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Abstract

The introduction of coronavirus disease-2019 (COVID-19) as a global pandemic
has contributed to overall morbidity and mortality. With a focus on under-
standing the immunology and pathophysiology of the disease, these features can
be linked with the respective findings of imaging studies. Thus, the constellation
between clinical presentation, histological, laboratory, immunological, and
imaging results is crucial for the proper management of patients. The purpose of
this article is to examine the role of imaging during the particular stages of severe
acute respiratory syndrome coronavirus 2 infection - asymptomatic stage, typical
and atypical COVID-19 pneumonia, acute respiratory distress syndrome,
multiorgan failure, and thrombosis. The use of imaging methods to assess the
severity and duration of changes is crucial in patients with COVID-19.
Radiography and computed tomography are among the methods that allow
accurate characterization of changes.
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Core Tip: The novel Coronavirus disease-2019 (COVID-19) infection may present as a multiorgan disease,
with the lung being the most commonly affected target organ. The clinical presentation, course, and
outcome of COVID-19 are heterogeneous. Various imaging modalities can be employed to evaluate
different disease stages depending on the affected organ or system, with X-ray, computed tomography,
and ultrasound being the most commonly used. Imaging plays an essential role in the primary diagnosis of
all manifestations of the disease and its related complications, evaluating disease severity and follow-up.
Proper utilization of different imaging modalities and interpretation of the key imaging findings are
essential for effective patient management and treatment.

Citation: Ilieva E, Boyapati A, Chervenkov L, Gulinac M, Borisov J, Genova K, Velikova T. Imaging related to
underlying immunological and pathological processes in COVID-19. World J Clin Infect Dis 2022; 12(1): 1-19
URL: https://www.wjgnet.com/2220-3176/full/v12/i1/1.htm

DOI: https://dx.doi.org/10.5495/wjcid.v12.il.1

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the etiologic agent of coronavirus
disease-2019 (COVID-19), caused a global pandemic dominated by acute respiratory failure mortality.
COVID-19 manifestations are heterogeneous and overlapping. Therefore many challenges in the
diagnostics and management of COVID-19 are still present[1]. In addition, typical symptoms without
positive proof of infection (PCR/antigen tests) make the diagnosis inconclusive. However, a variety of
imaging methods and techniques can be used for this purpose. Furthermore, imaging is also essential
for classifying and managing patients during the infection.

Typically, imaging studies are carried out to determine the disease stage and estimate the organ
involvement and severity. However, the features, such as ground-glass opacities (GGO), consolidations,
interstitial fluid shifts, etc., seen on imaging are not unique to COVID-19. Therefore, a combination of
the clinical picture and laboratory assessment is necessary to fully evaluate the patient’s state[2].

In the era of COVID-19, radiology plays a crucial role in the disease work-up and follow-up. Initially
considered a purely pulmonary process, COVID-19 turned out to be a multisystemic disease that
requires a comprehensive imaging approach, involving all techniques and studying all anatomical
areas. As the primary manifestation of COVID-19 is a pneumonia-like respiratory process, the radiology
modalities most involved in its diagnosis and follow-up are chest imaging, mainly chest X-ray (CXR)
and chest computed tomography (CT). Diagnostic imaging capabilities show that CT is more sensitive
than the gold standard RT-PCR for diagnosing COVID-19[2,3]. At the same time, it is cheaper and can
be performed faster. The CT examination can give a quick, accurate diagnosis of patients, as the PCR
test requires hours, even days, to complete as the number of COVID-19 infection cases grow. However,
this comes with a large radiation dose, where the capacity is still lacking in many countries[4]. CXR is
ubiquitous worldwide, with a 30-70-fold lower amount of radiation. Despite its low sensitivity and
specificity, it is commonly performed as an initial investigation in COVID-19[4,5]. It is the modality of
choice in the intensive care unit to detect disease progression and assess the position of the individual
resuscitation means.

The imaging findings both on CXR and CT can be invaluable, especially for an atypical or organizing
pneumonia with bilateral, multifocal randomly scattered GGO, in subpleural, mainly peripheral distri-
bution with thickened pulmonary interstitium giving a reticular pattern, broncho-vascular prominence,
and consolidation with increasing severity in the more seriously ill patients[6]. High-resolution CT
(HRCT) with its modern available software techniques is the method of choice for an initial
examination, staging, and follow-up of patients with suspected COVID infection. CT has higher
sensitivity and specificity than radiography. On CT, the main changes are GGO, which tend to be more
in the periphery, crazy paving changes are seen in later stages of the disease, thickening of the
interstitium is also seen as well as dilation of the terminal lung vessels[7]. For staging of the changes
seen on CT, we use the COVID-19 reporting and data system (CO-RADS) classification. It is a
standardized classification proposed by the Dutch Radiological Society. It has 6 levels of suspicion from
CO-RADS 1 to CO-RADS 6. In CO-RADS 1 patients, the exam is normal or has non-infectious changes.
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CO-RADS 2 patients have low levels of suspicion, and the visualized changes are consistent with
infections other than COVID. CO-RADS 3 patients are those in which the changes are unclear, and there
is an indeterminate level of suspicion. CO-RADS 4 and 5 staged patients have high and very high levels
of suspicion for COVID- 19 infection, respectively. CO-RADS 6 patients are those who have typical
changes and are PCR positive[8].

Chest ultrasound (US) plays a role in emergency settings as a COVID-19 screening technique.
However, it is often of limited use as a highly operator-dependent method for lung disease. In addition,
point of care echocardiography might have utility in hemodynamically unstable patients.

As stated above, various extrapulmonary manifestations have been reported, including in the
gastrointestinal tract, brain, heart, kidneys, or muscles. The identification of most of these pathologies
needs imaging, including abdominal CT, US, and magnetic resonance imaging (MRI). Imaging helps
detect, diagnose, and assess the virus-induced injury and associated complications of the organs and
systems affected by COVID-19. In suspected pulmonary thromboembolism (PTE) cases, CT pulmonary
angiography (CTPA) may help correct the diagnosis. PTE is frequently observed in patients with more
severe COVID-19 pneumonia involving mainly the segmental (90.2%) and subsegmental arteries (61.0%)
of pulmonary segments affected by a consolidation pattern (67.6%)[9].

Furthermore, CXR, chest CT, and echocardiography can readily evaluate the signs of cardiac failure.
However, myocardial injury can be best assessed using cardiac MRI. Potential neurovascular complic-
ations such as stroke, hemorrhage, or venous sinus thrombosis can be identified by non-enhanced head
CT, and in the setting of a suspected infarct, a non-enhanced MRI of the brain can be performed for
definitive assessment[10].

The disease may present as a multisystem hyperinflammatory syndrome in pediatric patients,
currently termed pediatric multisystem inflammatory syndrome (PMIS). In children with PMIS, a broad
spectrum of abdominal abnormalities can be detected by

both abdominal US and CT, with periportal and pericholecystic edema, gallbladder wall, and bowel
wall thickening and dilatation, splenic infarcts, hepatosplenomegaly, right lower quadrant mesenteric
lymphadenopathy, and free fluid in the pelvis being among the most commonly encountered
abnormalities[10,11].

The COVID-19 pandemic has facilitated research on the implementation of artificial intelligence (AI),
machine learning, and its subfield deep learning into imaging, which can be used as an essential adjunct
or alternative to the diagnosis and follow-up assessment of progression and therapeutic development of
the disease[12]. Deep learning is the most successful machine learning technique, which provides
helpful analysis to study a large number of chest images that can critically impact the screening of
COVID-19. AI algorithms have been developed to help with the early detection of COVID-19 both on
CXR and CT. A deep learning model was also trained to discriminate between COVID and non-COVID
pneumonia[13]. In line with this, CT pneumonia analysis (developed by Siemens Healthineers and
partners) is another algorithm designed to automatically identify and quantify abnormal patterns in the
lungs, enabling simple-to-use analysis of non-contrast chest CT scans for research purposes. The results
could be used to analyze the severity and progression of abnormalities in patients exhibiting COVID-19
symptoms.

ASYMPTOMATIC DISEASE

A person infected with SARS-CoV-2 who has not developed any signs or symptoms of COVID-19 is
defined as an asymptomatic case. Immunological features, including any of the innate immunity
pathways (i.e., natural killer (NK) cells, interferon, and other cytokine production), play a role at the
onset of infection[14]. Stage I, or the asymptomatic incubation with or without detectable virus, is the
period when treatment for improving immunity is given, such as the use of antiserums (ready-made
antibodies from survivors), and is undoubtedly crucial[14]. However, due to the initial pathological
changes in the target organs, sometimes imaging studies are the only way of detecting problems.

In asymptomatic individuals, this stage begins with inhalation of the SARS-CoV-2 virus replicating in
the epithelial cells of the nasal cavity. It is well-known that the virus primarily uses the receptors for
ACEZ2[15]; thus the first affected cells are ciliated cells. Therefore, PCR for SARS-CoV-2 RNA in nasal
swabs can diagnose the virus at this point. The virus is then distributed in the lungs, digestive tract,
reproductive system, efc., while innate immune tolerance is minimal[15].

It has been shown that asymptomatic persons can be infectious and secrete SARS-CoV-2, promoting
the dissemination of COVID-19 - a significant concern from an epidemiological point of view.
Moreover, while asymptomatic, some patients present with substantial lung changes, for example,
when they seek medical attention. This observation requires a stringent search and examination of the
interactions of proven infected persons with COVID-19 to diagnose asymptomatic infections[14].

According to the literature and personal experience of our team, the incidence of asymptomatic
occurring COVID-19 infection is much higher, about four times more common than symptomatic
moderate to severe ongoing cases[16]. The described histological changes in the respiratory system in an
asymptomatic case of COVID-19 infection based on autopsy and biopsy are exceptional[17]. The only
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way to examine histological changes, mainly of the lung, in asymptomatic infection in the early stages of
the disease is to take a biopsy for other pathological processes, “accidental” sampling of COVID-19,
most often in the case of neoplastic diseases in which surgeries were performed for lung tumors at a
time when superimposed infections were not recognized[16-20].

The main morphological changes found in routine histopathological examinations in the lungs are
edema, proteinaceous exudate, focal reactive hyperplasia of pneumocytes, some with viral inclusions,
and polymorphonuclear inflammatory infiltration composed mainly of lymphocytes and multinuc-
leated giant cells. Hyaline membranes are scattered or not apparent in the early (asymptomatic) stage of
COVID-19 infection, unlike in acute respiratory distress syndrome (ARDS). In addition, histologically,
protein and fibrin exudates can be found in the lung parenchyma, as well as diffuse thickening of the
alveolar walls, consisting of proliferating interstitial fibroblasts and type II pneumocystic hyperplasia,
with random cell atypia and multinucleated giant cells, indicating varying degrees of the proliferative
phase of diffuse alveolar damage. In some areas, an abundance of alveolar macrophages can be found
together with type II pneumocystic hyperplasia[17,18,21].

Most patients with COVID-19 infection are diagnosed with pneumonia. The patients who have no
symptoms could be transmitters. However, some asymptomatic patients progress quickly, even to
ARDS. In asymptomatic patients, radiography has lower sensitivity and specificity than CT. In patients
with slight changes, X-ray imaging can appear normal. This is why CT is the preferred method for
diagnosis. Based on the published data, to date, almost all patients with COVID-19 have characteristic
changes on CTJ[8,22].

The X-ray of a 60-year-old female patient is presented in Figure 1. The patient had no symptoms, but
a positive PCR test was performed because her husband had COVID pneumonia. Her X-ray showed no
abnormalities. This is a typical case of an asymptomatic patient with negative radiography.

We also present the CT scan of a 45-year-old male, shown in Figure 2. He had no symptoms but a
positive PCR test because he had been in contact with a verified COVID-19 patient. Both lungs showed
no abnormalities, no infiltrates, no GGO, and no pleural effusions.

Atypical clinical findings in pregnant women with COVID-19 may increase the difficulty in
establishing the diagnosis. Recently, data have demonstrated that pregnant women are more vulnerable
to severe COVID-19, the development of complications, and death. CT is the favored approach for
detecting pulmonary involvement early, especially in asymptomatic cases[22]. In asymptomatic children
or those with atypical presentation of COVID-19, CT may be beneficial, especially in sparing time while
waiting for PCR results or false-negative results.

In the case of pregnant women or children, it is always preferred to perform CT instead of waiting
because any delay in confirming the diagnosis and management of the disease can be fatal and can
contribute to the spread of the virus. Furthermore, the CT results in asymptomatic COVID-19 are
usually distinct from the normal appearance, where the most common findings are GGO and consolid-
ations in the lungs[22].

MILD TO MODERATE CASES - TYPICAL COVID-19 PNEUMONIA

The onset of pneumonia in COVID-19 includes extreme antigen presentation, followed by enhanced
production of C-reactive protein, D-dimer, and liver amino-transferases, accompanied by infiltrates in
the lungs, representing involvement of antigen-presenting cells, T-helper cells, B cells, and NK cells[14].

The virus spreads across the airways in the respiratory tract and further to the gastrointestinal tract. It
activates robust innate immune reactions. Nasal secretion, sputum or swabs contain SARS-CoV-2 but
also early immune response molecules. Cytokine production during this stage may predict the clinical
presentation and the subsequent disease course[23]. Significant amounts of interferon type I can confine
the infection within the lungs, which is valid for approximately 80% of affected patients. Most of those
with typical COVID-19 pneumonia on conservative symptomatic treatment can stay at home. However,
about 20% of infected patients will progress to the next severe stage of the disease. Around 2% will
develop life-threatening illnesses[23].

However, we have to keep in mind that COVID-19 pneumonia is a heterogeneous disease. It may
include tracheobronchitis, vascular injury, and capillary microthrombi, along with inflammation[23].
Active injury leads to chronic and permanent lung trauma. The late effects of SARS-CoV-2 on the lungs
have not been elucidated, but fibrosis development is suggestive.

Histologically, a hallmark of typical viral pneumonia is the interstitial nature of the inflammatory
reaction. In addition, the most common morphologic changes in the lungs correlate with ARDS, which
is described in the next section (Severe cases of COVID-19). On the other hand, no apparent morpho-
logical changes were observed in cardiac tissue due to the direct action of the coronavirus[17]. However,
other findings established on necropsy material taken at autopsy are hypertrophy of cardiomyocytes
with microscopic evidence of acute ischemia due to hypertensive heart disease and coronary artery
atherosclerosis, but no other substantial damage[5].

Interestingly, we documented a case of sinus cavernosus thrombosis in a 49-year-old man hospit-
alized with COVID-19 pneumonia. One week after hospitalization, he lost vision in his right eye, and
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Figure 1 Negative radiography of an asymptomatic patient.
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Figure 2 Negative computed tomography of an asymptomatic patient.

JBaishideng®

presented with exophthalmos and swelling of the soft tissues around the eye. CT with contrast
enhancement was performed immediately after the onset of symptoms. Thrombosis of the right sinus
cavernosus is presented in Figure 3A and B.

COVID-19 pneumonia is classified as atypical pneumonia because it overlaps with the radiographic
findings seen in interstitial pneumonia, including other coronavirus infections (SARS, MERS)[24,25].
Therefore, imaging methods are the first choice for diagnosing COVID-19 pneumonia including CXR
and chest CT, with CT being a more sensitive and specific method than CXR, especially in the early
stages of the disease[5].

Imaging findings on conventional radiography range from normal findings to diffuse changes in the
lung parenchyma. Patients with multiple comorbidities are more likely to have bilateral and diffuse
lesions. Findings considered as highly specific for COVID-19 pneumonia on CRX are GGO (Figure 4A)
and areas of non-segmental consolidation of parenchyma (Figure 4B) with peripheral and caudal distri-
bution[26]. These findings are most pronounced 10-12 d after the onset of symptoms[27]. Additional
findings are confluent ill-defined patchy opacities (Figure 4C), an interstitial lung pattern, decreased
lung attenuation, inhomogeneous and linear parenchymal opacities (Figure 4D), and often different
features are combined.

On the one hand, for intensive care unit patients, CRX plays a crucial role in detecting disease
progression and assessing the position of the individual resuscitation means - endotracheal tubes,
drains, and venous sources as it is performed at the patient’s bedside with a mobile X-ray machine[26].

On the other hand, CT is a vital component in the diagnosis of suspected COVID-19 infection. CT
features vary with the patient’s age, immunity status, disease stage, underlying diseases, and drug
interventions at the time of scanning[28]. CT findings considered "typical" for COVID-19 pneumonia
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Figure 3 Computed tomography with contrast enhancement. A: Axial slice of thrombosis of the right sinus cavernosus; B: Coronal reconstruction of
thrombosis of the right sinus cavernosus.
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Figure 4 Imaging findings on conventional radiography range from normal findings to diffuse changes in the lung parenchyma. A:
Posteroanterior (PA) chest X-ray 7 d after symptom onset. Predominantly peripheral ground glass opacities in both mid and lower zones of the lungs (white arrows);
B: PA chest X-ray 11 d after symptom onset. Bilateral dense peripheral and basal air space consolidation (white arrows) more pronounced on the left and loss of lung
markings in the mid and lower zones on the left; C: PA chest X-ray 3 d after symptom onset. Bilaterally, approximately proportionally in the middle and lower lung
lobes, confluent ill-defined patchy opacities are visualized (white arrows). There is a relative preservation of the central areas of the lungs; D: PA chest X-ray 4 d after
symptom onset. Bilaterally, predominantly in the right lower lobe, fine linear opacities (white arrows) are seen. Additionally, small patchy ground glass opacities (black
arrow) are visualized in the peripheral region of right middle lobe.

include GGO, parenchymal consolidations, and crazy-paving pattern (Figure 5)[29]. The changes are
usually multifocal, bilateral with a peripheral subpleural distribution predominantly in the posterior
segments of the inferior lobes[30,31].

A GGO is the most frequent and earliest finding defined as increased attenuation on CT, which does
not obscure the bronchovascular structures. It can be observed in three typical patterns: rounded, linear
and crazy paving[30] (Figure 6). In the area of GGO, widening of vessels and traction bronchiectasis are
commonly seen[32,33]. GGO with reticular interstitial thickening, known as crazy-paving, is defined as
thickening of the pulmonary interstitium with thickened interlobular septae and visualization of
intralobular pulmonary septae[34]. Crazy paving may be seen with areas of GGO or consolidation in the
subacute to chronic phase of the disease[35] (Figure 7).

By definition, consolidation is a homogenous increase in the lung parenchyma's attenuation with
obscuration of the underlying vessels (Figure 8) and bronchi[34]. Therefore, it is considered a sign of
disease progression, especially in the intermediate and late stages of the disease[30,34].

The distribution of lung abnormalities was recorded as predominantly subpleural (involving mainly
the peripheral one-third of the lung), random (without predilection for subpleural or central regions), or
diffuse (continuous involvement without respect to lung segments)[33] (Figure 5). Additional CT
features of COVID-19 pneumonia include vascular dilation, bronchial wall thickening, and traction
bronchiectasis within the areas of GGO, architectural distortion with reticular thickening and subpleural
bands formation, halo sign, or reversed halo sign (Figure 9). Changes considered atypical for COVID-19
pneumonia include lobar or segmental consolidations, small nodules (centrilobular lung nodules and
tree-in-bud opacities), pulmonary cavitation, lymphadenopathy, and the presence of pleural or
pericardial effusions[34].
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Figure 5 Axial computed tomography images show different patterns of ground glass opacities — round (red arrow), linear (arrowheads)
and crazy paving (black arrow) with vascular enlargement (thick white arrow) within ground glass opacities areas.

Figure 6 Axial computed tomography scans (7 days after symptom onset) show peripheral bilateral ground-glass opacities. A:
Superimposed reticular interstitial thickening (red arrow) within the ground-glass opacities (3GO) giving a ‘crazy-paving’ appearance (black arrow); B: Air
bronchogram (thick arrow) within the GGO.

DOTI: 10.5495/wijcid.v12.i1.1 Copyright ©The Author(s) 2022.

Figure 7 Axial computed tomography images 11 days after symptom onset demonstrate bilateral confluent zones of ground-glass
opacities and crazy paving (arrows) with subpleural, predominantly dorsal distribution and with superimposed areas of consolidation
(arrowheads), more extensive in the right thoracic half.

CT findings also vary depending on the onset of clinical symptoms. Approximately four stages of
COVID-19 on chest CT have been described: (1) Early stage (0-5 d after onset of symptoms) marked by
either normal or predominantly GGO (Figure 10); (2) Progressive stage (5-8 d after onset of symptoms)
marked by enhanced GGO and a crazy-paving look (Figure 11A and B); (3) Peak stage (9-13 d after
onset of symptoms) characterized by progressive consolidation (Figure 11C and D); and (4) Late stage (=
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Figure 8 Axial computed tomography images of patients with different time of symptoms onset showing various types of lung

abnormalities distribution. A: Subpleural with involvement of peripheral one third of lungs; B: Random with central and subpleural location; C: Diffuse with
confluence of changes and continuous involvement.

DOI: 10.5495/wjcid.v12.i1.1 Copyright ©The Author(s) 2022.

Figure 9 Axial computed tomography images demonstrate features seen in organizing pneumonia. A: Ground-glass opacities (GGO) surrounding
small area of consolidation, “halo sign” (black arrow); B: Central GGO surrounded by denser consolidation of crescentic shape, “reverse halo sign” (arrowheads); C
and D: Architectural distortion with interstitial thickening and irregular fibrous bands (red arrows).

14 d after the onset of symptoms) denoted by a gradual decrease in consolidation and GGO, although
signs of fibrosis (including parenchymal bands, architectural distortion, and traction bronchiectasis)
may occur[31,36-39] (Figure 12). It should also be remembered that the temporal development and
degree of lung defects are heterogeneous among different individuals, depending on the disease
severity[31,36]. Similar findings can be observed in other viral types of pneumonia, pneumonia caused
by Mycoplasma or Chlamydia, vasculitis, and connective tissue disease. Therefore, the clinical-
laboratory correlation with the radiological finding is essential for the diagnosis of COVID-19
pneumonia.

CT scanning can be a useful tool in evaluating the individual disease burden[40]. The quantitative
severity can be assessed using a visual method or software that determines the percentage of affected
lung volumes using deep learning algorithms[41,42]. Furthermore, the severity of lung involvement on
CT correlates with the severity of the disease. It can be measured by scoring the percentages of each of
the five lobes that are involved and can range from 0 (no involvement) to 25 (maximum involvement)
when all five lobes show more than 75% involvement[41] (Figure 13).
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Figure 10 Axial computed tomography images in two different patients 5 days after onset of symptoms show various degree of ground-
glass opacities abnormalities (early stage of COVID-19).

\a
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Figure 11 Axial computed tomography images. Axial computed tomography images on day 2 (A) and day 10 (B) from onset of symptoms of patient with
clinical worsening demonstrate increased ground-glass opacities with confluence, crazy-paving appearance and typical peripheral subpleural location, early (A) and
progressive (B) stage. Axial images from CT on day 5 (C) and day 15 (D) from onset of symptoms of patient with pronounced clinical worsening demonstrate
increased ground-glass opacities with confluence, crazy-paving appearance and extensive areas of consolidation (red arrows) with predominant posterior and lateral
distribution. In addition, bilateral pleural effusions (black arrows) are noted, early (C) and peak (D) stage.

Lung ultrasound is increasingly used as a complementary method in diagnosing COVID-19
pneumonia. It allows assessment of both the lung parenchyma and the pleural space with the ability of
bedside and real-time assessment of pulmonary function and changes. In addition, US can easily
distinguish normally aerated from pathologically altered lung parenchyma. The most common findings
observed in interstitial pneumonia are irregularly thickened pleura, B-lines, and subpleural consolid-
ations of the parenchymal43,44].

B-lines are vertical hyperechoic artifacts arising from the pleura that resemble a comet tail
(Figure 14A) and move with the lung sliding. The increase in subpleural lung density (in the absence of
consolidated tissue) may lead to the coalescence of many vertical artifacts in more extended echogenic
patterns and a single homogeneous subpleural echogenic area can be seen. This phenomenon is known
as “white lung”[44] (Figure 14B). In addition to B-lines, small, oval subpleural consolidations are visible
in the parenchyma (Figure 14C). With disease progression to ARDS, the number of B-lines and
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Figure 12 Serial axial computed tomography images. Serial axial computed tomography images in two different patients show gradual decrease of GGO
and consolidations in the late stage of disease (B) and (D). In patient 1 (A) and (B) advanced resorption of the abnormalities is seen with very low density GGO at the
sight of previous lung changes (red arrows). In patient 2 (C) and (D) architectural distortion with fibrous bands parallel to the pleura (black arrow) and traction
bronchiectasis are visualized (arrowheads).
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parenchymal consolidations increases with the formation of sizeable gravitational consolidation[44],
and the characteristic lung sliding is no longer visible. In the recovery phase of the disease, the consolid-
ations and B-lines gradually disappear. Instead, A-line artifacts found in normally aerated parenchyma
reappear and lung sliding is improved.

SEVERE CASES OF COVID-19
ARDS/cytokine storm

In some cases, COVID-19 pneumonia proceeds to the typical complications such as ARDS and cytokine
storm. ARDS remains the most frequent immunopathological complication in SARS-CoV-2, SARS-CoV,
and MERS-CoV viruses. The cytokine storm is one of the critical pathways for ARDS[45]. Both ARDS
and cytokine storm represent an unregulated autoimmune inflammatory response arising from the
release of significant quantities of pro-inflammatory cytokines (such as IFNg, IFNa, IL-18, IL-6, IL-12, IL-
18, IL-33, TNF-5-007, TGFp, etc.) and chemokines (C-C Motif Chemokine Ligand 2 (CCL2), CCL3, CCLS5,
C-X-C motif ligand 8 (CXCL8), CXCL9, CXCL10, etc.) from immune or viral-infected cells[46]. Therefore,
it is essential that these factors be detected and evaluated early. Thus, the appropriate therapy can be
administered.

Histological examination of lung specimens in patients with severe infection is characterized by
severe and extensive diffuse alveolar damage, fibromyxoid exudates, interstitial and intra-alveolar
edema. However, in one of the cases described in the literature, the respiratory bronchial mucosa was
intact, without evidence of squamous metaplasia. This is a significant difference compared with the
pathology observed in the first epidemic of SARS[48]. In such patients, it is often found denuded with
necrosis of type I pneumocytes and the formation of hyaline membrane and the proliferation of type II
pneumocytes, which indicate ARDS in the acute stage without evidence of interstitial organization[17,
21]. In addition, there is diffuse thickening of alveolar walls due to congestion, and patchy to mild
mononuclear inflammatory infiltrate comprised of lymphocytes, macrophages, and some plasma cells.
Perivascular lymphocyte aggregates have also been identified[47]. No eosinophils or neutrophils were
identified, but if these are found, they usually suggest secondary bacterial infection[21,47]. Occasionally,
in proliferated alveolar epithelial cells, viral inclusions in intranuclear and/or intracytoplasmic and
multinucleated syncytial cells with atypical enlarged pneumocytes can be seen characterized by large
eosinophilic nuclei with prominent nucleoli and granular cytoplasm (probably representing a viral
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Figure 13 Computed tomography pneumonia analysis (automated lung opacity analysis). A-C: Multi-planar reconstruction views overlaid with
delineations of the opacities and the lungs; D: Volume rendering image showing a quick overview of the spatial distribution of the opacities; E: Table with
measurements demonstrating relative (“percentage of opacities”) and absolute volume of opacities, mean and standard deviation of HU values between lung
parenchyma and the detected opacities, separately segmented quantitative results per left and right lung and per lung lobe.

DOI: 10.5495/wjcid.v12.i1.1 Copyright ©The Author(s) 2022.

Figure 14 Lung ultrasound image. A: Lung ultrasound image obtained with convex probe shows multiple B-lines (arrow) and subpleural consolidations seen
as hypoechoic regions (asterix) that appear tissue-like with an irregular deep border (shredded fractal line) abutting the more aerated lung, which has echogenic
artefacts (arrowhead); B: Lung ultrasound image obtained with convex probe. Multiple linear vertical artefacts - B-lines (arrows), and thickened pleural line (between
arrowheads) are visualized; C: Lung ultrasound image obtained with convex probe. Multiple confluent B-lines are seen (white lung).

effect similar to that reported in the first SARS epidemic)[17,47-49]. Common in ARDS, pulmonary
thrombi and microangiopathy may be noted within a few small pulmonary artery branches and pleural
adhesions[21,47]. This thrombotic process may involve activation of megakaryocytes, probably those
that are naturally found in the lung, with platelet aggregation and platelet formation, in addition to
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fibrin deposition. The formation of small vascular thrombi in the lungs is often accompanied by focal
alveolar hemorrhage[47,49].

With regard to imaging, COVID-19 related ARDS is diagnosed when a patient with confirmed
COVID-19 infection meets the Berlin 2012 ARDS diagnostic criteria: acute hypoxemic respiratory failure;
presentation within one week of worsening respiratory symptoms; bilateral airspace disease on CRX,
CT, or US that is not fully explained by effusions, lung collapse, or nodules; and cardiac failure is not the
primary cause of acute hypoxemic respiratory failure[50,51]. The risk factors for patients with COVID-
19 to develop ARDS in the course of the disease are older age, concomitant conditions - most often
hypertension and diabetes, and specific clinical symptoms on initial presentation such as marked
dyspnea and fever > 39°C[52]. However, clinical manifestations may be relatively mild regarding the
severity of imaging findings in COVID-19[53].

Imaging studies have an essential role in the initial evaluation of the pattern and extent of lung
involvement and in the follow-up of hospitalized patients. Chest radiographic findings of ARDS are
non-specific and resemble those of typical pulmonary edema or pulmonary hemorrhage with diffuse,
patchy or homogeneous, bilateral, and coalescent opacities[54] (Figures 15 and 16). Radiography in the
first 24 h of deterioration may be unchanged[55]. CT imaging features depend on the phase of the
disease[56]. In the early exudative stage (first week), CT scans usually display a non-homogeneous
distribution and ventrodorsal gradient of density. More dense consolidations are observed in dependent
regions, extensive GGO, and comparatively regular or hyper-inflated parenchyma (in the case of
mechanical ventilation) in non-dependent areas[54] (Figure 17).

In the late fibrotic phase (over two weeks), CT appearance can be variable. Complete resolution may
occur in some cases, but the coarse reticular pattern and ground-glass opacification in the anterior (non-
dependent) part of the lungs are considered more typical CT features. Pulmonary cysts of varying sizes
and bullae have also been reported, which probably developed due to prolonged ventilation[56].
Subsequent imaging studies can show the development of pneumomediastinum, pneumothorax (often
hypertensive in mechanically ventilated patients), and subcutaneous emphysema[54] (Figure 18).

Multiorgan failure

The cytokine storm causes ARDS and multiorgan failure, leading to death in severe cases of coronavirus
infections[45]. Although COVID-19 is known to cause pulmonary disease, including pneumonia and
ARDS, various extrapulmonary manifestations of COVID-19 have been reported, affecting the
gastrointestinal tract, brain, heart, kidneys, or muscles. Therefore, imaging helps to estimate the
presence of complications and the extend of COVID-19.

Histologically, there is no noticeable viral cytopathic effect on the heart in the case of moderate
infection on light microscopy[21,47]. However, liver biopsy specimens in patients with COVID-19
showed moderate fatty degeneration of hepatocytes and mild lobular and portal activity with slight
interstitial mononuclear inflammatory infiltrates, indicating that the injury that could have been caused
by either COVID-19 infection or drug-induced liver injury.

The pathogenesis of kidney injury due to COVID-19 is not well-described. However, it seems to be
multifactorial, involving mechanisms related to systemic hypoxia, coagulation disorders, inflammatory
changes, or even cell destruction due to viruses. According to the literature, renal impairment was
related to multiple organ failure[57]. Furthermore, post-mortem examination of the kidney from a
patient who died of COVID-19 infection demonstrated that viral antigens accumulated in the renal
tubules, inducing acute kidney injury[57].

Histological examination confirmed that a diffuse proximal tubular lesion, loss of brush border, non-
isometric vacuolar degeneration, and a small area of necrosis were observed. In addition, interstitial
inflammation and hemorrhage were found in some of the published cases, probably due to secondary
bacterial infection[58]. However, most of these findings are caused by comorbidities. The renal changes
described above may be directly due to COVID-19 infection. These pathological observations may only
provide a basis for further study and investigation of COVID-19[58].

The main focus of COVID-19 is respiratory system complications, which are also a leading factor
determining the severity of the disease course. More and more is known about the pathophysiology of
the disease and the mechanism of lung damage. However, the extrapulmonary manifestations of the
disease remain unclear, which in some cases is decisive for the disease course[59]. Cardiovascular
complications are receiving increasing attention, and according to various studies range from 30 to 78%
[60-62]. Cardiovascular disease (CVD) is known to be one of the main risk factors for severe disease. A
study of 44672 patients with COVID-19 infection in China showed that a history of concomitant CVD
was associated with nearly five-fold higher mortality (10.5% vs 2.3%) than patients without a history of
CVD[63]. In addition, increasing evidence suggests that the virus may directly affect the cardiovascular
system and lead to complications such as myocarditis, acute coronary syndrome, arrhythmias, and
venous thromboembolism[64].

Cardiomagnetic resonance imaging (CMR) represents the gold standard in assessing the structure
and function of the heart and provides information on the tissue characteristics of the myocardium.
That, together with its non-invasive nature and lack of ionizing radiation, makes it essential for both
early diagnosis and monitoring of cardiac complications due to COVID-19.
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Figure 15 Serial chest X-ray imaging of coronavirus disease-2019 infected 65-year-old man with rapid respiratory deterioration after
symptom onset showing progression from lower lung predominant interstitial and airspace opacities on day 1 and day 3 to diffuse and
worsening involvement with extensive airspace disease on days 4 and 6.
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Figure 16 Coronavirus disease-2019 related acute respiratory distress syndrome, early stage. Axial (A) and coronal (B) computed tomography
images demonstrate widespread ground glass opacities (asterix) and large areas of consolidation (black arrow) with air bronchogram (red arrow) showing
anteroposterior density gradient in both lungs.

The pathogenesis of cardiac damage is currently unclear. However, presumed mechanisms include
direct viral invasion, cytokine-mediated injury, a mismatch between needs and oxygen supply, and
ischemic impairment resulting from microvascular thrombosis[65,66].

The CMR findings in the acute phase of the disease reported so far are based on small groups of
patients. The presence of myocardial edema is a characteristic feature observed in almost all reported
cases[67-70]. In a review of 31 publications with 51 patients, only one patient did not have edema at
baseline, and two patients developed reversible edema within two weeks[68].

The extent of edema varies - from diffuse to limited to separate segments of the myocardium - most
often in the LV inferior wall regions, the mid inferoseptal regions, and the apical region[68]. Another
characteristic CMR sign is late gadolinium enhancement (LGE) of the myocardium due to
necrosis/fibrosis following nonischemic myocardial injury localized at the sub-epicardial and/or
intramural regions in the non-coronary territory. The presence and extent of zones of LGE correlate with
the prognosis[68]. An additional feature in the acute phase of the disease is diffuse hypokinesis of the
left and/ or right ventricle and, much less frequently, segmental hypokinesis[68].
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Figure 17 Coronavirus disease-2019 related acute respiratory distress syndrome, late stage. Axial (A) and coronal computed tomography (CT) (B)
images demonstrate typical complications in mechanically ventilated patients with subpleural bullae formation (arrowheads) and bilateral pneumothorax (red arrows).
Axial (C) and coronal (D) CT images in different patient showing spontaneous pneumomediastinum (white arrows), extending into the neck as subcutaneous
emphysema (black arrow).
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Similar CMR findings - edema, necrosis/fibrosis, and impaired systolic function are also found in
patients following COVID-19 infection[62,67,69-71]. Signs of persistent inflammation with prolonged T2
relaxation time due to edema, prolonged T1 relaxation time and LGE with a different distribution, and
pericardial enhancement are seen. In some cases, reduced ejection fraction[62] is found.

Coagulopathy and thrombotic accidents

The cytokine storm is one of the leading causes of disseminated intravascular coagulation (DIC)
affecting the entire organism. Pro-inflammatory cytokines, such as TNFa and IL-1, are able to inhibit
endogenic anticoagulation. Inflammation injures the endothelium and results in activation of tissue
plasminogen activator, which may explain the rise in D-dimer and fibrin degradation products[72,73].
In summary, COVID-19 is associated with a hypercoagulable disease and an elevated risk of
thromboembolic complications.

The histological findings in organs other than lungs do not indicate significant changes directly
related to COVID-19. However, the most commonly observed histological changes were due to
thrombotic microangiopathy involving the lungs, spleen, and kidney. The most common complications
which have been described in the literature include acute limb ischemia, aortic and mesenteric
thrombosis, myocardial and brain infarction, and DIC[74].

A retrospective study on CTPA reported that pulmonary embolism in COVID-19 patients appears to
be primarily distributed in the segmental arteries of the right lung[75]. Furthermore, only the determ-
ination of D-dimer and IL-6 at admission to CT scan appears to differentiate patients with pulmonary
embolism from patients with a negative CT pulmonary angiogram. However, inter-individual hetero-
geneity calls for the establishment of cut-off values in COVID-19 patients in future research[76].

The pre-pandemic understanding of the predictive value of perfusion scintigraphy in assessing
chronic thromboembolic disease and chronic thromboembolic pulmonary hypertension is well-
established. Dhawan et al[75] proposed perfusion imaging as a triage tool for post-COVID-19 recovery.
They suggested the potential of perfusion imaging to examine the in situ thrombotic small vessel
signature of COVID-19. It is widely accepted that in situ thrombotic microbial pulmonary hypertension
is present. Thus, lung perfusion imaging provides a primary triage instrument within the broader panel
of investigations to enhance understanding of the natural history of thromboembolic phenomena in
COVID-19 and distinguish hemodynamic sequelae from deconditioning dysfunctional breathing-related
functional limitations. The authors also suggest that such imaging should be incorporated in routine
post-COVID-19 follow-up pathways|[75].
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Figure 18 Cardiac magnetic resonance imaging. Horizontal long axis TIRM image (A) displaying high signal in the myocardium at the apex and along the
free wall of the left ventricle (LV). Horizontal long axis T2 (B) and T1 (D) mapping depicting prolonged T2 and T1 relaxation times at the same area and in the middle
septum (D). Horizontal long axis image post gadolinium administration (C) showing late enhancement at the apex and along the free wall of LV. There is also
pericardial enhancement along the free wall of LV.
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CONCLUSION

Early observed changes in critical organs such as lungs, kidneys, blood vessels, etc., might benefit the
timely and appropriate treatment of COVID-19 to alleviate the complications and avoid fatal outcomes.
Along with typical clinical and imaging results, atypical results are also beneficial. Early detection of
pathological changes at different stages of life-threatening COVID-19 can improve patient management,
treatment, and outcome.
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Abstract

BACKGROUND

In the United States, Staphylococcus aureus (S. aureus) kills tens of thousands of
individuals each year and the formation of a biofilm contributes to lethality.
Biofilm-associated infections are hard to treat once the biofilm has formed. A new
stilbene drug, labeled SK-03-92, was shown to kill S. aureus and affected
transcription of two genes tied to a putative two-component system (TCS) we
have named brpR (biofilm regulating protein regulator) and brpS (biofilm
regulating protein sensor).

AIM
To determine if BrpR and BrpS regulate biofilm formation, brpR and brpS mutants
were assessed using biofilm assays compared to wild-type S. aureus.

METHODS
A combination of biofilm and quantitative real-time-polymerase chain reaction
assays were used. In addition, bioinformatic software tools were also utilized.

RESULTS

Significantly more biofilm was created in the brpR and brpS mutants vs wild-type
cells. Quantitative real-time polymerase chain reactions showed the brpS mutant
had differences in transcription of biofilm associated genes that were eight-fold
higher for srtA, two-fold lower for IrgA, and 1.6-fold higher for cidA compared to
wild-type. Bioinformatic analysis demonstrated that the S. aureus brpR/brpS TCS
had homology to streptococcal late-stage competence proteins involved in cell-
death, increased biofilm production, and the development of persister cells.

CONCLUSION

Our study suggests that brpR/brpS is a TCS that may repress S. aureus biofilm
production and be linked to late-stage competence in S. aureus.
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Core Tip: Staphylococcus aureus is a primary cause of skin/soft tissue infections. In this study, we have
shown that two previously uncharacterized genes, brpR and brpS, encode proteins that we believe
comprise a two-component system that regulates biofilm formation in S. aureus.
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INTRODUCTION

Staphylococcus aureus (S. aureus) is a significant pathogen of humans, causing more than 700000 skin/soft
tissue infections, nearly 120000 bloodstream infections, and close to 20000 deaths per year in the United
States[1-3]. Because drug resistance within this species continues to increase, new drugs are needed to
treat human infections. Our research group has developed a new stilbene drug labeled SK-03-92 with
efficacy against all Gram-positive bacteria that were tested, including methicillin-resistant S. aureus[4].
An mRNA microarray was performed on SK-03-92 treated vs untreated S. aureus cells to try to elucidate
the mechanism of action of the drug[5]. From this microarray, the genes for a putative two-component
system (TCS) (annotated as MIW2284/MINV2285) were the most downregulated at the transcriptional
level. Moreover, transcription of the srtA gene (encoding sortase A) was upregulated and the IrgA gene
encoding an anti-holin was downregulated following SK-03-92 treatment. Additionally, SK-03-92
treatment led to a high degree of persister cells and greater biofilm formation. Because of the effect on
biofilm formation, the MIW22284 gene was labeled brpR (biofilm regulating protein regulator) and the
MIN2285 gene was labeled brpS (biofilm regulating protein sensor).

Transcriptional changes of the srtA and IrgA genes as well as high numbers of persister cells
suggested that SK-03-92 treatment may induce late-stage competence in S. aureus. Although competence
allows DNA uptake to occur in heavily stressed cells, transformation is only one effect of bacterial
competence. During early competence, which occurs prior to transformation, a large proportion of the
stressed bacterial population die via holin-induced autolysis[6]. It is this phenomenon that supplies
environmental DNA (eDNA) to the remaining cells for DNA uptake. Additionally, the surplus eDNA
provides scaffolding for the rapid formation of a biofilm[7]. The final stage of natural competence is
metabolic dormancy[8]. Current estimates show that only the youngest 1% of the original population
survive to become a dormant cell. Thus, when faced with resource competition, a thriving bacterial
colony has the ability to rapidly transform itself into a small group of latent (i.e. persister) cells living
within a biofilm. These surviving cells re-emerge once environmental resources again become plentiful.
This is one strategy used by bacterial cells to survive antibiotic challenge and re-infect the host[9].

The initiation of competence has been shown to rely on a symphony of genetic switches that begin to
harmonize when short-sequence amino acids, known as competence stimulating pheromones (CSPs)
bind to certain specific membrane proteins. The initiation of the CSP alarmone response has been well
characterized in streptococcal species[10]. These membrane proteins are autoinducers that comprise one
half of a specific TCS[11]. In Streptococcus pneumoniae (S. pneumoniae) and Streptococcus mutans (S. mutans
), this response is initiated following the interaction with self-produced autoinducing pheromones
known as CSPs, which are short, 14 residue peptides. The CSP is then received by the membrane bound
sensor kinase ComD (S. pneumoniae)[12] or BrsM (S. mutans)[13]. Next, ComD or BrsM phosphorylate
the cytoplasmic response regulator ComE (S. pneumoniae)[12] or BrsR (S. mutans)[13], which ultimately
controls programmed cell death and persistence. In S. aureus, neither the CSP nor the TCS by which
CSPs are received have yet been identified.

In this study, we have shown that mutations of the brpR and brpS genes in S. aureus strain Newman
showed greater biofilm formation and transcriptional changes of the srtA and IrgA genes than wild-type
S. aureus. Furthermore, we have used bioinformatic tools to show that the brpR/brpS TCS has homology
to the BrsR/BrsM[13] and ComE/ComD[12] late-stage competence TCSs in S. mutans and S. pneumoniae,
respectively. These findings suggest that the brpR/brpS TCS may be specific for the reception and
resultant signal cascade of a molecule that induces late-stage competence in S. aureus.
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Figure 1 Schematic representation of the chromosomal position and organization of the brpR, brpS, and mqo2 genes in the
Staphylococcus aureus strain MW2 genome.
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Figure 2 Effect of brpR and brpS mutations and complementation on Staphylococcus aureus biofilm formation. All experiments represent the
mean + SD from five different runs done in triplicate for each strain. Biofilm formation was done on wild-type Staphylococcus aureus (S. aureus) strain Newman (WT,
open column), S. aureus Newman srtA mutant (black column), S. aureus Newman brpS mutant (right striped column), S. aureus Newman brpS mutant/pAMZ1-3 (left
striped column), S. aureus Newman brpR mutant (dark right striped column), and S. aureus Newman brpR mutant/pXB31 (dark left striped column). Differences were
statistically compared by analysis of variance where 2P < 0.001.
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MATERIALS AND METHODS

Bacterial strains, plasmids, and growth conditions

All of the bacterial strains and plasmids used in this study are shown in Table 1. The S. aureus parent
strain Newman was isolated from a human infection[14]. The JE2 strain, created by the University of
Nebraska Medical Center, is the S. aureus parent strain USA300 LAC CA-MRSA cured of its plasmids
[15]. Strains NE272 (brpS mutant), NE671 (brpR mutant), and NE1787 (srtA mutant) are erythromycin-
resistant (Em®) mutants representing part of the Nebraska Transposon Mutant Library created by the
University of Nebraska Medical Center by mariner transposon mutagenesis[15] and obtained from the
Network on Antimicrobial Resistance in S. aureus (NARSA) strain repository (Table 1). The E. coli strain
DHb5a is a cloning strain with mutations that enable high-efficiency transformation[16]. S. aureus strain
RN4220 is a transformation efficient strain of S. aureus[17].

To clone the brpR and brpS genes for complementation studies, plasmid pALC2073 was used. This
plasmid carries ampicillin and chloramphenicol resistance genes, E. coli and Gram-positive origins of
replication, and a xyl/tetO tetracycline inducible promoter[18].

All media was purchased from Thermo Fisher Scientific (Thermo Fisher Scientific, Pittsburgh, PA,
United States). All antibiotics were purchased from Sigma-Aldrich (Sigma-Aldrich, St. Louis, MO,
United States). E. coli strains were grown in Luria (LB) broth shaken at 250 rpm at 37 °C or on Luria agar
(LA) incubated at 37 °C. The E. coli strains carrying the pALC2073 plasmid were selected for in media
containing 100 pg/mL ampicillin.

All S. aureus strains were grown in brain heart infusion (BHI) broth with 1% (wt/vol) glucose (BHI-G)
or trypticase soy broth shaken at 250 rpm at 37 °C. Agar grown S. aureus cultures were passaged on BHI
agar at 37 °C. The mariner transposon mutant strains were grown in media with 5 pg/mL of
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Table 1 Bacterial strains and plasmids used in this study

Bacterial strain

Description Ref.

E. coli

DH5

S. aureus
Newman

JE2

NE272

NE671
NE1787
RN4220
Newman brpR
Newman brpS
Newman srtA
Plasmids
pXB3-1
PALC2073

pAMZ1-3

Transformation efficient E. coli strain [16]

S. aureus clinical isolate [14]
S. aureus USA300 MRSA strain [15]
S. aureus JE2 brpS::mariner mutant [15]
S. aureus JE2 brpR::mariner mutant [15]
S. aureus JE2 srtA::mariner mutant [15]
Transformation-efficient S. aureus strain [17]
S. aureus Newman brpR::mariner mutant This study
S. aureus Newman brpS::mariner mutant This study

S. aureus Newman srtA::mariner mutant This study

PALC2073 plasmid with the brpR gene inserted This study
Cloning vector with Ap", Cm', and Tc" genes, and a Tc-inducible promoter [18]

PALC2073 plasmid with the brpS gene inserted This study

Jaishideng®

erythromycin (Em°). S. aureus strains carrying the pALC2073, pXB3-1, or pAMZ1-3 plasmid were
selected for in media containing 10 g/ mL of chloramphenicol (Cm'). To induce the xyl/tetO promoter
on the pXB3-1 and pAMZ1-3 plasmids, tetracycline at 0.25 pg/mL was added to the growth medium.

Transduction of S. aureus

The brpR::mariner, brpS::mariner, and srtA::mariner mutations were transduced into strain Newman using
the a $80a bacteriophage[19]. The transductants were then selected for on BHI agar containing Em®. All
mutations were verified by polymerase chain reaction (PCR) and biofilm assays.

Construction of brpS and brpR complementing plasmids

The brpR complementing plasmid was constructed using the pALC2073 backbone[18]. Isolation of
pALC2073 plasmid DNA followed the manufacturer’s instructions for the Qiagen QiaPrep plasmid
isolation kit (Qiagen, Germantown, MD, United States). The full-length coding region of the S. aureus
strain MW2 brpR gene was PCR amplified using the MW2284]/MW2284M primers (Integrated DNA
Technologies, Coralville, IA, United States; Table 2) and the following PCR conditions: 35 cycles, 94 °C 1
min, 57 °C 1 min, 72 °C 1 min. S. aureus strain MW2 chromosomal DNA served as a template. The brpR
DNA was amplified to have a Kpnl site on the 5" end and an EcoRI site on the 3" end. PCR amplified
brpR gene product was digested with Kpnl and EcoRI (New England Biolabs, Ipswich, MA, United
States), and then ligated with Kpnl/EcoRI cut pALC2073 plasmid DNA using T, DNA ligase (New
England Biolabs). Ligated DNA was transformed into E. coli strain DH5a cells[16]. Transformants were
selected on LA containing 100 pg/mL ampicillin, and one resulting plasmid, plasmid pXB3-1, was used
for further experiments.

A recombinant brpS complementing plasmid was also constructed. Isolation of pALC2073 plasmid
DNA used the same plasmid isolation kit described above. The full-length coding region of the S. aureus
strain MW2 brpS gene was PCR amplified using the GEX-5XB/GEX-5XC primers (Table 2) and the
following PCR conditions: 35 cycles, 94 °C 1 min, 57 °C 1 min, 72 °C 1 min. S. aureus strain MW2
chromosomal DNA was used as the template. The brpS DNA was amplified to have a Kpnl site on the 5
end and an EcoRI site on the 3" end. PCR amplified brpS gene product was digested with Kpnl and EcoRI
(New England Biolabs), and then ligated with Kpnl/EcoRI cut pALC2073 plasmid DNA using T, DNA
ligase (New England Biolabs) immediately downstream from the tetracycline-inducible xyl/tetO
promoter on pALC2073. Ligated DNA was transformed into E. coli strain DH5a cells[16]. Transformants
were selected on LA containing 100 mg/mL ampicillin, and one resulting plasmid, plasmid pAMZ1-3,
was used for further experiments.

Plasmid DNA from E. coli was purified with a Qiagen Plasmid Miniprep Kit (Qiagen) and electro-
porated into the S. aureus strain RN4220[20] using a GenePulser, (Bio-Rad, Hercules, CA, United States)
under the following conditions: 100 W capacitance, 25 mF resistance, 2.5 kV charge voltage, 4 s.
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Table 2 Primers used in this study

Primer Sequence
GEX-5XC 5'- CCTAGGAGATCTCTTTCTGTC -3’
GEX-5XB 5- GTTAATTTTACTAAACTTAAG -3’
MW22841 5'- GAGCAGGTACCATGATGAAACTCAATTTATTTATCAATGCAAAAG-3’
MW2284M 5'- CAGCGAATTCTCAATGGTGATGGTGATGTATTGATAATCGCTCCTTTATAGATTTTAAAA -3’
CidA1 5- TGCAACGATACATGTTCCTATG -3’
CidA2 5'- CTACAACTAGGAATCATCATTGTG -3’
LrgAl 5- GCATCAAAACCAGCACACTTT -3’
LrgA2 5- GACTTCGCCTAACTTAACAGC -3’
SaFtsZ1 5'- GGTGTAGGTGGTGGCGGTAA -3’
SaFtsZ2 5'- TCATTGGCGTAGATTTGTC -3’
SrtAl 5'- TCGCTGGTGTGGTACTTATC -3’
SrtA2 5'- CAGGTGTTGCTGGTCCTGGA -3’
12
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Figure 3 Quantitative reverse transcribed-polymerase chain reaction results of Staphylococcus aureus Newman cidA, IrgA, and srtA
transcription in wild-type bacteria (standardized to 0) compared to a Staphylococcus aureus Newman brpS mutant (black column) and
the complemented brpS mutant (white column). The data represents the mean + SD from three separate runs.
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Transformants were selected for on BHI agar containing Cm' after one hour of expression in BHI broth.
Finally, plasmid DNA was re-isolated from one S. aureus strain RN4200 transformant carrying either the
pXB3-1 or pAMZ1-3 plasmid using the method noted above with one alteration. The S. aureus cells were
incubated with 50 pL of lysostaphin (10 mg/mL; Remel, San Diego, CA, United States) for 60 min at 37
°C prior to the first step to facilitate lysis of the staphylococcal cells. Each isolated plasmid DNA sample
was then cut with the Kpnl and EcoRI restriction endonucleases to verify the insertion. The S. aureus
strain Newman was then transformed with 10 mL of pXB3-1 or pAMZ1-3 plasmid DNA using electro-
poration as outlined above and transformants selected for on BHI agar containing Cm™.

Biofilm assays

To determine the effect of the brpR and brpS mutations on the ability of S. aureus Newman to form a
biofilm, biofilm assays were performed[21]. Briefly, cultures of the S. aureus were grown at 37 °C with
shaking (250 rpm) overnight in BHIG broth with the appropriate antibiotic(s). Each strain was then
diluted 1:100 in BHI-G and 220 pL of the solution was placed in microtiter wells in triplicate in a 96-well
microtiter plate. The microtiter plates were statically incubated for 24 h at 37 °C to allow a biofilm to
form. Each well was then rinsed three times with sterile water. The biofilms were then allowed to settle
(10 min), stained with crystal violet dye (0.1% wt/vol) for 10 min, and then washed with sterile water.
After allowing the well contents to dry fully in a sterile hood, the dried contents were incubated in 33%
acetic acid at room temperature for 30 min. The contents of the well were vigorously curettaged. The
optical densities were measured on a SpectraMax M3 96-well microtiter plate reader (Molecular
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A query: BrsM (S. mutans); subject: BrpS (S. aureus)
Sequence ID: Query_163319 Length: 148 Number of Matches: 1

Range 1:54 to 133 Graphics ¥ Next Match A Pr

Score

Expect Method Identities Positives Gaps

26.6 bits(57) 6e-05 Compositional matrix adjust. 21/84(25%) 46/84(54%) 8/84(9%)

Query
Sbjct
Query
Sbjct

56
54

ISIILWLLIGVVFFLGDFIFKYTDWSITKATIMHFITTYVGFLPLAMLAG---~WFPLTV 111
+ + ++ LGV+ +FK S+  +++H++ LPL +LAG  WF +T
VQLFIFALLGVLQGFASSLFKNEKLSLLTTSLIHYLFIV---LPL-LLAGSYLEWFYMTR 109

112 HYLIIFTIIFIVVYVLIWIIQFFK 135

Y+ ++ ++Y+LI++  +F+

110 KYFVFSFLLVSIIYILIYLFCYFE 133

B Query: BrsR (SMU2080) Subject: BrpR (mw2284)
Sequence ID: Query_98161 Length:147 Number of Matches 1

Range 1:2 to 147 Graphics ¥ Next Match A Previc
Score Expect Method Identities Positives Gaps

64.3 bits(155) 9e-19 Compositional matrix adjust. 44/146(30%) 76/146(52%) 2/146(1%)

Query
Sbjct
Query
Sbjct
Query
Sbjct

1

2
59
62
119
122

MKVKIIKDSNFKEPLLQIYTRHIDKQTQRVIDFIQQ--RPNIVYGYKNKCLEFIPLEKVI 58
MK+ + ++ E + I+ ++ Q+I++ +++GY +K+ I + VI
MKLNLFINAKETESYIDIHAPKMNDHVQSIINAVNDLDKSHTLVGYIDKEIHIINVSDVI 61

RIFTENKQVLIQTLTDTYLAKQRLYFFEQELGTPFIRISQGEIINIKYIKQLNLTIRGSI 118
NKV T + K RLY E++L FIRIS+ EI+N YI++L L G I
TFQVINKNVTAITSNQKFKLKLRLYELEKQLPQHFIRISKSEIVNKYYIEKLLLEPNGLI 121

EVTFKNGTVSFVARRSLKRFKEQLNL 144
+ K+ ++ +RR LK KE+L++
RMYLKDAHYTYSSRRYLKSIKERLSI 147
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Figure 4 Bioinformatic comparison of the BrsRM proteins of Streptococcus mutans with the BrpRS proteins of Staphylococcus aureus.
A: BrsM, a two-component system membrane protein responsible for activating competence in response to sensing competitor organisms within a niche, shares
sequence similarity with BrpS; B: BrsR, which is the cognate response regulator to BrsM, shares sequence similarity with BrpR. BLASTp NCBI. Algorithm parameters:
Max target sequences = 100, automatically adjusted parameters for short input sequences, expect threshold = 10, word size = 3, max matches in a query range =0,
matrix = BLOSUMG2, gap costs = 11 existence and 1 extension, and a conditional compositional score matrix adjustment.
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Devices, San Jose, CA, United States) at an optical density of 570 nm. In addition to wild-type Newman
cells, Newman brpR and Newman brpS mutant strains as well as brpR and brpS mutants containing the
pXB3-1 or pAMZ1-3 plasmids were tested and compared with a Newman srtA transposon mutant strain
that served as a negative control. To achieve statistical significance, the biofilm assays were performed a
minimum of five times in triplicate for each strain.

Quantitative real-time PCR

Total RNA was isolated from S. aureus strains grown to early logarithmic phase in BHI broth with
shaking (250 rpm) incubated at 37 °C using a High Pure RNA Isolation kit AA(Roche Diagnostics,
Indianapolis, IN, United States) with an additional lysostaphin treatment step to help lyse the S. aureus
cell walls and a DNase I digestion to digest contaminating DNA. To confirm RNA concentration and
ensure the integrity of each RNA sample, an aliquot of each RNA sample was analyzed on a Nanodrop
machine (Thermo Scientific, Waltham, MA, United States) and electrophoresed through 0.8% agarose
gels. The cDNA for each strain was then synthesized from 2 pg of total RNA according to
manufacturer’s instruction using a First-Strand Synthesis kit (Life Technologies, Carlsbad, CA, United
States). All quantitative real-time PCR (qRT-PCR) trials were performed according to manufacturer’s
instruction using the iTaq Universal SYBR Supermix kit (BioRad, Hercules, CA, United States).
Oligonucleotide primers that targeted the ftsZ, srtA, IrgA, and cidA genes were synthesized (Table 2) by
Integrated DNA Technologies. To perform qRT-PCR, the minimum information for publication of
quantitative real-time PCR experiments guidelines were followed and the ftsZ housekeeping gene was
used as a standardization control[22]. All replicates were performed at least three times on a CFX96
qPCR instrument (BioRad, Hercules, CA, United States) under the following conditions: 94 °C, 20 s; 55
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Figure 5 Highlight of amino acid residues shared by competence stimulating pheromone, competence stimulating pheromone-2, and
BrpS. The predicted exterior segment of BrpS, which spans N'-1-MKNLKNSLFISLIIGLSLSLFFSMLFADGKYYPLNPQSTIGILYYTHFT-50-C’, was compared to
competence stimulating pheromone (CSP) and CSP-2 by BLASTp. The competence stimulating peptides of Streptococcus mutans (1-SGSLSTFFRLFNRSFTQA-18,

CSP) and Streptococcus pneumoniae (1-EMRISRIILDFLFLRKK-17, CSP-2) has 56% similarity to CSP and 30% similarity to CSP-2. CSP: Competence stimulating
pheromone.

°C, 30 s; and 72 °C, 1 min for 35 cycles. The level of target gene transcript from each strain was estimated
against the ftsZ gene standard curve. Additionally, crossover points for all genes were standardized to
the crossover points for ftsZ in each sample using the 244" formula[23].

Bioinformatic tools

The sequenced genomes of S. aureus strains MW2 and Newman used in this study are publicly available
on GenBank (NCBI, genome assembly ASM1126v1)[24-26]. The protein annotations for all of the
bacterial strains included in this study were found on BioCyc or GenBank[26,27]. BioCyc was also used
to search for brpRS homologs downstream of the mgo2 gene. The UniProt Consortium was used to
obtain amino acid FASTA sequences[28]. Domain motifs were sought using NetPHOS, ExPASy, Prosite,
and GenomeNet[28-30]. Protter was used to two-dimensionally visualize brpS and brsM[31]. I-TASSER
and PyMOL were used together to three dimensionally visualize BrpR and BrpS[32,33]. I-TASSER and
PyMol were also used to visually verify DNA binding in residues predicted by DP-Bind[34]. Finally,
protein sequence homology analyses were performed by BLASTp (NCBI) with the following
parameters: Max target sequences = 100, automatically adjusted parameters for short input sequences,
expect threshold = 10, word size = 3, max matches in a query range = 0, matrix = BLOSUMS62, gap costs
=11 existence and 1 extension, and a conditional compositional score matrix adjustment[35].

Statistical analysis

Calculation of the means, standard deviations, and paired Student’s t-tests were performed using
Microsoft Excel. P < 0.05 were considered significant.
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RESULTS

Alignment of the brpS/brpR genes

An alignment of the brpR and brpS genes that encode the BrpR and BrpS proteins is seen on the S. aureus
MW?2 genome sequence (Figure 1)[24]. These genes overlap in a unidirectional in-tandem sequence. The
overlapping brpRS genes lie just 66 base pairs upstream from the mqo2 gene, encoding one of the two
malate: Quinone oxidoreductases (MQO2) produced by S. aureus. The bi-functional MQO2 protein is
able to generate oxaloacetate through an oxidation of malate as well as donate electrons to the electron
transport chain[36].

Mutations in the brpR and brpS genes cause greater biofilm formation in S. aureus

To confirm biofilm formation was linked to BrpR and BrpS, individual brpR and brpS mutations were
moved to the S. aureus strain JE2 background[15] to the S. aureus strain Newman via transduction.
Biofilm production of both mutants was compared to the unmutated wild-type S. aureus Newman
strain. Significantly more biofilm material was produced by the brpS and brpR mutants (1.8-fold and
1.73-fold higher, respectively, P < 0.001) compared to wild-type. Complementation of the brpR and brpS
mutants caused biofilm expression to either return to wild-type levels or there was less biofilm material
formed (Figure 2). The srtA mutant displayed a 1.73-fold decline in the biofilm forming ability
compared to the wild-type strain (P < 0.001). This suggested that the putative BrpRS TCS may repress S.
aureus biofilm production.

Transcription of srtA and IrgA are regulated by a brpS mutation

Previously, we showed srtA transcription was elevated and IrgA transcription was lower after SK-03-92
treatment of S. aureus cells compared to untreated cells[5]. The srtA gene encodes sortase A[37] and the
IrgA gene encodes an anti-holin[38] that are important for the formation of biofilms[39,40]. Total RNA
was collected during the mid-exponential growth phase from the S. aureus Newman brpS mutant, S.
aureus Newman brpS mutant containing the pAMZ1-3 plasmid, and wild-type S. aureus Newman cells
Each RNA sample was converted to cDNA for qRT-PCRs analysis. The brpS mutant displayed 8.5-fold
higher srtA transcription (P < 0.008), 2-fold lower IrgA transcription (P < 0.016), and 1.6-fold higher cidA
transcription (P < 0.43) vs the wild-type strain (Figure 3). Complementation of the brpS mutation caused
srtA transcription to drop to a 2.2-fold increase, a 1.3-fold increase in IrgA transcription, and a 1.2-fold
increase in cidA transcription. These results demonstrated that transcription of some biofilm-associated
genes was regulated by a mutation in the brpS gene.

BrpR/BrpS homology to other TCS proteins

BrpR and BrpS homologs were identified by BLAST analyses in multiple Gram-positive bacterial
pathogens, including Bacillus cereus, Clostridioides difficile, Enterococcus faecalis, Lactobacillus species,
Staphylococcus haemolyticus, Streptococcus pneumoniae ComD/ComE, and S. mutans BrsR/BrsM as well as
three other bacterial species (Escherichia coli YehT/YehU, Mycobacterium tuberculosis YehT/YehU, and
Chlamydia trachomatis)[26,35]. Of these, the S. mutans BrsR/BrsM TCS that senses CSP and then induces
late-stage competence showed the highest homology (Figure 4)[12].

Putative structures of the BrpS protein

S. aureus BrpS and S. mutans BrsM have a similar arrangement of reactive residues. Lysine, serine,
threonine, histidine, tyrosine, and glutamic acid residues were illuminated on a 2-dimensional Protter-
generated image of each protein (Figure 5)[29]. This mapping suggested that BrpS and BrsM are
partitioned into distinct functional domains separated by the membrane. Functionality appears to occur
at the intercellular loop (staphylococcal N’-76-KYTDWSITKAT-86-C’), at the extracellular loop (staphyl-
ococcal N’-108-PLTVHY-113-C’), and within a single reactive residue near the membrane at K135
(staphylococcal) within the C’-terminal tail region.

Additionally, the region at the N’-terminus of brpS displays sequence homology with the secreted S.
mutans and S. pneumoniae CSPs (Figure 6). The segment of brpS spanning the regions from N’-1-
MKNLKNSLFISLIIGLSLSLFFSMLFADGKYYPLNPQSTIGILYYTHFT-50-C’ showed 56% similarity with
CSP (S. mutans, 1-SGSLSTFFRLFNRSFTQ A-18) and 30% similarity to CSP-2 (S. pneumoniae, 1-
EMRISRIILDFLFLRKK-17).

DISCUSSION

S. aureus causes 65% of biofilm-associated infections per year[40,41]. Biofilms provide a defense against
host immune defenses as well as most antibiotics. An understanding of what regulates S. aureus biofilm
formation could lead to treatment options that target this process in S. aureus.

Both sortase A (SrtA) and antiholin (LrgA) are important S. aureus proteins needed for creation and
maintenance of biofilms. Sortase A promotes the covalent anchoring of surface proteins to the cell wall

WJCID | https://www.wjgnet.com 27 April 26,2022 | Volume12 | Issuel |



Zank A et al. S. aureus biofilm regulation

DOI: 10.5495/wijcid.v12.i1.20 Copyright ©The Author(s) 2022.

Figure 6 Comparison of the sequences and predicted topologies of the putative two-component system membrane sensor Brp$S (left,
Staphylococcus aureus) and BrsM (right, Streptococcus mutans). According to this prediction, residues likely to be reactive (red) are topologically

arranged in similar loci among both proteins. Intra is proposed to correspond with the cytoplasmic space, and extra is proposed to correspond with the extracellular
milieu of the cell. Figures generated by Protter.
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of S. aureus[42] that are important in the first stage of biofilm formation. Cell death releases eDNA that
is tied to holin/antiholin action. An integral part of mature S. aureus biofilms is eDNA[7]. The function
of the antiholin LrgA is to prevent cell autolysis by complexing with CidA holins[38,43].

In this study, we have shown that mutations in either the brpR or brpS gene cause an increase in
biofilm formation as well as transcriptional changes of the srtA and IrgA genes, which are linked events.
Previous studies with transposon mutants of what was an uncharacterized gene, that we have named
brpS, displayed better biofilm formation than the wild-type strain[44,45]. Strains with a mutated IrgA
gene have also been shown to produce increased levels of biofilms[46]. Another study has shown that
cell lysis caused eDNA to be rapidly produced that could act as a scaffolding for newly forming biofilms
[10].

The in silico data; biofilm results with the brpR and brpS mutants; and the data from the transcript
abundance changes of the IrgA, srtA, brpR, and brpS genes suggest that BrpR/BrpS comprise a TCS that
may be involved in late-stage competence. From the in silico analysis, we speculate that the BrpR protein
(that possesses an apparent LytTR DNA binding-motif[47]) may repress srtA transcription. Other
proteins that have LytTR motifs, such as BrsR and ComE, have been shown to have multifunctional
activities tied to activation and repression[47-49]. Further analysis is required to show that BrpR is
capable of binding to this region.
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From the data presented, we speculate that BrpS is a receptor for a CSP-like pheromone secreted by S.
aureus as a response to competition for resources. The leader peptide of BrpS may function to compet-
itively antagonize the extracellular receptor portion of BrpS from the CSPs of competitive species, such
as S. mutans and S. pneumoniae, that inhabit the human upper respiratory tract.

A number of previously completed studies focused on biofilm production and bacterial cell viability
due to interactions with CSP-like pheromones. A study by Zhang et al[49] demonstrated that within S.
mutans there was a 76.3% decline in cell viability and biofilm mass increased by 89.3% following the
addition of CSP to bacterial growth media[49]. In addition, supernatant collected from S. mutans that
was co-cultured with Aggregatibacter actinomycetemcomitans caused a 1.3-fold rise in biofilm production
within S. mutans[50]. Ample evidence of cell death after CSP exposure has been documented by several
studies, however, biofilm production has not been normalized to the viable bacterial cells that remain
[51-53]. Nevertheless, a number of Gram-positive bacterial species show cell viability and subsequent
biofilm production correlate with the level of CSP added to the media. Further studies should be done
to assess the actual increase in biofilm formation by taking into account the findings that competence is
accompanied by massive cellular death.

We also believe that there may be a connection between metabolic dormancy and the BrpR/BrpS
TCS. If malate production is interrupted after BrpR binds to the sigma factor binding sites, malate
conversion to oxalacetate would be halted. As a consequence of this interruption, any acetyl groups
generated by acetyl-CoA would not interact with citrate within the citric-acid cycle. Thus, too much
acetyl-CoA would arise within the cell. Because these functional groups would be liberated, it is
possible that there would be an epigenetic modification and BrpR would be rapidly released from the
srtA gene enhancer region. By freeing BrpR from the srtA gene enhancer region, additional BrpR
molecules would be available to interact with sigma factors, blocking transcription of brpRS that would
lead to even less transcription of the mqo2 gene. The work by Zhang et al[54] used profiling of lysine
acetylomes in S. aureus and E. coli to identify a sequence motif, which supports our idea that BrpR may
epigenetically block DNA-binding[54]. As part of that study, 412 proteins and 1361 lysine sites were
cross-referenced against each other, which led to a conserved motif, N’-RLYELExQLxxxFIRISKxxEIVN-
C’, being identified. BrpR has this conserved motif, which is very well conserved among a number of
bacterial species. By shutting down malate expression, persister cells could form suddenly as a response
to late-stage competence or treatment with the SK-03-92 drug. Thus, BrpR repression of malate
production could be connected to formation of persister cells that is a feature of late-stage competence.

CONCLUSION

Our study suggests that BrpR/BrpS is a TCS that may repress S. aureus biofilm production and be
linked to late-stage competence in S. aureus.

ARTICLE HIGHLIGHTS

Research background

Staphylococcus aureus (S. aureus) is a primary cause of skin/soft tissue infections. Biofilm formation is a
key component of S. aureus pathogenesis. Thus, an understanding of what regulates biofilm formation
in S. aureus is important.

Research motivation
We were interested in characterizing two open reading frames that we thought were tied to biofilm
formation in S. aureus.

Research objectives
Determine if mutations in the brpR and brpS genes affected biofilm formation and what the respective
proteins had homologies with.

Research methods

We used biofilm assays and quantitative real-time-polymerase chain reaction (QRT-PCR) analysis to test
brpR and brpS mutants compared to the parent strain of S. aureus. Bioinformatic tools were used to
determine what roles the BrpR and BrpS proteins may play in S. aureus cells.

Research results

The biofilm and qRT-PCR analyses demonstrated that mutations in the brpR and brpS genes affected
biofilm formation in S. aureus and led to transcriptional differences in key biofilm-related genes as
compared to the parent strain. Further, the BrpR and BrpS proteins share homologies with proteins
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involved in late-stage competence in streptococcal species.

Research conclusions
BrpR/BrpS are likely a new two-component system which regulates biofilm formation in S. aureus.

Research perspectives
A better understanding of a new regulator of S. aureus biofilm formation has been identified.
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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) is a highly contagious viral illness which
conventionally manifests with primarily respiratory symptoms and less
commonly with cardiac involvement in various forms, such as pericarditis.
Myocarditis and pericarditis have been reported in a variety of live and
attenuated vaccines, such as smallpox and influenza. As of October 2021, no cases
of pericarditis associated with COVID-19 vaccination have been published. We
present two healthy male patients who present post COVID-19 vaccination with
pericarditis diagnoses.

CASE SUMMARY

A 21-year-old male with no significant past medical history presented with
myalgia, chills, mild headache, and chest pain for two days. Patient received the
Moderna COVID-19 vaccine the day prior to symptom onset. On presentation,
electrocardiogram (ECG) revealed sinus rhythm with ST elevation, and troponin
was elevated. Emergent cardiac catheterization was not significant for
abnormalities. The primary diagnosis was acute pericarditis, and the patient was
discharged on colchicine and indomethacin. Additionally, a 35-year-old male with
no pertinent past medical history presented with fever, chills, weakness, nausea,
vomiting, diarrhea, and retrosternal chest pain for three days. He received the
Moderna COVID-19 vaccine four days prior to symptom onset. On presentation,
troponin was elevated, and ECG revealed mild ST elevation. Left ventricular
dysfunction with ejection fraction of 41% was reported on transthoracic echocar-
diogram. Patient was started on ibuprofen and colchicine for diagnosis of
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myopericarditis.

CONCLUSION
These case reports highlight a potential unintended consequence, pericarditis, associated with
COVID-19 vaccination that may not warrant invasive cardiac intervention.

Key Words: Pericarditis; Myocarditis; COVID-19; COVID-19 vaccine; Myopericarditis; Case report

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

Core Tip: Coronavirus disease 2019 (COVID-19) manifests with primarily respiratory symptoms and less
commonly with cardiac involvement. Myocarditis and pericarditis have been reported in a variety of live
and attenuated vaccines. However, to our knowledge, there are no published cases associated with
COVID-19 vaccination as of October 2021. We present two cases of pericarditis following COVID-19
vaccination. Both patients were treated with colchicine and non-steroidal anti-inflammatory agents but
with varying degrees of invasive work-up. The first patient had emergent cardiac catheterization, while the
second patient underwent computed tomographic angiography of the coronary arteries. Neither patient
required intervention, thus questioning the necessity of cardiac catheterization.

Citation: Fydrych J, Hughes AP, Abuhasna S, Mekonen E. Pericarditis following COVID-19 vaccination: Two case
reports. World J Clin Infect Dis 2022; 12(1): 33-40
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INTRODUCTION

On January 9, 2020, the World Health Organization announced a mysterious Coronavirus-related
pneumonia in Wuhan, China[1]. Shortly after, cases were identified across the globe and quarantines
were ordered to help prevent transmission. Despite early prevention efforts of social distancing and
donning masks, coronavirus disease 2019 (COVID-19) was relentless[1]. As of November 2021, there are
over 250 million confirmed cases and over five million deaths attributed to COVID-19[2]. The
development of a vaccine was the light at the end of the tunnel but not without some associated risks.

Cardiac complications, such as myocarditis and pericarditis, after immunizations are extremely rare
events in both younger and older patients but have been reported following smallpox, diphtheria,
tetanus, polio, human papillomavirus (HPV), and influenza vaccines[3-6]. Through a PubMed search of
pericarditis associated with the COVID-19 vaccine, no published cases have been identified. However,
recently, the possible link between myocarditis and the COVID-19 vaccine has been under investigation
by the Israel Health Ministry[7]. Sixty-two cases of myocarditis in young males were identified, but at
this time, no conclusions have been made. The European Medicines Agency and United States Centers
for Disease Control and Prevention (CDC) are also investigating the link between pericarditis and
myocarditis with the COVID-19 vaccine, but no association has been found[8,9].

Here below, we present two cases of pericarditis in two young adult males following Moderna
COVID-19 vaccination. A 21-year-old healthy male presenting three days post vaccination, and a 35-
year-old male presenting seven days post vaccination. The purpose of this case report is to highlight an
atypical response to the COVID-19 vaccine.

CASE PRESENTATION

Chief complaints
Case 1: In April 2021, a 21-year-old man was admitted to the hospital with myalgia, chills, mild
headache, and chest pain for two days.

Case 2: In February 2021, a 35-year-old man presented to the emergency department with fever, chills,
weakness, nausea, vomiting, diarrhea, and retrosternal chest pain for three days.

History of present illness
Case 1: Chest pain was rated three out of ten which worsened on inspiration and described as pleuritic
in nature. The patient received the first dose of the Moderna COVID-19 vaccine series the day prior to
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symptom onset. No associated diaphoresis or arm pain. No tenderness on palpation. No history of
known COVID-19 infection or current fevers, nausea, vomiting, diarrhea, abdominal pain, shortness of
breath, cough, extremity swelling, travel, or sick contacts.

Case 2: He received his first Moderna COVID-19 vaccine four days prior to symptom onset. Patient
denies recent travel, sick contacts, COVID-19 exposure, or symptoms associated with COVID-19.

History of past illness
Case 1: The patient has no pertinent past medical history or surgeries.

Case 2: Past medical history significant for obesity, chronic allergic rhinitis, and previous COVID-19
infection reported several months prior to vaccination.

Personal and family history
No tobacco, illicit drugs, or alcohol use reported. No family history of heart disease for either of the two
cases.

Physical examination
Case 1: In the emergency department (ED), on physical examination, no rub, normal rate, and regular
rhythm noted.

Case 2: In the ED, on physical exam, the patient was noted to be tachycardic but otherwise had no
abnormal physical exam findings, including pericardial rub.

Laboratory examinations

Case 1: Troponin was elevated at 15.2 ng/mL, creatinine kinase elevated at 657 units/L, C-Reactive
Protein (CRP) elevated at 6.3 mg/dL, and erythrocyte sedi-mentation rate (ESR) mildly elevated at 24
mm/hr. Toxicology screen was negative. COVID-19, respiratory syncytial virus (RSV), and Influenza
were negative using a sample obtained from a nasopharyngeal swab tested on Cepheid Xpert Xpress
severe acute respiratory syndrome coronavirus 2/influenza/RSV reverse transcriptase polymerase
chain reaction (SARS-CoV-2/Flu/RSV RT-PCR).

Case 2: Troponin was elevated at 7.58 ng/mL, CRP elevated at 26.8 mg/dL, and ESR elevated at 96
mm/hr. White blood cell (WBC) count was also elevated at 20.4 K/mcL. Bacterial and viral infectious
etiologies were ruled out including COVID-19, RSV, influenza, bocavirus, adenovirus, parainfluenza,
metapneumovirus, rhinovirus, enterovirus, Mycoplasma pneumoniae, and Chlamydophila pneumoniae using
a sample from a nasopharyngeal swab tested on Cepheid Xpert Xpress SARS-CoV-2/Flu/RSV RT-PCR
and Multiplex RT PCR amplification followed by Liquid Bead Array Hybridization. Hepatitis and
human immunodeficiency viruses were also ruled out via antibody and antigen testing. Blood cultures
had no growth.

Imaging examinations

Case 1: Chest X-ray was unremarkable with clear lungs and normal heart size. Transthoracic echocar-
diogram (TTE) demonstrated an ejection fraction (EF) of 65% without wall motion abnormalities and no
pericardial effusion. Original electrocardiogram (ECG) reported sinus rhythm with ST elevation
(Figure 1A). On repeat ECG, there was disproportionate worsening of ST elevation in inferior leads with
development of new ST depression in aVL lead, so the patient was worked up for acute inferior
myocardial infarction to rule out obstructive etiology. Emergent cardiac catheterization demonstrated
40% stenosis of the midsegment of the left anterior descending artery (LAD), though the remaining
coronary arteries appeared to be disease-free and no interventions warranted.

Case 2: Chest X-ray and computed tomographic angiography (CTA) of the chest with contrast were
both unremarkable. ECG demonstrated mild diffuse ST/T elevation (Figure 1B). On TTE, left
ventricular dysfunction with EF of 41% reported.

FINAL DIAGNOSIS

Case 1: The primary diagnosis was acute pericarditis.

Case 2: The final diagnosis was myopericarditis complicated by acute kidney injury (AKI) secondary to
intravenous (IV) contrast.
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Figure 1 Electrocardiogram of 21-year-old male (A) and 35-year-old male (B) showing ST elevation.

TREATMENT

Case 1: The patient was started on colchicine, indomethacin, and aspirin. He was discharged the
following day on aspirin, colchicine for 14 d, and an indomethacin taper over 28 d.

Case 2: The patient was given acetaminophen and ketorolac in the ED. Cardiology was consulted and
started the patient on ibuprofen and colchicine for myopericarditis. Ibuprofen was changed to
prednisone due to contrast induced AKI. Colchicine and prednisone were continued for five additional
days on discharge with instruction to follow-up with cardiology outpatient. Carvedilol and
sacubitril/valsartan were initiated based on left ventricular dysfunction with plans to monitor and
titrate outpatient. No antimicrobials were administered, and leukocytosis spontaneously resolved.

OUTCOME AND FOLLOW-UP

Case 1: Upon discharge, an appointment was scheduled with a new primary care provider with
instruction to obtain a cardiologist referral. During follow-up with cardiology three months after
discharge, repeat TTE was unremarkable with normal function and no regional wall motion
abnormalities. Troponin, CRP, and ESR were normal as well. No further work-up or cardiology follow-
up warranted. To our knowledge, there were no complications or readmissions associated with
pericarditis following discharge.
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Case 2: The patient’s course was complicated by AKI secondary to IV contrast which extended his
hospitalization to four days. Coronary CTA was later completed outpatient with no notable findings. To
our knowledge, there were no complications or readmissions associated with pericarditis following
discharge.

DISCUSSION

As of November 2021, over three billion individuals are fully vaccinated for COVID-19[10]. Common
side effects of the COVID-19 vaccine are pain, redness, and swelling of the injection site, fatigue,
headache, muscle pain, chills, fever, and nausea. No case reports of pericarditis as a side effect of
COVID-19 vaccines have been published as of November 2021. A hypothesized mechanism of action of
vaccine induced myopericarditis is an autoimmune reaction that typically occurs after seven days. Our
patients presented within seven days post vaccination; therefore, this mechanism is unlikely[11]. A
possible mechanism for male predominance in myocarditis/pericarditis is presumably related to
variations in sex hormones. Estrogen is thought to inhibit proinflammatory T cells, resulting in a
decrease in immune related responses. Pericarditis in females may also be underdiagnosed, which could
explain the male predominance[12].

On the contrary, active COVID-19 infection presenting as pericarditis and endocarditis have been
reported[13,14]. A systematic review conducted in December 2020 identified 34 COVID-19 patients with
pericarditis reported, and 62% were diagnosed with myopericarditis[15]. Pericarditis in COVID-19
patients is still poorly understood. A proposed explanation is the binding of the SARS-CoV-2 Spike
protein to angiotensin-converting enzyme 2 which can be found on the heart. Thus, there is potential
cause for myocarditis, pericardial effusion, and pericarditis[13,15].

While no case reports were published to our knowledge, as of May 2021, 133 cases of pericarditis and
119 cases of myocarditis had been reported to the CDC Vaccine Adverse Event Reporting System
(VAERS)[16]. Cases of pericarditis were reported following each of the Food and Drug Administration
approved COVID-19 vaccines Pfizer (67), Moderna (54), and Johnson and Johnson (12). Pfizer was the
first vaccine to be approved as well as the most common manufacturer associated with reported
pericarditis cases, followed by Moderna, then Johnson and Johnson. Of the 133 pericarditis cases, 77
reported cases are males, 53 are females, and 3 were not reported. The average age for males was 44.6
years old and ranged from 16 to 84 years old. The average age for females was 54.5 years old and ranged
from 20 to 85 years old. The mean ages are likely falsely elevated based on vaccine rollout and earlier
access to patients 65 years and older in the general public. The average reported time to symptom onset
is 7.4 d and ranges from 0 to 63 d. Our patient cases consist of two males that are below the mean
reported age and below the average time to symptom onset. As of November 2021, the number of
adverse events with the word “pericarditis” associated with the COVID-19 vaccine has since substan-
tially increased to 15895 reports[16].

Acute pericarditis is most commonly caused by viral infections and has been reported in patients
with active COVID-19 infections[14,17-19]. Our case report is unique because we present two
individuals diagnosed with pericarditis post COVID-19 vaccination who tested negative for active
COVID-19 infection. Pericarditis is diagnosed when at least two of the four following criteria are
present: Pericarditic chest pain, pericardial rubs, new widespread ST elevation or PR depression on
ECG, or pericardial effusion[20]. Additional supporting findings include elevation of cardiac inflam-
matory markers and evidence of pericardial inflammation by imaging[20]. Both of our patients
presented with ST elevation, pericarditic chest pain, along with several elevated cardiac inflammatory
markers. In the second case, ECG does not show the typical patterns of acute pericarditis (i.e. diffuse ST
elevations with PR depressions), which are often seen hours to days after symptom onset during the
first stage. Considering the patient presented seven days post-vaccination and three days after symptom
onset, it is plausible any atypical ECG patterns had since normalized. Neither patient had diagnosed
cardiac history, infectious causes, noninfectious causes, or past medical history to predispose them to
pericarditis; therefore, we believe these episodes of acute pericarditis are secondary to the COVID-19
vaccine.

Patients presenting with COVID-19 and elevated troponins often have worse outcomes[21]. However,
if patients present following COVID-19 immunization with elevated cardiac inflammatory markers, ST
elevation, but not diagnosed with COVID-19, should cardiac catheterization be standard of care? The
21-year-old patient was taken for emergent cardiac catheterization and was found to have 40% stenosis
of the midsegment of the LAD, but remaining coronary arteries appeared to be disease-free. No lesions
were identified, and no interventions warranted. While no complications occurred with this patient,
possible complications of invasive cardiac catheterization include infection, vascular complications,
bleeding, stroke, myocardial infarction, and death[22]. The 35-year-old patient did not undergo cardiac
catheterization but did receive a CTA of the chest and coronary arteries instead, which was
unremarkable. It is unknown if the pericarditis cases reported to CDC VAERS warranted catheterization
or other invasive testing. But of the 133 individuals reported, 86 were hospitalized, 46 were not hospit-
alized, and one unknown, which leads us to believe many cases self-resolved without seeking out
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higher level of care.

Our patient cases do have inherent limitations. In the second case, since the patient reported a
previous diagnosis of COVID-19, it is impossible to completely rule out myopericarditis as a
complication from previous infection. The patient tested negative for active infection on admission, but
past COVID-19 test results could not be found in the electronic medical record, so an exact date of
infection is unknown. To our knowledge, neither patient has received the second immunization in the
series; therefore, we are unable to assess outcomes when re-challenged with the second dose.
Additionally, due to a lack of endomyocardial biopsy, a histopathological diagnosis for pericarditis or
myocarditis cannot be confirmed. Both patients presented to a community hospital where there was not
access to cardiac MRI, and based on rapid clinical improvement, myocardial biopsy was not warranted.
Furthermore, other causes of pericarditis cannot be completely ruled out. The first patient tested
negative for COVID-19, influenza, and RSV. Other infectious causes are less likely but were not tested
for. COVID-19, RSV, influenza, bocavirus, adenovirus, parainfluenza, metapneumovirus, rhinovirus,
enterovirus, Mycoplasma pneumoniae, and Chlamydophila pneumoniae were ruled out for the second
patient, making viral and bacterial causes unlikely. Neither of these patients have a significant past
medical history, including no likely medication causes, no trauma, nor autoimmune conditions. We also
do not have long-term follow-up, thus no long-term outcomes for either patient. Despite these
limitations, both patients scored a 5 on the Naranjo Algorithm, or Adverse Drug Reaction Probability
Scale, resulting in a probable association. The reaction “followed a reasonable temporal sequence after a
drug, followed a recognized response to the suspected drug, was confirmed by withdrawal but not by
exposure to the drug, and could not be reasonably explained by the known characteristics of the
patient’s clinical state.” [23].

During the time of these cases, the new mRNA COVID-19 vaccinations were under emergency use
authorization. It is important to note, despite the skepticism and fear surrounding these novel vaccines,
the benefits greatly outweigh the risk of rare side effects, including pericarditis and myocarditis. In fact,
the CDC has reported the rare incidence of myocarditis/pericarditis as about 12.6 cases per million
doses of second-dose mRNA vaccines in those age 12 to 39 years old (0.0000126%)[12]. However, a
study investigating cardiovascular sequelae in COVID-19 infected patients revealed that 5.0%
developed new-onset myocarditis and 1.5% developed pericarditis; therefore, there is much higher risk
from active infection than vaccination[24]. The COVID-19 mRNA vaccines reduce the rate of severe
infections, hospitalizations, and death from COVID-19. In a study conducted at five Veteran Affairs
Medical Centers, mRNA vaccines were 86.8% effective at preventing COVID-19 associated hospitaliz-
ations in those who were over the age of 18 years old[25]. Most episodes of pericarditis are
uncomplicated and can be managed in the outpatient setting[18]. Therefore, these cases should alleviate
the fear of vaccine associated adverse effects and help guide the public on when to seek care.

CONCLUSION

Despite our findings and presumed correlation of COVID-19 vaccination and pericarditis, this should
not deter individuals from being vaccinated, especially given the reported cardiac involvement from
COVID-19 infections. Immunizations are essential for public health and achieving population
immunity. Rather, these cases are intended to bring awareness to a potential etiology of pericarditis that
should be considered in the differential that might not warrant invasive interventions with substantial
risks. Further research and trials are needed to assess the linkage between COVID-19 vaccination and
cardiac injury. Our cases highlight the importance of recognizing the possibility of COVID-19 vaccine
side effects presenting as pericardial injury in young otherwise healthy individuals. The question
remains, is cardiac catheterization necessary for every patient who presents with pericarditis secondary
to COVID-19 vaccination?
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Abstract

BACKGROUND
Infected aortic aneurysms are uncommon and difficult to treat. We present a case
of infected aortic aneurysm with recurrent nontyphoidal Salmonella bacteremia.

CASE SUMMARY

A 68-year-old gentleman presented with non-specific symptoms and was found to
have nontyphoidal Salmonella bacteremia and was treated with intravenous
ceftriaxone. However his condition did not improve, and he developed a multiloc-
ulated right pleural effusion. Thoracocentesis was done to drain hemorrhagic
pleural fluid. Chest computed tomography demonstrated descending thoracic
aorta saccular aneurysm with periaortic hematoma likely due to recent bleed and
extending to the right pleural cavity. He was referred to cardiothoracic surgery
team and was planned for medical therapy in view of hemodynamic stability and
no evidence of active leakage. He completed intravenous antibiotic for 5 wk and
refused surgical intervention. Unfortunately, he was admitted twice for recurrent
nontyphoidal Salmonella bacteremia. Finally, he agreed for surgical intervention
and underwent endovascular aortic repair 3 mo later. Postoperatively, his
condition remained stable with no recurrence of infection.

CONCLUSION
Our case highlights the importance of high index of suspicion of infected aortic
aneurysm in patients with Salmonella bacteremia with high-risk factors such as
atherosclerosis.

Key Words: Infected aneurysm; Aorta; Nontyphoidal Sa/monella; Pleural effusion; Case
report
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Core Tip: Infected aortic aneurysm is a rare condition with high mortality. Our aim of this case report is to
highlight the importance of high index of suspicion of infected aortic aneurysm in patients with
Salmonella bacteremia with additional literature review to help clinician in the management of this
disease. Medical therapy alone in this condition is associated with poor outcome.

Citation: Lee KT, Leong KN, Chow TS, Wong PS. Unusual cause of hemorrhagic pleural effusion: A case report.
World J Clin Infect Dis 2022; 12(1): 41-46

URL: https://www.wjgnet.com/2220-3176/full/v12/i1/41.htm

DOI: https://dx.doi.org/10.5495/wjcid.v12.i1.41

INTRODUCTION

Infected aneurysm is a rare disease associated with significant morbidity and mortality. Initial
symptoms are non-specific, and due to lack of conclusive signs and symptoms, patients are often
subjected to various investigations until a diagnosis is made. Standard treatment consists of antibiotic
therapy and open surgery with surgical debridement and vascular reconstruction. However, there are
no clear guidelines or randomized controlled trial on the best approach for the management of this
condition. We report a patient with nontyphoidal Salmonella infected aortic aneurysm who was treated
with medical therapy initially and complicated with recurrence. He was successfully treated with
endovascular aortic repair and was well during follow-up with no recurrence of infection. Relevant
literature is reviewed.

CASE PRESENTATION

Chief complaints
A 68-year-old man presented to our hospital with fever associated with lethargy, reduced oral intake,
and dyspnea.

History of present illness
The patient’s presenting symptoms had lasted for 1 wk.

History of past illness
His medical illness includes diabetes mellitus, hypertension, ischemic heart disease, and chronic kidney
disease.

Personal and family history
No relevant family history.

Physical examination
He was febrile and required the support of face mask oxygen during presentation. Examination
revealed reduced air entry over right lower zone with bilateral lower zone crepitations.

Laboratory examinations
Laboratory results showed white blood cell count of 16 x 10°/L, hemoglobin level of 8.3 g/dL, urea 16.9
mmol/L, and creatinine 301 pmol/L.

Imaging examinations
Chest X-ray on admission showed blunted right costophrenic angle (Figure 1).

PROGRESS

He was admitted to the medical ward with the diagnosis of pneumonia and acute on chronic kidney
disease. He was started on intravenous (IV) ceftriaxone 2 g daily. Blood culture on admission was
positive for nontyphoidal Salmonella spp. During the course of admission, he became more tachypneic,
and right thoracocentesis was done in view of worsening pleural effusion, which drained out 250 mL of
blood stained fluid. Lung ultrasound showed multiseptated right pleural effusion. Despite ultrasound
guided pigtail drainage of right pleural effusion, his condition did not improve. Chest computed
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Figure 1 Chest X-ray on admission showed right pleural effusion.
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tomography (CT) demonstrated descending thoracic aorta saccular aneurysm with periaortic hematoma
(Figure 2), likely due to recent bleed, and extending to the right pleural cavity. Pleural fluid culture was
negative.

FINAL DIAGNOSIS

Salmonella infected aortic aneurysm.

TREATMENT

He was referred to cardiothoracic surgery team and was planned for medical therapy in view of
hemodynamical stability and no evidence of active leakage. There were multiple changes in his
antibiotics regimen due to persistent fever (which included ceftazidime, piperacillin-tazobactam,
meropenem, and cefepime). He completed 5 wk of antibiotics and was planned for a CT angiography of
aorta at a later date to decide on surgical intervention.

OUTCOME AND FOLLOW-UP

Unfortunately, the patient was readmitted 2 mo later with abdominal discomfort and unable to pass
motion for 1 wk. Abdominal X-ray demonstrated dilated large intestine. CT abdomen and pelvis
showed descending thoracic aorta saccular aneurysm (slightly larger) with features suggestive of
superimposed infection of periaortic hematoma; size of aneurysm: 2.4 cm x 3.6 cm and fecal laden
bowels with features of impending intestinal obstruction. No obvious bowel related mass was seen. He
was treated conservatively for the ileus, which resolved after 1 d. Blood culture on this admission was
positive again for nontyphoidal Salmonella spp. Echocardiogram did not show any vegetations. He
completed 6 wk of IV ampicillin and was discharged well. A repeated CT scan after 2 mo showed
resolved periaortic hematoma; however, the patient refused surgical intervention and was given
lifelong prophylactic oral antibiotic. Unfortunately, patient presented again with second recurrence after
1 mo, and blood culture was positive again for non-typhoidal Salmonella. He completed IV antibiotic
and finally agreed for surgical intervention. He underwent endovascular aortic repair, and his condition
remained stable with no recurrence of infection during his last follow-up after 2 years.

DISCUSSION

Infected aneurysm is a serious clinical condition. The term mycotic aneurysm was first described by
William Osler in 1885[1], however the nomenclature of mycotic aneurysm vs infected aneurysm remains
controversial as a majority of infected aneurysms are due to bacterial infection. Etiology of infected
aneurysm includes direct bacterial inoculation, bacteremic seeding of existing intimal injury, athero-
sclerotic plaque, or preexisting aneurysm, contiguous infection, or septic emboli from heart, which can
occlude vasa vasorum of blood vessel and lead to infected aneurysm.

WJCID | https://www.wjgnet.com 43 April 26,2022 | Volume12 | Issuel |



KT Lee et al. Salmonella mycortic aneurysm

DOI: 10.5495/wijcid.v12.i1.41 Copyright ©The Author(s) 2022.

Figure 2 Chest computed tomography showed descending thoracic saccular aneurysm with periaortic hematoma (arrow).
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Infected aortic aneurysm is a rare but life-threatening condition with devastating outcomes. Initial
clinical presentations are often non-specific; therefore, misdiagnosis is common. Infected aortic
aneurysms may manifest as vague pain at the back, chest, or abdomen. Some patients may present as
pyrexia of unknown origin and remain undiagnosed until rupture of aneurysm. In our patient, he was
only diagnosed with infected aortic aneurysm after 3 wk of admission.

Salmonella species and Staphylococcus aureus are the most common pathogens of infected aortic
aneurysm, followed by other organisms such as Streptococci species, Treponema pallidum, and Mycobac-
terium spp[2-4]. In East Asia, gram negative bacteria related infected aortic aneurysm is more prevalent,
where Salmonella species are the most common organisms([2,3,5,6]. It is important to obtain a microbio-
logical diagnosis given the need for protracted courses of antimicrobial therapy. However, blood
cultures are negative in around 50% of cases[5,7,8]. Initial empirical treatment is often required and
guided by the most likely infecting organism according to the individual and clinical circumstances. It is
also prudent to use antibiotics judiciously as prolonged broad spectrum antibiotics may lead to
development of antimicrobial resistance. Salmonella has a strong affinity for large blood vessels and can
easily adhere to the damaged vascular wall, strongly affecting the natural course of the disease.
However, studies showed that non-Salmonella infections are associated with higher aneurysm-related
complications and mortality after treatment[9].

The study by Oderich et al[10], with 43 patients with infected aortic aneurysm, found that the risk
factors of aneurysm-related death were extensive periaortic infection, female gender, Staphylococcus
aureus infection, aneurysm rupture, and suprarenal aneurysm location. Another larger series done in
Taiwan reported that the independent predictors of aneurysm-related death were advanced age, non-
Salmonella infection, and non-surgical treatment[2].

Until now, there are no randomized clinical trials to guide the management of infected aneurysm.
Therapy mainly includes the control of infections by antibiotic and surgical debridement with or
without reconstruction of arterial circulation. Management strategies are primarily based upon clinical
experience guided by case series. The optimal duration of antibiotic therapy remains inconclusive. Most
studies recommend at least 6 wk of antibiotic and stopping only when there is no longer clinical and
laboratory evidence of ongoing sepsis[11,12].

Medical therapy alone is associated with devastating outcomes, with in-hospital mortality of 50%
[13]. Since infected aortic aneurysm is at high risk of rupture, surgical treatment is encouraged in the
absence of absolute contraindications. Open surgery with extensive debridement of infected tissue and
in situ or extra-anatomical reconstruction has been the gold standard treatment. However, it is
associated with high risk of morbidity and mortality[3,14-16]. Recently, endovascular techniques has
become an emerging treatment alternative, especially in the treatment of patients at prohibitive risk for
open surgery. Few studies have shown that endovascular treatment of infected aortic aneurysm is
feasible and that it is a durable treatment option for high risk patients[17,18]. Luo et al[18] reported that
survival at 1 mo, 6 mo, 1 year, and 5 year was 90%, 82%, 71%, and 53%, respectively. In addition, a
European multicenter study of endovascular treatment for infected aortic aneurysm also showed similar
results[17].

CONCLUSION

Infected aortic aneurysm is a rare clinical entity with high mortality. Due to non-specificity of the early
symptoms, misdiagnosis is common. Our case highlights the importance of high index of suspicion of
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infected aortic aneurysm in patient with recurrent nontyphoidal Salmonella bacteremia. Endovascular
technique has become an emerging treatment option.
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Abstract

Discrimination is an age-old ‘illness’ irrespective of its context. Stigma is a
common factor that has been associated with disability and coronavirus disease
2019. The public health impact of stigma on differently-abled people during this
pandemic is not known and it is a poorly investigated and neglected area. It is
important to address the current research need in the concerned area and its
implications for public health policymaking and changes in practices that it
requires. Together we can win the war against pandemics if we reduce the mental
distancing in all perspectives.
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Core Tip: Currently, coronavirus disease 2019 (COVID-19) is known to be associated
with stigma. Previously, it was known that disability is also associated with stigma. The
public health impact of stigma on differently-abled people during the COVID-19
pandemic is not known and is a poorly investigated area currently. This letter would like
to address the current research need in the concerned area and this would have implic-
ations for public health policymaking and changes in practices that it needs.
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TO THE EDITOR

“Viruses do not discriminate and neither should we”[1].

Globally, coronavirus disease 2019 (COVID-19) has become a public health emergency. In such crisis,
rumors, misinformation, fear, and lack of proper public health awareness make fertile soil for the stigma
to grow incessantly[2]. Unfortunately, from historical ages to the modern era, infectious diseases and
disabilities are independently associated with the social stigma. COVID-19 has already made a negative
impact on mental health and stigma has just aggravated it. It is well known that people with disabilities
face discrimination and stigma in different spheres of life and such a pandemic situation resulted in
greater difficulty in individuals with disabilities than the able-bodied population.

Stigma invariably leads to concealment of COVID-19 symptoms and delayed treatment, which leads
to greater dissemination of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection
among the public. Many disabling conditions like people with spinal cord injury are particularly
vulnerable to SARS-CoV-2 infection. People with disabilities already had physical barriers[3], but the
pandemic has added mental and attitudinal barriers due to social stigma. In the context of pandemic
crisis, such social stigma severely affects the mental health of people with disabilities. COVID-19 already
has hampered social participation due to social distancing and has limited functional involvement due
to home confinement and lockdown[4]. Moreover, vaccine inequity may also create further issues which
need attention beforehand[5]. Furthermore, social stigma becomes an extra hindrance for better
functionality and participation of these populations.

Social stigma in the context of mental health not only damages its victim but becomes also
detrimental to the whole public health domain. Social stigma among individuals with disabilities during
a pandemic can be prevented by: (1) Public health awareness program through proper information,
education, and communication; (2) breaking the misconceptions about COVID-19; (3) considering
people with disabilities as differently-abled; (4) improving provision of telerehabilitation emphasizing
psychiatric telerehabilitation during the pandemic; (5) identifying barriers and planning to overcome
them; and (6) online social-engagement, peer-group formation, and motivational sessions to boost
morale and improve the mental well-being of individuals with special needs and disabilities.

Worldwide COVID-19 cases crossed 336 million, and the population with disability crossed one
billion[6,7]. Putting this situation in the public and mental health perspective, COVID-19 has set a new-
normal life whereas people with disabilities lead a new-normal life with different ability, and
eradicating social stigma from this ‘new-normal life” is each and everyone’s responsibility.

We, healthcare professionals from every domain, should keep closer surveillance so that the physical
distancing does not become a mental distancing.

What is the current understanding of this topic?
Currently, COVID-19 is known to be associated with stigma. Previously, it was known that disability is
also associated with stigma.

What does this Letter-to-Editor add to the literature?
The public health impact of stigma on differently-abled people during the COVID-19 pandemic is not
known and is a poorly investigated area currently.

What are the implications for mental health practice?
This letter would address the current research need in the concerned area and this would have implic-
ations for public health policymaking and changes in practices that it needs.
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