hepatitis A 
(2326 U/L, P < 0.001 and 5.2 mg/dL; P < 0.001), indicating a relatively milder form of hepatitis. These findings diverge 
from our study's observations[24]. Acute-on-chronic liver failure (ACLF) represents a potentially reversible syndrome 
that manifests in individuals with cirrhosis or underlying chronic liver disease (CLD), marked by acute decompensation, 
organ failure, and elevated short-term mortality rates. Notably, HAV and HEV are prominent etiological factors 
contributing to ACLF[25]. Our study findings highlight the distinct impact of HEV compared to HAV on ACLF 
development. Among the observed cases, HEV infection was associated with a higher prevalence of underlying CLD, 
suggesting a greater propensity for inducing ACLF compared to HAV. Furthermore, HEV infection was characterized by 
a more severe disease phenotype, heightened coagulopathy, prolonged hospitalization, and a predilection for affecting 
pregnant individuals. Conversely, HAV infection often presented as a benign, self-limiting illness in the majority of cases.
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Although more mortalities were caused by HEV (n = 11; P < 0.001) compared to HAV (n = 2; P < 0.001), a considerable 
number of complications such as coagulopathy and ALF were associated with HAV (Figure 2). If we compare seasonal 
occurrence, most of the acute hepatitis cases in our cohort occurred in summers and spring, while HAV was consistent 
throughout the year (Figure 4). Another study from Pakistan also showed that the majority of HAV and HEV cases were 
seen in June to July[26]. Although evidence indicates a tendency for increased incidence during the spring and summer 
months, there is no definite and consistent seasonal pattern for acute viral hepatitis[27].

Over the years, frequency of HAV has been increasing among adults. Therefore it is imperative to implement routine 
vaccination programs and enhance sanitation and hygiene awareness, aligning with recommendations from previous 
studies. HAV immunization should be made mandatory for adult population to reduce its incidence[28,29]. The HAV 
vaccine was first approved in 1992. Both inactivated and live attenuated vaccines are highly effective and well tolerated, 
providing immune protection for at least 20 years. HAV vaccination is effective for both preexposure and postexposure 
prophylaxis, particularly for children and young adults. Vaccination strategies for HAV differ across countries and 
generally include targeting high-risk populations, regional childhood vaccination programs, and universal childhood 
vaccination. Over the past 30 years, the incidence of hepatitis A has significantly decreased in many countries. However, 
outbreaks still frequently occur among high-risk groups and individuals not covered by universal vaccination programs
[30]. High-risk groups for hepatitis A vaccination include travelers to or workers in areas with high or intermediate 
infection rates, men who have sex with men, and users of illicit drugs, whether injected or not. It is also recommended for 
individuals with CLD, including those with HBV or HCV infections, cirrhosis, liver fibrosis, immunocompromised or 
those awaiting or recovering from liver transplantation. Additionally, people with clotting factor disorders and those 
working with HAV-infected primates or handling HAV in research laboratories should receive the vaccine[31].

It is recommended to organize public awareness programs and provide counseling to high-risk groups, particularly in 
low socioeconomic countries such as Pakistan. These initiatives should encourage vaccination and promote good 
handwashing and hygiene practices.

The limitations of this study are important to acknowledge, but each arises from practical considerations inherent to 
the study design. The single-center design was chosen due to logistical and resource constraints, allowing for more 
controlled data collection and analysis within a specific context. While this may limit generalizability, the findings still 
provide valuable insights within the study population, laying the groundwork for future multicenter studies that can 
validate and extend these results across diverse settings. Additionally, the focus on a single ethnic group was necessary to 
reduce variability and enhance the internal validity of the findings, though it is recognized that broader ethnic repres-
entation would increase the external relevance of the data. Lastly, the absence of seroprevalence testing for anti-HAV 
immunoglobulin G antibodies was due to resource limitations, but the combination of symptoms, pattern of LFTS and 
reactive IgM still confirms hepatitis A diagnosis. Future studies incorporating seroprevalence testing will allow for a 
more accurate assessment of hepatitis A incidence and burden, addressing this gap.

CONCLUSION
A rising trend has been observed in acute hepatitis due to HAV among adults. However, cases due to HAV were less 
severe and had lower proportion of ALF, coagulopathy and mortality than HEV. The escalating incidence of HAV among 
adults highlights a concerning public health challenge, potentially stemming from reduced vaccination rates in this 
demographic. To address this trend, it is imperative to enhance awareness regarding the importance of vaccination and 
promote rigorous adherence to good hygiene practices. Mitigating the risk of foodborne outbreaks necessitates prudent 
choices such as minimizing dining out. Furthermore, given the global implications of this epidemiological shift, further 
research on a broader scale is essential to elucidate and effectively address this emerging trend.
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Abstract
BACKGROUND 
Antibiotic resistance is a growing global health threat, and understanding local 
trends in bacterial isolates and their susceptibility patterns is crucial for effective 
infection control and antimicrobial stewardship. The coronavirus disease 2019 
(COVID-19) pandemic has introduced additional complexities, potentially 
influencing these patterns.

AIM 
To analyze trends in bacterial isolates and their antibiotic susceptibility patterns at 
Salmaniya Medical Complex from 2018 to 2023, with a specific focus on the 
impact of the COVID-19 pandemic on these trends.

METHODS 
A retrospective analysis of microbiological data was conducted, covering the 
period from 2018 to 2023. The study included key bacterial pathogens such as 
Escherichia coli (E. coli), Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa, and Staphylococcus aureus, among others. The antibiotic susceptibility 
profiles of these isolates were assessed using standard laboratory methods. To 
contextualize the findings, the findings were compared with similar studies from 
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other regions, including China, India, Romania, Saudi Arabia, the United Arab Emirates, Malaysia, and United 
States.

RESULTS 
The study revealed fluctuating trends in the prevalence of bacterial isolates, with notable changes during the 
COVID-19 pandemic. For example, a significant increase in the prevalence of Staphylococcus aureus was observed 
during the pandemic years, while the prevalence of E. coli showed a more variable pattern. Antibiotic resistance 
rates varied among the different pathogens, with a concerning rise in resistance to commonly used antibiotics, 
particularly among Klebsiella pneumoniae and E. coli. Additionally, the study identified an alarming increase in the 
prevalence of multidrug-resistant (MDR) strains, especially within Klebsiella pneumoniae and E. coli isolates. The 
impact of the COVID-19 pandemic on these trends was evident, with shifts in the frequency, resistance patterns, 
and the emergence of MDR bacteria among several key pathogens.

CONCLUSION 
This study highlights the dynamic nature of bacterial isolates and their antibiotic susceptibility patterns at 
Salmaniya Medical Complex, particularly in the context of the COVID-19 pandemic. The findings underscore the 
need for continuous monitoring and effective anti-microbial stewardship programs to combat the evolving threat 
of antibiotic resistance. Further research and policy initiatives are required to address the identified challenges and 
improve patient outcomes in the face of these ongoing challenges.

Key Words: Multidrug-resistant organisms; Antibiotic susceptibility; COVID-19 pandemic; Antimicrobial stewardship; 
Bacterial isolates; Salmaniya Medical Complex; Bahrain

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study highlights the critical role of continuous surveillance in tracking bacterial isolates and their antibiotic 
susceptibility patterns, especially during the coronavirus disease 2019 pandemic. The findings underscore the need for robust 
antimicrobial stewardship programs to address the emergence of multidrug-resistant organisms. Regularly updated treatment 
protocols, informed by local epidemiological data, are essential for optimizing therapeutic strategies. The collaboration 
between microbiology laboratories and clinical teams is vital for timely diagnostics, which guide effective antimicrobial 
therapy. This study provides valuable insights that can inform healthcare practices and contribute to global efforts in 
combating antimicrobial resistance.

Citation: Saeed NK, Almusawi SK, Albalooshi NA, Al-Beltagi M. Unveiling the impact: COVID-19's influence on bacterial resistance 
in the Kingdom of Bahrain. World J Virol 2025; 14(1): 100501
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/100501.htm
DOI: https://dx.doi.org/10.5501/wjv.v14.i1.100501

INTRODUCTION
The emergence of the coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome-
coronavirus 2 virus, has profoundly impacted global healthcare systems and posed a significant global health challenge. 
This has led to significant shifts in medical practices, patient care protocols, and antimicrobial usage[1]. As the world 
grapples with the multifaceted repercussions of the COVID-19 pandemic, one critical aspect that demands attention is its 
effect on bacterial resistance, especially in healthcare settings[2]. The Kingdom of Bahrain, like many other nations, faced 
unprecedented challenges as it navigated the complexities of managing a novel infectious disease while simultaneously 
addressing the ongoing burden of bacterial infections. In this context, our research on the potential influence of COVID-
19 on bacterial resistance patterns is of utmost significance[3].

Bacterial resistance, where bacteria develop mechanisms to resist the effects of antibiotics, is a growing public health 
threat, significantly complicating the treatment of infections and leading to increased morbidity, mortality, and healthcare 
costs[4]. The COVID-19 pandemic has introduced several factors that could potentially influence bacterial resistance 
patterns. Increased antibiotic use, often to treat secondary bacterial infections associated with the COVID-19 pandemic, 
may exert selective pressure for resistant strains[5]. Additionally, changes in healthcare-seeking behavior and potential 
resource limitations during the pandemic could have impacted the diagnosis and treatment of bacterial infections, 
leading to inappropriate antibiotic use[6]. The heightened focus on COVID-19 pandemic testing may have also diverted 
resources away from routine bacterial diagnostics, delaying identifying and treating susceptible bacterial infections. 
These pandemic-related changes have raised concerns about the acceleration of antimicrobial resistance (AMR) and the 
potential for fostering an environment conducive to the emergence and spread of resistant bacterial strains[7].

https://www.wjgnet.com/2220-3249/full/v14/i1/100501.htm
https://dx.doi.org/10.5501/wjv.v14.i1.100501
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Moreover, the strain on healthcare resources during the pandemic may have led to inconsistent application of antimi-
crobial stewardship (AMS) programs, further complicating efforts to manage bacterial resistance[8]. Diagnostic delays, 
the reduced routine monitoring of bacterial infections, and the diversion of medical resources to focus on COVID-19 
pandemic care likely impacted the timely and appropriate use of antibiotics[9]. Understanding these changes is crucial for 
developing effective strategies to combat AMR and ensure the continued efficacy of antibiotics[10]. By examining the 
interplay between pandemic-related healthcare adaptations and bacterial resistance patterns, we can inform future public 
health policies, optimize AMS programs, and strengthen the resilience of healthcare systems against both viral and 
bacterial threats.

In Bahrain, the healthcare system had to adapt rapidly to the demands of the pandemic, implementing measures such 
as enhanced diagnostic capabilities, increased hospitalizations, changes in infection control practices, and the deployment 
of broad-spectrum antibiotics[11]. While essential for managing COVID-19, these adaptations may have inadvertently 
influenced bacterial resistance patterns. The hospitalization surge led to higher patient densities and increased the 
likelihood of nosocomial infections, necessitating more frequent and broader use of antibiotics[12]. Changes in infection 
control practices, such as the use of personal protective equipment (PPE) and isolation protocols, altered the dynamics of 
bacterial transmission within healthcare settings[13]. The widespread deployment of broad-spectrum antibiotics, often 
used prophylactically or to treat suspected secondary bacterial infections in COVID-19 patients, may have exerted 
selective pressure on bacterial populations, accelerating the emergence of resistant strains[14].

This retrospective study aims to uncover the impact of COVID-19 on bacterial resistance in the Kingdom of Bahrain. 
We analyzed resistance rates before, during, and after the pandemic to identify significant shifts in bacterial resistance 
patterns associated with the COVID-19 era. This analysis provided valuable insights into the interplay between viral 
pandemics and bacterial resistance, which help inform future public health policies and AMS programs. Through this 
study, we hope to contribute to a broader understanding of the long-term implications of the COVID-19 pandemic on 
bacterial resistance and guide efforts to mitigate the rise of resistant infections in Bahrain and beyond. This involves 
informed decision-making regarding antibiotic use and stewardship practices in a post-pandemic setting.

MATERIALS AND METHODS
Study design and setting
This retrospective study was conducted at the Salmanyia Medical Complex, a major tertiary care hospital in the Kingdom 
of Bahrain. It lasted six years, covering two years before, two years during, and two years after the peak of the COVID-19 
pandemic. This timeframe was chosen to comprehensively capture changes in bacterial resistance patterns associated 
with the pandemic.

Bacteriologic testing methods
The causative microorganisms were identified using standard microbiologic methods, including matrix-assisted laser 
desorption ionization time-of-flight (Bruker Daltonics, Bremen, Germany). Antimicrobial susceptibility testing was 
conducted on all isolates obtained from patients included in the study. The hospital’s microbiology laboratory tested 
susceptibility with an automated system (Phoenix, Becton, Dickinson and Company, Franklin Lakes, NJ, United States). 
The minimum inhibitory concentration breakpoints were determined for 14 antimicrobial agents: (1) Amikacin; (2) 
Ampicillin; (3) Aztreonam; (4) Ceftazidime; (5) Ceftriaxone; (6) Cefuroxime; (7) Cefepime; (8) Imipenem; (9) Meropenem; 
(10) Piperacillin/tazobactam; (11) Ciprofloxacin; (12) Gentamicin; (13) Tigecycline; and (14) Trimethoprim-sulfameth-
oxazole. Amoxicillin-clavulanic acid was tested using the disk diffusion method. Clinical and Laboratory Standards 
Institute interpretive criteria were used to interpret susceptibility results and breakpoints.

Phoenix, BD, detected extended-spectrum beta-lactamases (ESBL). Atypical ESBL detected by Phoenix were confirmed 
by double-disk synergy testing. Colistin susceptibility was tested using the Broth microdilution method (MICRONAUT). 
Phenotypically similar isolates from different specimens of the same patient were considered one sample. Molecular 
biological studies were not performed to identify the genetic similarities or dissimilarities of the bacterial isolates.

Definitions
Bacterial resistance is defined as the ability of bacteria to survive and proliferate in the presence of antibiotics that were 
previously effective against them. Bacterial resistance can complicate the treatment of infections, leading to increased 
morbidity, mortality, and healthcare costs. This study employs a specific categorization system to assess bacterial 
resistance patterns within the Kingdom of Bahrain. We differentiate bacterial strains based on their susceptibility to 
various antibiotic classes, focusing on potential changes associated with the COVID-19 pandemic. Following the 
approach outlined by Falagas and Karageorgopoulos[15], we define multidrug-resistant (MDR) strains as those exhibiting 
resistance to at least one agent in three or more distinct antibiotic classes. This categorization reflects a significant 
reduction in treatment options for infections caused by these bacteria. Our focus lies on MDR strains and their prevalence 
within the context of COVID-19[16,17]. Certain bacteria, such as Acinetobacter baumannii, Pseudomonas aeruginosa, and 
Klebsiella pneumoniae, will be assigned an MDR designation if they exhibit resistance to five or more out of the seven 
evaluated anti-pseudomonal antibiotic classes[18]. MDR strains of Mycobacterium tuberculosis fall outside the scope of this 
study. By employing this classification system, we aim to achieve a clear and concise understanding of bacterial resistance 
patterns within the context of the COVID-19 pandemic in Bahrain. For clinical isolates, the first bacterial pathogen growth 
from any clinical specimen for each patient was counted as a clinical isolate. Duplicate isolates, identified from the same 
patient with the same organism and antimicrobial profile, were not considered[19].
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Data collection
Data were extracted from the electronic health records (EHR) of inpatients admitted to various departments within 
Salmanyia Medical Complex. The EHRs were reviewed for relevant microbiological information. The dataset included the 
microbiological profile: (1) Types of bacterial isolates; (2) Antimicrobial susceptibility profiles; and (3) Resistance patterns.

Inclusion criteria and exclusion criteria
Inclusion criteria: All inpatients admitted to Salmanyia Medical Complex who had documented bacterial cultures and 
antimicrobial susceptibility testing during the specified periods.

Exclusion criteria: Patients with incomplete records or missing key data elements were excluded from the study.

Data management
The extracted data were systematically organized and tabulated using Microsoft Excel. Each patient’s record was 
assigned a unique identifier to ensure anonymity and confidentiality. Data were manually extracted from the EHR 
system by trained personnel. Inconsistent or erroneous entries were identified and corrected. A random sample of records 
was cross-checked against the original EHR entries to verify accuracy.

Statistical analysis
Bacterial resistance rates were calculated for each of the three time periods (pre-pandemic, pandemic, and post-
pandemic). Comparative analyses were conducted to identify significant shifts in resistance patterns over time. Statistical 
tests, such as χ2 tests for categorical variables and t-tests for continuous variables, were employed to assess the 
significance of observed differences.

Ethical considerations
This study was conducted according to the ethical principles of the Declaration of Helsinki. Ethical approval was 
obtained from the institutional review board of the Salmanyia Medical Complex. As the study was retrospective, the 
institutional review board granted a waiver of informed consent. Patient confidentiality was maintained throughout the 
study, with all data anonymized before analysis.

RESULTS
During the extensive six-year study period (2018-2023), a significant fluctuation in bacterial isolates was observed at 
Salmanyia Medical Complex, categorized into three crucial timeframes: (1) Pre-COVID-19 (2018-2019); (2) During 
COVID-19 (2020-2021); and (3) Post-COVID-19 (2022-2023).

Prevalence of bacterial isolates
Escherichia coli (E. coli) remained the most prevalent organism, decreasing from 2061 isolates in 2018 to 1316 in 2020 before 
a sharp rise to 3400 in 2023, likely due to improved detection methods or increased infections. Klebsiella pneumoniae 
declined from 1133 in 2018 to 809 in 2020, then recovered to 1354 in 2023, reflecting fluctuating infection rates or detection 
practices. Pseudomonas aeruginosa decreased from 835 isolates in 2018 to 550 in 2020, rebounding slightly to 683 in 2023, 
possibly due to changes in infection control. Acinetobacter baumannii showed variability, peaking at 353 isolates in 2023 
after 336 in 2021, indicating its continued role in healthcare-associated infections (Table 1, Figure 1).

Other notable organisms include (1) Enterobacter species, which declined from 307 in 2018 to 173 in 2020 and recovered 
to 279 in 2023; (2) Salmonella species, which spiked from 162 isolates in 2022 to 579 in 2023, possibly indicating an outbreak; 
and (3) Proteus mirabilis, which maintained stable numbers with slight fluctuations. In addition, Citrobacter species 
remained relatively stable throughout the study period, with minor fluctuations in the number of isolates, from 116 in 
2018 to 159 in 2023, indicating a consistently low prevalence. In contrast, Serratia marcescens showed a notable increase in 
isolates, rising from 84 in 2018 to a peak of 119 in 2023. This upward trend suggests that Serratia may be playing an 
increasingly important role in infections at the facility. Stenotrophomonas maltophilia exhibited a gradual decline, with 
isolates decreasing from 133 in 2018 to 112 in 2023, which could indicate improvements in infection control or changes in 
the patient population. Haemophilus influenzae (H. influenzae) saw a sharp decrease in isolates, from 122 in 2018 to just 40 in 
2021, followed by a recovery to 116 in 2023. This pattern may be influenced by vaccination programs or other public 
health measures to control H. influenzae infections.

Gram-positive organisms also show fluctuation in their rate before, during, and after the pandemic. Staphylococcus 
aureus isolates decreased from 1631 in 2018 to 1102 in 2020, then steadily rising to 1591 in 2023. Enterococcus species 
dropped significantly from 730 isolates in 2018 to 486 in 2019, followed by a substantial increase to 856 in 2023, indicating 
a growing concern with Enterococcus-related infections. Coagulase-negative Staphylococci showed a sharp rise, peaking at 
1734 isolates in 2021, then slightly declining to 1433 in 2023. Streptococcus pyogenes experienced a dramatic decline from 
127 isolates in 2018 to just 16 in 2022 before recovering to 99 in 2023. Similarly, Streptococcus pneumoniae isolates 
consistently declined from 106 in 2018 to 33 in 2020, with a modest recovery to 86 in 2023.

Antibiotic susceptibility patterns
E. coli susceptibility to Amoxicillin-Clavulanate decreased slightly from 47% in 2018 to 49% in 2023, while Cefuroxime 
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Table 1 Comparison of bacterial isolates over three periods (before, during, and after the coronavirus disease 2019 pandemic)

Pre-pandemic Early pandemic Post-peak pandemic

Organism Year 
2018

Year 
2019 Total Year 

2020
Year 
2021 Total Year 

2022
Year 
2023 Total

P value 
(2018-2019 
vs 2020-
2021)

P value 
(2020-2021 
vs 2022-
2023)

P value 
(2018-2019 
vs 2022-
2023)

Escherichia coli 2061 1416 3477 1316 1549 2865 1635 3400 5035 < 0.01a < 0.01a < 0.01a

Klebsiella pneumoniae 1133 908 2041 809 969 1778 892 1354 2246 0.04a 0.05 0.03a

Proteus mirabilis 204 129 333 117 131 248 144 151 295 0.08 0.12 0.15

Enterobacter spp. 307 241 548 173 196 369 201 279 480 0.03a 0.06 0.04a

Salmonella spp. 149 103 252 104 118 222 162 579 741 0.05 < 0.01a < 0.01a

Citrobacter spp. 116 116 232 88 101 189 123 159 282 0.07 0.02a 0.05

Serratia marsescenes 84 97 181 77 115 192 97 119 216 0.35 0.20 0.30

Pseudomonas 
aeruginosa

835 577 1412 550 627 1177 668 683 1351 0.10 0.18 0.19

Acinetobacter 
baumannii

297 272 569 323 336 659 317 353 670 0.06 0.07 0.08

Stenotrophomonas 
maltophilia

133 129 262 102 139 241 128 112 240 0.20 0.45 0.35

Haemaphilus 
influenzae

122 99 221 44 40 84 117 116 233 < 0.01a < 0.01a < 0.01a

Staphylococcus aureus 1631 1248 2879 1102 1169 2271 1363 1591 2954 0.02a 0.04a 0.05

Enterococcus spp. 730 486 1216 511 806 1317 712 856 1568 0.05 0.04a 0.05

Coagulase-negative 
Staphylococci

1062 955 2017 1060 1734 2794 1498 1433 2931 0.10 0.12 0.15

Streptococcus 
pyogenes

127 83 210 42 21 63 16 99 115 < 0.01a < 0.01a < 0.01a

Streptococcus 
pneumoniae

106 75 181 33 47 80 90 86 176 < 0.01a 0.05 < 0.01a

aMeans significant P value.
Statistically significant changes (P < 0.05) are observed between the three periods for several organisms, including Escherichia coli, Salmonella spp., 
Haemaphilus influenzae, Staphylococcus aureus, Streptococcus pyogenes, and Streptococcus pneumoniae. These organisms show significant variations in their 
prevalence before, during, and after the coronavirus disease 2019 pandemic. Non-significant changes (P > 0.05) are observed for organisms like Serratia 
marsescenes, Pseudomonas aeruginosa, and Proteus mirabilis, indicating more stable trends.

remained stable at 50%. Ceftriaxone and Ciprofloxacin susceptibility declined from 60% and 72% in 2018 to 57% and 64%, 
respectively, by 2023. Klebsiella pneumoniae susceptibility to Meropenem dropped from 92% in 2018 to 88% in 2023, while 
Tigecycline remained effective (82%+ susceptibility). Pseudomonas aeruginosa maintained high susceptibility to Pipera-
cillin-Tazobactam, Ceftazidime, and Cefepime (73%+), though Meropenem and Imipenem showed slight declines to 85% 
in 2023. Acinetobacter baumannii displayed persistently low susceptibility, with rates below 30% for most antibiotics and 
Gentamicin dropping to 31% in 2023. Enterobacter species showed stable susceptibility to Meropenem (97%+) but slight 
declines in Ceftriaxone and Ciprofloxacin. Proteus mirabilis maintained 100% susceptibility to Meropenem, though 
Ciprofloxacin decreased from 82% in 2018 to 74% in 2023 (Figure 2, Supplementary Tables 1, 2 and 3).

Staphylococcus aureus exhibited a drop in Erythromycin susceptibility (75% in 2018 to 64% in 2023), but Clindamycin 
improved to 90% in 2023. Methicillin-resistant Staphylococcus aureus (MRSA) rates also increased during this period. Entero-
coccus species maintained stable susceptibility to Vancomycin and Daptomycin but fluctuating susceptibility to Penicillin, 
Ampicillin, and Ciprofloxacin. Streptococcus pneumoniae remained highly susceptible to Penicillin and Ceftriaxone (95%+), 
while Erythromycin susceptibility decreased from 79% in 2018 to 62% in 2023.

Multidrug-resistant trends
E. coli: ESBL-producing strains increased from 39% in 2018 to 47% in 2021, with a slight decrease to 42% in 2023. 
Carbapenem-resistant (CRE) remained low, peaking at 3% during the pandemic.

Klebsiella pneumoniae: ESBL rates rose from 38% in 2018 to 49% in 2019, stabilizing post-pandemic. CRE peaked at 30% 
in 2021 before decreasing to 12% in 2023.

Acinetobacter baumannii: MDR rates remained high (89% in 2020), dropping slightly to 80% in subsequent years.

https://f6publishing.blob.core.windows.net/8a9428dc-589f-40cb-a526-59b7d4f69469/100501-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8a9428dc-589f-40cb-a526-59b7d4f69469/100501-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8a9428dc-589f-40cb-a526-59b7d4f69469/100501-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8a9428dc-589f-40cb-a526-59b7d4f69469/100501-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8a9428dc-589f-40cb-a526-59b7d4f69469/100501-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8a9428dc-589f-40cb-a526-59b7d4f69469/100501-supplementary-material.pdf
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Figure 1 Most common Gram-negative and Gram-positive bacterial isolates Identified at Salmaniya Medical Complex over six years 
(2018-2023). A: Gram-negative bacterial isolates; B: Gram-positive bacterial isolates. E. coil: Escherichia coli; H. influenzae: Haemaphilus influenzae.

Pseudomonas aeruginosa: MDR rates increased slightly during the pandemic, peaking at 17%, then declining to 9% post-
pandemic.

Staphylococcus aureus: MRSA rates rose from 36% in 2018 to 53% in 2023, particularly post-pandemic.

Enterococcus species: Vancomycin-resistant Enterococci (VRE) rates increased from 9% in 2018 to 20% in 2021, stabilizing at 
23% by 2023.

These trends suggest the COVID-19 pandemic had a notable impact on AMR, particularly in MDR pathogens like 
Klebsiella pneumoniae, Acinetobacter baumannii, MRSA, and VRE. While post-pandemic resistance rates decreased for some 
organisms, high resistance levels persist, highlighting the need for continuous AMS (Table 2, Figure 3).

DISCUSSION
We previously reported the bacterial co-infections in the very early phase of COVID-19. We observed a significant 
increase in bacterial and fungal co-infection in the early phase of the pandemic in the Kingdom of Bahrain[3]. Therefore, 
this six-year study (2018–2023) conducted at Salmaniya Medical Complex provides crucial insights into the evolving 
landscape of bacterial infections and AMR, particularly emphasizing the impact of the COVID-19 pandemic. The findings 
highlight significant changes in bacterial prevalence and resistance patterns, underscoring the ongoing challenges in 
managing healthcare-associated infections during and after the pandemic.

Fluctuations in bacterial isolates
Our data reveal notable fluctuations in bacterial isolate numbers across various organisms over the study period. E. coli 
consistently emerged as the most prevalent organism, with a marked increase in 2023. This spike may be attributable to 
rising infection rates and improved detection techniques. Similar trends were observed with Klebsiella pneumoniae and 
Enterococcus species, which both experienced post-pandemic surges. This resurgence suggests that the healthcare system's 
response to the pandemic, including altered infection control practices and the increased use of antibiotics during 
COVID-19 patient management.

Interestingly, Salmonella isolates saw a dramatic rise in 2023, which could indicate an outbreak or the result of enhanced 
surveillance measures, similar to trends reported in China[20]. Conversely, organisms such as Stenotrophomonas 
maltophilia and H. influenzae demonstrated a declining trend, likely reflecting the success of vaccination programs and 
improved infection control efforts. These shifts in bacterial prevalence underscore the dynamic nature of bacterial 
infections in the context of evolving healthcare challenges. This aligns with findings from other regions, such as India[21] 
and Romania[22], where similar trends in E. coli, Klebsiella pneumoniae, and Staphylococcus aureus were noted.

Interestingly, Salmonella isolates saw a dramatic rise in 2023, which may suggest an outbreak or increased detection 
through enhanced surveillance systems. This sharp increase mirrors similar findings from China in 2023[20], where 
heightened awareness and targeted surveillance efforts resulted in the identification of more Salmonella cases than in 
previous years. The rise in Salmonella could be linked to several factors, including changes in food safety practices, 
increased incidence of foodborne outbreaks, or improved diagnostic capabilities in detecting bacterial pathogens[23]. 
Additionally, the increased use of routine microbiological screening and molecular diagnostic tools in healthcare settings 
may have contributed to the surge in reported cases, especially in light of the post-pandemic recovery in healthcare 
services. Such outbreaks often call for prompt public health interventions, including heightened surveillance, food safety 
regulations, and outbreak investigations to identify potential sources of infection[24].
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Table 2 Percentage of multidrug-resistant among different bacterial isolates in the pre-pandemic, early, and post-peak-pandemic era

Organism Resistance type Pre-
pandemic

Early 
pandemic

Post-peak 
pandemic

P value (pre-
pandemic vs 
early pandemic)

P value 
(prepandemic vs 
post-peak pandemic)

P value (early 
pandemic vs post-
peak pandemic)

ESBL 41.04 44.71 43.61 0.01a 0.01a 0.34Escherichia coli

CRE 1.01 2.51 1.67 < 0.0001a 0.01a 0.01a

ESBL 42.92 43.98 40.20 0.50 0.07 0.01aKlebsiella 
pneumoniae

CRE 13.82 29.58 15.14 < 0.0001a 0.21 < 0.0001a

Acinetobacter 
baumannii

MDR 79.09 87.86 79.40 < 0.0001a 0.89 < 0.0001a

MDR 12.89 13.85 8.96 0.47 0.001a < 0.0001aPseudomonas 
aeruginosa

CRE Pseudomonas 
aeruginosa

15.65 19.97 17.47 0.01a 0.19 0.10

Staphylococcus 
aureus

Methicillin-resistant 
Staphylococcus 
aureus

38.17 37.08 48.85 0.42 < 0.0001a < 0.0001a

Enterococcus 
spp.

Vancomycin-
resistant Enterococci

11.02 18.45 24.36 < 0.0001a < 0.0001a < 0.0001a

aMeans significant P value.
CRE: Carbapenem-resistant; ESBL: Extended-spectrum beta-lactamases; Early pandemic: Years 2020 and 2021; MDR: Multidrug-resistant; Post-pandemic: 
Years 2022 and 2023; Pre-pandemic: Years 2018 and 2019.

Conversely, organisms such as Stenotrophomonas maltophilia and H. influenzae have a declining trend over the same 
period. This reduction is likely the result of improved infection control protocols and public health measures. For 
Stenotrophomonas malt philia, a pathogen often associated with immunocompromised patients and healthcare-associated 
infections, the decline could reflect better environmental hygiene, the increased use of isolation precautions, and more 
judicious use of broad-spectrum antibiotics that have been linked to its emergence. Improvements in hospital sanitation 
and a renewed focus on AMS during and after the pandemic may have also contributed to the reduced incidence of this 
pathogen[25].

The decline in H. influenzae isolates, on the other hand, is most likely due to the widespread success of vaccination 
programs, particularly the H. influenzae type B vaccine, which has been effective in reducing the incidence of invasive 
diseases caused by this pathogen[26]. The disruption of regular vaccination schedules during the pandemic was initially a 
concern. Still, the return to routine immunization practices post-pandemic may have contributed to the observed decline. 
Furthermore, the widespread use of non-pharmaceutical interventions during the pandemic, such as masking and social 
distancing, may have indirectly decreased the transmission of respiratory pathogens, including H. influenzae[27].

These shifts in bacterial prevalence underscore the dynamic nature of bacterial infections, particularly as healthcare 
systems adapt to evolving challenges such as the COVID-19 pandemic. Changes in infection control measures, public 
health policies, and diagnostic practices all shape bacterial epidemiology. The fluctuations in bacterial prevalence in 
Bahrain align with trends in other regions. For instance, studies from India[21] and Romania[22] have reported similar 
patterns in bacterial isolates, particularly with E. coli, Klebsiella pneumoniae, and Staphylococcus aureus. These organisms 
have shown fluctuations in response to shifting healthcare priorities, the widespread use of antimicrobials, and the 
influence of infection control practices. Such comparative data suggest that while the impact of the pandemic on bacterial 
prevalence and AMR is global, regional healthcare practices and public health strategies significantly influence the 
specific trends observed[28].

Staphylococcus aureus isolates decreased from 1631 in 2018 to 1102 in 2020, followed by a steady increase to 1591 in 2023. 
A similar trend was observed in Romania, where Staphylococcus aureus isolates initially rose from 2017 to 2019, then 
declined during 2020 and 2021, before surging again in 2022[22]. This fluctuation highlights the organism's persistent role 
in both community and healthcare-associated infections. The significant drop in Enterococcus spp isolates from 730 in 2018 
to 486 in 2019, followed by a sharp increase to 856 in 2023, highlighting the growing concern regarding Enterococcus-
related infections. This resurgence may be attributed to changes in infection control practices, increased use of antibiotics 
during the COVID-19 pandemic, and the pathogen’s ability to acquire resistance to commonly used treatments like 
vancomycin[29]. Coagulase-negative Staphylococci also exhibited notable trends, peaking at 1734 isolates in 2021 before 
slightly declining to 1433 in 2023. This pattern could reflect a rise in device-related infections or shifts in clinical practices 
during the pandemic[30]. Streptococcus pyogenes experienced a dramatic decline, with isolates dropping from 127 in 2018 
to just 16 in 2022, followed by a resurgence to 99 in 2023. These fluctuations may reflect variations in community-acquired 
infections or differences in reporting practices. Similarly, Streptococcus pneumoniae isolates consistently decreased from 106 
in 2018 to 33 in 2020, with a modest recovery to 86 in 2023. This trend is likely influenced by vaccination efforts or other 
public health initiatives, as seen in the United Arab Emirates, where Streptococcus pneumoniae peaked in 2019, declined in 
2020, and slightly increased in 2021[31].
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Figure 2 Percentage of antibiotic susceptibility. A: Percentage of Escherichia coli antibiotic susceptibility; B: Percentage of Klebsiella pneumoniae antibiotic 
susceptibility; C: Percentage of Pseudomonas aeruginosa antibiotic susceptibility; D: Percentage of Acinetobacter baumannii antibiotic susceptibility; E: Percentage of 
Staphylococcus aureus antibiotic susceptibility; F: Percentage of Enterococcus spp. antibiotic susceptibility. Pipe.Taz: Piperacillin-Tazobactam.

A study conducted in Malaysia identified Acinetobacter baumannii as the most frequently isolated organism, followed by 
Klebsiella pneumoniae, Coagulase-negative Staphylococci, E. coli, Enterococcus faecalis, and Enterococcus faecium[32]. In the 
United States, a multicenter study reported that Staphylococcus aureus and Gram-negative rods were the most commonly 
isolated bacterial pathogens from patients hospitalized during the pandemic[33]. These comparative analyses emphasize 
the broader context of bacterial isolation trends worldwide, underscoring the global nature of these challenges and the 
need for continued vigilance in managing bacterial infections.

Antibiotic susceptibility trends
The antibiotic susceptibility patterns highlight the growing challenge of antibiotic resistance, particularly among common 
pathogens like E. coli, Klebsiella pneumoniae, and Acinetobacter baumannii. E. coli's decreasing susceptibility to commonly 
used antibiotics such as Amoxicillin-Clavulanate, Cefuroxime, and Ciprofloxacin underscores continuous monitoring and 
development of new therapeutic strategies. Klebsiella pneumoniae also showed a declining trend in susceptibility to several 
antibiotics, with a notable decrease in susceptibility to Meropenem, a last-resort antibiotic. This trend is concerning as it 
points to the increasing difficulty in treating infections caused by this pathogen. A similar finding was observed in a 
study from India, where Sharma et al[34] found an increase of antibiotic resistance among the isolated Klebsiella 
pneumoniae from patients in intensive care units (ICUs) to reach about 87.5% of the isolated strains, especially during and 
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Figure 3 Percentage of multidrug-resistant. A: Enterobacterales: From extended-spectrum beta-lactamases to Carbapenemases; B: Acinetobacter and 
Pseudomonas; C: Gram-positive Bacteria. CRE: Carbapenem-resistant; CRP: Carbapenem-resistant Pseudomonas aeruginosa; E. coil: Escherichia coli; ESBL: 
Extended-spectrum beta-lactamases; MDR: Multidrug-resistant; MRSA: Methicillin-resistant Staphylococcus aureus; VRE: Vancomycin-resistant Enterococci.

after the peak of COVID-19 pandemic.
Acinetobacter baumannii, known for its role in healthcare-associated infections, displayed alarmingly low susceptibility 

rates to most antibiotics, with susceptibility rates for Piperacillin-Tazobactam, Ceftazidime, and Cefipime remaining 
below 30%. The persistently high MDR rates in Acinetobacter baumannii highlight the critical need for stringent infection 
control measures and the development of new antimicrobial agents. A systematic review by Sulayyim et al[35] found that 
Acinetobacter baumannii was the most commonly reported resistant gram-negative bacteria, followed by Klebsiella 
pneumonia, E. coli, and Pseudomonas aeruginosa.

MDR organisms
The rise of MDR organisms presents one of the most pressing challenges in modern healthcare. MDR organisms are 
defined as bacteria that are resistant to three or more antibiotics, making them particularly difficult to treat. This study 
highlights the increasing prevalence of MDR organisms at Salmaniya Medical Complex, particularly in pathogens like 
Klebsiella pneumoniae, Acinetobacter baumannii, and MRSA[36].

ESBL and CRE E. coli
E. coli is a common cause of both community-acquired and healthcare-associated infections, such as urinary tract 
infections (UTIs), bloodstream infections, and intra-abdominal infections. The emergence of ESBL-producing E. coli is a 
significant concern due to its resistance to many commonly used antibiotics, particularly cephalosporins and penicillins
[37].

ESBL E. coli: ESBL-producing E. coli strains are resistant to third-generation cephalosporins like Ceftriaxone and 
Ceftazidime, necessitating the use of carbapenems as the primary treatment option. However, the overuse of 
carbapenems has led to the emergence of CRE E. coli, which poses an even greater therapeutic challenge[38]. The 
proportion of ESBL E. coli isolates in this study increased from 39% in 2018 to a peak of 47% in 2021 and 2022, likely 
influenced by the COVID-19 pandemic. A similar study in Thailand reported that 42.5% of E. coli isolates were ESBL-
producing[39]. Conversely, a study in Finland observed a decreasing trend of ESBL E. coli during the pandemic compared 
to the pre-pandemic period[40].

CRE E. coli: CRE E. coli is resistant to nearly all available antibiotics, including carbapenems, which are often reserved for 
severe MDR infections. The rise in CRE E. coli has been associated with higher mortality rates, especially among critically 
ill patients in ICUs[41]. Our study found a concerning increase in CRE E. coli isolates during and after the pandemic, 
underscoring the need for strict infection control and prudent antibiotic use. Similar findings were reported in the 
Dominican Republic, where the CRE E. coli rate was about 0.15%[42], and in European countries, where CRE isolation 
rates rose significantly during the pandemic compared to the pre-pandemic period[43,44]. While ESBL-producing E. coli 
is more common in Asia, CRE E. coli and VRE are more prevalent in European countries.



Saeed NK et al. COVID-19-related bacterial resistance in Bahrain

WJV https://www.wjgnet.com 10 March 25, 2025 Volume 14 Issue 1

MDR Klebsiella pneumoniae
Klebsiella pneumoniae is a major cause of healthcare-associated infections, including pneumonia, bloodstream infections, 
wound infections, and meningitis. During the pandemic, the prevalence of MDR Klebsiella pneumoniae increased 
significantly. A similar trend was reported in Shenzhen, China, where MDR Klebsiella pneumoniae isolates from hospit-
alized children increased during the pandemic[45]. An outbreak of hypervirulent MDR Klebsiella pneumoniae in COVID-19 
patients in Italy was also associated with high mortality rates[46]. In Saudi Arabia, the rate of MDR Klebsiella pneumoniae 
reached 57.5% during the pandemic[47].

One of the most alarming findings in this study is the declining susceptibility of Klebsiella pneumoniae to carbapenems, 
such as Meropenem, which are often considered antibiotics of last resort for MDR infections. The emergence of CRE 
Klebsiella pneumoniae (CRKP) poses a significant threat, as it leaves few treatment options available[48]. In the Slovak 
Republic, the rate of CRKP increased 4.8 times during the pandemic, from 0.18% to 0.76%, with 47% of COVID-19 
patients colonized with CRKP[49]. The rise in MDR Klebsiella pneumoniae during the pandemic may be due to the overuse 
of broad-spectrum antibiotics, prolonged hospital stays, and the increased use of invasive devices, all of which are known 
risk factors for the spread of MDR organisms[50].

MDR and CRE Pseudomonas aeruginosa
Pseudomonas aeruginosa is a common nosocomial pathogen, particularly in critically ill patients. Known for its intrinsic 
resistance to many antibiotics, Pseudomonas aeruginosa can also acquire resistance during treatment, resulting in MDR and 
CRE Pseudomonas aeruginosa (CRP)[51]. This study highlights the significant prevalence of MDR Pseudomonas aeruginosa, 
which is resistant to multiple antibiotic classes, including beta-lactams, aminoglycosides, and fluoroquinolones. The 
ability of Pseudomonas aeruginosa to form biofilms on medical devices, such as catheters and ventilators, contributes to its 
persistence and resistance in healthcare settings[52].

During the COVID-19 pandemic, the prevalence of MDR Pseudomonas aeruginosa increased by 70% compared to pre-
pandemic levels, before returning to baseline after the pandemic. However, the prevalence of MDR Pseudomonas 
aeruginosa in Bahrain remained lower than in other countries[53]. CRP Pseudomonas aeruginosa is especially concerning 
due to its resistance to carbapenems, complicating treatment options. Our findings showed a significant decline in 
susceptibility to carbapenems like Meropenem and Imipenem, making infections caused by this pathogen more difficult 
to manage[54]. The use of more toxic antibiotics, such as colistin, is often required for CRP Pseudomonas aeruginosa, 
increasing morbidity and mortality[55]. Comparative studies show significantly higher rates of CRP Pseudomonas 
aeruginosa in regions outside Asia[56], with differences attributed to antibiotic prescribing practices, infection control 
measures, and public health policies[57].

MDR Acinetobacter baumannii
Acinetobacter baumannii is another notorious MDR pathogen, particularly in critical care settings, where it causes severe 
infections such as ventilator-associated pneumonia and bloodstream infections[58]. Our study showed that Acinetobacter 
baumannii had extremely low susceptibility rates to a wide range of antibiotics, with susceptibility to Piperacillin-
Tazobactam, Ceftazidime, and Cefepime below 30%. The high prevalence of MDR Acinetobacter baumannii is concerning 
due to its ability to persist in hospital environments, making it a persistent threat[59]. Studies have shown a significantly 
increased risk of death in COVID-19 patients with MDR Acinetobacter baumannii co-infection[60]. In Croatia, Acinetobacter 
baumannii was the most common bloodstream infection in COVID-19 patients admitted to ICUs[61]. Similarly, a study in 
Mexico reported increased resistance of Acinetobacter baumannii to multiple antibiotics during the pandemic[62]. The 
emergence of CRE Acinetobacter baumannii further complicates treatment, with high mortality rates associated with these 
infections[63]. The persistence of MDR Acinetobacter baumannii during and after the pandemic highlights the urgent need 
for aggressive infection control measures and the development of alternative therapeutic strategies[64].

MRSA
MRSA has long been recognized as a significant cause of hospital-acquired infections. Our study observed an increase in 
MRSA isolates during the pandemic, likely due to the increased strain on healthcare systems, which may have led to 
lapses in infection control practices[65]. MRSA is resistant to all beta-lactam antibiotics, including penicillins and 
cephalosporins, limiting treatment options. The rise in MRSA during the pandemic aligns with global trends, which have 
reported an increase in healthcare-associated infections due to the pandemic’s impact on infection control practices[66].

The fluctuations in MRSA rates in Bahrain during the COVID-19 pandemic, with an initial decrease followed by a rise 
to levels exceeding pre-pandemic rates, can be attributed to multiple factors. Early in the pandemic, strict infection 
control measures were implemented to prevent COVID-19 transmission in healthcare settings, likely reducing MRSA 
spread. These measures included enhanced hygiene protocols, reduced elective surgeries, and minimized hospital 
admissions for non-COVID-19 conditions[67]. However, as the pandemic progressed, the focus on managing COVID-19 
cases may have disrupted routine infection control practices for other pathogens like MRSA[68]. Additionally, the 
widespread use of broad-spectrum antibiotics to treat suspected bacterial infections in COVID-19 patients may have 
promoted the emergence and spread of resistant strains, including MRSA[3,69]. As healthcare facilities resumed normal 
operations, there was likely an increase in hospital admissions and surgeries, along with weakened infection control 
measures, creating conditions conducive to MRSA transmission[70]. Prolonged strain on healthcare systems, resource 
limitations, and staff fatigue during the pandemic may have also contributed to the resurgence of MRSA in the later 
stages[71].
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VRE
Enterococcus species, particularly Enterococcus faecium, are important causes of healthcare-associated infections, including 
bacteremia, endocarditis, and UTIs[72]. VRE is a significant challenge in healthcare settings due to its resistance to 
vancomycin, one of the key antibiotics for serious Enterococcus infections[73]. The progressive increase in VRE during the 
pandemic, particularly in Bahrain in 2022 and 2023, can be attributed to several factors. The pandemic disrupted routine 
healthcare practices and infection control measures as the focus shifted toward managing COVID-19 patients. The 
increased use of broad-spectrum antibiotics, such as vancomycin, likely exerted selective pressure, favoring the prolif-
eration of VRE[74]. The strain on healthcare systems, lapses in infection prevention, and the resumption of routine 
hospital operations likely contributed to rising VRE cases in the later years of the pandemic[75]. VRE is particularly 
problematic in immunocompromised patients and those with underlying chronic conditions, where infections are more 
severe and difficult to treat[76]. The rise in VRE underscores the importance of strict infection control practices, including 
hand hygiene, environmental cleaning, and appropriate antibiotic use[77].

Implications of MDR organisms
The rise of MDR organisms has profound implications for clinical practice, patient outcomes, and public health. Infections 
caused by MDR organisms are associated with higher morbidity and mortality rates, prolonged hospital stays, and 
increased healthcare costs[78]. The limited treatment options for these infections often necessitate the use of more toxic or 
less effective antibiotics, which can lead to adverse patient outcomes[79]. The findings of this study underscore the urgent 
need for robust AMS programs to curb the overuse and misuse of antibiotics. AMS involves optimizing the selection, 
dosage, and duration of antimicrobial treatment to maximize clinical outcomes while minimizing the risk of resistance
[80]. Infection control measures are equally crucial in preventing the spread of MDR organisms within healthcare 
facilities. These measures include hand hygiene, environmental cleaning, PPE, and the appropriate isolation of infected 
patients[81]. Additionally, ongoing surveillance of antibiotic resistance patterns is essential for guiding empirical therapy 
and developing targeted interventions to combat the spread of MDR organisms[82]. The study's data provide a critical 
foundation for informing local antibiotic prescribing practices and tailoring infection control policies to the specific 
challenges faced at Salmaniya Medical Complex.

Impact of the COVID-19 pandemic
The COVID-19 pandemic appears to have significantly influenced various bacterial pathogens' prevalence and resistance 
patterns. The increase in MDR organisms during the pandemic years, particularly in Klebsiella pneumoniae, Acinetobacter 
baumannii, and MRSA, suggests a potential correlation between the pandemic and the emergence of resistance[83]. The 
pandemic's impact on healthcare practices, including the increased use of antibiotics, changes in infection control 
practices, and the strain on healthcare resources may have contributed to this trend[84]. Interestingly, the post-pandemic 
period showed reduced resistance rates for some pathogens, possibly due to a renewed focus on infection control and 
AMS[85]. However, the persistently high levels of resistance in several key pathogens underscore the ongoing challenges 
in managing bacterial infections in the post-pandemic era.

Implications for clinical practice and public health
The findings of this study have important implications for clinical practice and public health. The rising prevalence of 
MDR organisms, particularly post-pandemic, highlights the need for continued vigilance in antibiotic stewardship and 
infection control practices[86]. The data also underscore the importance of ongoing surveillance of bacterial infections and 
resistance patterns to inform treatment guidelines and public health interventions. In conclusion, the study highlights the 
dynamic nature of bacterial infections and resistance patterns at Salmaniya Medical Complex. The fluctuations in 
bacterial isolates and the increasing resistance to commonly used antibiotics underscore the need for continuous 
monitoring, effective infection control measures, and the development of new antimicrobial agents[87]. The impact of the 
COVID-19 pandemic on resistance patterns further emphasizes the need for a comprehensive approach to managing 
bacterial infections in the healthcare setting.

Limitation of the study
This study has several limitations that should be considered when interpreting its findings. Firstly, the retrospective 
design, relying on historical data from 2018-2023, may limit the ability to establish causality and may be subject to 
inaccuracies or incomplete records. Additionally, as a single-center study conducted at Salmaniya Medical Complex, the 
findings may not be generalizable to other healthcare settings within Bahrain or other regions, as local practices, patient 
populations, and healthcare infrastructures could differ significantly. Over the six-year study period, changes in 
laboratory practices, diagnostic criteria, and data recording methods may have introduced variability and bias, affecting 
the analysis of trends. Furthermore, the study did not control for potential confounding factors such as changes in 
hospital admission policies, antibiotic prescribing practices, or infection control measures, which could have influenced 
the observed trends in bacterial isolates and antibiotic resistance patterns.

The lack of detailed clinical correlation with patient outcomes, such as mortality, morbidity, or length of hospital stay, 
also limits the ability to assess the direct impact of these trends on patient care. Moreover, the focus on selected bacterial 
pathogens may have overlooked trends in less frequently isolated organisms or emerging pathogens, potentially missing 
significant developments in the microbial landscape. The reliance on standard antibiotic susceptibility testing methods 
may not fully capture more nuanced resistance mechanisms, and variations in testing protocols over time could affect the 
comparability of results. While the study highlights the impact of the COVID-19 pandemic, it does not fully explore the 
complex interplay between COVID-19 treatment protocols and the observed trends in bacterial infections and antibiotic 
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resistance. Lastly, the absence of molecular data, such as genotyping or whole-genome sequencing, limits the ability to 
identify specific resistance genes or track the spread of particular clones within the hospital. These limitations underscore 
the need for caution in interpreting the results and point to areas for further research.

Recommendations
Based on the study's findings and limitations, several recommendations are suggested to enhance the understanding and 
management of bacterial infections and antibiotic resistance at Salmaniya Medical Complex and similar healthcare 
settings. Continuous and comprehensive surveillance of bacterial isolates and their antibiotic susceptibility patterns is 
crucial, with standardized methods to ensure data consistency over time, allowing for accurate trend analysis and early 
detection of emerging resistance patterns. Expanding surveillance to include a broader range of pathogens and inte-
grating molecular techniques, such as genotyping or whole-genome sequencing, into routine practices would provide 
deeper insights into resistance mechanisms and the spread of specific clones. The study also underscores the importance 
of ongoing education and training of healthcare professionals in AMS practices, focusing on appropriate antibiotic use 
and infection control measures. Strengthening collaboration between microbiology laboratories, clinicians, and infection 
control teams is essential for translating surveillance data into effective clinical decision-making and policy development. 
Given the impact of the COVID-19 pandemic on bacterial infection trends, further investigation into the interplay 
between viral pandemics, treatment protocols, and bacterial resistance patterns is recommended to inform future 
healthcare responses. Additionally, improving data recording and reporting practices will enhance the accuracy of 
retrospective analyses. Lastly, conducting similar research in other healthcare settings within Bahrain and the wider 
region is advised to validate the findings and assess their generalizability, with comparative studies providing valuable 
insights into global trends in bacterial infections and resistance, aiding in developing coordinated public health strategies.

CONCLUSION
This study offers crucial insights into the evolving trends of bacterial isolates and their antibiotic susceptibility patterns at 
Salmaniya Medical Complex from 2018 to 2023, highlighting the significant impact of the COVID-19 pandemic on these 
dynamics. The fluctuating prevalence of key pathogens, including E. coli, Klebsiella pneumoniae, and Staphylococcus aureus, 
alongside varying levels of antibiotic resistance, underscores the persistent challenge of AMR in healthcare settings. The 
results emphasize the importance of continuous monitoring through robust AMS programs to mitigate the rising threat of 
antibiotic resistance. Moreover, the study calls for implementing standardized surveillance systems and enhanced data 
collection methods to generate accurate, real-time insights that can inform clinical decisions and guide health policy 
development. The observed shifts in bacterial infection patterns during the pandemic further stress the need for a holistic 
approach to infectious disease management, recognizing the complex interplay between viral and bacterial pathogens. By 
advancing our understanding of bacterial resistance trends in Bahrain, this study lays a foundation for future research 
and policy initiatives to combat AMR and improve patient outcomes. Addressing the identified limitations and applying 
the recommended strategies can equip healthcare facilities with the tools to better manage bacterial infections and 
optimize antibiotic therapies amidst evolving resistance challenges.

FOOTNOTES
Author contributions: Saeed NK conceived the study and supervised the entire research process, including the study's design and the 
interpretation of the results, and contributed to revising the manuscript critically for important intellectual content; Almusawi SK was 
involved in acquiring data and played a key role in analyzing the laboratory results and organizing the data collection process, and 
contributed to revising the manuscript; Albalooshi NA contributed to the interpretation of the findings and ensured the accuracy of the 
clinical context in the manuscript, revised the manuscript and provided feedback on the final draft; Al-Beltagi M wrote the manuscript, 
performed the statistical analyses, and was responsible for revising it, communicated with the authors and journal reviewers, ensuring 
the manuscript met submission requirements; all of the authors read and approved the final version of the manuscript to be published.

Institutional review board statement: This study was conducted in accordance with the ethical standards of the Declaration of Helsinki. It 
was approved by the Institutional Review Board (IRB) of Salmaniya Medical Complex, Kingdom of Bahrain, on April 2024. Given the 
retrospective nature of the study and the use of de-identified patient data, the requirement for informed consent was waived by the IRB.

Informed consent statement: This retrospective study did not involve the direct collection of patient data or the identification of 
individual patients. As such, the Institutional Review Board of Salmaniya Medical Complex, Kingdom of Bahrain, waived informed 
consent in accordance with institutional guidelines and ethical standards.

Conflict-of-interest statement: The authors declare no conflict of interest. No financial, personal, or professional interests influenced this 
manuscript's research, authorship, or publication.

Data sharing statement: The data supporting this study's findings are available upon reasonable request from the corresponding author, 
Al-Beltagi M. However, the data are not publicly available due to privacy and ethical restrictions.

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 



Saeed NK et al. COVID-19-related bacterial resistance in Bahrain

WJV https://www.wjgnet.com 13 March 25, 2025 Volume 14 Issue 1

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 of origin: Bahrain

ORCID number: Nermin K Saeed 0000-0001-7875-8207; Safiya K Almusawi 0000-0003-0884-9907; Mohammed Al-Beltagi 0000-0002-7761-9536.

S-Editor: Luo ML 
L-Editor: A 
P-Editor: Zheng XM

REFERENCES
1 Haileamlak A. The impact of COVID-19 on health and health systems. Ethiop J Health Sci 2021; 31: 1073-1074 [PMID: 35392335 DOI: 

10.4314/ejhs.v31i6.1]
2 Founou RC, Blocker AJ, Noubom M, Tsayem C, Choukem SP, Dongen MV, Founou LL. The COVID-19 pandemic: a threat to antimicrobial 

resistance containment. Future Sci OA 2021; 7: FSO736 [PMID: 34290883 DOI: 10.2144/fsoa-2021-0012]
3 Saeed NK, Al-Khawaja S, Alsalman J, Almusawi S, Albalooshi NA, Al-Biltagi M. Bacterial co-infection in patients with SARS-CoV-2 in the 

Kingdom of Bahrain. World J Virol 2021; 10: 168-181 [PMID: 34367932 DOI: 10.5501/wjv.v10.i4.168]
4 Ventola CL. The antibiotic resistance crisis: part 1: causes and threats. P T 2015; 40: 277-283 [PMID: 25859123]
5 Knight GM, Glover RE, McQuaid CF, Olaru ID, Gallandat K, Leclerc QJ, Fuller NM, Willcocks SJ, Hasan R, van Kleef E, Chandler CI. 

Antimicrobial resistance and COVID-19: Intersections and implications. Elife 2021; 10: e64139 [PMID: 33588991 DOI: 10.7554/eLife.64139]
6 Toro-Alzate L, Hofstraat K, de Vries DH. The Pandemic beyond the Pandemic: A Scoping Review on the Social Relationships between 

COVID-19 and Antimicrobial Resistance. Int J Environ Res Public Health 2021; 18: 8766 [PMID: 34444511 DOI: 10.3390/ijerph18168766]
7 Arshad AR, Ijaz F, Siddiqui MS, Khalid S, Fatima A, Aftab RK. COVID-19 pandemic and antimicrobial resistance in developing countries. 

Discoveries (Craiova) 2021; 9: e127 [PMID: 34754900 DOI: 10.15190/d.2021.6]
8 Subramanya SH, Czyż DM, Acharya KP, Humphreys H. The potential impact of the COVID-19 pandemic on antimicrobial resistance and 

antibiotic stewardship. Virusdisease 2021; 32: 330-337 [PMID: 34056051 DOI: 10.1007/s13337-021-00695-2]
9 Petrakis V, Panopoulou M, Rafailidis P, Lemonakis N, Lazaridis G, Terzi I, Papazoglou D, Panagopoulos P. The Impact of the COVID-19 

Pandemic on Antimicrobial Resistance and Management of Bloodstream Infections. Pathogens 2023; 12: 780 [PMID: 37375470 DOI: 
10.3390/pathogens12060780]

10 Uchil RR, Kohli GS, Katekhaye VM, Swami OC. Strategies to combat antimicrobial resistance. J Clin Diagn Res 2014; 8: ME01-ME04 
[PMID: 25177596 DOI: 10.7860/JCDR/2014/8925.4529]

11 Mukhaimer J, Mihdawi MO, Al-ghatam R, Alhourani F, Opinion F. Assessment of the healthcare workers’ physical, educational and 
operational needs during the COVID-19 pandemic in Bahrain. AGJSR 2024; 42: 730-743 [DOI: 10.1108/agjsr-03-2023-0096]

12 Gavi F, Fiori B, Gandi C, Campetella M, Bientinesi R, Marino F, Fettucciari D, Rossi F, Moretto S, Murri R, Pierconti F, Racioppi M, Sacco 
E. Prevalence and Antimicrobial Resistance Patterns of Hospital Acquired Infections through the COVID-19 Pandemic: Real-Word Data from 
a Tertiary Urological Centre. J Clin Med 2023; 12: 7278 [PMID: 38068329 DOI: 10.3390/jcm12237278]

13 Garcia R, Barnes S, Boukidjian R, Goss LK, Spencer M, Septimus EJ, Wright MO, Munro S, Reese SM, Fakih MG, Edmiston CE, Levesque 
M. Recommendations for change in infection prevention programs and practice. Am J Infect Control 2022; 50: 1281-1295 [PMID: 35525498 
DOI: 10.1016/j.ajic.2022.04.007]

14 Granata G, Schiavone F, Pipitone G, Taglietti F, Petrosillo N. Antibiotics Use in COVID-19 Patients: A Systematic Literature Review. J Clin 
Med 2022; 11: 7207 [PMID: 36498781 DOI: 10.3390/jcm11237207]

15 Falagas ME, Karageorgopoulos DE. Extended-spectrum beta-lactamase-producing organisms. J Hosp Infect 2009; 73: 345-354 [PMID: 
19596491 DOI: 10.1016/j.jhin.2009.02.021]

16 Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, 
Paterson DL, Rice LB, Stelling J, Struelens MJ, Vatopoulos A, Weber JT, Monnet DL. Multidrug-resistant, extensively drug-resistant and 
pandrug-resistant bacteria: an international expert proposal for interim standard definitions for acquired resistance. Clin Microbiol Infect 2012; 
18: 268-281 [PMID: 21793988 DOI: 10.1111/j.1469-0691.2011.03570.x]

17 Kalın G, Alp E, Chouaikhi A, Roger C. Antimicrobial Multidrug Resistance: Clinical Implications for Infection Management in Critically Ill 
Patients. Microorganisms 2023; 11: 2575 [PMID: 37894233 DOI: 10.3390/microorganisms11102575]

18 Karaiskos I, Giamarellou H. Multidrug-resistant and extensively drug-resistant Gram-negative pathogens: current and emerging therapeutic 
approaches. Expert Opin Pharmacother 2014; 15: 1351-1370 [PMID: 24766095 DOI: 10.1517/14656566.2014.914172]

19 Saeed NK, Kambal AM, El-Khizzi NA. Antimicrobial-resistant bacteria in a general intensive care unit in Saudi Arabia. Saudi Med J 2010; 31: 
1341-1349 [PMID: 21135998]

20 Peng S, Xiong H, Lu J, Luo F, Liu C, Zhou H, Tong W, Xia Z, Liu D. Epidemiological and Whole Genome Sequencing Analysis of Restaurant 
Salmonella Enteritidis Outbreak Associated with an Infected Food Handler in Jiangxi Province, China, 2023. Foodborne Pathog Dis 2024; 21: 
316-322 [PMID: 38354216 DOI: 10.1089/fpd.2023.0123]

21 Arun N, Saurabh K, Muni S, Kumari N, Dev A. A Comparative Study of Bacterial Infections Between COVID-19 and Non-COVID-19 
Patients With Respect to Different Isolates and Their Antibiotic Sensitivity Pattern. Cureus 2023; 15: e40387 [PMID: 37456417 DOI: 
10.7759/cureus.40387]

22 Tălăpan D, Sandu AM, Rafila A. Antimicrobial Resistance of Staphylococcus aureus Isolated between 2017 and 2022 from Infections at a 
Tertiary Care Hospital in Romania. Antibiotics (Basel) 2023; 12: 974 [PMID: 37370293 DOI: 10.3390/antibiotics12060974]

23 Ehuwa O, Jaiswal AK, Jaiswal S. Salmonella, Food Safety and Food Handling Practices. Foods 2021; 10: 907 [PMID: 33919142 DOI: 
10.3390/foods10050907]
Filip R, Gheorghita Puscaselu R, Anchidin-Norocel L, Dimian M, Savage WK. Global Challenges to Public Health Care Systems during the 24

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-7875-8207
http://orcid.org/0000-0001-7875-8207
http://orcid.org/0000-0003-0884-9907
http://orcid.org/0000-0003-0884-9907
http://orcid.org/0000-0002-7761-9536
http://orcid.org/0000-0002-7761-9536
http://www.ncbi.nlm.nih.gov/pubmed/35392335
https://dx.doi.org/10.4314/ejhs.v31i6.1
http://www.ncbi.nlm.nih.gov/pubmed/34290883
https://dx.doi.org/10.2144/fsoa-2021-0012
http://www.ncbi.nlm.nih.gov/pubmed/34367932
https://dx.doi.org/10.5501/wjv.v10.i4.168
http://www.ncbi.nlm.nih.gov/pubmed/25859123
http://www.ncbi.nlm.nih.gov/pubmed/33588991
https://dx.doi.org/10.7554/eLife.64139
http://www.ncbi.nlm.nih.gov/pubmed/34444511
https://dx.doi.org/10.3390/ijerph18168766
http://www.ncbi.nlm.nih.gov/pubmed/34754900
https://dx.doi.org/10.15190/d.2021.6
http://www.ncbi.nlm.nih.gov/pubmed/34056051
https://dx.doi.org/10.1007/s13337-021-00695-2
http://www.ncbi.nlm.nih.gov/pubmed/37375470
https://dx.doi.org/10.3390/pathogens12060780
http://www.ncbi.nlm.nih.gov/pubmed/25177596
https://dx.doi.org/10.7860/JCDR/2014/8925.4529
https://dx.doi.org/10.1108/agjsr-03-2023-0096
http://www.ncbi.nlm.nih.gov/pubmed/38068329
https://dx.doi.org/10.3390/jcm12237278
http://www.ncbi.nlm.nih.gov/pubmed/35525498
https://dx.doi.org/10.1016/j.ajic.2022.04.007
http://www.ncbi.nlm.nih.gov/pubmed/36498781
https://dx.doi.org/10.3390/jcm11237207
http://www.ncbi.nlm.nih.gov/pubmed/19596491
https://dx.doi.org/10.1016/j.jhin.2009.02.021
http://www.ncbi.nlm.nih.gov/pubmed/21793988
https://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.ncbi.nlm.nih.gov/pubmed/37894233
https://dx.doi.org/10.3390/microorganisms11102575
http://www.ncbi.nlm.nih.gov/pubmed/24766095
https://dx.doi.org/10.1517/14656566.2014.914172
http://www.ncbi.nlm.nih.gov/pubmed/21135998
http://www.ncbi.nlm.nih.gov/pubmed/38354216
https://dx.doi.org/10.1089/fpd.2023.0123
http://www.ncbi.nlm.nih.gov/pubmed/37456417
https://dx.doi.org/10.7759/cureus.40387
http://www.ncbi.nlm.nih.gov/pubmed/37370293
https://dx.doi.org/10.3390/antibiotics12060974
http://www.ncbi.nlm.nih.gov/pubmed/33919142
https://dx.doi.org/10.3390/foods10050907


Saeed NK et al. COVID-19-related bacterial resistance in Bahrain

WJV https://www.wjgnet.com 14 March 25, 2025 Volume 14 Issue 1

COVID-19 Pandemic: A Review of Pandemic Measures and Problems. J Pers Med 2022; 12: 1295 [PMID: 36013244 DOI: 
10.3390/jpm12081295]

25 Ishikawa K, Nakamura T, Kawai F, Uehara Y, Mori N. Stenotrophomonas maltophilia Infection Associated with COVID-19: A Case Series 
and Literature Review. Am J Case Rep 2022; 23: e936889 [PMID: 35852985 DOI: 10.12659/AJCR.936889]

26 Ai L, Fang L, Liu B, Zhou C, Gong F. Impact of the COVID-19 pandemic on Haemophilus influenzae infections in pediatric patients 
hospitalized with community acquired pneumonia. Sci Rep 2024; 14: 12737 [PMID: 38830922 DOI: 10.1038/s41598-024-62728-2]

27 Kırca F, Aydoğan S, Gozalan A, Güler E, Uyan Erten AZ, Özşen Uygur AS, Doğan A, Dinc B. Impact of non-pharmaceutical interventions on 
circulating respiratory viruses during the COVID-19 pandemic in Turkey. Ann Saudi Med 2023; 43: 143-153 [PMID: 37270680 DOI: 
10.5144/0256-4947.2023.143]

28 Hirabayashi A, Kajihara T, Yahara K, Shibayama K, Sugai M. Impact of the COVID-19 pandemic on the surveillance of antimicrobial 
resistance. J Hosp Infect 2021; 117: 147-156 [PMID: 34562548 DOI: 10.1016/j.jhin.2021.09.011]

29 Kraszewska Z, Skowron K, Kwiecińska-Piróg J, Grudlewska-Buda K, Przekwas J, Wiktorczyk-Kapischke N, Wałecka-Zacharska E, 
Gospodarek-Komkowska E. Antibiotic Resistance of Enterococcus spp. Isolated from the Urine of Patients Hospitalized in the University 
Hospital in North-Central Poland, 2016-2021. Antibiotics (Basel) 2022; 11: 1749 [PMID: 36551406 DOI: 10.3390/antibiotics11121749]

30 Paranthaman K, Wilson A, Verlander N, Rooney G, Macdonald N, Nsonwu O, Hope R, Fleming P, Hatcher J, Ogundipe E, Ratnaraja N, Wan 
Y, Pichon B, Westrop SJ, Brown CS, Demirjian A. Trends in coagulase-negative staphylococci (CoNS), England, 2010-2021. Access 
Microbiol 2023; 5: acmi000491.v3 [PMID: 37424540 DOI: 10.1099/acmi.0.000491.v3]

31 Senok A, Thomsen J, Abdulrazzaq NM; UAE AMR Surveillance Consortium, Menezes GA, Ayoub Moubareck C, Everett D. Antimicrobial 
resistance in Streptococcus pneumoniae: a retrospective analysis of emerging trends in the United Arab Emirates from 2010 to 2021. Front 
Public Health 2023; 11: 1244357 [PMID: 38074724 DOI: 10.3389/fpubh.2023.1244357]

32 Rahman NA, Soh TT, Sekawi Z, Zakariah S. Risk Factors Influencing Bacterial Infection in COVID-19 Patients in Hospital Sungai Buloh. 
IJID 2023; 130: S107-S108 [DOI: 10.1016/j.ijid.2023.04.267]

33 Shah MM, Patel K, Milucky J, Taylor CA, Reingold A, Armistead I, Meek J, Anderson EJ, Weigel A, Reeg L, Como-Sabetti K, Ropp SL, 
Muse A, Bushey S, Shiltz E, Sutton M, Talbot HK, Chatelain R, Havers FP; CDC COVID‐NET Surveillance Team. Bacterial and viral 
infections among adults hospitalized with COVID-19, COVID-NET, 14 states, March 2020-April 2022. Influenza Other Respir Viruses 2023; 
17: e13107 [PMID: 36875205 DOI: 10.1111/irv.13107]

34 Sharma A, Thakur A, Thakur N, Kumar V, Chauhan A, Bhardwaj N. Changing Trend in the Antibiotic Resistance Pattern of Klebsiella 
Pneumonia Isolated From Endotracheal Aspirate Samples of ICU Patients of a Tertiary Care Hospital in North India. Cureus 2023; 15: e36317 
[PMID: 37077586 DOI: 10.7759/cureus.36317]

35 Sulayyim HJA, Ismail R, Hamid AA, Ghafar NA. Antibiotic Resistance during COVID-19: A Systematic Review. Int J Environ Res Public 
Health 2022; 19: 11931 [PMID: 36231256 DOI: 10.3390/ijerph191911931]

36 van Duin D, Paterson DL. Multidrug-Resistant Bacteria in the Community: Trends and Lessons Learned. Infect Dis Clin North Am 2016; 30: 
377-390 [PMID: 27208764 DOI: 10.1016/j.idc.2016.02.004]

37 Kang CI, Wi YM, Lee MY, Ko KS, Chung DR, Peck KR, Lee NY, Song JH. Epidemiology and risk factors of community onset infections 
caused by extended-spectrum β-lactamase-producing Escherichia coli strains. J Clin Microbiol 2012; 50: 312-317 [PMID: 22162561 DOI: 
10.1128/JCM.06002-11]

38 Shaikh S, Fatima J, Shakil S, Rizvi SM, Kamal MA. Antibiotic resistance and extended spectrum beta-lactamases: Types, epidemiology and 
treatment. Saudi J Biol Sci 2015; 22: 90-101 [PMID: 25561890 DOI: 10.1016/j.sjbs.2014.08.002]

39 Siriphap A, Kitti T, Khuekankaew A, Boonlao C, Thephinlap C, Thepmalee C, Suwannasom N, Khoothiam K. High prevalence of extended-
spectrum beta-lactamase-producing Escherichia coli and Klebsiella pneumoniae isolates: A 5-year retrospective study at a Tertiary Hospital in 
Northern Thailand. Front Cell Infect Microbiol 2022; 12: 955774 [PMID: 36004324 DOI: 10.3389/fcimb.2022.955774]

40 Ilmavirta H, Ollgren J, Räisänen K, Kinnunen T, Hakanen AJ, Rantakokko-Jalava K, Jalava J, Lyytikäinen O. Impact of the COVID-19 
pandemic on extended-spectrum β-lactamase producing Escherichia coli in urinary tract and blood stream infections: results from a nationwide 
surveillance network, Finland, 2018 to 2022. Antimicrob Resist Infect Control 2024; 13: 72 [PMID: 38971782 DOI: 
10.1186/s13756-024-01427-z]

41 Adesanya OA, Igwe HA. Carbapenem-resistant Enterobacteriaceae (CRE) and gram-negative bacterial infections in south-west Nigeria: a 
retrospective epidemiological surveillance study. AIMS Public Health 2020; 7: 804-815 [PMID: 33294483 DOI: 
10.3934/publichealth.2020062]

42 Mena Lora AJ, Sorondo C, Billini B, Gonzalez P, Bleasdale SC. Antimicrobial resistance in Escherichia coli and Pseudomonas aeruginosa 
before and after the coronavirus disease 2019 (COVID-19) pandemic in the Dominican Republic. Antimicrob Steward Healthc Epidemiol 2022; 
2: e191 [PMID: 36505946 DOI: 10.1017/ash.2022.347]

43 Fasciana T, Antonelli A, Bianco G, Lombardo D, Codda G, Roscetto E, Perez M, Lipari D, Arrigo I, Galia E, Tricoli MR, Calvo M, Niccolai 
C, Morecchiato F, Errico G, Stefani S, Cavallo R, Marchese A, Catania MR, Ambretti S, Rossolini GM, Pantosti A, Palamara AT, Sabbatucci 
M, Serra N, Giammanco A. Multicenter study on the prevalence of colonization due to carbapenem-resistant Enterobacterales strains before 
and during the first year of COVID-19, Italy 2018-2020. Front Public Health 2023; 11: 1270924 [PMID: 38186699 DOI: 
10.3389/fpubh.2023.1270924]

44 Langford BJ, Soucy JR, Leung V, So M, Kwan ATH, Portnoff JS, Bertagnolio S, Raybardhan S, MacFadden DR, Daneman N. Antibiotic 
resistance associated with the COVID-19 pandemic: a systematic review and meta-analysis. Clin Microbiol Infect 2023; 29: 302-309 [PMID: 
36509377 DOI: 10.1016/j.cmi.2022.12.006]

45 Chang D, Sharma L, Dela Cruz CS, Zhang D. Clinical Epidemiology, Risk Factors, and Control Strategies of Klebsiella pneumoniae Infection. 
Front Microbiol 2021; 12: 750662 [PMID: 34992583 DOI: 10.3389/fmicb.2021.750662]

46 Falcone M, Tiseo G, Arcari G, Leonildi A, Giordano C, Tempini S, Bibbolino G, Mozzo R, Barnini S, Carattoli A, Menichetti F. Spread of 
hypervirulent multidrug-resistant ST147 Klebsiella pneumoniae in patients with severe COVID-19: an observational study from Italy, 2020-21. 
J Antimicrob Chemother 2022; 77: 1140-1145 [PMID: 35040981 DOI: 10.1093/jac/dkab495]

47 Ahmed OB, Asghar AH, Bamaga M, Bahwerth FS, Ibrahim ME. Characterization of aminoglycoside resistance genes in multidrug-resistant 
Klebsiella pneumoniae collected from tertiary hospitals during the COVID-19 pandemic. PLoS One 2023; 18: e0289359 [PMID: 37506109 
DOI: 10.1371/journal.pone.0289359]

48 Sheu CC, Chang YT, Lin SY, Chen YH, Hsueh PR. Infections Caused by Carbapenem-Resistant Enterobacteriaceae: An Update on 
Therapeutic Options. Front Microbiol 2019; 10: 80 [PMID: 30761114 DOI: 10.3389/fmicb.2019.00080]

http://www.ncbi.nlm.nih.gov/pubmed/36013244
https://dx.doi.org/10.3390/jpm12081295
http://www.ncbi.nlm.nih.gov/pubmed/35852985
https://dx.doi.org/10.12659/AJCR.936889
http://www.ncbi.nlm.nih.gov/pubmed/38830922
https://dx.doi.org/10.1038/s41598-024-62728-2
http://www.ncbi.nlm.nih.gov/pubmed/37270680
https://dx.doi.org/10.5144/0256-4947.2023.143
http://www.ncbi.nlm.nih.gov/pubmed/34562548
https://dx.doi.org/10.1016/j.jhin.2021.09.011
http://www.ncbi.nlm.nih.gov/pubmed/36551406
https://dx.doi.org/10.3390/antibiotics11121749
http://www.ncbi.nlm.nih.gov/pubmed/37424540
https://dx.doi.org/10.1099/acmi.0.000491.v3
http://www.ncbi.nlm.nih.gov/pubmed/38074724
https://dx.doi.org/10.3389/fpubh.2023.1244357
https://dx.doi.org/10.1016/j.ijid.2023.04.267
http://www.ncbi.nlm.nih.gov/pubmed/36875205
https://dx.doi.org/10.1111/irv.13107
http://www.ncbi.nlm.nih.gov/pubmed/37077586
https://dx.doi.org/10.7759/cureus.36317
http://www.ncbi.nlm.nih.gov/pubmed/36231256
https://dx.doi.org/10.3390/ijerph191911931
http://www.ncbi.nlm.nih.gov/pubmed/27208764
https://dx.doi.org/10.1016/j.idc.2016.02.004
http://www.ncbi.nlm.nih.gov/pubmed/22162561
https://dx.doi.org/10.1128/JCM.06002-11
http://www.ncbi.nlm.nih.gov/pubmed/25561890
https://dx.doi.org/10.1016/j.sjbs.2014.08.002
http://www.ncbi.nlm.nih.gov/pubmed/36004324
https://dx.doi.org/10.3389/fcimb.2022.955774
http://www.ncbi.nlm.nih.gov/pubmed/38971782
https://dx.doi.org/10.1186/s13756-024-01427-z
http://www.ncbi.nlm.nih.gov/pubmed/33294483
https://dx.doi.org/10.3934/publichealth.2020062
http://www.ncbi.nlm.nih.gov/pubmed/36505946
https://dx.doi.org/10.1017/ash.2022.347
http://www.ncbi.nlm.nih.gov/pubmed/38186699
https://dx.doi.org/10.3389/fpubh.2023.1270924
http://www.ncbi.nlm.nih.gov/pubmed/36509377
https://dx.doi.org/10.1016/j.cmi.2022.12.006
http://www.ncbi.nlm.nih.gov/pubmed/34992583
https://dx.doi.org/10.3389/fmicb.2021.750662
http://www.ncbi.nlm.nih.gov/pubmed/35040981
https://dx.doi.org/10.1093/jac/dkab495
http://www.ncbi.nlm.nih.gov/pubmed/37506109
https://dx.doi.org/10.1371/journal.pone.0289359
http://www.ncbi.nlm.nih.gov/pubmed/30761114
https://dx.doi.org/10.3389/fmicb.2019.00080


Saeed NK et al. COVID-19-related bacterial resistance in Bahrain

WJV https://www.wjgnet.com 15 March 25, 2025 Volume 14 Issue 1

49 Ficik J, Andrezál M, Drahovská H, Böhmer M, Szemes T, Liptáková A, Slobodníková L. Carbapenem-Resistant Klebsiella pneumoniae in 
COVID-19 Era-Challenges and Solutions. Antibiotics (Basel) 2023; 12: 1285 [PMID: 37627705 DOI: 10.3390/antibiotics12081285]

50 Ibrahim ME. Risk factors in acquiring multidrug-resistant Klebsiella pneumoniae infections in a hospital setting in Saudi Arabia. Sci Rep 
2023; 13: 11626 [PMID: 37468757 DOI: 10.1038/s41598-023-38871-7]

51 Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic resistance Pseudomonas aeruginosa in intensive care unit; a critical review. Genes 
Dis 2019; 6: 109-119 [PMID: 31194018 DOI: 10.1016/j.gendis.2019.04.001]

52 Elfadadny A, Ragab RF, AlHarbi M, Badshah F, Ibáñez-Arancibia E, Farag A, Hendawy AO, De Los Ríos-Escalante PR, Aboubakr M, Zakai 
SA, Nageeb WM. Antimicrobial resistance of Pseudomonas aeruginosa: navigating clinical impacts, current resistance trends, and innovations 
in breaking therapies. Front Microbiol 2024; 15: 1374466 [PMID: 38646632 DOI: 10.3389/fmicb.2024.1374466]

53 Li Y, Roberts JA, Walker MM, Aslan AT, Harris PNA, Sime FB. The global epidemiology of ventilator-associated pneumonia caused by 
multi-drug resistant Pseudomonas aeruginosa: A systematic review and meta-analysis. Int J Infect Dis 2024; 139: 78-85 [PMID: 38013153 
DOI: 10.1016/j.ijid.2023.11.023]

54 Souza GHA, Rossato L, Brito GT, Bet GMDS, Simionatto S. Carbapenem-resistant Pseudomonas aeruginosa strains: a worrying health 
problem in intensive care units. Rev Inst Med Trop Sao Paulo 2021; 63: e71 [PMID: 34586305 DOI: 10.1590/S1678-9946202163071]

55 Tenover FC, Nicolau DP, Gill CM. Carbapenemase-producing Pseudomonas aeruginosa -an emerging challenge. Emerg Microbes Infect 2022; 
11: 811-814 [PMID: 35240944 DOI: 10.1080/22221751.2022.2048972]

56 Lee YL, Ko WC, Hsueh PR. Geographic Patterns of Carbapenem-Resistant Pseudomonas aeruginosa in the Asia-Pacific Region: Results from 
the Antimicrobial Testing Leadership and Surveillance (ATLAS) Program, 2015-2019. Antimicrob Agents Chemother 2022; 66: e0200021 
[PMID: 34807753 DOI: 10.1128/AAC.02000-21]

57 Karruli A, Catalini C, D'Amore C, Foglia F, Mari F, Harxhi A, Galdiero M, Durante-Mangoni E. Evidence-Based Treatment of Pseudomonas 
aeruginosa Infections: A Critical Reappraisal. Antibiotics (Basel) 2023; 12: 399 [PMID: 36830309 DOI: 10.3390/antibiotics12020399]

58 Howard A, O'Donoghue M, Feeney A, Sleator RD. Acinetobacter baumannii: an emerging opportunistic pathogen. Virulence 2012; 3: 243-250 
[PMID: 22546906 DOI: 10.4161/viru.19700]

59 Elbehiry A, Marzouk E, Moussa I, Mushayt Y, Algarni AA, Alrashed OA, Alghamdi KS, Almutairi NA, Anagreyyah SA, Alzahrani A, 
Almuzaini AM, Alzaben F, Alotaibi MA, Anjiria SA, Abu-Okail A, Abalkhail A. The Prevalence of Multidrug-Resistant Acinetobacter 
baumannii and Its Vaccination Status among Healthcare Providers. Vaccines (Basel) 2023; 11: 1171 [PMID: 37514987 DOI: 
10.3390/vaccines11071171]

60 Alenazi TA, Shaman MSB, Suliman DM, Alanazi TA, Altawalbeh SM, Alshareef H, Lahreche DI, Al-Azzam S, Araydah M, Karasneh R, 
Rebahi F, Alharbi MH, Aldeyab MA. The Impact of Multidrug-Resistant Acinetobacter baumannii Infection in Critically Ill Patients with or 
without COVID-19 Infection. Healthcare (Basel) 2023; 11: 487 [PMID: 36833021 DOI: 10.3390/healthcare11040487]

61 Dobrović K, Škrobo T, Selec K, Jelić M, Čivljak R, Peršec J, Sakan S, Bušić N, Mihelčić A, Hleb S, Andrašević AT. Healthcare-Associated 
Bloodstream Infections Due to Multidrug-Resistant Acinetobacter baumannii in COVID-19 Intensive Care Unit: A Single-Center Retrospective 
Study. Microorganisms 2023; 11: 774 [PMID: 36985347 DOI: 10.3390/microorganisms11030774]

62 Cureño-Díaz MA, Plascencia-Nieto ES, Loyola-Cruz MÁ, Cruz-Cruz C, Nolasco-Rojas AE, Durán-Manuel EM, Ibáñez-Cervantes G, Gómez-
Zamora E, Tamayo-Ordóñez MC, Tamayo-Ordóñez YJ, Calzada-Mendoza CC, Bello-López JM. Gram-Negative ESKAPE Bacteria 
Surveillance in COVID-19 Pandemic Exposes High-Risk Sequence Types of Acinetobacter baumannii MDR in a Tertiary Care Hospital. 
Pathogens 2024; 13: 50 [PMID: 38251357 DOI: 10.3390/pathogens13010050]

63 Vahhabi A, Hasani A, Rezaee MA, Baradaran B, Hasani A, Kafil HS, Soltani E. Carbapenem resistance in Acinetobacter baumannii clinical 
isolates from northwest Iran: high prevalence of OXA genes in sync. Iran J Microbiol 2021; 13: 282-293 [PMID: 34540166 DOI: 
10.18502/ijm.v13i3.6388]

64 Vrancianu CO, Cristian R, Dobre E, Zenoaga-barbarosie C, Chirea E, Crunteanu I, Dionisie M. The Impact of Acinetobacter baumannii 
Infections in COVID-19 Patients Admitted in Hospital Intensive Care Units. ECM 2023; 28: 1 [DOI: 10.3390/ecm2023-16479]

65 Kavanagh KT, Cormier LE. Success and failures in MRSA infection control during the COVID-19 pandemic. Antimicrob Resist Infect 
Control 2022; 11: 118 [PMID: 36153597 DOI: 10.1186/s13756-022-01158-z]

66 Ali Alghamdi B, Al-Johani I, Al-Shamrani JM, Musamed Alshamrani H, Al-Otaibi BG, Almazmomi K, Yusnoraini Yusof N. Antimicrobial 
resistance in methicillin-resistant staphylococcus aureus. Saudi J Biol Sci 2023; 30: 103604 [PMID: 36936699 DOI: 
10.1016/j.sjbs.2023.103604]

67 Dancer SJ. Reducing the risk of COVID-19 transmission in hospitals: focus on additional infection control strategies. Surgery (Oxf) 2021; 39: 
752-758 [PMID: 34658477 DOI: 10.1016/j.mpsur.2021.10.003]

68 Abubakar U, Al-Anazi M, Alanazi Z, Rodríguez-Baño J. Impact of COVID-19 pandemic on multidrug resistant gram positive and gram 
negative pathogens: A systematic review. J Infect Public Health 2023; 16: 320-331 [PMID: 36657243 DOI: 10.1016/j.jiph.2022.12.022]

69 Ghosh S, Bornman C, Zafer MM. Antimicrobial Resistance Threats in the emerging COVID-19 pandemic: Where do we stand? J Infect Public 
Health 2021; 14: 555-560 [PMID: 33848884 DOI: 10.1016/j.jiph.2021.02.011]

70 Coimbra R, Edwards S, Coimbra BC, Tabuenca A. Resuming elective surgical services in times of COVID-19 infection. Trauma Surg Acute 
Care Open 2020; 5: e000511 [PMID: 34192158 DOI: 10.1136/tsaco-2020-000511]

71 Ismaeil R, Nahas ARF, Kamarudin NB, Abubakar U, Mat-Nor MB, Mohamed MHN. Evaluation of the impact of COVID-19 pandemic on 
hospital-acquired infections in a tertiary hospital in Malaysia. BMC Infect Dis 2023; 23: 779 [PMID: 37946158 DOI: 
10.1186/s12879-023-08770-3]

72 Sangiorgio G, Calvo M, Migliorisi G, Campanile F, Stefani S. The Impact of Enterococcus spp. in the Immunocompromised Host: A 
Comprehensive Review. Pathogens 2024; 13: 409 [PMID: 38787261 DOI: 10.3390/pathogens13050409]

73 Cimen C, Berends MS, Bathoorn E, Lokate M, Voss A, Friedrich AW, Glasner C, Hamprecht A. Vancomycin-resistant enterococci (VRE) in 
hospital settings across European borders: a scoping review comparing the epidemiology in the Netherlands and Germany. Antimicrob Resist 
Infect Control 2023; 12: 78 [PMID: 37568229 DOI: 10.1186/s13756-023-01278-0]

74 Micheli G, Sangiorgi F, Catania F, Chiuchiarelli M, Frondizi F, Taddei E, Murri R. The Hidden Cost of COVID-19: Focus on Antimicrobial 
Resistance in Bloodstream Infections. Microorganisms 2023; 11: 1299 [PMID: 37317274 DOI: 10.3390/microorganisms11051299]

75 Wang YC, Wang LS, Hsieh TC, Chung HC. Factors affecting vancomycin-resistant Enterococcus faecium colonization of in-hospital patients 
in different wards. Tzu Chi Med J 2024; 36: 83-91 [PMID: 38406568 DOI: 10.4103/tcmj.tcmj_117_23]

76 Cetinkaya Y, Falk P, Mayhall CG. Vancomycin-resistant enterococci. Clin Microbiol Rev 2000; 13: 686-707 [PMID: 11023964 DOI: 
10.1128/CMR.13.4.686]

http://www.ncbi.nlm.nih.gov/pubmed/37627705
https://dx.doi.org/10.3390/antibiotics12081285
http://www.ncbi.nlm.nih.gov/pubmed/37468757
https://dx.doi.org/10.1038/s41598-023-38871-7
http://www.ncbi.nlm.nih.gov/pubmed/31194018
https://dx.doi.org/10.1016/j.gendis.2019.04.001
http://www.ncbi.nlm.nih.gov/pubmed/38646632
https://dx.doi.org/10.3389/fmicb.2024.1374466
http://www.ncbi.nlm.nih.gov/pubmed/38013153
https://dx.doi.org/10.1016/j.ijid.2023.11.023
http://www.ncbi.nlm.nih.gov/pubmed/34586305
https://dx.doi.org/10.1590/S1678-9946202163071
http://www.ncbi.nlm.nih.gov/pubmed/35240944
https://dx.doi.org/10.1080/22221751.2022.2048972
http://www.ncbi.nlm.nih.gov/pubmed/34807753
https://dx.doi.org/10.1128/AAC.02000-21
http://www.ncbi.nlm.nih.gov/pubmed/36830309
https://dx.doi.org/10.3390/antibiotics12020399
http://www.ncbi.nlm.nih.gov/pubmed/22546906
https://dx.doi.org/10.4161/viru.19700
http://www.ncbi.nlm.nih.gov/pubmed/37514987
https://dx.doi.org/10.3390/vaccines11071171
http://www.ncbi.nlm.nih.gov/pubmed/36833021
https://dx.doi.org/10.3390/healthcare11040487
http://www.ncbi.nlm.nih.gov/pubmed/36985347
https://dx.doi.org/10.3390/microorganisms11030774
http://www.ncbi.nlm.nih.gov/pubmed/38251357
https://dx.doi.org/10.3390/pathogens13010050
http://www.ncbi.nlm.nih.gov/pubmed/34540166
https://dx.doi.org/10.18502/ijm.v13i3.6388
https://dx.doi.org/10.3390/ecm2023-16479
http://www.ncbi.nlm.nih.gov/pubmed/36153597
https://dx.doi.org/10.1186/s13756-022-01158-z
http://www.ncbi.nlm.nih.gov/pubmed/36936699
https://dx.doi.org/10.1016/j.sjbs.2023.103604
http://www.ncbi.nlm.nih.gov/pubmed/34658477
https://dx.doi.org/10.1016/j.mpsur.2021.10.003
http://www.ncbi.nlm.nih.gov/pubmed/36657243
https://dx.doi.org/10.1016/j.jiph.2022.12.022
http://www.ncbi.nlm.nih.gov/pubmed/33848884
https://dx.doi.org/10.1016/j.jiph.2021.02.011
http://www.ncbi.nlm.nih.gov/pubmed/34192158
https://dx.doi.org/10.1136/tsaco-2020-000511
http://www.ncbi.nlm.nih.gov/pubmed/37946158
https://dx.doi.org/10.1186/s12879-023-08770-3
http://www.ncbi.nlm.nih.gov/pubmed/38787261
https://dx.doi.org/10.3390/pathogens13050409
http://www.ncbi.nlm.nih.gov/pubmed/37568229
https://dx.doi.org/10.1186/s13756-023-01278-0
http://www.ncbi.nlm.nih.gov/pubmed/37317274
https://dx.doi.org/10.3390/microorganisms11051299
http://www.ncbi.nlm.nih.gov/pubmed/38406568
https://dx.doi.org/10.4103/tcmj.tcmj_117_23
http://www.ncbi.nlm.nih.gov/pubmed/11023964
https://dx.doi.org/10.1128/CMR.13.4.686


Saeed NK et al. COVID-19-related bacterial resistance in Bahrain

WJV https://www.wjgnet.com 16 March 25, 2025 Volume 14 Issue 1

77 Fukushige M, Syue LS, Morikawa K, Lin WL, Lee NY, Chen PL, Ko WC. Trend in healthcare-associated infections due to vancomycin-
resistant Enterococcus at a hospital in the era of COVID-19: More than hand hygiene is needed. J Microbiol Immunol Infect 2022; 55: 1211-
1218 [PMID: 35989164 DOI: 10.1016/j.jmii.2022.08.003]

78 Poudel AN, Zhu S, Cooper N, Little P, Tarrant C, Hickman M, Yao G. The economic burden of antibiotic resistance: A systematic review and 
meta-analysis. PLoS One 2023; 18: e0285170 [PMID: 37155660 DOI: 10.1371/journal.pone.0285170]

79 Izadpanah M, Khalili H. Antibiotic regimens for treatment of infections due to multidrug-resistant Gram-negative pathogens: An evidence-
based literature review. J Res Pharm Pract 2015; 4: 105-114 [PMID: 26312249 DOI: 10.4103/2279-042X.162360]

80 Doron S, Davidson LE. Antimicrobial stewardship. Mayo Clin Proc 2011; 86: 1113-1123 [PMID: 22033257 DOI: 10.4065/mcp.2011.0358]
81 Fregonese L, Currie K, Elliott L. Hospital patient experiences of contact isolation for antimicrobial resistant organisms in relation to health 

care-associated infections: A systematic review and narrative synthesis of the evidence. Am J Infect Control 2023; 51: 1263-1271 [PMID: 
37061166 DOI: 10.1016/j.ajic.2023.04.011]

82 Morel CM, de Kraker MEA, Harbarth S; Enhanced Surveillance Expert Consensus Group (CANSORT-SCI). Surveillance of Resistance to 
New Antibiotics in an Era of Limited Treatment Options. Front Med (Lausanne) 2021; 8: 652638 [PMID: 33954161 DOI: 
10.3389/fmed.2021.652638]

83 Witt LS, Howard-Anderson JR, Jacob JT, Gottlieb LB. The impact of COVID-19 on multidrug-resistant organisms causing healthcare-
associated infections: a narrative review. JAC Antimicrob Resist 2023; 5: dlac130 [PMID: 36601548 DOI: 10.1093/jacamr/dlac130]

84 Rodríguez-Baño J, Rossolini GM, Schultsz C, Tacconelli E, Murthy S, Ohmagari N, Holmes A, Bachmann T, Goossens H, Canton R, Roberts 
AP, Henriques-Normark B, Clancy CJ, Huttner B, Fagerstedt P, Lahiri S, Kaushic C, Hoffman SJ, Warren M, Zoubiane G, Essack S, 
Laxminarayan R, Plant L. Key considerations on the potential impacts of the COVID-19 pandemic on antimicrobial resistance research and 
surveillance. Trans R Soc Trop Med Hyg 2021; 115: 1122-1129 [PMID: 33772597 DOI: 10.1093/trstmh/trab048]

85 Mahida N, Winzor G, Wilkinson M, Jumaa P, Gray J. Antimicrobial stewardship in the post COVID-19 pandemic era: an opportunity for 
renewed focus on controlling the threat of antimicrobial resistance. J Hosp Infect 2022; 129: 121-123 [PMID: 36280374 DOI: 
10.1016/j.jhin.2022.10.001]

86 Adebisi YA, Alaran AJ, Okereke M, Oke GI, Amos OA, Olaoye OC, Oladunjoye I, Olanrewaju AY, Ukor NA, Lucero-Prisno DE 3rd. 
COVID-19 and Antimicrobial Resistance: A Review. Infect Dis (Auckl) 2021; 14: 11786337211033870 [PMID: 34376994 DOI: 
10.1177/11786337211033870]

87 Jansen WT, van der Bruggen JT, Verhoef J, Fluit AC. Bacterial resistance: a sensitive issue complexity of the challenge and containment 
strategy in Europe. Drug Resist Updat 2006; 9: 123-133 [PMID: 16807066 DOI: 10.1016/j.drup.2006.06.002]

http://www.ncbi.nlm.nih.gov/pubmed/35989164
https://dx.doi.org/10.1016/j.jmii.2022.08.003
http://www.ncbi.nlm.nih.gov/pubmed/37155660
https://dx.doi.org/10.1371/journal.pone.0285170
http://www.ncbi.nlm.nih.gov/pubmed/26312249
https://dx.doi.org/10.4103/2279-042X.162360
http://www.ncbi.nlm.nih.gov/pubmed/22033257
https://dx.doi.org/10.4065/mcp.2011.0358
http://www.ncbi.nlm.nih.gov/pubmed/37061166
https://dx.doi.org/10.1016/j.ajic.2023.04.011
http://www.ncbi.nlm.nih.gov/pubmed/33954161
https://dx.doi.org/10.3389/fmed.2021.652638
http://www.ncbi.nlm.nih.gov/pubmed/36601548
https://dx.doi.org/10.1093/jacamr/dlac130
http://www.ncbi.nlm.nih.gov/pubmed/33772597
https://dx.doi.org/10.1093/trstmh/trab048
http://www.ncbi.nlm.nih.gov/pubmed/36280374
https://dx.doi.org/10.1016/j.jhin.2022.10.001
http://www.ncbi.nlm.nih.gov/pubmed/34376994
https://dx.doi.org/10.1177/11786337211033870
http://www.ncbi.nlm.nih.gov/pubmed/16807066
https://dx.doi.org/10.1016/j.drup.2006.06.002


WJV https://www.wjgnet.com 1 March 25, 2025 Volume 14 Issue 1

World Journal of 

VirologyW J V
Submit a Manuscript: https://www.f6publishing.com World J Virol 2025 March 25; 14(1): 100338

DOI: 10.5501/wjv.v14.i1.100338 ISSN 2220-3249 (online)

ORIGINAL ARTICLE

Observational Study

Serological surveillance for SARS-CoV-2 antibodies among students, 
faculty and staff within a large university system during the 
pandemic

Marcos G Pinheiro, Gabriela G O Alves, Maria Eduarda R Conde, Sofia L Costa, Regina C S Sant’Anna, Isa M 
F Antunes, Mônica C Carneiro, Fabio S Ronzei, Julia C Scaffo, Felipe R Pinheiro, Lialyz S Andre, Helvecio C 
Povoa, Valéria T Baltar, Fabíola Giordani, Eduarda S Hemerly, Gisele C Alexandre, Karla C de Paula, Márcio 
Watanabe, Antonio Claudio L da Nóbrega, Jackeline Christiane P Lobato, Fabio Aguiar-Alves

Specialty type: Virology

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

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade A, Grade 
C 
Novelty: Grade A, Grade B 
Creativity or Innovation: Grade A, 
Grade C 
Scientific Significance: Grade A, 
Grade B

P-Reviewer: Majeed HM; Rotondo 
JC

Received: August 20, 2024 
Revised: September 30, 2024 
Accepted: November 1, 2024 
Published online: March 25, 2025 
Processing time: 99 Days and 6 
Hours

Marcos G Pinheiro, Gabriela G O Alves, Maria Eduarda R Conde, Sofia L Costa, Regina C S 
Sant’Anna, Isa M F Antunes, Julia C Scaffo, Felipe R Pinheiro, Lialyz S Andre, Laboratory of 
Molecular Epidemiology and Biotechnology, Rodolpho Albino University Laboratory, 
Fluminense Federal University, Niterói 24241000, Rio de Janeiro, Brazil

Marcos G Pinheiro, Mônica C Carneiro, Fabio S Ronzei, Estácio de Sá University, Nova Friburgo 
28611135, Rio de Janeiro, Brazil

Marcos G Pinheiro, Felipe R Pinheiro, Lialyz S Andre, Fabio Aguiar-Alves, Pathology Program, 
Medicine school, Fluminense Federal University, Niterói 24070090, Rio de Janeiro, Brazil

Gabriela G O Alves, Fabio Aguiar-Alves, Department of Pharmaceutical Sciences, Lloyd L. 
Gregory School of Pharmacy, Palm Beach Atlantic University, West Palm Beach, FL 33401, 
United States

Helvecio C Povoa, Fabíola Giordani, Health Institute of Nova Friburgo, Fluminense Federal 
University, Nova Friburgo 28613001, Rio de Janeiro, Brazil

Valéria T Baltar, Eduarda S Hemerly, Gisele C Alexandre, Jackeline Christiane P Lobato, 
Department of Epidemiology and Biostatistics, Institute of Collective Health (ISC), Fluminense 
Federal University, Niterói 24033900, Rio de Janeiro, Brazil

Karla C de Paula, Institute of Physical Education, Fluminense Federal University, Niterói 
24020005, Rio de Janeiro, Brazil

Márcio Watanabe, Department of Statistics, Fluminense Federal University, Niterói 24210200, 
Rio de Janeiro, Brazil

Antonio Claudio L da Nóbrega, Department of Physiology and Pharmacology, Fluminense 
Federal University, Niterói 24210130, Rio de Janeiro, Brazil

Co-corresponding authors: Jackeline Christiane P Lobato and Fabio Aguiar-Alves.

Corresponding author: Fabio Aguiar-Alves, DSc, MSc, PharmD, Associate Professor, Depart-

https://www.f6publishing.com
https://dx.doi.org/10.5501/wjv.v14.i1.100338


Pinheiro MG et al. Serological surveillance for SARS-CoV-2

WJV https://www.wjgnet.com 2 March 25, 2025 Volume 14 Issue 1

ment of Pharmaceutical Sciences, Lloyd L. Gregory School of Pharmacy, Palm Beach Atlantic University, 901 S Flagler Drive, West 
Palm Beach, FL 33401, United States. fabio_aguiaralves@pba.edu

Abstract
BACKGROUND 
At the end of December 2019, the world faced severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2), 
which led to the outbreak of coronavirus disease 2019 (COVID-19), associated with respiratory issues. This virus 
has shown significant challenges, especially for senior citizens, patients with other underlying illnesses, or those 
with a sedentary lifestyle. Serological tests conducted early on have helped identify how the virus is transmitted 
and how to curb its spread. The study hypothesis was that the rapid serological test for SARS-CoV-2 antibodies 
could indicate the immunoreactive profile during the COVID-19 pandemic in a university population.

AIM 
To conduct active surveillance for serological expression of anti-SARS-CoV-2 antibodies in individuals within a 
university setting during the COVID-19 pandemic.

METHODS 
This sectional study by convenience sampling was conducted in a large university in Niteroi-RJ, Brazil, from March 
2021 to July 2021. The study population consisted of students, faculty, and administrative staff employed by the 
university. A total of 3433 faculty members, 60703 students, and 3812 administrative staff were invited to 
participate. Data were gathered through rapid serological tests to detect immunoglobulin (Ig) M and IgG against 
SARS-CoV-2. The χ² or Fisher's exact test was used to conduct statistical analysis. A 0.20 significance level was 
adopted for variable selection in a multiple logistic regression model to evaluate associations.

RESULTS 
A total of 1648 individuals were enrolled in the study. The proportion of COVID-19 positivity was 164/1648 (9.8%). 
The adjusted logistic model indicate a positive association between the expression of IgM or IgG and age [odds 
ratio (OR) = 1.16, 95%CI: 1.02-1.31] (P < 0.0024), individuals who had been in contact with a COVID-19-positive 
case (OR = 3.49, 95%CI: 2.34-5.37) (P < 0.001), those who had received the COVID-19 vaccine (OR = 2.33, 95%CI: 
1.61-3.35) (P < 0.001) and social isolation (OR = 0.59, 95%CI: 0.41-0.84) (P < 0.004). The likelihood of showing a 
positive result increased by 16% with every ten-year increment. Conversely, adherence to social distancing 
measures decreased the likelihood by 41%.

CONCLUSION 
These findings evidenced that the population became more exposed to the virus as individuals discontinued social 
distancing practices, thereby increasing the risk of infection for themselves.

Key Words: Serological surveillance; SARS-CoV-2 antibodies; COVID-19; Serological rapid test; Risk factors for COVID-19

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study highlights the significance of serological surveillance in a university population during the coronavirus 
disease 2019 (COVID-19) pandemic. The findings show that age, contact with COVID-19-positive individuals, and 
vaccination status are positively associated with the manifestation of severe acute respiratory syndrome-coronavirus 2 
antibodies. Additionally, adherence to social distancing measures significantly reduces the likelihood of infection. The 
prevalence of infection increased with relaxed social distancing practices, emphasizing the continued importance of 
preventive measures in controlling viral transmission.
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INTRODUCTION
In late 2019, the global landscape was disrupted by the emergence of a novel coronavirus-induced acute respiratory 
syndrome known as coronavirus disease 2019 (COVID-19), caused by a newly identified severe acute respiratory 
syndrome-coronavirus 2 (SARS-CoV-2). Coronaviruses, belonging to the Coronaviridae family, can cause respiratory 
infections in various mammals and avian species[1]. In recent years, they have acquired the ability to adapt to humans via 
zoonotic transmission in a mechanism analogous to the one observed in the Zika virus outbreak[2].

The virus was highly contagious and was transmitted human-to-human via respiratory droplets expelled by infected 
individuals, which led to respiratory difficulties, particularly impacting individuals with pre-existing conditions, such as 
chronic obstructive pulmonary disease (COPD), asthma, cystic fibrosis, and lung cancer, including mesothelioma[3-5]. It 
also severely affected individuals over 60 and those with a sedentary lifestyle[6].

Many studies have established a connection between adipose and remote tissue inflammation among overweight and 
obese individuals[7]. Severe cases of coronavirus disease would dwell in the inflammation of the lungs. Therefore, a body 
naturally more prone to inflammation will experience the consequences of viral attacks on pulmonary alveoli more 
intensely[8].

Although significant advances in understanding the virus molecular and pathogenic characteristics remain limited, 
several vaccines have been developed in record time[9]. The first variant emerged in the population in February 2020 and 
was more infectious; after that, more variants were identified[10]. The evolution of SARS-CoV-2 is related to a virus 
changing behavior over pandemic stages[11].

Diagnostic strategies were used to detect viral infections, including immunoassays based on human anti-SARS-CoV-2 
antigens or antibodies and even serological methods[12].

The production and release of specific immunoglobulin (Ig) M antibodies in the bloodstream start a few days after 
exposure to SARS-CoV-2. IgG antibodies become detectable 7-10 days after infection and can persist in the circulation for 
up to 12 weeks post-infection[13]. However, in specific individuals, traces of antibodies may still be detected several days 
after the initial infection. These antibodies are identified in the patient's blood and specifically target the spike 
glycoprotein[14].

Serology testing at the pandemic onset could help us understand SARS-CoV-2 distribution and infection patterns. 
Furthermore, rapid diagnostic methodologies in population testing can potentially mitigate disease progression[6,15]. 
Positive IgG results could also correlate with age and profession, with an understanding that healthcare workers were the 
most likely to be exposed and develop infection[16].

A significant challenge in accurately collecting data on infected individuals is regarding those who recently displayed 
symptoms and showed positive results in rapid serological tests. If these people are COVID-19-negative, their absence 
could unnecessarily decrease the workforce and disrupt the return to normal activities. However, if employees continue 
their activities while unknowingly COVID-19 positive, they may transmit the virus to other professionals, thereby 
increasing the disease’s spread[17].

This study aimed to conduct active surveillance for serological expression of anti-SARS-CoV-2 antibodies in 
individuals within a university setting during the COVID-19 pandemic.

MATERIALS AND METHODS
Study design and participants
This sectional study comprised active surveillance for anti-SARS-CoV-2 antibodies by convenience sampling and was 
conducted at several Fluminense Federal University campuses (Niteroi, Campos dos Goytacazes, Macae, Nova Friburgo, 
Rio das Ostras, Santo Antonio de Padua, and Volta Redonda) from March 2021 to July 2021.

Study population
The study population consisted of students, faculty, and administrative staff employed by the Fluminense Federal 
University. Each participant provided a blood sample from their fingertip pulp and was invited to complete a survey 
regarding potential associated factors associated with SARS-CoV-2 infection.

Sample and sampling procedure
All 3433 faculty members, 60703 students (distance education, sequential, and in-person), and 3812 administrative staff 
were invited to participate [data available at (https://app.uff.br/transparencia/), accessed on 02/24/2021]. The study 
included students, faculty, and administrative staff with active enrollment during data collection. There were no 
exclusion criteria.

Data collection
The tests were performed per the manufacturer’s guidelines (FIOCRUZ-Brazil)[18-20]. A single drop of blood from the 
individual’s fingertip pulp was collected using a plastic capillary tube and used for an assay on a test cartridge.

A positive test result for COVID-19 was defined as a positive test result for the presence of IgG or IgM antibodies. The 
following variables were evaluated through a questionnaire: (1) Gender (male/female); (2) Age (adolescents-under 20 
years/adults-20-59 years/older adults-60 years and over); (3) Affiliation (student/faculty/administrative staff); (4) 
Smoking (yes/no/used to smoke); (5) COVID-19 vaccination (no/yes); (6) Adherence to distancing measures (no/yes); 

https://app.uff.br/transparencia/
https://app.uff.br/transparencia/
https://app.uff.br/transparencia/


Pinheiro MG et al. Serological surveillance for SARS-CoV-2

WJV https://www.wjgnet.com 4 March 25, 2025 Volume 14 Issue 1

(7) Contact with a positive case (no/yes/don’t know); (8) Having a healthcare professional in the family (no/yes); (9) 
Symptoms (no/yes); (10) Whether symptoms led to missing a day of work (no/yes); (11) Need for medical care (no/yes); 
and (12) Need for hospitalization (no/yes), comorbidities (no/yes) for diabetes, Alzheimer's disease, hypertension, 
asthma, human immunodeficiency virus/acquired immunodeficiency syndrome, cancer, depression, stroke, Parkinson’s, 
and COPD. Data collection was performed by trained students.

Statistical analysis
Data was described by calculating the relative frequencies of COVID-19 positive results in every qualitative variable 
grouping. The χ² or Fisher’s exact test was used to verify further the observed associations between the qualitative 
variables and positive results[21]. A 0.20 significance level was adopted for variable selection in a multiple logistic 
regression model to evaluate associations between sociodemographic, behavioral, and clinical factors and positive 
COVID-19 results[22]. A 0.05 significance level was utilized in the multiple models. A diagnostics analysis for the model 
was performed through the standard deviation of residuals, influential points (Cook's distance), and leverage. All 
statistical analyses were performed through R4.2.1.

Ethics information
All participants provided informed consent. This study was approved by the Research Ethics Committee (No. 
43947221.6.0000.5243) and has been conducted under the code of Ethics of the World Medical Association.

RESULTS
A total of 1648 individuals were enrolled in the study. Most were students (763/1545, 49.4%), adults (1499/1648, 91%), 
Caucasian (710/1648, 43.1%), and female (962/1648, 58.4%). The proportion of COVID-19 positivity was 164/1648 (9.8%). 
A total of 1114/1601 (69%) of the studied population adhered to social distancing measures, and 884/1644 (53.8%) 
reported contact with a positive case, 1203/1648 (73%) individuals had symptoms, and 27/1648 (1.6%) required hospital-
ization. Only 374 individuals (23%) had been vaccinated, and 435 out of 1648 (26.4%) had some chronic disease (Table 1).

The variables associated with COVID-19 positivity included age (P = 0.015), having a family member who is a health 
professional (P = 0.003), frequent close contact with a confirmed COVID-19 case (P < 0.001), need for medical care (P < 
0.001), severity of symptoms (P < 0.001), adherence to social distancing measures (P < 0.001), and COVID-19 vaccination 
status (P < 0.001).

In an adjusted logistic model (Table 2), individuals in contact with a confirmed COVID-19-positive case were more 
likely [odds ratio (OR) = 3.49, 95%CI: 2.34-5.37] to test positive for COVID-19 (IgM or IgG) than those who were 
vaccinated against COVID-19 (OR = 2.33, 95%CI: 1.61-3.35). The likelihood of a positive result increased by 16% with each 
ten-year age increment. On the other hand, adhering to social distancing measures decreased the likelihood by 41%.

DISCUSSION
This study examined the immunoreactive profile for serological assessment of anti-SARS-CoV-2 antibodies within a 
university environment during the COVID-19 pandemic. The serological rapid test may reveal the presence of COVID-19 
antibodies in individuals.

The COVID-19 positivity rate was 162/1648 (9.8%). A commercial rapid test detected SARS-CoV-2 antibodies in the 
blood, distinguishing between positive and negative results for SARS-CoV-2 specific IgM and IgG antibodies. However, 
this test does not confirm the presence of the virus itself, a molecular test would be required for that confirmation[23]. 
Throughout the study, it was impossible to ascertain whether IgG/IgM-positivity resulted from prior exposure to the 
virus or vaccination. Participants without symptoms who tested positive for IgM or IgG were subjected to a real-time 
PCR test to confirm the presence of SARS-CoV-2, following recommendations by Hoffman et al[24].

However, this test does not confirm the presence of the virus itself; a molecular test would be required for that 
confirmation

According to Shahbazi et al[25], individuals exposed to COVID-19-positive patients were at higher risk of acquiring the 
virus. Moreover, there was also an association between positive results on rapid tests and exposure to COVID-19-positive 
individuals, representing a risk factor for infections. Although the virus detection was not confirmed among these 
participants, the detection of circulating antibodies indicated this association.

Gujski et al[26] described the detection of antigens in 15 (3.5%) of the subjects in a study of 423 medical students 
through the rapid antigen test in Warsaw, Poland, from November 15 to December 10, 2021. In the present study, 68/763 
(8.9%) undergraduate students were positive for the rapid COVID-19 antibody test. These findings could be associated 
with an immunological memory from previous infections or a current acute phase of COVID-19.

Notably, we observed the prevalence of negative results on antibody rapid tests among subjects who adhered to social 
distancing measures, accounting for 1114/1601 (69%). Sims et al[27], in a meta-analysis study, discussed distancing’s 
efficacy in reducing the transmission of infectious diseases, including COVID-19, as discussed across several papers.

Social distancing includes measures to limit interactions in a community that may include infected subjects who have 
not yet been identified and are, therefore, not isolated. Given that diseases transmitted by respiratory droplets require 
some physical proximity for contagion to occur, social distancing allows limiting transmission[28]. This study also 
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Table 1 Prevalence of coronavirus disease 2019 (immunoglobulin M or immunoglobulin G) according to sociodemographic, behavioral, 
and clinical characteristics on coronavirus disease 2019 among Brazilian students, professors, and technical employees from a public 
university, Niteroi, Brazil, 2021, n (%)

Coronavirus disease 2019
Characteristics Total

No (n = 1484) Yes (n = 164)
P value1

Tie to the university 1545 0.3

Students 763 (49.4) 695 (91) 68 (8.9)

Professors 438 (28.3) 391 (89) 47 (11)

Technical employees 344 (22.3) 303 (88) 41 (12)

Gender 1648 > 0.9

Female 962 (58.4) 867 (90) 95 (9.9)

Male 686 (41.6) 617 (90) 69 (10)

Age 1648 0.015

Adolescents (younger than 20 years of age) 48 (2.9) 44 (92) 4 (8.3)

Adults (20–59 years of age) 1499 (91) 1358 (91) 141 (9.4)

Older adults (60 years of age or more) 101 (6.1) 82 (81) 19 (19)

Ethnicity 1648 0.4

Asian 12 (0.7) 12 (100) 0 (0)

Caucasian 710 (43.1) 646 (91) 64 (9.0)

Mixed race 273 (16.6) 242 (89) 31 (11)

Afro-Brazilian 144 (8.7) 133 (92) 11 (7.6)

Non-declared 509 (30.9) 451 (89) 58 (11)

Has a family member in healthcare 1642 0.003

No 1211 (73.7) 1106 (91.3) 105 (8.7)

Yes 431 (26.3) 372 (86) 59 (14)

Adhered to social distancing measures 1601 < 0.001

No 487 (30.4) 419 (86) 68 (14)

Yes 1114 (69.6) 1021 (91.7) 93 (8.3)

Was in contact with a positive result patient 1644 < 0.001

No 700 (42.6) 667 (95.3) 33 (4.7)

Does not know 60 (3.6) 57 (95) 3 (5)

Yes 884 (53.8) 756 (86) 128 (14)

Presented symptoms 1648

Yes 1203 (73) 1064 (88) 139 (12)

Healthcare was needed 1648 < 0.001

No 1216 (73.8) 1126 (93) 90 (7.4)

Does not know 1 (0.1) 1 (100) 0 (0)

Yes 431 (26.1) 357 (83) 74 (17)

Did symptoms make one miss a day of work 1648 < 0.001

No 1410 (85.5) 1299 (92.1) 111 (7.9)

Does not know 1 (0.1) 1 (100) 0 (0)

Yes 237 (14.4) 184 (78) 53 (22)

Was the individual hospitalized 1648
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Yes 27 (1.6) 19 (70) 8 (30)

Presence of chronic disease 1648 0.5

Negative 1213 (73.6) 1089 (90) 124 (10)

Positive 435 (26.4) 395 (90.8) 40 (9.2)

Smoker 1643 0.5

Not currently 175 (10.7) 159 (91) 16 (9.1)

Non-smokers 1333 (81.1) 1202 (90) 131 (9.8)

Current smokers 135 (8.2) 118 (87) 17 (13)

The patient is vaccinated against severe acute 
respiratory syndrome-coronavirus 2

1605 < 0.001

No 1231 (76.7) 1135 (92.2) 96 (7.8)

Yes 374 (23.3) 309 (83) 65 (17)

1Pearson's χ² test, Fisher's exact test.

Table 2 Multiple logistic regression analysis of the effect of sociodemographic, behavioral, and clinical characteristics on coronavirus 
disease 2019 among Brazilian students, professors, and technical employees from a public university, Niteroi, Brazil, 2021, (n = 1648)

Characteristic Odds ratio 95%CI P value

Gender

Female 1 -

Male 0.97 0.68-1.37 0.9

Age (10 years) 1.16 1.02-1.31 0.024

Social distancing

No 1 -

Yes 0.59 0.41-0.84 0.004

Case positive contact

No 1 -

Yes 3.49 2.34-5.37 < 0.001

Get vaccinated

No 1 -

Yes 2.33 1.61-3.35 < 0.001

observed a relationship between participants who adhered to social distancing measures with negative results for 
COVID-19 IgG and IgM-specific rapid test (P < 0.001).

In this study, a history of prior hospitalization was associated with COVID-19-specific IgG and IgM antibodies, 
suggesting exposure to infected patients or increased virus circulation within the hospital setting. Additionally, Ko et al
[29] found that higher COVID-19 hospitalization rates might be associated with age and gender.

Whitaker et al[30] outlined an association between age and positive outcomes for COVID-19 IgG and IgM-specific 
rapid tests. This study also observed a 16% rise in the likelihood of testing positive for COVID-19 IgG and IgM-specific 
rapid tests with every ten-year age increase (Table 2), which can be attributed to the immune response observed in older 
adults, as shown by Grifoni et al[31].

The literature supports the statement that reported symptoms are associated with COVID-19 infections[32]. Although 
it is acknowledged that data collection methods used in this study could not definitively confirm COVID-19 infection, we 
observed an association between previous symptoms and positivity on COVID-19 antibody rapid tests. Although rapid 
test can indicate the presence of the antibodies, we could not confirm the COVID-19 infection without molecular charac-
terization. These findings were justified because most individuals 1203/1648 (73%) who reported COVID-19-specific 
symptoms tested positive for detecting circulating antibodies. Although COVID-specific antibody rapid tests are no 
longer in use, these results still offer insights into understanding the spread of COVID-19 during that period and that 
symptomatic subjects play a crucial role in disease transmission.
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Although specific factors indicating immune protection against SARS-CoV-2 through vaccination are not clearly 
outlined, there is wide consensus that elevated levels of antibodies are beneficial[33]. Therefore, our study revealed an 
association between participants vaccinated against SARS-CoV-2 and positivity for IgG and IgM antibodies in the 
COVID-19 rapid test. This result may reflect the potential immunity conferred by the vaccination.

As a limitation of this study, the proportion of positivity in the rapid test might be underestimated due to possible test 
errors[23]. Convenience sampling may reflect a study population more exposed to SARS-CoV-2, that had been 
vaccinated, or was more concerned about their immunity status, not representing the total university population. The 
lack of molecular characterization of clinical samples may interfere with the confirmation of rapid test results.

CONCLUSION
The immunoreactive profile observed in the rapid test was associated with prior contact with people positive for COVID-
19-positive individuals, COVID-19 vaccination status, age group, and having a family member who is a healthcare profes-
sional. On the other hand, negativity on the rapid test was linked to individuals adhering to social distancing measures. 
This study suggests that examining the immunoreactive profile could help us understand the presence of COVID-19 
antibodies in individuals and identify associated factors.
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Abstract
BACKGROUND 
Transfusion transmissible infections (TTIs) are illnesses spread through contam-
inated blood or blood products. In India, screening for TTIs such as hepatitis B 
virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV)-I/II, 
malaria, and syphilis is mandatory before blood transfusions. Worldwide, HCV, 
HBV, and HIV are the leading viruses causing mortality, affecting millions of 
people globally, including those with co-infections of HIV/HCV and HIV/HBV. 
Studies highlight the impact of TTIs on life expectancy and health risks, such as 
liver cirrhosis, cancer, and other diseases in individuals with chronic HBV. 
Globally, millions of blood donations take place annually, emphasizing the 
importance of maintaining blood safety.

AIM 
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To study the prevalence of TTIs, viz., HBV, HCV, HIV I/II, syphilis, and malaria parasite (MP), among different 
blood donor groups.

METHODS 
The study assessed the prevalence of TTIs among different blood donor groups in Delhi, India. Groups included 
total donors, in-house donors, total camp donors, institutional camp donors, and community camp donors. Tests 
for HIV, HBV, and HCV were done using enzyme-linked immunosorbent assay, while syphilis was tested with 
rapid plasma reagins and MP rapid card methods. The prevalence of HBV, HCV, HIV, and syphilis, expressed as 
percentages. Differences in infection rates between the groups were analyzed using χ² tests and P-values (less than 
0.05).

RESULTS 
The study evaluated TTIs among 42158 blood donors in Delhi. The overall cumulative frequency of TTIs in total 
blood donors was 2.071%, and the frequencies of HBV, HCV, HIV-I/II, venereal disease research laboratory, and 
MP were 1.048%, 0.425%, 0.221%, 0.377%, and 0.0024%, respectively. In-house donors, representing 37656 donors, 
had the highest transfusion transmissible infection (TTI) prevalence at 2.167%. Among total camp donors (4502 
donors), TTIs were identified in 1.266% of donors, while community camp donors (2439 donors) exhibited a 
prevalence of 1.558%. Institutional camp donors (2063 donors) had the lowest TTI prevalence at 0.921%. Statistical 
analysis revealed significant differences in overall TTI prevalence, with total and in-house donors exhibiting higher 
rates compared to camp donors.

CONCLUSION 
Ongoing monitoring and effective screening programs are essential for minimizing TTIs. Customizing blood safety 
measures for different donor groups and studying socio-economic-health factors is essential to improving blood 
safety.

Key Words: Blood donors; Transfusion transmissible infections; Hepatitis B virus; Human immunodeficiency virus; Hepatitis C 
virus; Malaria parasite; Syphilis

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study examined transfusion transmissible infection (TTI) among blood donors, assessing differences across 
groups: (1) In-house donors; (2) Total camp donors; (3) Institutional camp donors; and (4) Community camp donors. 
Findings revealed higher TTI prevalence in in-house donors (2.17%), followed by total donors (2.07%). Community camp 
donors and total camp donors had lower TTI rates at 1.56% and 1.27%, respectively, while institutional camp donors had the 
lowest rate at 0.92%. Statistical comparisons indicated significant differences in TTI prevalence between various groups.

Citation: Thakur SK, Sinha AK, Sharma SK, Jahan A, Negi DK, Gupta R, Singh S. Prevalence of transfusion transmissible infections 
among various donor groups: A comparative analysis. World J Virol 2025; 14(1): 96098
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/96098.htm
DOI: https://dx.doi.org/10.5501/wjv.v14.i1.96098

INTRODUCTION
Transfusion transmissible infections (TTIs) include a range of illnesses that can be transmitted through the use of contam-
inated blood or blood products. Key TTIs include hepatitis C virus (HCV), hepatitis B virus (HBV), human immunodefi-
ciency virus (HIV)-I/II, and syphilis. In India, screening for TTIs such as HIV-I/II, HBV, HCV, malaria parasite (MP), and 
syphilis is mandatory before any blood transfusion[1,2].

Globally, the three most prevalent viruses causing mortality are HCV, HBV, and HIV[3]. Epidemiological data indicate 
that there are approximately 71.0 million individuals living with HCV, 25.70 million with HBV, and 36.70 million with 
HIV worldwide. Additionally, according to an estimate, 2.30 million and 2.70 million patients suffer from co-infections of 
HIV/HCV and HIV/HBV, respectively, due to similar transmission routes[4]. A study in Tuscany, Italy, revealed an 
increase in life expectancy at birth of 2.9 years for men and 2.6 years for women, while an increase in infectious disease 
mortality resulted in a decrease in life expectancy by 0.11 years for men and 0.16 years for women[5]. Research in 
Pakistan found that HBV and HCV prevalence rates were 6.7% and 14.3%, respectively, with 80% of co-morbidities 
consisting of HIV/HCV and 20% consisting of HBV/HCV[6,7]. Chronic HBV infection heightens the risk for liver 
cirrhosis, cancer, and other diseases, posing a high level of contagion[8]. HCV and HBV infections are also prevalent 
among individuals living with HIV due to shared transmission pathways. Co-morbidities such as liver complications due 
to HCV or HBV infection are significant concerns for those infected with HIV[9]. Yearly, about 93 million blood donations 

https://www.wjgnet.com/2220-3249/full/v14/i1/96098.htm
https://dx.doi.org/10.5501/wjv.v14.i1.96098
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take place worldwide. In India, about 30 million blood components are transfused annually[10].
TTIs are a major health concern due to their potential to be transmitted through blood transfusions, which necessitates 

careful screening and monitoring. Their prevalence varies across different populations, making it crucial to understand 
the distribution of TTIs in specific regions. On study of English literature, we found an occasional study[11] highlighting 
the different prevalence of TTIs among various donor groups. Consequently, this study focuses on assessing the 
prevalence of TTIs among various groups of blood donors in Delhi.

MATERIALS AND METHODS
Blood donation
All necessary biosafety measures and infection control protocols were strictly adhered to during the collection and testing 
of blood samples. Volunteer and replacement blood donors were counseled and evaluated according to standard 
operating procedures before being permitted to donate blood at the blood bank.

Inclusion criteria
The study selected blood donors who met specific health and safety standards and did not have a risk of transmission of 
TTIs. Eligible donors had no recent, past, or current history of hepatitis, chronic diseases, sexually transmitted diseases, 
surgery, asthma, high-risk activities (such as unprotected intercourse), or pregnancy. Participants were required to be in 
good physical health, aged 18 years to 65 years, weighing over 45 kg, and with hemoglobin levels greater than 12.5 gm/
dL[12].

Exclusion criteria
Donors who did not meet the qualifications for blood donation were excluded from this study.

Serological testing
After donation, the donor's blood was tested for TTIs. Commercially available testing kits were used according to the 
manufacturer's guidelines. The blood samples underwent testing for HIV-I/II, HBV, and HCV using standard enzyme-
linked immunosorbent assay test kits. The detection of hepatitis B surface antigen (HBsAg) utilized MonolisaTM HBsAg 
ULTRA (BIO-RAD, Marnes-la-Coquette, France) with 100% sensitivity and 99.94% specificity. Combined screening for 
anti-HCV antibodies and HCV antigens in serum/plasma was conducted with MonolisaTM HCV Ag-Ab ULTRA V2 (BIO-
RAD, Marnes-la-Coquette, France), which had 100% sensitivity and 99.94% specificity. Screening for the detection of HIV 
P24 antigen and antibodies to HIV-I and II in human plasma/serum was carried out using GenscreenTM ULTRA HIV Ag-
Ab (BIO-RAD, Marnes-la-Coquette, France), with 100% sensitivity and 99.95% specificity. Antibodies for Treponema 
pallidum were tested using rapid plasma reagins carbon antigen test (RECKON DIAGNOSTICS P. LTD., Gorwa, 
Vadodara, India). Screening tests for malaria parasite antigens, including Plasmodium falciparum (Pf) and Plasmodium vivax 
(Pv), were detected by utilizing the Malaria Pf/Pv Ag Rapid Test kit, a lateral flow chromatographic immunoassay 
(BIOGENIX INC. PVT. LTD., Lucknow, India).

Statistical analysis
This study provides a comparative analysis of the prevalence of TTIs among various groups of blood donors. Groups 
included in the study are defined as follows: (1) In-house donors encompass all blood donation units, including in-house 
donors (both voluntary and replacement donors who donated blood at the blood center for the transfusion needs of their 
relatives or friends); (2) Total camp donors refer to blood units collected from voluntary blood donation camps, 
encompassing both institutional and community camp donors; (3) Institutional camp donors are voluntary donors who 
donated blood within institutional settings; (4) Community camp donors consist of voluntary donors who donated blood 
at community gatherings; and (5) Total donors include total camp donors and all in-house donors.

Data were collected from blood bank inventory registers [blood donation and transfusion transmissible infection (TTI) 
testing registers] and entered into Microsoft Excel spreadsheets for analysis. The study examined the prevalence of HBV, 
HCV, HIV, and syphilis, expressed as percentages. Statistical comparisons were made using χ² and P-values to assess the 
differences in infection rates between these groups. Analyses were performed using the open-source statistical software R 
version 4.0.0. A P-value less than 0.05 were considered statistically significant.

RESULTS
In the present study, data from 42158 blood donors (total donors) was included (Table 1). There were 37656 voluntary 
and replacement blood donors who had donated blood in-house in the blood center for the transfusion needs of their 
relatives or friends (in-house donors). A total of 4502 units were collected from voluntary blood donation camps that 
include institutional camp donors and community camp donors (total camp donors). There were 2063 voluntary blood 
donors who donated blood in institutional settings (institutional camp donors); this group of voluntary blood donors 
were either employed in the institutions or were students studying in the education institutions. There were 2439 
voluntary blood donors who had donated blood at a community gathering (community camp donors).
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Table 1 Prevalence of transfusion transmissible infections in donor groups, n (%)

Total 
donors

In-house 
donors

Total camp 
donors

Institutional camp 
donors

Community camp 
donors

Donors 42158 (100) 37656 (100) 4502 (100) 2063 (100) 2439 (100)

Reactive 442 (1.048) 416 (1.105) 26 (0.578) 11 (0.533) 15 (0.615)Hepatitis B virus

Non 
reactive

41716 (98.95) 37240 (98.9) 4476 (99.42) 2052 (99.47) 2424 (99.38)

Reactive 179 (0.425) 168 (0.446) 11 (0.244) 4 (0.194) 7 (0.287)Hepatitis C virus

Non 
reactive

41979 (99.58) 37488 (99.55) 4491 (99.76) 2059 (99.81) 2432 (99.71)

Reactive 93 (0.221) 85 (0.226) 8 (0.178) 2 (0.097) 6 (0.246)Human immunodeficiency 
virus

Non 
reactive

42065 (99.78) 37571 (99.77) 4494 (99.82) 2061 (99.9) 2433 (99.75)

Reactive 159 (0.377) 147 (0.39) 12 (0.267) 2 (0.097) 10 (0.41)Syphilis

Non 
reactive

41999 (99.62) 37509 (99.61) 4490 (99.73) 2061 (99.9) 2429 (99.59)

Reactive 873 (2.071) 816 (2.167) 57 (1.266) 19 (0.921) 38 (1.558)Transfusion transmissible 
infection

Non 
reactive

41285 (97.93) 36840 (97.83) 4445 (98.73) 2044 (99.08) 2401 (98.44)

Among the total donors (total donors) the proportion of TTI was as follows (Table 1, Figure 1): One or more TTI was 
identified in a total of 873 (2.071%) donors. Of these, HBV reactivity was seen in 442 (1.048%), HCV reactivity was seen in 
179 (0.425%), HIV reactivity was seen in 93 (0.221%), and syphilis reactivity was seen in 159 (0.377%) donors. Among total 
blood donors, only one (0.0023%) was positive for MP.

Among the in-house donor (in-house donors) the proportion of TTI was as follows (Table 1, Figure 1): One or more TTI 
was identified in a total of 816 (2.167%) donors. Of these, HBV reactivity was seen in 416 (1.105%), HCV reactivity was 
seen in 168 (0.446%), HIV reactivity was seen in 85 (0.226%), and syphilis reactivity was seen in 147 (0.39%) donors.

Among the total blood donation in camp (total camp donors), the proportion of TTI was as follows (Table 1, Figure 1): 
One or more TTI was identified in a total of 57 (1.266%) donors. Of these, HBV reactivity was seen in 26 (0.578%), HCV 
reactivity was seen in 11 (0.244%), HIV reactivity was seen in 8 (0.178%), and syphilis reactivity was seen in 12 (0.267%) 
donors.

Among the blood donation camps organized in institutions (institutional camp donors), the proportion of TTI was as 
follows (Table 1, Figure 1): One or more TTI was identified in a total of 19 (0.921%) donors. Of these, HBV reactivity was 
seen in 11 (0.533%), HCV reactivity was seen in 4 (0.194%), HIV reactivity was seen in 2 (0.097%), and syphilis reactivity 
was seen in 2 (0.097%) donors.

Among the blood donation camps organized in the community (community camp donors), the proportion of TTI was 
as follows (Table 1, Figure 1): One or more TTI was identified in a total of 38 (1.558%) donors. Of these, HBV reactivity 
was seen in 15 (0.615%), HCV reactivity was seen in 7 (0.287%), HIV reactivity was seen in 6 (0.246%), and syphilis 
reactivity was seen in 10 (0.41%) donors.

Overall, the distribution of infections varied across donor groups, with in-house donors showing the highest rates of 
TTIs and related infections.

Statistical comparisons for differences in TTIs between different donor groups
Across the various donor groups, the prevalence of TTIs varied, with the highest incidence observed among in-house 
donors (2.167%), followed by total donors (2.0708%), community camp donors (1.558%), total camp donors (1.2661%), and 
lowest in institutional camp donors (0.921%). Across all groups (Tables 1 and 2, Figure 1), the majority of donations were 
non-reactive for each infection, with non-reactivity rates ranging from 98.44% to 99.90%. The overall prevalence of TTI 
was significantly higher in total donors compared to total camp donors (P = 0.0002) and institutional camp donors (P = 
0.0003). The overall prevalence of TTI was significantly higher in in-house donors compared to total camp donors (P = 
0.0001) and institutional camp donors (P = 0.0001) as well as community camp donors (P = 0.043).

Across the various donor groups (Tables 1 and 2, Figure 1), the prevalence of HBV varied, with the highest incidence 
observed among in-house donors (1.105%), followed by total donors (1.048%), community camp donors (0.615%), total 
camp donors (0.578%), and institutional camp donors (0.533%). There was a statistically significant difference in HBV 
prevalence between total donors and total camp donors (χ² = 9.0846, P = 0.0026), as well as between total donors and 
institutional camp donors (χ² = 5.1494, P = 0.0233), and between total donors and community camp donors (χ² = 4.2706, P 
= 0.0388). In contrast, no significant differences were observed in HBV prevalence between total donors and in-house 
donors.
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Table 2 Statistical differences (χ² and P value) in prevalence of transfusion transmissible infections in donor groups

Hepatitis 
B virus

Hepatitis 
C virus

Human 
immunodeficiency 
virus

Syphilis
Transfusion 
transmissible 
infections

χ² P 
value χ² P 

value χ² P 
value χ² P 

value χ² P 
value

Total donors and in-
house donors

0.5929 0.4413 0.2134 0.6441 0.0235 0.8781 0.0911 0.7628 0.8887 0.3458

Total donors and total 
camp donors

9.0846 0.0026 3.259 0.071 0.3466 0.556 1.3628 0.2431 13.483 0.0002

Total donors and 
institutional camp 
donors

5.1494 0.0233 2.54 0.111 1.4028 0.2363 4.2569 0.0391 13.155 0.0003

Total donors and 
community camp 
donors

4.2706 0.0388 1.0509 0.3053 0.0672 0.7955 0.0659 0.7974 3.0295 0.0818

In-house donors and 
total camp donors

10.774 0.001 3.8736 0.0491 0.4214 0.5162 1.641 0.2002 16.093 0.0001

In-house donors and 
institutional camp 
donors

6.0074 0.0142 2.8864 0.0893 1.4841 0.2231 4.506 0.0338 14.754 0.0001

In-house donors and 
community camp 
donors

5.1663 0.023 1.335 0.2479 0.0416 0.8384 0.0226 0.8804 4.075 0.0435

Total camp donors 
and institutional 
camp donors

0.0496 0.8238 0.1579 0.6911 0.6066 0.4361 1.9123 0.1667 1.4726 0.2249

Total camp donors 
and community camp 
donors

0.0379 0.8457 0.1113 0.7386 0.3667 0.5448 1.0304 0.3101 0.9986 0.3177

Institutional camp 
donors and 
community camp 
donor

0.1303 0.7182 0.3975 0.5284 1.3999 0.2367 4.1204 0.0424 3.6281 0.0568

Across the various donor groups (Tables 1 and 2, Figure 1), the prevalence of HCV varied, with the highest incidence 
observed among in-house donors (0.446%), followed by total donors (0.425%), community camp donors (0.87%), total 
camp donors (0.244%), and institutional camp donors (0.194%). Regarding HCV, there were significant differences 
between in-house donors and total camp donors (χ² = 3.8736, P = 0.0491), but comparisons between total donors and other 
groups did not show significant differences.

Across the various donor groups (Tables 1 and 2, Figure 1), the prevalence of HIV varied, with the highest incidence 
observed among community camp donors (0.246%), followed by in-house donors (0.226%), total donors (0.221%), total 
camp donors (0.178%), and institutional camp donors (0.097%). The comparisons for HIV prevalence did not reveal 
statistically significant differences across different donor groups.

Across the various donor groups (Tables 1 and 2, Figure 1), the prevalence of syphilis varied, with the highest 
incidence observed among community camp donors (0.41%), followed by in-house donors (0.39%), total donors (0.377%), 
total camp donors (0.267%), and institutional camp donors (0.097%). In terms of syphilis, a significant difference was 
noted between total donors and institutional camp donors (χ² = 4.2569, P = 0.0391), but not between total donors and 
other groups.

DISCUSSION
The prevalence of TTIs varies significantly across different regions within India and in other countries worldwide. The 
current study focused on the prevalence of TTIs among blood donors in Delhi, India, and found values consistent with 
figures observed in other parts of the country and worldwide (Table 3)[10,12-27].

Our study results show, overall cumulative frequency of TTIs in blood donors was 2.071%, and frequency of HBV, 
HCV, HIV-I/II, venereal disease research laboratory (VDRL) and MP were 1.048%, 0.425%, 0.221%, 0.377% and 0.0024% 
respectively. Our study results show the overall cumulative frequency of TTIs in blood donors as 2.071%, and the 
frequencies of HBV, HIV-I/II, HCV, syphilis, and MP were 0.425%, 1.048%, 0.221%, 0.377%, and 0.0024%, respectively. 
The overall prevalence of TTIs in the present study was similar to the findings of Thakur et al[12], who have reported an 



Thakur SK et al. TTIs prevalence among various donor groups

WJV https://www.wjgnet.com 6 March 25, 2025 Volume 14 Issue 1

Table 3 Prevalence of transfusion transmissible infections in Indian states and other countries in the world

No. States of India
Transfusion 
transmissible 
infections

Hepatitis B 
virus

Hepatitis C 
virus

Human 
immunodeficiency virus Syphilis Malaria 

parasite

1 Present study (Delhi, India) 2.071 1.048 0.425 0.221 0.377 0.002

2 India, 2016, ABBI[13] 1.58 0.87 0.34 0.14 0.17 0.06

Northern zone

3 Delhi, 2023, Thakur et al[12] 2.04 1.11 0.43 0.20 0.29 0.01

4 Delhi, 2016, ABBI[13] 2.03 1.06 0.54 0.2 0.22 0.01

5 Jammu and Kashmir, 2016, ABBI
[13]

0.86 0.32 0.26 0.04 0.23 0.01

6 Himachal Pradesh, 2016, ABBI
[13]

0.69 0.38 0.1 0.03 0.17 0.01

7 Punjab, 2016, ABBI[13] 2.64 0.65 1.35 0.14 0.49 0.01

8 Chandigarh, 2016, ABBI[13] 1.21 0.52 0.56 0.06 0.07 0.00

9 Haryana, 2016, ABBI[13] 1.97 0.87 0.8 0.12 0.16 0.02

10 Rajasthan, 2016, ABBI[13] 1.75 1.21 0.12 0.09 0.31 0.02

Central zone

11 Uttarakhand, 2016, ABBI[13] 1.79 0.76 0.67 0.1 0.13 0.13

12 Uttar Pradesh, 2016, ABBI[13] 1.7 0.9 0.49 0.1 0.17 0.04

13 Madhya Pradesh, 2016, ABBI[13] 2.24 1.14 0.1 0.08 0.36 0.56

14 Bhopal, 2023, Shrivastava et al[10] 2.7 1.8 0.42 0.2 0.31 0.02

15 Chhattisgarh, 2016, ABBI[13] 1.32 0.68 0.17 0.13 0.3 0.04

16 Central India, 2019, Varma et al
[14]

1.43 1.29 0.07 0.08 - -

Eastern zone

17 Sikkim, 2016, ABBI[13] 1.1 0.59 0.26 0.06 0.19 0.00

18 West Bengal, 2016, ABBI[13] 2.05 0.9 0.52 0.26 0.35 0.02

19 Bihar, 2016, ABBI[13] 1.84 1.42 0.14 0.16 0.05 0.07

20 Odisha, 2016, ABBI[13] 1.29 0.8 0.17 0.11 0.13 0.08

21 Odisha, 2020, Prakash et al[15] 1.89 0.97 0.41 0.35 - -

22 Jharkhand, 2016, ABBI[13] 0.98 0.61 0.1 0.08 0.11 0.08

23 Ranchi, India, 2015, Sunderam et 
al[16]

1.01 0.14 0.08 0.03 0.33

Western zone

24 Maharashtra, 2016, ABBI[13] 1.66 1.02 0.31 0.21 0.06 0.06

25 Gujarat, 2016, ABBI[13] 1.03 0.59 0.13 0.1 0.2 0.01

26 Ahmadabad, 2022, Patel et al[17] 0.58 0.31 0.04 0.05 0.19 -

27 Gujarat, 2016, Bharadva et al[18] 0.57 0.05 0.10 0.05 -

28 Dadra and Nagar Haveli, 2016, 
ABBI[13]

2.18 1.79 0.03 0.08 0.28 0.00

29 Daman and Diu, 2016, ABBI[13] 0.59 - 0.35 0.12 0.06 0.06

Southern zone

30 Telangana, 2016, ABBI[13] 1.31 0.67 0.24 0.14 0.04 0.22

31 Telangana, 2016, Fatima et al[19] 0.96 0.69 0.01 0.20 0.03
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32 Andhra Pradesh, 2016, ABBI[13] 1.91 1.39 0.23 0.18 0.07 0.04

33 Karnataka, 2016, ABBI[13] 1.36 0.94 0.22 0.13 0.07 0.00

34 Tamil Nadu, 2016, ABBI[13] 0.92 0.68 0.11 0.05 0.07 0.01

35 Kerala, 2016, ABBI[13] 0.56 0.28 0.17 0.05 0.04 0.02

36 Puducherry, 2016, ABBI[13] 3.13 2.12 0.55 0.37 0.09 0.00

37 Andaman and Nicobar, 2016, 
ABBI[13]

2 0.85 0.27 0.00 0.12 0.76

38 Goa, 2016, ABBI[13] 0.69 0.44 0.13 0.1 0.01 0.01

North East zone

39 Arunachal Pradesh, 2016, ABBI
[13]

2.19 0.74 0.08 0.04 0.97 0.36

40 Meghalaya, 2016, ABBI[13] 2.18 0.78 0.47 0.16 0.73 0.04

41 Mizoram, 2016, ABBI[13] 2.48 0.94 1.24 0.3 0.00 0.00

42 Manipur, 2016, ABBI[13] 1.62 0.59 0.83 0.15 0.04 0.01

43 Tripura[13] 1.5 1.25 0.08 0.08 0.08 0.01

44 Assam[13] 1.23 0.54 0.24 0.12 0.3 0.03

45 Nagaland[13] 1.01 0.34 0.27 0.26 0.14 0.00

Country (worldwide)

46 Tehran, Iran, 2014, Mohammadali 
and Pourfathollah et al[20]

0.39 0.11 0.01 0.010 -

47 Peshawar, Pakistan, 2017, Batool 
et al[21]

5.33 2.30 1.30 0.07 0.90 0.76

48 Islamabad, Pakistan, 2022, Bhatti 
et al[22]

4.41 0.01 1.5 0.1 0.8 0.004

49 WR Saudi Arabia, 2022, Altayar et 
al[23]

7.93 3.97 - 0.02 - 2.21

50 NW, Ethiopia, 2022, Legese et al
[24]

5.43 2.8 0.3 0.8 1.5 -

51 Eastern Ethiopia, 2018, Ataro et al
[25]

7.06 4.67 0.96 1.24 0.44 -

52 Brazil, 2019, Pessoni et al[26] 4.04 1.63 0.46 0.21 0.87 -

53 Malawi, Kenya and Ghana, 2023, 
Singogo et al[27]

10.7 3.4 2.4 2.4 3.3 -

ABBI: Assessment of Blood Banks in India.

overall TTI prevalence of 2.038% (1.111% for HBV, 0.431% for HCV, 0.201% for HIV, 0.29% for syphilis, and 0.006% for 
MP). This aligns closely with the figures reported by Assessment of Blood Banks in 2016 for Delhi (2.03% TTI prevalence) 
and other nearby Northern Indian states like Punjab (2.64% TTI prevalence) and Haryana (1.97% TTI prevalence)[13].

The variation in TTI prevalence is notable across different states of India. For instance, the highest TTI prevalence rates 
in India were observed in Puducherry (3.13%) and Arunachal Pradesh (2.19%). In contrast, Kerala had one of the lowest 
rates at 0.56%[13]. This variability suggests that local factors such as healthcare infrastructure, blood donor screening 
processes, and population health may influence TTI prevalence rates[13].

On an international scale, the TTI prevalence also varies widely across different countries. Notable high prevalence 
rates were observed in Malawi, Kenya, and Ghana, with a combined rate of 10.7%, including 3.4% for HBV, 2.4% for 
HCV, and 2.4% for HIV[27]. Similarly, countries like Pakistan[21,22], Saudi Arabia[23], Ethiopia[24,25], and Brazil[26] also 
reported relatively high TTI prevalence rates compared to India and other nations (Table 3)[10,12-27].

In the present study, blood donors were stratified into in-house donors and camp donors. Camp donors were further 
divided into institutional camp donors and community camp donors. We found the lowest prevalence of TTIs among 
institutional camp donors, whereas the highest prevalence was noted among in-house donors. The institutions in the 
present study were mostly educational institutes (example, colleges and various government offices); there was a lower 
prevalence of TTIs among the students and employees of these institutes. Shrivastava et al[10] in their study found that 
seroprevalence rate of TTI was significantly higher (3.8%) in replacement donations compared to voluntary blood donors 
(2.3%). Similarly, Jain et al[11] found a higher prevalence of TTIs in family donors in comparison to voluntary donors.
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Figure 1 Prevalence. A: Prevalence of hepatitis B virus among different groups of blood donors; B: Prevalence of hepatitis C virus in different groups of blood 
donors; C: Prevalence of human immunodeficiency virus among different groups of blood donors; D: Prevalence of syphilis among different groups of blood donors; 
E: Prevalence of transfusion transmissible infections among different groups of blood donors. HCV: Hepatitis C virus; TTI: Transfusion transmissible infection.

In-house donors, being a heterogeneous group, include relatives of admitted patients. These donors, although highly 
motivated, had the highest prevalence of TTIs.

Among the camp donors, the prevalence of VDRL reactivity was significantly higher in community donors as 
compared to institutional donors.

The impact of education levels and socio-economic conditions of blood donors on the prevalence of TTI was not the 
focus of the present study. Moreover, the present study does not discuss strategies to enhance current screening techno-
logies or donor counseling methods to reduce the risk of infected donations. These are few limitations of the present 
study. Future studies should explore these variables to gain a deeper understanding of their role in reducing TTIs among 
blood donors. Research into advanced screening techniques and more effective pre-donation counseling could lead to 
better outcomes in blood safety.
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CONCLUSION
The data underscores the importance of continuous monitoring and effective screening programs for blood transfusions 
to minimize the transmission of TTIs. The differences in TTI prevalence rates across various donor groups and regions 
suggest the need for tailored approaches to blood safety measures and targeted interventions to address the health 
challenges. Further research of social–economic–health factors is essential to improve blood safety and reduce the risk of 
transfusion-related infections across diverse populations.
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Abstract
BACKGROUND 
Cytomegalovirus (CMV) infections can cause significant morbidity and mortality 
in immunocompromised individuals. CMV targets dysfunctional lymphocytes. 
Chronic rituximab (RTX) therapy can cause B-lymphocyte dysfunction, increasing 
CMV risk. Rarely, CMV infections present with critical illness such as septic 
shock.

CASE SUMMARY 
A 64-year-old African American woman presented with generalized weakness 
and non-bloody watery diarrhea of 4-6 weeks duration. She did not have nausea, 
vomiting or, abdominal pain. She had been on monthly RTX infusions for neu-
romyelitis optica. She was admitted for septic shock due to pancolitis. Blood 
investigations suggested pancytopenia and serology detected significantly ele-
vated CMV DNA. Valganciclovir treatment led to disease resolution.

CONCLUSION 
This case illustrates an extremely rare case of CMV colitis associated with RTX use 
presenting with septic shock. High suspicion for rare opportunistic infections is 
imperative in individuals with long-term RTX use.

Key Words: Cytomegalovirus colitis; Rituximab use; Immunocompromised status; Septic 
shock; Pancytopenia; Case report
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Core Tip: With the increasing use of biologics in medicine, there has been an emergence of opportunistic infections. 
Cytomegalovirus (CMV) infections remain asymptomatic or cause only mild symptoms in most immunocompetent adults. 
However, it can cause infectious complications in immunocompromised individuals-especially those with defective T-
lymphocyte function. Rituximab (RTX) use is associated with B-lymphocyte depletion and increased risk of infections. 
However, CMV infections after long-term RTX are uncommon. Our case describes septic shock due to CMV colitis 
associated with RTX use which is an extremely rare entity. It highlights the need for consideration of rare opportunistic 
infections in all patients on biologics.

Citation: Patel S, Jay J, Pathak P, Antony MA, Thiriveedi M. Septic shock due to cytomegalovirus colitis associated with rituximab 
use: A case report. World J Virol 2025; 14(1): 99923
URL: https://www.wjgnet.com/2220-3249/full/v14/i1/99923.htm
DOI: https://dx.doi.org/10.5501/wjv.v14.i1.99923

INTRODUCTION
Most adults (40%-100%) have been infected and are carriers of cytomegalovirus (CMV)[1-3]. In the immunocompetent, 
CMV’s acute presentation is asymptomatic. Once infected, CMV remains latent in the host’s cells indefinitely[1-3]. If an 
infected person becomes immunocompromised, their latent CMV infection can reactivate and present itself in a variety of 
manifestations including pneumonia, esophagitis, retinitis, hepatitis, and colitis[1,2].

Rituximab (RTX)- an anti-CD20 antibody, is used to treat patients with various autoimmune conditions[3]. Its use can 
lead to adverse effects, the most notable being increased infection risk due to its effect on humoral immunity[3-5]. A rare 
complication of long-term RTX use can be the development of opportunistic infections, like in our case, CMV. Some 
studies have found an association between RTX use and the development of low levels of immunoglobulins, increasing 
susceptibility for opportunistic infections[2,3,6].

CASE PRESENTATION
Chief complaints
A 64-year-old African American woman presented to the emergency room with generalized weakness for 24 hours. She 
complained of non-bloody, watery diarrhea of 4-6 times per day, for 4-6 weeks duration.

History of present illness
She denied nausea, vomiting, abdominal pain, fever, chills, or rash, as well as recent travel, consumption of contaminated 
food, or sick contacts.

History of past illness
She had a history of neuromyelitis optica (on RTX), hyperlipidemia (on atorvastatin), and diabetes mellitus type II (on 
metformin and glipizide). Colonoscopy 10 years ago was unremarkable.

Personal and family history
Past and family history were negative for neoplasm or autoimmune disease. She denied tobacco, alcohol, or illicit drug 
use.

Physical examination
On initial assessment, the patient was tachycardic (119/min) and hypotensive (81/47 mmHg) without fever or hypoxia 
on room air. Physical examination was remarkable for lethargy, dry oral cavity, and conjunctival pallor. Abdomen was 
soft, non-tender, and non-distended with bowel sounds in all four quadrants.

Laboratory examinations
Laboratory investigations were significant for pancytopenia, hypoglycemia, acute kidney injury, and lactic acidosis 
(Table 1).

Imaging examinations
Computed tomography scan of the abdomen and pelvis with contrast detected diffuse thickening of the colonic wall with 
peri-colonic stranding consistent with pancolitis (Figure 1).

https://www.wjgnet.com/2220-3249/full/v14/i1/99923.htm
https://dx.doi.org/10.5501/wjv.v14.i1.99923
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Table 1 Lab investigations on admission and during hospital stay

Patient values Normal values

White blood cell count (× 103 cells/mL) 1.35 4.8-10.8

Red blood cell count (million cells/mL) 2.59 4.2-5.4

Hemoglobin (mmol/L) 4.96 8.7-11.2

Hematocrit (%) 25.6 37.0-47.0

Mean corpuscular volume (FL) 98.8 81-99

Mean corpuscular hemoglobin (PG) 30.9 27-31

Mean corpuscular hemoglobin concentration (g/dL) 31.3 33-37

Red cell distribution width (%) 14.9 11.5-14.5

Platelet count (× 1000 cells/mL) 16 130-400

Neutrophils (%) 37.1 42.2-75.2

Lymphocytes (%) 57.0 20.5-51.5

Monocytes (%) 3.7 1.7-9.3

Percentage reticulocyte count (%) 0.57 0.8-2.1

Sodium (mmol/L) 137 135-145

Potassium (mmol/L) 4.7 3.5-5

Chloride (mmol/L) 98 98-105

Blood urea nitrogen 5.36 3.6-7.1

Serum creatinine (μmol/L) 97.26 44-97

Aspartate transaminase (U/L) 74 10-30

Alanine transaminase (U/L) 18 10-36

Alkaline phosphatase (U/L) 53 32-104

Erythrocyte sedimentation rate (mm/hour) 56 0-20

C- reactive protein (mg/L) 160.98 0-5

Cytomegalovirus DNA by polymerase chain reaction 14800 IU/mL Undetected

Immunoglobulin M (g/L) 10 40-230

Immunoglobulin A (g/L) 239 70-400 

Immunoglobulin G (g/L) 1200 700-1600 

Blood culture Negative Negative

Stool tests: Clostridioides difficile, Escherichia coli, Shiga toxin, 
Cryptosporidium, Cyclospora, Adenovirus, Norovirus, 
Rotavirus, Giardia, Entamoeba

Negative Negative

Peripheral smear Normocytic normochromic anemia, thrombocytopenia No anemia or thrombocytopenia

Bone marrow and flow cytometry Hypocellular (10%) bone marrow with mild erythroid 
hyperplasia. Negative for monoclonal plasma cell or 
blast cell population

Normal cellularity without any 
monoclonal or blast cell population

FINAL DIAGNOSIS
She was diagnosed with septic shock due to acute colitis and admitted to the critical care unit with intravenous fluids, 
vasopressor, and antibiotics.

TREATMENT
Stool studies ruled out Clostridioides difficile, Escherichia coli, Shigella, and Salmonella among other infections (Table 1). 
Blood cultures and hepatitis panel were negative. Filgrastim injections were started to address pancytopenia. CMV 
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Figure 1  Coronal and transverse sections of a computerized tomographic scan of abdomen and pelvis without contrast showing pan-
colitis with thickening of the intestinal wall and peri-colonic stranding (arrowhead and arrow).

serology demonstrated elevated CMV DNA. The patient could not undergo colonoscopy for tissue biopsy due to 
thrombocytopenia. Hence, the diagnosis of CMV colitis due to RTX was made based on clinical presentation and 
serology.

OUTCOME AND FOLLOW-UP
Valganciclovir was started. Her diarrhea and pancytopenia resolved over the next 7 days. She was discharged home in 
stable condition.

DISCUSSION
CMV infects about 40%-100% of the population by the adult life[1,2]. In the immunocompetent, it is mostly asymptomatic 
or presents as a mild mononucleosis-like syndrome (Figure 2)[1-3]. Once the primary infection resolves, CMV remains 
latent in its host indefinitely[1]. Most CMV disease manifestations are due to viral reactivation which commonly occurs 
when an infected individual becomes immunocompromised[1,2]. For example in solid organ and bone marrow transplant 
recipients, and HIV patients, reactivation of CMV can manifest as pneumonia, esophagitis, retinitis, hepatitis, and colitis
[1,3].

CMV disease in immunocompromised individuals occurs through one of three different pathways: Acute infection, 
latent viral reactivation, or reinfection with a new viral strain[1]. Most commonly, reactivation is due to dysfunctional or 
inadequate numbers of T lymphocytes and natural killer cells[1,2]. Disease severity is closely related to the patient’s 
degree of immunodeficiency[1,2].

RTX is an anti-CD20 antibody used for the treatment of various conditions including non-Hodgkin’s lymphoma, 
rheumatoid arthritis, and neuromyelitis optica[3-6]. The most notable adverse effect of its use is an increased risk of 
infection[3-6] which is primarily related to B lymphocyte depletion[1,2]. One study found that 30% of patients reported 
side effects were infectious in nature[3]. Of these, 63% were bacterial infections, 33% viral and 3.3% fungal[3]. Despite an 
increased risk of infection, opportunistic infections are uncommon, highlighting the uniqueness of this case.

A rare complication of RTX is CMV reactivation. Although CMV primarily affects T lymphocytes, humoral immunity 
plays a critical role in suppressing CMV[2,3,6]. A literature review explored the association between CMV and RTX.

We queried PubMed and Google Scholar for articles related to CMV colitis induced by chronic RTX use. Key words 
included: Cytomegalovirus, CMV, colitis and rituximab. Articles were case reports or series written in English involving 
adult patients. The articles needed to include RTX use and definitive CMV diagnosis via biopsy or serology. Only one 
case of CMV colitis associated with RTX use was found[3]. All other cases demonstrated either non-colitis CMV manifest-
ations- encephalitis, pneumonitis, retinitis, gastritis, and death[7,8]; or were precipitated by concomitant use of multiple 
immunosuppressing drugs such as bendamustine or fludarabine[8-10]. Unfortunately, these multi-drug regimens com-
plicated the cases and made it impossible to determine if RTX or another medication induced the CMV infection.

Only Vallet et al[3] case report demonstrated RTX induced CMV-colitis. Like our report, their patient was a middle-
aged woman who developed CMV colitis after 2 cycles of RTX, although our patient was on RTX for > 3 years. The 
patient in our case had neuromyelitis optica while theirs suffered from rheumatoid arthritis. Both experienced hypogam-
maglobulinemia, hypo-IgM in our patient while hypo-IgG in theirs. There was no description of the severity of the 
symptoms in Vallet et al’s report whereas our case had septic shock requiring critical care management. Both patients 
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Figure 2 Pathophysiology of cytomegalovirus infections in immunocompetent and immunocompromised individuals. CMV: Cytomegalovirus.

eventually improved with valganciclovir[3].
Other reports have found that hypogammaglobulinemia increases the risk of CMV reactivation[3-6]. One paper 

reported CMV in five patients with hypo-IgG[3]. Repeated RTX treatments increase patients’ risk of developing hypo-IgG
[4]. Our case is unique because our patient had hypo-IgM and normal IgG. Studies have found an association between 
RTX use and hypo-IgM leading to an increased risk of infections; however, there are no cases of RTX induced hypo-IgM 
leading to CMV colitis[4,5]. Low IgM levels were strongly associated with sepsis for those on RTX[3-5]. Similarly, our 
patient suffered from colitis and sepsis.

CONCLUSION
Overall, this case illustrates a rare case of CMV colitis associated with RTX use presenting with septic shock. High 
suspicion for rare opportunistic infections is imperative in individuals with RTX use. Immunocompromised patients with 
gastrointestinal signs and symptoms should be evaluated for possible opportunistic infections such as CMV.
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Abstract
The ongoing coronavirus disease 2019 (COVID-19) pandemic has necessitated 
rapid advancements in therapeutic strategies, with dexamethasone emerging as a 
key treatment for severe cases. This editorial discusses the systematic review 
conducted by Sethi et al, published in the World Journal of Virology. The review 
critically examines the efficacy and safety of varying dosages of dexamethasone in 
severe COVID-19 patients, providing a comprehensive meta-analysis that 
underscores the current clinical recommendations favoring a low-dose regimen. 
Despite these findings, the review highlights the potential benefits of tailored 
dosages for specific patient subgroups, suggesting a need for personalized 
treatment approaches. This editorial expands on the implications of these 
findings, advocating for the integration of evolving clinical data into treatment 
protocols and calling for further research into patient-specific responses to 
therapy. It emphasizes the importance of adaptability and precision in pandemic 
response, urging the medical community to consider both the robustness of 
existing evidence and the potential for innovative approaches to enhance patient 
outcomes in the face of global health challenges.
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Core Tip: This editorial delves into the critical analysis provided by Sethi et al on dexamethasone dosing in severe 
coronavirus disease 2019 (COVID-19) cases. Highlighting the review's challenge to the one-size-fits-all approach, it 
emphasizes the need for personalized medicine and calls for further research to refine treatment protocols based on emerging 
evidence and patient-specific factors. The editorial advocates for the integration of nuanced clinical data to enhance 
therapeutic strategies against COVID-19, fostering a broader discussion on the adaptability of clinical practice in pandemic 
responses and the potential for tailored patient care.
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TO THE EDITOR
The coronavirus disease 2019 (COVID-19) pandemic has relentlessly challenged the global medical community to adapt 
and innovate under pressure. Among the therapeutic arsenal deployed against severe manifestations of COVID-19, 
dexamethasone, a synthetic glucocorticoid, has emerged as a cornerstone treatment, especially for patients experiencing 
severe respiratory complications[1]. In this issue of the World Journal of Virology, Sethi et al[2] present a systematic review 
titled "Dosage and utilization of dexamethasone in the management of COVID-19: A critical review" which provides a 
meticulous analysis of the effectiveness and safety of various dosages of dexamethasone. This article not only enriches 
our understanding but also ignites a crucial discussion on the optimization of therapeutic strategies in the face of a global 
health crisis.

Context and Importance of the study
From the early days of the pandemic, the Recovery Collaborative group’s findings highlighted the mortality reduction 
benefits of dexamethasone among severely affected patients requiring respiratory support[3]. However, the optimal 
dosage-whether a standard low dose or a higher therapeutic dose-remains a subject of contention within the medical 
community. The significance of Sethi et al's review lies in its timely challenge to the one-size-fits-all approach, suggesting 
a more nuanced application of dexamethasone based on emerging evidence and patient-specific factors[2].

Study synopsis and findings
The authors embarked on a comprehensive review, adhering to PRISMA guidelines, which involved a detailed literature 
search across multiple databases up to March 2024. Their methodological rigor included the use of the Cochrane Risk of 
Bias Tool and the Newcastle-Ottawa scale, ensuring the robustness of the evidence evaluated. The meta-analysis, 
employing a random-effects model, revealed no significant differences in 28-day and 60-day all-cause mortality, mean 
length of hospital stays, or adverse events between high and low dosages of dexamethasone.

Despite these findings, the study is pivotal not for the answers it provides but for the questions it raises. It underscores 
an essential aspect of clinical practice in pandemic response: The adaptability of treatment protocols to incorporate 
patient-specific variables and evolving clinical data.

Implications for clinical practice
The core implication of Sethi et al’s findings advocate for maintaining the current low-dose regimen as a safe and effective 
treatment for the majority of severe COVID-19 cases[2]. However, the subtle variations in data suggest potential benefits 
of higher doses in specific patient subsets, particularly those with certain clinical or demographic characteristics. This 
insight is crucial as it prompts a re-evaluation of our therapeutic strategies and supports the call for personalized 
medicine in the management of complex diseases like COVID-19.

Future directions and research
The discussion section of the paper brilliantly sets the stage for future research. It suggests that further trials should be 
designed to stratify patients more clearly by various demographic and clinical factors. Such stratification could 
potentially reveal critical insights into how different patient groups respond to varying dosages of dexamethasone, thus 
enabling more tailored and potentially more effective treatment protocols.

Moreover, the study highlights the necessity for ongoing research into the long-term impacts of different dexa-
methasone dosing regimens on outcomes like long COVID-19, a growing concern as the pandemic evolves.

Conclusion and call to action
In conclusion, Sethi et al’s systematic review does more than just contribute to the academic discourse[2]. It acts as a 
catalyst for rethinking how we manage severe COVID-19. By providing a thorough, evidence-based analysis, the authors 
encourage not only adherence to proven therapies but also the exploration of new, potentially more effective ways to 
manage patient care under pandemic conditions.
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This editorial board commends the authors for their rigorous and insightful contribution. We encourage our readers to 
consider not just the conclusions of this review, but also the broader implications for clinical practice and future research. 
As we continue to navigate the challenges posed by COVID-19, let us remain committed to enhancing our therapeutic 
approaches through precision, evidence, and a deep commitment to patient-specific care.

This editorial and the article it discusses serve as vital instruments for expanding our collective knowledge and 
improving our responses to a virus that has affected millions worldwide. They remind us of the power of well-conducted 
research to influence not just clinical outcomes but also global health policy and practice.
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Abstract
Rhabdomyolysis is a severe condition characterized by the breakdown of muscle 
tissue leading to the release of intracellular components into the bloodstream. This 
condition, when associated with acute kidney injury (AKI), can result in signi-
ficant morbidity and mortality, particularly in the context of coronavirus disease 
2019 (COVID-19). This editorial discusses a retrospective study on patients with 
COVID-19 who developed rhabdomyolysis-related AKI. The study highlights that 
patients with rhabdomyolysis exhibited higher inflammatory markers, such as C-
reactive protein, ferritin, and procalcitonin, and experienced worse clinical out-
comes compared to those with other causes of AKI. The findings underscore the 
importance of early recognition and management of rhabdomyolysis in COVID-
19 patients to improve prognosis and reduce mortality rates.
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Core Tip: Rhabdomyolysis is a significant complication in coronavirus disease 2019 
(COVID-19) patients, leading to severe acute kidney injury (AKI) with high mortality 
rates. This editorial highlight a study that found higher inflammatory markers and worse 
outcomes in patients with rhabdomyolysis-related AKI compared to other causes of 
AKI. Early detection and appropriate management are crucial to mitigate the adverse 
effects of this condition in the context of COVID-19.
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TO THE EDITOR
Rhabdomyolysis, a syndrome resulting from the breakdown of muscle fibers with the release of muscle cell contents into 
the bloodstream, can cause life-threatening complications such as acute kidney injury (AKI). In the context of coronavirus 
disease 2019 (COVID-19), rhabdomyolysis has emerged as a critical concern due to its potential to exacerbate the already 
complex clinical presentations associated with the virus. This editorial explores the findings of a study conducted on 
COVID-19 patients who developed rhabdomyolysis-related AKI and discusses the implications for clinical practice[1-3].

Rhabdomyolysis and COVID-19
The study[1] in question involved 115 COVID-19 patients who developed AKI, 15 of whom were diagnosed with 
rhabdomyolysis. These patients were found to have significantly higher levels of inflammatory markers, including C-
reactive protein (CRP), procalcitonin, and ferritin, compared to those with AKI from other causes. The elevated inflam-
matory response likely reflects the severity of rhabdomyolysis in the setting of COVID-19 and its contribution to the 
overall disease burden[4].

Clinical outcomes
Patients with rhabdomyolysis-related AKI had markedly worse clinical outcomes, with a mortality rate of 73.3%, 
significantly higher than the 18.1% observed in patients with AKI due to other causes[1]. This stark contrast underscores 
the need for heightened clinical awareness and proactive management strategies for rhabdomyolysis in COVID-19 
patients[5].

Implications for practice
The findings from this study[1] suggest that early identification and aggressive management of rhabdomyolysis in 
COVID-19 patients could be pivotal in improving outcomes. Monitoring markers such as creatine kinase, CRP, and 
ferritin should be an integral part of the management protocol for COVID-19 patients at risk of rhabdomyolysis[6].

Rhabdomyolysis complicates the clinical course of COVID-19 and significantly increases the risk of mortality in 
patients who develop AKI. This editorial emphasizes the need for clinicians to be vigilant in recognizing and managing 
this condition to mitigate its impact on patient outcomes[7].
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