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Abstract: During the Coronavirus disease 2019 (COVID-19) pandemic, vaccination against Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) has proven to be an important measure to help control disease spread and improve patient outcome.
There are four distinct vaccine categories: inactivated viral vaccines, messenger RNA (mRNA) vaccines, adenovirus vector—based
vaccines, and adjuvanted protein vaccines. In 2021, increased cases of myocarditis and pericarditis were reported after mRNA and
adenovirus vector—based COVID-19 vaccination. A similar reporting pattern has not been observed after receipt of inactivated virus
vaccines. Here, we present a case of clinically suspected acute myocarditis in a 26-year-old female, occurring 11 days after the
administration of Sinopharm Vero Cell, an inactivated virus COVID-19 vaccine. This event led to acute heart failure, with marked
clinical resolution observed within 34 days.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV
-2), adversely affects multiple human body systems, including the cardiovascular system. Thromboembolism, acute
coronary syndrome, arrhythmia, and myocarditis are among the most common cardiovascular complications.
Interestingly, these adverse events are also observed following SARS-CoV-2 vaccination.! There are four distinct
COVID-19 vaccine categories: inactivated virus vaccines, messenger RNA (mRNA) vaccines, adenovirus vector-based
vaccines, and adjuvanted protein vaccines.” Cases of myocarditis in individuals recently administered mRNA-based
SARS-CoV-2 vaccines, such as BNT162b2 (BioNTech/Pfizer, USA) and mRNA-1273 (Moderna, USA), have been
commonly reported.” A study by Martina Patone et al found increased risks of myocarditis associated with both
adenovirus vector-based and mRNA COVID-19 vaccines.* On May 7th, 2021, the inactivated COVID-19 vaccine,
Sinopharm Vero Cell (Beijing Institute of Biological Products Co., Ltd., China National Biotec Group (CNBG)/
Sinopharm, China), was listed for emergency use by the World Health Organization (WHO). When compared with the
two aforementioned vaccine types, there are currently no exhaustive reports of myocarditis following the administration
of inactivated COVID-19 viral vaccines. In this context, we present a clinical case of suspected acute myocarditis after
the administration of Sinopharm Vero Cell, an inactivated virus COVID-19 vaccine.

Case Report

A 26-year-old female patient, working as an office worker with no previous history of cardiovascular or autoimmune
disease, visited the emergency room because of dyspnea. 18 days before her presentation to the emergency room, she
received her first dose of inactivated virus COVID-19 vaccine (Sinopharm Vero Cell). Eleven days after vaccination, she
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developed flu-like symptoms throughout the day: pyrexia, body aches, and fatigue. She had a dry cough, exertional
dyspnea, paroxysmal nocturnal dyspnea, and rapidly progressive edema of the arms, legs, and genital area. After
admission to a primary care hospital, her disease progressed unfavorably, and she was transferred to our tertiary hospital
with signs and symptoms of acute heart failure. These included: orthopnea, elevated jugular venous pressure, gallop S3,
pulmonary crackles, enlarged liver and peripheral edema. Upon arrival at the emergency department, her heart rate
measured 110, while her blood pressure recorded as 140/80 mmHg, and her SpO2 registered at 94%. Arterial blood gas
revealed moderate hypoxic respiratory failure and acute respiratory alkalosis with concomitant metabolic acidosis. Her
electrocardiogram revealed a sinus tachycardia, with a poorly progressive R wave from the V1 to V3 leads, a negative
T wave in lead 1, aVL (Figure 1). Chest radiographs showed interstitial lesions, and parenchymal consolidation in the
lower two-thirds of the lungs, with a moderate right pleural effusion (Figure 2). A non-contrasted computed tomography
(CT) scan revealed regular thickening of the interlobular septum, opacified glass lesions in both lungs, (predominantly in
the upper lobes), scattered consolidation of the right lung, “tree-in-bud” lesions in the upper lobes, and right-sided pleural
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Figure 2 Admission chest radiograph demonstrating interstitial lesions, parenchymal consolidation of the lower two thirds of the lungs, and moderate right pleural effusion.
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effusion (Figures 3 and 4). Echocardiography revealed a non-dilated left ventricle with a reduced left ventricular ejection
fraction of 45% (Simpson’s method), left ventricular end-diastolic diameter of 45.3 mm, left ventricular end-diastolic
volume of 86 mL, severe left ventricular diastolic dysfunction, average E/e’ of 15.6, reduced global longitudinal strain
(GLS) of —10.3% with diffuse and uniform reductions between regions, and moderate pericardial effusion. This did not
indicate any specific cardiac pathology. The patient’s initial blood work-up confirmed the diagnosis of acute heart failure
and ruled out active SARS-CoV-2 infection (Table 1).

Cardiovascular magnetic resonance imaging (CMR) was performed. This revealed reduced left ventricular systolic
function (left ventricular ejection fraction of 26.8%), basal and middle interventricular septal dyskinesia, hypokinesis of
the remaining walls, reduced right ventricular systolic function (right ventricular ejection fraction of 31.5%), and right
ventricular free wall akinesia. Late gadolinium enhancement in the mid myocardial and subepicardial left ventricular
walls was observed in the septal, lateral, and basal inferior regions, suggestive of non-ischemic cardiomyopathy. T2-
weighted images demonstrated a global increase in signal intensity, suggesting myocardial edema. These CMR findings
fulfilled the 2018 updated Lake Louise Criteria for acute myocardial inflammation (Figures 5-7).°

The provisional diagnosis at the time was clinically suspected myocarditis thought to be linked to inactivated virus
COVID-19 vaccination (Vero Cell, Sinopharm, China). The patient was administered nasal oxygen, intravenous
furosemide, nitroglycerin, and a short course of intravenous antibiotics for a suspected community-acquired pneumonia
before negative blood and sputum culture results were obtained. Her congestion symptoms were relieved after 4 days of
treatment, diuretics were weaned and ultimately stopped. Guideline-directed medical therapy for heart failure which

Figure 4 Contrast-enhanced chest computed tomography illustrating “crazy paving” pattern in the right lower lobe of the lung and bilateral pleural effusions.
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Table | Blood Test Results

Test Result Normal Range
White blood cell count (1049/L) 21* 4-10
Neutrocyte count (1079/L) 18.56* 1.8-7.5
Lymphocyte count (1079/L) 1.55 0.8-3.5
Hemoglobin (g/L) 101 120175
Hematocrit 31.7% 35-53%
MCV (fL) 85.7 78-100
MCH (pg) 27.3 26.7-30.7
PLT (G/L) 886* 150450
SARS-CoV-2 RT-PCR Negative Negative
CRP (mg/L) 71.6* <5
Pro-calcitonin (ng/mL) 0.17 <0.5
Ferritin (ng/mL) 414.14* 10-120
LDH (U/L) 213.63 <248
Fibrinogen (g/L) 4.62 2.38-4.98
D-Dimer (ng/mL) 3685* < 500
CK-MB (U/L) 9 <25
Troponin T high sensitive (ng/L) 33.4* <15
NT-proBNP (ng/L) 48,951* < 100
Ure (mg/dL) 68.91* 10.2-49.7
Creatinine (mg/dL) |.5% 0.55-1.02
AST (U/L) 22 < 3l

ALT (UL) 35% < 3l
Unconjugated bilirubin (mcmol/L) 0.55 <17
Total bilirubin (memol/L) 0.64 <5
Haptoglobin (g/L) 2.78 0.3-2
Reticulocyte count (1079/L) 0.124 0.036-0.106
Direct Coombs test Positive* Negative
Red blood cell fragment 2%* 0%
Anti-nuclear antibodies (ANA) Negative Negative
Anti-Smith (Anti-Sm) Negative Negative
Anti-Ro/SSA Negative Negative
Anti-La/SSB Negative Negative
p-ANCA Negative Negative
Anti-nucleosome Negative Negative
Anti-Clq Negative Negative
Lupus anticoagulants Negative Negative
Anti-beta-2-glycoprotein | Negative Negative
Anti-cardiolipin Negative Negative
24-hour urine protein (g) 0.594%* <0.25
Bacterial blood culture Negative Negative
Bacterial sputum culture Negative Negative
Bacterial urine culture Negative Negative

Note: *Value outside normal range.

included an angiotensin receptor-neprilysin inhibitor (sacubitril/valsartan 200 mg per day), a beta-blocker (metoprolol
succinate 12.5 mg per day), and an aldosterone antagonist (spironolactone 50 mg per day) was initiated. On the 11th day
of treatment, her symptoms improved markedly. NT-proBNP level decreased from 48,951 to 15,767 ng/mL, chest
radiographs showed improvement (Figure 8), and the patient was discharged after 13 days.

At the follow-up visit, 14 days after discharge, the patient’s exercise capacity was reported to have improved
significantly, and the NT-proBNP level continued to decrease to 2485 ng/L. Echocardiography demonstrated improved
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Figure 5 Streaky late gadolium mid-myocardial enhancement in the septal region (red arrows).

Figure 6 Streaky late gadolinium mid-myocardial enhancement in the septal wall, with small patchy late gadolium mid-myocardial enhancement in the inferior basal wall (red
arrow).

systolic function with an ejection fraction of 59% and no regional wall motion abnormalities. The adjusted doses of
standard heart failure medications: sacubitril/valsartan 200 mg daily, metoprolol succinate 50 mg daily, and spironolac-

tone 50 mg daily, were well tolerated by the patient.
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Figure 8 Chest radiograph before discharge, demonstrating enlargement of the cardiac silhouette.

Discussion
COVID-19 has become a global pandemic. Vaccination against SARS-CoV-2 has proven to be an important measure to
limit the spread of the disease and to improve patient outcomes. However, vaccines also cause rare but severe adverse
reactions such as myocarditis.'

The first reports of myocarditis following COVID-19 vaccination, which is of the mRNA vaccine type (BNT162b2
vaccine, BioNTech/Pfizer, USA), were published in Israel in April 2021.° The Vaccine Adverse Event Reporting System
(VAERS) has reported 1226 cases of acute myocarditis and pericarditis associated with BNT162b2 (BioNTech/Pfizer,
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USA) and mRNA-1273 (Moderna, USA) vaccines out of 300 million vaccinated people as of June 11th, 2021.%7 In
May 2021, the European Medicines Agency highlighted the risk of post-vaccination myocarditis following BNT162b2
(BioNTech/Pfizer, USA) vaccination.” A similar reporting pattern has not been observed after receipt of inactivated
COVID-19 vaccines.®’

Our case describes a young patient with no previous cardiovascular disease who presented with acute heart failure and
marked clinical resolution within 34 days. Although endomyocardial biopsy was not performed, the acute clinical
presentation, abnormal electrocardiogram, elevated troponin T level, new and reversible left ventricular structure and
functional abnormalities recorded on echocardiography, and the characteristic cardiovascular magnetic resonance find-
ings fulfilled the diagnostic criteria for clinically suspected myocarditis according to the 2013 position statement of the
ESC Working Group on Myocardial and Pericardial Diseases.'® This case is notable because the symptoms developed 11
days after inactivated COVID-19 virus vaccination, which had no similar reports at the time of writing. Unfortunately, we
did not rule out other viral pathogen that may cause myocarditis, such as adenovirus, parvovirus B-19, cytomegalovirus,
human herpes virus-6, or Epstein-Barr virus. Other common acute myocarditis etiologies, including active SARS-CoV-2
infection, were ruled out.

In a November 2022 clinical consensus paper by ESC focusing on myocarditis following COVID-19 vaccine, "’
primarily involving adenovirus-vectored and mRNA vaccines, myocarditis symptoms generally emerge within days after
the second SARS-CoV-2 vaccine dose. The highest vulnerability is observed among young males. Symptoms, notably
chest discomfort, breathlessness, palpitations, malaise, weakness, fatigue, and varying temperatures, are broadly mild and
nonspecific. Elevated troponin levels, peaking 48 to 72 hours post-symptom onset, are common. Inflammatory markers,
like C-reactive protein, may increase, particularly in cases of concurrent pericarditis. CMR often reveals cardiac
inflammation among the majority, with sporadic minor pericardial effusion but rare instances of significant effusion.
ECG changes, subtly non-specific, encompass mild ST-segment alterations, PQ segment depressions, or non-specific ST-
segment changes akin to classic myocarditis or myopericarditis. In instances of vaccine-associated myocarditis and
pericarditis, most cases manifest mild disease devoid of heart failure symptoms or lethal arrhythmias. Outcomes are
generally positive; however, a few cases report severe chest pain, heart failure signs, and hemodynamic instability.!’ In
our case, the clinical trajectory exhibited an atypical course, possibly influenced by the distinct vaccine type employed.
Specifically, the patient was administered only the first dose of the inactivated COVID-19 vaccine, after which symptoms
manifested 11 days subsequent to vaccination. Remarkably, the progression of symptoms demonstrated heightened
aggressiveness in contrast to the majority of documented instances involving myocarditis following administration of
adenovirus-vectored and mRNA vaccines. Despite this heightened progression, the ultimate clinical outcome remained
favorable.

Case reports regarding myocarditis following inactivated COVID-19 vaccination were limited. In January 2022,
Huanglin Cui et al documented two instances of fulminant myocarditis subsequent to Vero Cell vaccination.'? Both cases
exhibited symptom onset four days after vaccination, progressing to cardiogenic shock necessitating intra-aortic balloon
pump support. High doses of corticosteroids and intravenous immunoglobulin were administered. In both instances,
outcomes were favorable, enabling discharge after 9 to 10 days of hospitalization. When compared to reported cases of
myocarditis linked to mRNA vaccines, these two cases bear greater resemblance to our presented case. In these instances,
the disease course manifested heightened aggressiveness, yet yielded the same favorable outcome.

While the mechanism underlying the association between myocarditis and any of the COVID-19 vaccines remains
unclear, an elevated level of suspicion should be employed to quickly identify this potentially dangerous complication in
younger patients. However, it should be emphasized that these adverse effects are rare, and we cannot deny the critical
role of vaccines, especially in elderly subjects, in preventing COVID-19 and its associated complications, including
COVID-19 related myocarditis.

Conclusions

This case suggests that acute myocarditis may be a possible adverse effect of the inactivated COVID-19 virus (Vero Cell,
Beijing Institute of Biological Products Co., Ltd., China National Biotec Group (CNBG)/Sinopharm, China) vaccine.
This adverse effect was more frequently reported following mRNA-based COVID-19 vaccines. Acute myocarditis should
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be considered in patients who develop heart failure symptoms or chest pain following recent COVID-19 vaccination.
However, it should be emphasized that these adverse effects are rare, and we cannot deny the crucial role of vaccines,
especially in the elderly, in preventing COVID-19 and its associated complications, including COVID-19 related
myocarditis.

Informed Consent Statement
Written informed consent has been obtained from the patient to publish this paper, including publication of any
accompanying images. Institutional approval was not required to publish the case details.
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