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Abstract 

Context: Although have been proven able to control the prevalence of coronavirus disease-19 (COVID-19), Pfizer-BioNTech and Moderna COVID-19 vaccines 

are reported to have possible side effects on the heart. 

Aims: To know the magnitude of adverse events in the cardiac after messenger ribonucleic acid (mRNA)-based vaccination. 

Methods: An electronic search in PubMed, Web of Science, Scopus, and Ebsco/Cinahl was performed. The keywords were: “COVID-19 vaccine”, “SARS-CoV-2 

vaccine”, “myocarditis”, “myopericarditis”, “pericarditis”, “myocardial infarction”, and “myocardial injury”. The electronic search was updated until March 

2022. STATA/MP Statistical Software: Release 14 (StataCorp LLC, College Station, Texas) was used in this study to perform a meta-analysis of a random-effect 

for myocarditis, pericarditis, myocarditis, myocardial infarction, and myocardial injury. 

Results: Twenty-one case reports/case series studies with a total of 62 individuals who had been vaccinated against COVID-19 mRNA (Pfizer-BioNTech and 
Moderna) were included in the systematic review. Whereas seven observational cohort studies had 170,053,333 people who had been vaccinated, 245 of 

whom had myocarditis. In addition, two observational cohort studies with 13,948,595 vaccinated individuals, 16 of whom developed pericarditis. There was 

only one observational cohort study that had a total of 7,183,889 people who had been vaccinated and 11 had myopericarditis. Based on the pooled 

incidence, the result is <0.002%.  

Conclusions: The Pfizer-BioNTech and Moderna vaccines have a low incidence of myocarditis. Men are more likely to develop post-COVID-19 myocarditis with 
an average age of 22 years and in the age range of 21-40 years. The type of mRNA COVID-19 vaccine that causes myocarditis the most is Pfizer. The diagnosis 

of myocarditis is mostly made by troponin examination. COVID-19 mRNA vaccination has a low incidence of myocarditis.  

Keywords: cardiac disease; cardiac events; COVID-19; mRNA vaccines; SARS-CoV-2. 

 

Resumen 

Contexto: Aunque se ha demostrado que pueden controlar la prevalencia de la enfermedad por coronavirus-19 (COVID-19), se ha informado que las vacunas 

contra COVID-19 de Pfizer-BioNTech y Moderna tienen posibles efectos secundarios sobre el corazón.  

Objetivos: Conocer la magnitud de los efectos adversos en el corazón tras la vacunación basada en ácido ribonucleico mensajero (ARNm). 

Métodos: Se realizó una búsqueda electrónica en PubMed, Web of Science, Scopus y Ebsco/Cinahl. Las palabras clave fueron: "vacuna COVID-19", "vacuna 

SARS-CoV-2", "miocarditis", "miopericarditis", "pericarditis", "infarto de miocardio" y "lesión miocárdica". La búsqueda electrónica se actualizó hasta marzo 
de 2022. Software estadístico STATA/MP: Versión 14 (StataCorp LLC, College Station, Texas) se utilizó en este estudio para realizar un metanálisis de efecto 

aleatorio para miocarditis, pericarditis, miocarditis, infarto de miocardio y lesión miocárdica. 

Resultados: Se incluyeron en la revisión sistemática 21 estudios de informes de casos/series de casos con un total de 62 individuos que habían sido vacunados 

contra COVID-19 ARNm (Pfizer-BioNTech y Moderna). Mientras que siete estudios observacionales de cohortes contaban con 170.053.333 personas que 

habían sido vacunadas, 245 de las cuales presentaron miocarditis. Además, dos estudios observacionales de cohortes con 13.948.595 personas vacunadas, 16 
de las cuales desarrollaron pericarditis. Sólo hubo un estudio observacional de cohortes con un total de 7.183.889 personas vacunadas y 11 tuvieron 

miopericarditis. Basándose en la incidencia agrupada, el resultado es <0,002%. 

Conclusiones: Las vacunas Pfizer-BioNTech y Moderna tienen una baja incidencia de miocarditis. Los hombres son más propensos a desarrollar miocarditis 

post-COVID-19 con una edad media de 22 años y en el rango de edad de 21-40 años. El tipo de vacuna COVID-19 de ARNm que causa más miocarditis es Pfizer. 

El diagnóstico de la miocarditis se realiza principalmente mediante el examen de troponina. La vacunación con ARNm COVID-19 tiene una baja incidencia de 

miocarditis. 

Palabras Clave: enfermedad cardiaca; eventos cardiacos; COVID-19; vacunas de ARNm; SARS-CoV-2. 
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INTRODUCTION 

The 2019 coronavirus (COVID-19) pandemic re-
vealed by the World Health Organization (WHO) 
requires a long-term solution to overcome (Cai et al., 
2021; WHO, 2020a). Globally, as of October 2022, 
621,797,133 confirmed cases of COVID-19, including 
6,545,561 deaths, were reported to WHO. As of Octo-
ber 2022, the total number of vaccine doses adminis-
tered per 100 population was 164 (WHO, 2020b). Safe 
vaccines are expected to have broad clinical and soci-
oeconomic benefits (Rowland and Johnson, 2020). 
There is growing evidence that a COVID-19 vaccine 
can reduce the severity of symptoms and prevent 
transmission. However, vaccines must still meet the 
minimum requirements to prevent infection and dis-
ease (Dye and Mills, 2021). Among all approaches, 
messenger RNA (mRNA-based vaccines have 
emerged as a rapid and versatile platform for re-
sponding quickly to this challenge (Zhang et al., 
2020a). Evaluations of approved COVID-19 mRNA 
vaccines (PfizerBioNTech and Moderna) have con-
sistently shown high vaccine efficacy in diverse popu-
lations (Tenforde et al., 2021; Thompson et al., 2021). 
Monitoring the safety after COVID-19 vaccination can 
help the policy-maker decide whether or not booster 
vaccines are probably indicated (Feng et al., 2018; 
Ferdinands et al., 2021). 

In the first US multisite vaccine efficacy study with 
a negative healthcare professionals test design, a sin-
gle-dose of PfizerBioNTech or Moderna COVID-19 
vaccine was 82% effective against symptomatic 
COVID-19, and it was increased by 94% in double-
dose (Pilishvili et al., 2021). The most frequent ad-
verse drug reactions after COVID-19 vaccination are 
pain, fatigue, and headache (Cai et al., 2021). In Ger-
many, 88.1% of healthcare workers reported at least 
one side effect after COVID-19 vaccination. The 
mRNA-based vaccines have been associated with a 
high prevalence of local side effects (such as pain at 
the injection site). The most common systemic side 
effects of mRNA-based vaccine recipients were head-
aches, myalgia, malaise, arthralgia, chills, and fever 
(Klugar et al., 2021). Headache is the most common 
systemic side effect reported by phase III volunteers 
in the Moderna (BNT162b2) vaccine Centers for Dis-
ease Control and Prevention (CDC) safety report, 
while the rest adverse events reported were myalgia, 
chills, arthralgia, and fever (CDC, 2021a). Of the Pfiz-
er vaccine (mRNA1273), headache is the most com-
mon systemic side effect, followed by myalgia, ar-
thralgia, chills, and fever, according to the CDC re-
port (CDC, 2021b). Most of these reactions are well 
tolerated but there have also been reports of severe 
reactions such as thromboembolism, myocarditis, and 

pericarditis (Cai et al., 2021). In a national mass vac-
cination setting, the BNT162b2 vaccine was not asso-
ciated with an increased risk of most adverse events 
studied. Vaccines have been associated with an in-
creased risk of myocarditis (1-5 events per 100,000 
vaccinated people) (Barda et al., 2021; Oster et al., 
2022; Patone et al., 2022; Witberg et al., 2021). The risk 
of this potentially serious adverse event and many 
other serious adverse events was significantly in-
creased after SARS-COV-2 infection (Barda et al., 
2021; Boehmer et al., 2021; Patone et al., 2022). Multi-
system inflammatory syndrome (MIS) is a rare but 
serious complication of SARS-CoV-2 infection and 
frequently involves the heart (CDC, 2021c). However, 
most of the published clinical information on myo-
carditis after the COVID-19 mRNA vaccine is in the 
form of case reports and case series as published be-
fore by Nassar et al. (2021). Several cohort studies are 
still being searched, so a meta-analysis can be carried 
out in this study. This study focuses on discussing the 
effects of cardiac events after the administration of the 
COVID-19 mRNA vaccines: Pfizer and Moderna, 
while the effects of cardiac events after the admin-
istration of other types of COVID-19 vaccines have 
been done before by Salah and Mehta (2021). 

Given the high reaction to vaccination, especially 
in the heart, so this study took the object of people 
who had received the COVID-19 vaccination to be 
analyzed for adverse cardiac events after the COVID-
19 vaccination. A systematic review and meta-
analysis were also conducted to analyze myocarditis, 
pericarditis, myopericarditis, myocardial infarction, 
and myocardial injury after COVID-19 mRNA vac-
cination.  

MATERIAL AND METHODS 

This systematic review and meta-analysis article 
followed the guidelines for Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) 
(Moher et al., 2015), and was registered in the Interna-
tional Prospective Register of Systematic Review 
(PROSPERO) (Rombey et al., 2020) 
(CRD42021279756). 

Search strategy 

An electronic search in PubMed, Web of Science, 
Scopus, and Ebsco/Cinahl was performed. The key-
words were: “COVID-19 vaccine”, “SARS-CoV-2 vac-
cine”, “myocarditis”, “myopericarditis”, “pericardi-
tis”, “myocardial infarction”, and “myocardial inju-
ry”. The electronic search was updated until March 
2022 (Supplementary Table 1). Inclusion criteria were: 
(1) studies involving clinical outcome of myocarditis, 
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myopericarditis, pericarditis, myocardial infarction, 
and myocardial injury in the COVID-19 mRNA vac-
cinated people; (2) data about those clinical outcomes 
in prevalence; (3) English language; (4) observational 
cohort studies, case reports/series; and (5) human 
subjects. The exclusion criteria were: (1) review arti-
cles, systematic review, and meta-analysis; (2) dupli-
cated studies; (3) patients with acute coronary syn-
drome, acute cardiac failure, uncontrolled arrhyth-
mia, and hypertensive grade III (ESC 2018) at the time 
of vaccination; (4) non-English articles; and (5) insuf-
ficient data. The quality of the studies was assessed 
using the Joanna Briggs Institute (JBI) for assessing 
case reports, case series clinical and cohort studies 
(Zachary et al., 2019) (Supplementary Table 2-4).  

Data extraction 

The literature was screened and reviewed by two 
independent reviewers (EACP and M.M.). Any dis-
crepancies, including the lack of concordance in the 
study selection evaluation, were resolved by discus-
sion with other investigators (H.K. and L.H.) until 
reaching a consensus. The screening was done by 
assessing the relevance of the title and abstract of the 
studies. Any duplication of the studies was removed 
using Mendeley Reference Manager. From the refer-
ence literature, the following data were taken: the 
type of study design, study locations (state and/or 
country), the prevalence of myocarditis, myopericar-
ditis, pericarditis, myocardial infarction, and myocar-
dial injury after the COVID-19 mRNA vaccinated, 
number of COVID-19 mRNAs vaccinated people, age 
of patients, gender or patients, history of prior 
COVID-19 infection, history of prior cardiovascular 
disease, symptoms of adverse cardiac events, adverse 
cardiac events and its examination, the onset of the 
adverse cardiac events, and follow-up period. The 
risk of bias was going to be assessed using the 
Cochrane Risk of Bias (RoB) 2 Tool (Higgins et al., 
2011) and Joanna Briggs Institute (JBI) (Aromataris 
and Munn, 2020) for RCTs and observational studies, 
respectively. However, in the final stage of the study 
selection, no suitable RCT was found; therefore, 
Cochrane RoB2 was not used. 

Data analysis 

The relevant studies were retrieved the PubMed, 
Web of Science, Scopus, and Ebsco/Cinahl databases 
for reports of myocarditis, pericarditis, myopericardi-
tis, and perimyocarditis following Pfizer and Moder-
na vaccinations accepted by all people in the world 
from September 1, 2021, to March 31, 2022. All identi-
fied reports are reviewed for signs and symptoms that 
meet the case definitions previously used for surveil-
lance of myocarditis, pericarditis, myopericarditis, 

myocardial infarction, and myocardial injury after 
Pfizer and Moderna vaccines both after dose 1 and 
after dose 2; this study also included for review re-
ports where there is a diagnosis by a doctor, regard-
less of if the reported case meets the published case 
definition. Case reports that meet the definition of 
myocarditis or pericarditis, myopericarditis, and my-
ocardial injury diagnosed by a doctor, grouped by: 
age group and the known association between the 
COVID-19 mRNA vaccine administered and cardiac 
side effects. For each age group, analyzed cases based 
on the occurrence of adverse cardiac events from each 
primer study: 0-20 years; 21-40 years; 41-60 years; and 
61-80 years old, gender, and timing of vaccination for 
the onset of symptoms. STATA/MP Statistical Soft-
ware: Release 14 (StataCorp LLC, College Station, 
Texas) was used to perform a random-effect meta-
analysis for myocarditis, pericarditis, myopericarditis, 
myocardial infarction, and myocardial injury. 

RESULTS  

Study selection 

A total of 293 studies were identified in the litera-
ture search from database searching: PubMed, Web of 
Science, Scopus, and Ebsco/Cinahl as described in the 
PRISMA flow chart (Fig. 1). Ninety-nine duplicates 
were removed, and 149 studies were excluded be-
cause it is not relevant to the purpose of this study. 
Forty-five studies were thoroughly reviewed for fea-
sibility. After a thorough review, 17 studies were ex-
cluded; thus, 28 studies were included in the review. 
Of them, seven studies were observational cohort 
studies, and 21 were case series/case reports. Fur-
thermore, seven observational cohort studies were 
included in the meta-analysis. 

Quality assessment 

The quality assessment and risk of bias of observa-
tional cohort studies and case series/case reports 
using the JBI critical appraisal checklist was summa-
rized in Supplementary Tables 2 and 3. Of the 28 ex-
isting studies, no conflicts of interest and study spon-
sors could influence the author's interpretation of the 
results, as shown in Supplementary Table 5. 

Demographic characteristics 

A total of 62 people from 21 case series/case re-
ports who received mRNA COVID-19 vaccines were 
included in this systematic review. There were two 
types of mRNA vaccine studied in this study: Pfizer 
(79.03%) and Moderna (20.97%). The people’s age 
ranged from 14 to 70 years. All of them reported hav-
ing received an mRNA vaccine, either Pfizer–
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Figure 1. Prisma Flow diagram illustrating the study selection process. 

 

Table 1. Incidence myocarditis, pericarditis, and myopericarditis of included studies. 

Study Year 

Age 

(years 

old) 

Myocarditis 

Total mRNA 

vaccine 

population 

Pericarditis 

Total mRNA 

vaccine 

population 

Myopericarditis 

Total 

mRNA 

vaccine 

population 

(Shiyovich et 

al., 2021) 
2021 >17 54 2,566,825 NA NA NA NA 

(Mevorach et 

al., 2021) 
2021 >15 117 149,786,065 NA NA NA NA 

(Simone et al., 

2021) 
2021 >17 15 2,392,924 NA NA NA NA 

(Knowlton et 

al., 2021) 
2021 >17 21 914,611 NA NA NA NA 

(di Dedda et 

al., 2022) 
2022 >11 16 6,764,706 7 6,764,706 NA NA 

(Yap et al., 

2022) 
2022 12-55 14 7,183,889 9 7,183,889 11 7,183,889 

(June Choe et 

al., 2022) 
2022 16-18 8 444,313 NA NA NA NA 

 
BioNTech or Moderna. In this study, research subjects 
were divided into several age classifications: 0-20 
years (44%); 21-40 years (46.77%); 41-60 years (4.84%); 
and 61-80 years old (4.84%). Most of the research sub-
jects were in the age range of 21-40 years with the 
median being 22 years old. The gender of most re-
search subjects was male (90.32%) and female (9.68%). 
Among these studies, 25.81% were conducted in the 
United States of America (USA), 3.23% in Israel, and 
the rest at 1.61% each in Italy, Germany, and Korea. 

Of 170,053,333 people from seven observational 
cohort studies, 245 met the published case definition 
for myocarditis. As for cases of myopericarditis, 
13,948,595 vaccinated people from 2 observational 
cohort studies, 16 met the published case definition 
for myopericarditis. While for cases of pericarditis, 

7,183,889 vaccinated people from one observational 
cohort study, had 11 cases of pericarditis. Most re-
ports describe people 11-65 years old (Table 1). 

Previous history of exposure to COVID-19 and 
cardiac problems 

Based on previous exposure to COVID-19, 56.45% 
of the subjects were not exposed to COVID-19 before-
hand, 6.45% had been previously exposed to COVID-
19, and 37.10% were unclear. While cardiac problems 
experienced by research subjects were also investigat-
ed in this study, the results were that 75.81% of sub-
jects had no history of previous disorders, 9.68% of 
subjects had a history of previous disorders, and 
14.52% was unclear. Of the several subjects who had a 
previous cardiac history, some had a history of hyper-
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tension (50%), hyperlipidemia or hypercholesterole-
mia (66.67%), coronary artery disorders with or with-
out bypass grafting surgery (50%), congestive heart 
failure (CHF) with preserved ejection fraction 
(16.67%), and significant mitral valve prolapse with 
resting tachycardia (16.67%) (Supplementary Table 4). 

Symptoms of adverse cardiac events 

Symptoms experienced by the subjects after vac-
cination were consecutively starting from the highest 
prevalence: chest pain (96.77%); fever (35.48%); dysp-
nea (27.42%); myalgia (17.74%); malaise (12.90%); 
headaches (11.29%); nausea (8.33%); chills (8.33%); 
vomiting (3.23%); cough (3.23%); and the remaining 
1.61% each (rhinorrhea, diarrhea, orthopnea, syncope, 
diaphoresis, and palpitations) (Supplementary Table 
6). 

Adverse cardiac events and their examination 

Adverse cardiac events after COVID-19 mRNA 
vaccination found in this study according to their 
prevalence, the most were myocarditis (62.90%), my-
opericarditis (30.65%), acute myocardial infarction 
(3.23%), and the least were pericarditis and acute my-
ocardial injury respectively each has a prevalence of 
1.61% (Fig. 2). In this study, further investigations 
were carried out to diagnose adverse cardiac events, 
consisting of 6 different combinations of examina-
tions, including cardiac magnetic resonance (CMR) 
imaging (25.81%), troponin examination (33.87%), 
electrocardiogram (30.65%), echocardiogram (25.81%), 
chest radiography (9.68%) and computed tomography 
(CT) angiography (20.97%). The CMR imaging and 
echocardiogram mostly showed elevation of the left 
ventricular ejection fraction. Elevated troponin was 
the most frequent marker. Electrocardiogram mostly 
showed ST elevation, PR elevation, and PR depres-
sion. Chest radiography was mostly normal. Com-
puted tomography angiography mostly showed nor-
mal results (Supplementary Table 7). 

The onset of the adverse cardiac events  

The adverse cardiac events mostly occurred after 
the second dose (83.87%), and few occurred after the 
first dose (16.13%). Of the subjects who experienced 
symptoms after the 1st dose of vaccination, 70% expe-
rienced symptoms on days 0-7 days, 20% experienced 
symptoms on days 8-14 days, and 10% experienced 
symptoms more than 14 days after the first dose of 
vaccination. Of the subjects who experienced symp-
toms after the second dose of vaccination, 98.08% 
experienced symptoms on days 0-7 after the second 
dose of vaccination, the remaining 1.92% experienced 
symptoms on days 8-14, and none developed symp-
toms after more than 14 days (0.00%). All subjects 
reported the incidence of adverse cardiac events on 
the 3rd day (median value) after the COVID-19 mRNA 
vaccination (Supplementary Table 6). 

Prognosis 

Of the 62 research subjects, 100% were hospital-
ized for 2-7 days. The median length of hospital stay 
was 4 days. Prognosis in the subject showed 46.77% of 
the subjects were discharged with normal conditions, 
1.61% died, and 51.61% were unclear (Supplementary 
Table 7).  

Pooled incidence 

The results of the pooled incidence of myocarditis 
after administration of the mRNA COVID-19 vaccine 
were <0.002% with I2 = 93.98% and all studies ES = 
0.00. This is a rare occurrence, but it still needs to be 
watched out for and further investigated (Fig. 3). The 
pooled incidence of pericarditis and mRNA vaccines 
cannot be continued because there are only two arti-
cles. The pooled incidence of myopericarditis and 
mRNA vaccines cannot be continued because there is 
only one article (Table 1). 

 

 

Figure 2. Prevalence of adverse cardiac events. 
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Figure 3. Pooled incidence of myocarditis.  

 

 

DISCUSSION 

Main finding  

This review showed that the highest prevalence of 
adverse cardiac events following the administration 
of COVID-19 vaccination mRNA was the inflammato-
ry process, either in the myocardium, pericardium, or 
both. In the results of this study, the highest incidence 
was myocarditis, followed by myopericarditis and 
pericarditis. Related to other disorders of the myocar-
dium that can occur after the COVID-19 mRNA vac-
cination, namely acute myocardial infarction and 
acute myocardial injury, although the prevalence is 
very small. Based on the pooled incidence, the results 
are <0.002% in the publications involved in this study. 
The mRNA vaccines are based on the principle that 
mRNA is an intermediate messenger substance that is 
introduced into host cells and then translated into 
antigens by various routes. RNA molecules have been 
treated and studied for over 20 years, from the use of 
in vitro transcribed (IVT) mRNA, small interfering 
RNA (siRNA), RNA aptamer, riboswitch, and anti-
sense RNA to recently developed mRNA vaccines 
(Sahin et al., 2014; Wittrup and Lieberman, 2015).  

The first advantage of mRNA vaccines is the sim-
plicity and speed of their manufacture. The central 
principle of an mRNA vaccine is to deliver a tran-
script that encodes a target antigen or immunogen. 
RNA synthesis can be performed on the same plat-
form as soon as the immunogen coding sequence 
becomes available. The process can be easily scalable 
and cell-free, minimizing changes in the platform 

during mRNA formulation and production (Jackson 
et al., 2020).  

Second, mRNA vaccines express target proteins 
(antigens) rapidly after transfection by translation 
from mRNA. Because antigens are translated in the 
cytoplasm rather than in the nucleus, mRNA vaccines 
could be much biologically safer than DNA-based 
vaccines and more difficult to integrate mRNA into 
the genome than DNA-based vaccines. In addition, 
mRNA is a safer vector than DNA because it has a 
short sequence to be translated, is a transient mole-
cule, and does not interact with the host genome. 
Third, while protein-based vaccines are often made 
from bacteria, mRNA vaccines are translated by the 
host's translational mechanism, producing antigens 
that mimic the protein structures expressed from the 
viral genome, including post-translational modifica-
tions (Park et al., 2021).  

The innate immune system has evolved to protect 
against viral genomes and replication intermediates 
through a powerful Pathogen-Associated Molecular 
Pattern (PAMP). PAMP recognizes dsRNA via Pat-
tern Recognition Receptors (PRRs) for most cell types 
and then activates the expression of inflammatory 
cytokines and type I Interferon (IFN) (Jensen and 
Thomsen, 2012). Unlike other antigenic properties of 
pathogens such as flagellin, mRNA is common to 
both the host and the pathogen, so a cellular mecha-
nism is needed to distinguish between non-self and 
self-mRNA. Exogenously introduced mRNA is im-
munostimulatory in nature (Pardi et al., 2018). There-
fore, the principle that distinguishes non-self mRNA 
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from the body's own mRNA is based on structural 
distinction, intracellular localization, and mRNA 
availability. For example, dsRNA, 3'triphosphate 
RNA, partially degraded or damaged RNA, and edit 
levels A through I represent the structural features of 
non-self mRNA, and these functions are innate im-
munity via PRR (Bartok and Hartmann, 2020). 

There were concerns about their Antibody-
Dependent Enhancement (ADE), regardless of the 
type of vaccine platform. Vaccination often causes the 
production of ineffective neutralizing antibodies in 
the host, which induces a detrimental immunological 
cascade to promote viral entry and pathological 
symptoms by producing excess cytokines and com-
plement (Arvin et al., 2020). Due to the incompatibil-
ity of human Immunoglobulin-G (IgG) with its ani-
mal counterparts, it is difficult to predict vaccine ADE 
based on antibody-dependent in vitro effects or pre-
clinical animal studies (Crowley and Ackerman, 2019; 
Dekkers et al., 2017). In addition, partially degraded 
mRNA can be transcribed into cleaved and conforma-
tionally altered proteins, which can lead to ADE 
without binding to the natural immunogen. It induces 
the production of neutralizing antibodies. Therefore, 
ADE needs to be identified and overcome. 

Acute myocarditis is defined as a recent myocar-
dial inflammation based on clinical features or histo-
pathological criteria. It can be caused by an infection, 
drug toxicity, or excessive immune activation 
(Trachtenberg and Hare, 2017). Acute myocarditis is 
the second one maximum not unusual place inflam-
matory coronary heart ailment after pericarditis, with 
a predicted annual prevalence of twenty-two instanc-
es according to 100,000 subjects (Ammirati et al., 
2020). Several causes may be due to direct infection, 
immune response, or a combination of direct or indi-
rect effects. (Montgomery et al., 2021). Live viral infec-
tions are essential for inducing myocardial damage 
unless it is mechanically proven that viral lysates or 
recombinant proteins can cause cardiac dysfunction 
similar to viral infections. Antiviral immune respons-
es (T cells and antibodies) can eliminate the virus, but 
the repair process is not completely restored, especial-
ly due to the limited ability of adult cardiomyocytes 
to regenerate (Lasrado and Reddy, 2020). Based on 
the immune response mechanism, the functional and 
structural changes in the coronary (micro) vasculature 
that occur in infectious myocarditis and the effects of 
these changes on their etiology. Thus, these changes 
in the coronary (micro) vasculature may partially 
explain the wide variety of clinical manifestations in 
patients with infectious myocarditis (Woudstra et al., 
2018).  

Autoinflammatory myocarditis has been reported 
as a suspected rare side effect of vaccine-related adju-

vants (Cheng et al., 2016). However, BNT162b2 is a 
novel mRNA vaccine and does not contain an adju-
vant. Therefore, other components of BNT162b2 may 
be associated with this side effect. According to the 
FDA (Vaccines and Related Biological Products Advi-
sory Committee Meeting, 2020), in addition to nucleo-
side-modified mRNA, the vaccine contains lipids: ((4 
hydroxybutyl) azanediyl) bis (hexane 6, 1 day) bis (2 
hexyldecanoate), 2 [(polyethylene glycol) 2000] N, N-
ditetradecylacetamide, 1,2-distearoylsnglycero3phos-
phocholine and cholesterol, potassium chloride, po-
tassium phosphate monobasic, sodium chloride, so-
dium phosphate dibasic dihydrate, and sucrose. 

Myocarditis has a slightly higher prevalence in 
men than in women. Recent studies and myocarditis 
enrollment have reported a female-to-male ratio of 1: 
1.5 to 1: 1.7 (Caforio et al., 2007). Higher antibody 
levels in adult females (including more functional 
antibodies) compared to adult males (Potluri et al., 
2019). When females have a strong immune response, 
these subjects are more susceptible to autoimmune 
disease and have more side effects to the vaccine 
(Fischinger et al., 2019). Some of these differences may 
be due to hormonal differences such as estrogen and 
testosterone levels (Ruggieri et al., 2016). Testosterone 
has been reported to reduce the response to vaccina-
tion (Trigunaite, 2015). Gender differences in the 
prevalence of myocarditis were observed, especially 
in young and middle-aged patients. Sex hormones 
can determine the risk of myocarditis (Thevathasan et 
al., 2021). Elevated testosterone contributes to acute 
myocarditis by increasing viral binding to myocytes 
(Lyden et al., 1987), inhibiting the anti-inflammatory 
cell population (Frisancho-Kiss et al., 2009), and up-
regulating the fibrous remodeling genes of the heart 
(Fairweather et al., 2013). On the other hand, estro-
gens may play a role in preventing myocarditis by 
stimulating inhibitory T-regulatory cells and inhibit-
ing pro-inflammatory T cells (Fairweather et al., 2013; 
Frisancho-Kiss et al., 2009). 

Clinical manifestations generally range from 
asymptomatic increases in cardiac enzymes to sudden 
death from heart failure (Gürdoğan and Yalta, 2020). 
Therefore, symptoms generally show a heterogeneous 
clinical spectrum, such as dyspnea (usually with a 
decrease in left ventricular ejection fraction (LVEF)), 
palpitation, nausea, malaise, weight loss, and chest 
pain (Guo et al., 2020). This is in line with this study 
that the dominant symptoms that appeared in sub-
jects with suspected acute myocarditis after the 
COVID-19 mRNA vaccination were chest pain, dysp-
nea, and malaise. Given the high incidence of myo-
carditis after the second dose, the condition may be 
hypersensitivity myocarditis (Montgomery et al., 
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2021), and the first dose of the vaccine may be a sensi-
tive dose.  

Cardiac magnetic resonance (CMR) is an estab-
lished diagnostic imaging method for the non-
invasive diagnosis of acute myocarditis and provides 
evidence of myocardial hyperemia, edema, and fibro-
sis (Biesbroek et al., 2015; Valbuena-Lopez et al., 
2016). In this situation, late myocardial gadolinium 
enhancement (LGE) can affect prognosis (Ammirati et 
al., 2018; Anzini et al., 2013; Imazio et al., 2013; 2014). 
Recently published data indicate that septal LGE in-
dependent of basal LVEF may be associated with 
poor prognosis (Aquaro et al., 2017). In this study, 
CMR imaging of acute myocarditis showed normal 
with an ejection fraction above 55% different from 
previous studies which chronic myocarditis (Zhang et 
al., 2020b). Septal Late Gadolinium Enhancement is 
not uncommon in patients with acute myocarditis 
and reduced LVEF undergoing CMR studies, but it 
does not appear to have an independent prognostic 
value compared to reduced LVEF. Most patients have 
an infarct-like appearance with intact LVEF and a 
good prognosis without the need for sudden cardiac 
death, heart failure, and cardiac transplantation or 
implanted cardiac defibrillator transplantation. Poor 
prognosis is limited to patients with reduced LVEF at 
onset (Imazio et al., 2018). As a non-invasive method, 
cardiac MRI plays a central role in early detection and 
continuous monitoring of myocarditis. Central myo-
cardial edema and late gadolinium angiography, 
which are inconsistent with the anatomy of the coro-
nary arteries, are of particular concern on T1-/T2-
emphasized MRI of patients with ICI-related myocar-
ditis (Zhang et al., 2020b) but the patient's cardiac 
MRI in the analysis was obtained in an acute situa-
tion, long-term follow-up is required to understand 
the extent and prognosis of permanent myocardial 
scarring (Matta et al., 2021).  

Other tests, such as elevated troponin—which pre-
senting symptom was the acute onset of severe chest 
pain, and myocardial injury—abnormal electrocardi-
ogram, normal CT angiography, normal Chest radi-
ography, and normal echocardiogram were also 
shown in this study. It is well known that healthy 
people have low levels of cTnI and cTnT. Dramatic 
changes in cTn occur only after damage to cardiomy-
ocytes. Given that cTnT and cTnI are primarily bound 
to the troponin complex of cardiomyocytes (Bleier et 
al., 1998), the detection of high cTn plasma levels in-
dicates severe destruction of the myocardial structure. 
A definite pathophysiological process is not well 
characterized, but rather from overt necrosis with cell 
death and myofilament destruction, it is less serious 
in the integrity and permeability of the sarcolemma, 
perhaps one. It shows the spectrum of changes lead-

ing up to transient changes. This means that regard-
less of the causative factor, heart damage inevitably 
leads to elevated cTn plasma levels, and the magni-
tude of the increase reflects the severity of the damage 
(Bass et al., 2010). 

The most common ECG abnormalities in myocar-
ditis are sinus tachycardia associated with nonspecific 
ST/T wave changes. The presence of decreased PR 
segment in both precordial and limb leads, decreased 
PR segment in ST-segment elevated lead, increased 
PR segment in aVR electrode, or ST elevation with a 
pattern of pericarditis is generally more than myocar-
dial infarction. In patients with acute myocarditis, the 
following characteristics are associated with poor 
prognosis: abnormal Q-waves, wide QRS complex, 
QRS/T angles greater than 100°, prolonged QT inter-
val, advanced atrioventricular block, and malignant. 
Ventricular tachyarrhythmia. In contrast, ST elevation 
with a typical early repolarization pattern is associat-
ed with a better prognosis (Buttà et al., 2020; Deb et 
al., 2021; Gargano et al., 2021; King et al., 2021). This is 
in line with our finding that the electrocardiogram 
mostly showed ST elevation, PR elevation, and PR 
depression.  

Supportive care is central to treatment, targeting 
cardiac medications and interventions as needed. 
Current guidelines from the American Heart Associa-
tion recommend limiting exercise until the heart re-
covers. However, many patients take non-steroidal 
anti-inflammatory drugs to improve their symptoms. 
Follow-up is underway to identify and understand 
the long-term outcomes of myocarditis that occur 
after COVID-19 mRNA vaccination (Maron et al., 
2015). 

Limitation 

At last, there are several limitations of this system-
atic review/meta-analysis. First, our study did not 
perform the pooled incidence of pericarditis and my-
opericarditis because of the insufficiency of available 
data. Second, the age limit of the population was dif-
ferent, so subgroup analysis based on age range did 
not be performed. Third, the unavailability of RCT 
also limits the interpretability of our findings. In the 
future, RCTs would be needed to support/confirm 
our findings. Additionally, further analysis is needed 
to know the underlying pathophysiology was that 
still not fully understood. 

CONCLUSION 

Subjects who experienced the most adverse cardi-
ac events were males with a median age of 22 and 21-
40 years. Of all the subjects, it was also found that the 
most adverse cardiac events were myocarditis, had 
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never been infected with COVID-19 before, with most 
types of COVID-19 mRNA vaccine given was Pfizer. 
The diagnosis of adverse cardiac events is mostly 
established by examination of troponin, which shows 
an increase without a history of previous cardiac dis-
ease. Based on the pooled incidence and the inclusion 
criteria taken into account in the present study, the 
results are <0.002%. So, mRNA COVID-19 vaccination 
has a low incidence of myocarditis. 
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Supplementary Table 2. Risk of bias evaluation of mRNA COVID-19 vaccines and adverse cardiac events (Case Series). 

No. Reference (country) 1. Were there 

clear criteria 

for inclusion in 

the case 

series? 

2. Was the 

condition 

measured in a 

standard, 

reliable way 

for all 

participants 

included in the 

case series? 

3. Were 

valid 

methods 

used for 

identificatio

n of the 

condition 

for all 

participants 

included in 

the case 

series? 

4. Did the case 

series have 

consecutive 

inclusion of 

participants? 

5. Did the case 

series have 

complete 

inclusion of 

participants? 

6. Was there 

clear 

reporting of 

the 

demographi

cs of the 

participants 

in the 

study? 

7. Was 

there 

clear 

reporting 

of clinical 

informati

on of the 

participa

nts? 

8.  Were the 

outcomes or 

follow up 

results of cases 

clearly 

reported? 

9. Was there 

clear 

reporting of 

the presenting 

site(s)/clinic(s

) demographic 

information? 

10. Was 

statistical 

analysis 

appropriate? 

Overall 

Appraisal 

1 Shaw et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

2 Dickey et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

3 Snapiri et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

4 Patel et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

5 Kim HW et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

6 Marshall et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

7 Singh B et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

8 Starekova et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

9 Rosner et al., 2021 (USA Yes Yes Yes Yes Yes Yes Yes Not applicable Yes Yes Included 

According to The Joanna Briggs Institute (JBI), Critical Appraisal Checklist for Case Series. 

 

 

Supplementary Table 1. Medline (PubMed) search strategy to identify published literature. 

#1  Search (((((((COVID19 vaccin*[MeSH Terms]) OR (COVID-19 vaccin[MeSH Terms])) OR (SARSCOV2 vaccin*[MeSH Terms])) OR (SARS-COV-2 vaccin*[MeSH Terms])) OR (COVID19 vac-

cin*[Title/Abstract])) OR (COVID-19 vaccin*[Title/Abstract])) OR (SARSCOV2 vaccin*[Title/Abstract])) OR (SARS-COV-2 vaccin*[Title/Abstract])  

#2  Search ((((((((((((myocarditis[MeSH Terms]) OR (pericarditis[MeSH Terms])) OR (angina pectori*[MeSH Terms])) OR (arrythmia[MeSH Terms])) OR (myocardial infarction[MeSH Terms])) OR (cardi-

tis[MeSH Terms])) OR (myocarditis[Title/Abstract])) OR (pericarditis[Title/Abstract])) OR (angina pectori*[Title/Abstract])) OR (arrythmia[Title/Abstract])) OR (myocardial infarction[Title/Abstract])) 

OR (carditis[Title/Abstract])) OR (pleurocarditis[Title/Abstract]) 

#3  #1 and #2  
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Supplementary Table 3. Risk of bias evaluation of mRNA COVID-19 vaccines and adverse cardiac events (Case Report). 

No. Reference (country) 1. Were patient’s 

demographic 

characteristics 

clearly described? 

2. Was the 

patient’s 

history clearly 

described and 

presented as a 

timeline? 

3. Was the current 

clinical condition 

of the patient on 

presentation 

clearly described? 

4. Were 

diagnostic tests 

or assessment 

methods and the 

results clearly 

described? 

5. Was the 

intervention(s

) or treatment 

procedure(s) 

clearly 

described? 

6. Was the 

post-

interventio

n clinical 

condition 

clearly 

described? 

7. Were adverse 

events (harms) 

or unanticipated 

events identified 

and described? 

8. Does the case 

report provide 

takeaway lessons? 

Overall 

Appraisal 

1 McLean and Johnson, 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Yes Included 

2 Cereda et al., 2021 (Italy) Yes Yes Yes Yes Yes Yes Yes Yes Included 

3 Hudson et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Yes Included 

4 Sung et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Yes Included 

5 Hasnie et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Yes Included 

6 Deb et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Yes Included 

7 Nevet, 2021 (Israel) Yes Yes Yes Yes Yes Yes Yes Yes Included 

8 Ehrlich et al., 2021 (Germany) Yes Yes Yes Yes Yes Yes Yes Yes Included 

9 Kim IC et al., 2021 (Korea) Yes Yes Yes Yes Yes Yes Yes Yes Included 

10 Singh VP et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Yes Included 

11 Verma et al., 2021 (USA) Yes Yes Yes Yes Yes Yes Yes Yes Included 

12 Vollmann et al., 2021 (Germany) Yes Yes Yes Yes Yes Yes Yes Yes Included 

According to The Joanna Briggs Institute (JBI), Critical Appraisal Checklist for Case Report. 
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Supplementary Table 4. Risk of bias evaluation of mRNA COVID-19 vaccines and adverse cardiac events (Cohort Studies). 

No. Reference 

(origin country) 

1. Were 

the two 

groups 

similar 

and 

recruited 

from the 

same 

populatio

n? 

2. Were the 

exposures 

measured 

similarly to 

assign 

people to 

both 

exposed and 

unexposed 

groups? 

3. Was the 

exposure 

measured 

in a valid 

and 

reliable 

way? 

4. Were 

confounding 

factors 

identified? 

5. Were 

strategies to 

deal with 

confounding 

factors 

stated? 

6. Were the 

groups/partici

pants free of 

the outcome 

at the start of 

the study (or 

at the moment 

of exposure)? 

7. Were the 

outcomes 

measured in 

a valid and 

reliable 

way? 

8. Was the 

follow up 

time 

reported 

and 

sufficient to 

be long 

enough for 

outcomes to 

occur? 

9. Was 

follow up 

complete, 

and if not, 

were the 

reasons to 

loss to 

follow up 

described 

and 

explored? 

10. Were 

strategies to 

address 

incomplete 

follow up 

utilized? 

11. Was 

appropriat

e 

statistical 

analysis 

used? 

Overall 

Appraisal 

1 Shiyovich et al., 

2021 (Israel) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included 

2 Mevorach et al., 

2021 (Israel) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included 

3 Simone et al., 

2021 (USA) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included 

4 Knowlton et al., 

2021 (USA) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included 

5 di Dedda et al., 

2022 (Italy) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included 

6 Yap et al., 2022 

(Singapore) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included 

7 June Choe et al., 

2022 (Korea) 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included 

According to The Joanna Briggs Institute (JBI), Critical Appraisal Checklist for Cohort Studies. 
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Supplementary Table 5. Source of funding and declare conflict of interest. 

No.  Reference (country) Funding Conflict of Interest 

1. Shaw et al., 2021 (USA)  Dr Cavalcante has received research support from Circle Cardiovascular Imaging and 

Siemens Healthineers 

Dr Gössl has served as a consultant for Abbott Vascular 

2. Dickey et al., 2021 (USA) None None 

3. Snapiri et al., 2021 (USA) None None 

4. Patel et al., 2021 (USA) None None 

5. Kim HW et al., 2021 (USA) Dr Campbell reported personal fees from Longeeveron outside the submitted work Dr R. J. Kim reported holding equity interest in Heart Imaging Technologies and grants from Siemens outside 

the submitted work 

6. Marshall et al., 2021 (USA) None None 

7. Singh B et al., 2021 (USA) None None 

8. Starekova et al., 2021 (USA) None None 

9. Rosner et al., 2021 (USA) Dr Damluji receives research funding from the Pepper Scholars Program of the Johns 

Hopkins University Claude D. Pepper Older Americans Independence Center funded by 

the National Institute on Aging (P30-AG021334) and a Mentored Patient-Oriented 

Research Career Development Award from the National Heart 

Lung, and Blood Institute (K23-HL153771-01). Dr deFilippi receives funding from the 

National Center for Advancing Translational Science of the National Institutes of Health 

(award UL1TR003015) 

Dr Tehrani is a consultant for Medtronic, and is on the advisory board for Abbott Medical and Retriever 

Medical. Dr Atkins is on the advisory board for Arterys. Dr de Lemos has received grant support from Abbott 

Diagnostics and Roche Diagnostics and consulting income from Siemen’s Health Care Diagnostics, Ortho 

Clinical Diagnostics, and Quidel, Inc. Dr Desai serves on the Advisory Board at Abbott Medical. Dr. Muthu 

Kumar has received grant support from Abbott and Roche Diagnostics. Dr DeFilippo receives research 

funding to Inova from Abbott Diagnostics, Roche Diagnostics, Siemens Healthineers, and Ortho Diagnostics; 

and consults for FujiRebio, Roche Diagnostics, Siemens Healthineers, and Ortho Diagnostics 

10. McLean and Johnson (2021 (USA) None None 

11. Cereda et al., 2021 (Italy) None None 

12. Hudson et al., 2021 (USA) None None 

13. Sung et al., 2021 (USA) None None 

14. Hasnie et al., 2021 (USA) None None 

15. Deb et al., 2021 (USA) None None 

16. Nevet, 2021 (Israel) None None 

17. Ehrlich et al., 2021 (Germany) None None 

18. Kim IC et al., 2021 (Korea) This work was supported by the research promoting grant from the Keimyung University 

Dongsan Medical Center in 2020 

None 

19. Singh VP et al., 2021 (USA) None None 

20. Verma et al., 2021 (USA) None None 

21. Vollmann et al., 2021 (Germany) None None 
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Supplementary Table 5. Source of funding and declare conflict of interest (continued...) 

No.  Reference (country) Funding Conflict of Interest 

22. Shiyovich et al., 2021 (Israel) None None 

23. Mevorach et al., 2021 (Israel) None None 

24.  Simone et al., 2021 (USA) None None 

25. Knowlton et al., 2021 (USA) This work was funded by the Dell Loy Hansen Heart Foundation None 

26. di Dedda et al., 2022 (Italy) None None 

27. Yap et al., 2022 (Singapore) None None 

28. June Choe et al., 2022 (Korea) None None 

 

 

Supplementary Table 6. Clinical data of case series and case reports (part 1) 

Reference Sample 

size 

Sex (%) Age (Median) Previous cardiac 

disease history 

(%) 

Previous other 

medical history 

(%) 

Symptom Onset of symptom 

(Median) 

Dose (%) Vaccine 

type (%) 

Previous COVID-19 

infection (%) 

Shaw et al., 2021 4 Male 

(50%); 

Female 

(50%) 

16-31 years (20.5) (0%) (0%) Chest pain 2-25 day after mRNA 

vaccination (4) 

1st dose (50%); 

2nd dose (50%) 

Pfizer (75%); 

Moderna 

(25%) 

5-7 months before 

symptom (50%) 

Dickey et al., 2021 6 Male 

(100%); 

Female 

(0%) 

16-40 years 

(20.25) 

(0%) (0%) Fever, rhinorrhea, malaise, headache, 

positional / non-positional chest pressure, 

pleuritic chest pain, neck pain, chills, and 

myalgias 

2-4 day after mRNA 

vaccination 

(3.5) 

2nd dose 

(100%) 

Pfizer 

(83.33%); 

Moderna 

(16.67%) 

Unclear 

McLean and 

Johnson, 2021 

1 Male 

(100%) 

16 years (16) (0%) (0%) Chest pain, myalgias, and tactile fevers 1 day after mRNA v 

accination 

(1) 

2nd dose 

(100%) 

Pfizer 

(100%) 

Unclear 

Cereda et al., 2021 1 Male 

(100%) 

21 years 

(21) 

(0%) (0%) Cardiac-sounding chest pain and fever 2 days after mRNA 

vaccination 

(2) 

2nd dose 

(100%) 

Pfizer 

(100%) 

Unclear 

Hudson et al., 2021 2 Male 

(100%) 

22-24 years 

(23) 

(0%) (0%) Chest pain, worsening myalgias, fevers, 

chills, nausea, vomiting, and 24 hours of 

worsening midline, substernal burning that 

was worse when lying flat 

1-3 days after mRNA 

vaccination (2) 

2nd dose 

(100%) 

Pfizer 

(100%) 

Unclear 
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Supplementary Table 6. Clinical data of case series and case reports (part 1) (continued…) 

Reference Sample 

size 

Sex (%) Age (Median) Previous cardiac 

disease history (%) 

Previous other 

medical history 

(%) 

Symptom Onset of symptom 

(Median) 

Dose (%) Vaccine 

type (%) 

Previous COVID-19 

infection (%) 

Sung et al., 

2021 

2 Male 

(50%); 

Female 

(50%) 

42-68 years 

(55) 

Hyper-tension (50%), 

hyper-lipidemia 

(100%),coronary artery 

disease 

(100%) 

Obesity (100%) Later progressed to left-sided chest pain and 

shoulder pain 

1 day after mRNA 

vaccination 

(1) 

1st dose 

(100%) 

Moderna 

(100%) 

Unclear 

Hasnie et al., 

2021 

1 Male 

(100%) 

22 years 

(22) 

(0%) (0%) Sharp substernal non-radiating chest pain 3 days after mRNA 

vaccination (3) 

1st dose 

(100%) 

Moderna 

(100%) 

6 months before 

symptom (100%) 

Snapiri et al., 

2021 

7 Male 

(100%) 

16-17 years 

(16) 

(0%) (0%) Chest pain, headache, cough, dyspnea, 

diarrhea fever 

1-3 days after mRNA 

vaccination 

(2) 

1st dose 

(14.3%) 

2nd dose 

(85.7%) 

Pfizer (100%) Unclear 

Deb et al., 2021 1 Male 

(100%) 

67 years 

(67) 

Hyper-tension, hyper-

lipidemia, coronary 

artery bypass grafting 

surgery, congestive 

heart failure with 

preserved ejection 

fraction 

(100%) 

Type 2 diabetes 

mellitus, chronic 

obstructive 

pulmonary 

disease without 

any home oxygen 

requirement, 

hypothyroidism, 

and 

gastroesophageal 

reflux disease 

(100%) 

Worsening shortness of breath, fever, chills, 

nausea, orthopnea, and also increasing 

fatigue 

1 day after mRNA 

vaccination 

(1 day) 

2nd dose 

(100%) 

Moderna 

(100%) 

(0%) 

Nevet, 2021 3 Male 

(100%) 

20-29 years 

(24.5) 

(0%) (0%) Chest pain and acute fever 2 days after mRNA 

vaccination (2 day) 

2nd dose 

(100%) 

Pfizer (100%) Unclear 

Ehrlich et al., 

2021 

1 Male 

(100%) 

40 years 

(40) 

(0%) (0%) Chest pain, shortness of breath, fever, and 

headache 

2 days after mRNA 

vaccination 

1st dose 

(100%) 

Pfizer (100%) (0%) 

Kim IC et al., 

2021 

1 Male 

(100%) 

24 years 

(24) 

(0%) (0%) Chest pain 1 day after mRNA 

vaccination (1) 

2nd dose 

(100%) 

Pfizer (100%) (0%) 

Patel et al., 

2021 

5 Male 

(100%) 

19-37 years  

(28) 

(0%) Attention-deficit 

hyper-activity 

disorder (20%), 

asthma (20%) 

Chest pain, dyspnea, nausea, and vomiting 1-3 days after mRNA 

vaccination (2) 

1st dose (20%), 

2nd dose (80%) 

Pfizer (80%), 

Moderna 

(20%) 

(0%) 
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Supplementary Table 6. Clinical data of case series and case reports (part 1) (continued…) 

Reference Sample 

size 

Sex (%) Age (Median) Previous cardiac 

disease history (%) 

Previous other 

medical history 

(%) 

Symptom Onset of symptom 

(Median) 

Dose (%) Vaccine 

type (%) 

Previous COVID-19 

infection (%) 

Kim HW et al., 

2021 

4 Male 

(75%); 

Female 

(25%) 

23-70 years 

(46.5) 

Hyper-tension (25%), 

hyper-cholesterolemia 

(25%) 

(0%) Chest pain, shortness of breath, diaphoresis, 

syncope/presyncope and palpitations 

1-5 days after mRNA 

vaccination (2.5) 

2nd dose 

(100%) 

Pfizer (50%), 

Moderna 

(50%) 

(0%) 

Marshall et al., 

2021 

7 Male 

(100%) 

14-19 years  

(17) 

(0%) (0%) Chest pain, arm pain, myalgias, fatigue, 

weakness, subjective low-grade fevers poor 

appetite (malaise), arthralgia, dry cough, 

sore throat, headache and shortness of 

breath 

2-3 days after mRNA 

vaccination 

(3) 

2nd dose 

(100%) 

Pfizer (100%) (0%) 

Singh B et al., 

2021 

1 Male 

(100%) 

24 years (24) Unclear (0%) Chest pain 3 days after mRNA 

vaccination (3) 

2nd dose 

(100%) 

Pfizer (100%) (0%) 

Starekova et 

al., 2021 

5 Male 

(80%); 

Female 

(20%) 

17-38 years 

(27.5) 

(0%) (0%) Chest pain 2-3 days after mRNA 

vaccination (3) 

2nd dose 

(100%) 

Pfizer (60%), 

Moderna 

(40%) 

(0%) 

Singh VP et al., 

2021 

1 Male 

(100%) 

21 years (21) Significant of mitral 

valve prolapse and 

resting tachy-cardia 

(100%) 

(0%) Chest pain fevers, nausea, and shortness of 

breath 

3 days after mRNA 

vaccination 

(3) 

2nd dose 

(100%) 

Pfizer (100%) (0%) 

Rosner et al., 

2021 

6 Male 

(100%) 

19-39 years 

(23.5) 

Unclear (0%) Chest pain, fever, shortness of breath, 

numbness, myalgia, headache, and tingling 

in the left arm 

2-7 days after mRNA 

vaccination (3) 

1st dose 

(16.67%), 

2nd dose 

(83.33%) 

Pfizer 

(16.67%), 

Moderna 

(83.33%) 

Yes  

(16.67%) 

Verma et al., 

2021 

2 Male 

(50%), 

Female 

(50%) 

42-45 years 

(43.5) 

Unclear (0%) Chest pain, fever, dyspnea, and dizziness 10-14 days after 

mRNA vaccination 

(12) 

1st dose (50%), 

2nd dose (50%) 

Pfizer (50%), 

Moderna 

(50%) 

(0%) 

Vollmann et 

al., 2021 

1 Male 

(100%) 

28 years (28) Unclear (0%) Chest pain, fatigue, and fever 9 days after mRNA 

vaccination (9) 

1st dose 

(100%) 

Pfizer (100%) Unclear 
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Supplementary Table 7. Clinical data of case series and case reports (part 2) 

Reference Troponin Chest radiograph CMR Echocardiogram Angiography Electrocardiogram Diagnosis 

Length of stay 

in hospital 

(day) 

Shaw et al., 

2021 

Troponin I was 

elevated to 7.961 

ng/mL 

Not available CMR demonstrated normal 

systolic function (left ventricular 

ejection fraction ¼ 54-64%) with 

no regional wall motion 

abnormalities, pericardial 

effusion, thickening, or 

enhancement. Confirmed as 

marked epicardial fibrosis on 

late gadolinium enhancement 

imaging, and regional interstitial 

expansion on extracellular 

volume fraction mapping (38-

52%) 

Not available Not available Electrocardiogram demonstrated 

subtle ST-segment elevation of the 

anterior limb leads 

Acute myocarditis Unclear 

Dickey et al., 

2021 

Troponin I was 

elevated to 38.3 

ng/mL 

not available CMR demonstrated short-axis 

and 4-chamber views 

demonstrating areas of 

increased T2 signal and LGE 

Echocardiogram showed 

ejection fraction 45-58% 

Not available Electrocardiogram revealed sinus 

rhythm with diffuse ST elevation, 

non-specific T wave abnormalities 

and PR depression; non-sustained 

ventricular tachycardia 

CMR-proven 

myocarditis shortly 

after vaccination. 

Unclear 

McLean and 

Johnson, 2021 

Troponin T was 

elevated to 1018 

ng/L 

Chest radiograph 

showed no acute 

cardiopulmonary 

abnormality 

CMR showed normal 

biventricular volumes, 

morphology, and systolic 

function. However, there were 

signs of myocardial fibrosis, 

myocardial hyperemia, and a 

small pericardial effusion 

consistent with myopericarditis 

Echocardiogram which 

demonstrated normal 

anatomy, normal systolic 

function, no wall motion 

abnormalities, and no 

pericardial effusions, 

normal systolic function 

(61%), and no pericardial 

effusion. The right 

coronary artery was not 

well visualized 

Computed 

tomography 

angiography of the 

heart revealed 

minimal lateral wall 

subepicardial 

hyperenhancement, 

suggestive of 

myocarditis. He was 

also noted to have 

an incidental 

benign coronary 

artery anomaly 

Electrocardiogram revealed normal 

sinus rhythm with diffuse ST 

elevation in V2 to V6 and I and aVL 

Myopericarditis 6 days 

Cereda et al., 

2021 

Troponin I was 

elevated to 6.53 

ng/mL 

Not available CMR confirmed the diagnosis of 

myocarditis with evidence of 

edema and nonischemic delayed 

enhancement with a patchy 

pattern, predominantly 

epicardial 

Echocardiogram showed 

normal ejection fraction 

with hypokinesis of the left 

ventricular inferior and 

posterior walls 

Coronary 

angiography 

showed no 

significant stenosis 

or flow 

abnormalities 

Electrocardiogram showed diffuse 

concave-upward ST-segment 

elevation 

CMR-proven 

myocarditis shortly 

after vaccination 

7 days 

Hudson et al., 

2021 

Troponin I was 

elevated to 1.5 

ng/mL 

Chest radiograph was 

unremarkable. 

Not available Echocardiogram revealed 

a normal ejection fraction 

without any obvious 

abnormality 

Computed 

tomography 

angiography of the 

chest unremarkable 

Electrocardiogram showed J-point 

elevation in the lateral leads with 

slightly widened QRS complexes 

Myopericarditis 3 days 
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Supplementary Table 7. Clinical data of case series and case reports (part 2) (continued…) 

Reference Troponin Chest radiograph CMR Echocardiogram Angiography Electrocardiogram Diagnosis 

Length of stay 

in hospital 

(day) 

Sung et al., 

2021 

Troponin T was 

elevated to 1763 

ng/mL 

Not available Not available Echocardiogram showed 

ejection fraction 50-60% 

Computed 

tomography 

coronary 

angiography 

showed a large 

amount of 

noncalcified plaque 

in the proximal LC 

artery, resulting in 

complete focal 

occlusion just 

proximal to the 

origin of first obtuse 

marginal artery 

Electrocardiogram showed Inferior 

ST elevation 

Acute myocardial 

infarction 

3-7 days 

Hasnie et al., 

2021 

Troponin I was 

elevated to 13.7 

ng/mL 

Chest radiograph was 

unremarkable, with no 

signs of focal 

consolidation, 

pneumothorax, or 

pleural effusion 

CMR showed a normal LVEF (58 

%) with findings of dyssynchrony 

of the septal wall 

Echocardiogram revealed 

a low-normal left 

ventricular ejection 

fraction of 50-55% with 

mid to apical anterior and 

anterolateral segments 

appearing hypokinetic 

Left heart 

catheterization 

revealed 

angiographically 

normal coronary 

arteries. 

Electrocardiogram revealed normal 

sinus rhythm with diffuse ST 

elevation. PR segment depression 

was discernible in leads V3–V6 

Myopericarditis Unclear 

Snapiri et al., 

2021 

Troponin I elevated 

to 137 ng/mL 

Not available Not available Echocardiogram showed 

normal function, mild 

pericardial effusion 

Not available Electrocardiogram showed Mild ST 

elevation, RBBB 

Myopericarditis 4-6 days 

Deb et al., 

2021 

An elevated high 

sensitivity troponin 

of 180.8 ng/L 

Chest radiograph 

showed cardiomegaly 

and pulmonary edema 

without any focal 

consolidation 

Not available A transthoracic 

echocardiogram showed a 

mildly dilated left atrium, 

a left ventricle ejection 

fraction of 50%-54%, mild 

hypokinesia in the mid-

septal and mid-anterior 

walls, and grade 2 

diastolic dysfunction 

Not available Electrocardiogram revealed sinus 

tachycardia with non-specific ST/T 

wave changes 

Acute myocardial 

injury 

Unclear 

Nevet, 2021 Elevated 

inflammatory 

markers and 

myocardial 

enzymes 

Not available CMR showed myocardial edema 

and gadolinium enhancement of 

the myocardium 

Echocardiogram showed 

normal 

Not available Electrocardiogram showed diffuse ST 

elevations 

Acute myocarditis Unclear 
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Supplementary Table 7. Clinical data of case series and case reports (part 2) (continued…) 

Reference Troponin Chest radiograph CMR Echocardiogram Angiography Electrocardiogram Diagnosis 

Length of stay 

in hospital 

(day) 

Ehrlich et al., 

2021 

Troponin T 

concentration was 

elevated to 1030 

ng/L 

Not available CMR showed a normalized left 

ventricular ejection fraction 

(69%) without regional wall 

motion abnormalities 

Transthoracic 

echocardiography in the 

emergency unit showed a 

normal sized left ventricle 

(end-diastolic diameter 52 

mm) with a moderately 

reduced ejection fraction 

of 45% (biplane Simpson 

method) without regional 

wall motion abnormalities. 

The thickness of the basal 

septum was slightly 

increased to 13 mm. 

Pericardial effusion could 

be ruled out as well as a 

valvular heart disease 

Computed 

tomography 

angiography was 

normal 

Electrocardiogram showed sinus 

rhythm with 82 beats per minute 

without any signs of acute ischemia 

Myocarditis 4 days 

Kim IC et al., 

2021 

Troponin I was 

elevated to 2.28 

ng/mL 

Not available CMR showed abnormal findings 

compatible with acute 

myocarditis according to revised 

2018 Lake Louise criteria 6; high 

signal intensity on T2-weighted 

short tau inversion recovery 

images, elevated T2 value on T2 

mapping sequence (51 ms, 

normal reference value: 40 ms), 

and sub-epicardial pattern of 

late gadolinium enhancement 

(LGE) in basal inferior and 

inferolateral segment 

Echocardiogram showed 

normal myocardial 

contractility and minimal 

amount of pericardial 

effusion, 2D-based global 

longitudinal strain (GLS) of 

bull's map revealed the 

worsened strain value in 

basal inferior and 

inferolateral segments, 

particularly in epicardium 

than endocardium 

Coronary computed 

tomographic 

angiography 

showed normal 

coronary arteries 

with no stenosis or 

occlusion 

Electrocardiogram showed the mild 

ST segment elevation in leads I, II, 

aVF, and V2-V6 

Acute myocarditis Unclear 

Patel et al., 

2021 

Troponin I was 

elevated to 37-58 

pg/mL 

Not available CMR showed both subepicardial 

late gadolinium enhancement 

(LGE) and myocardial edema in 

the basal inferior, basal 

inferolateral, and apical lateral 

LV segments; Global longitudinal 

strain (GLS) by TTE and CMR was 

normal at − 19.0% and − 19.1% 

respectively (normal is < − 18%) 

Transthoracic 

echocardiography showed 

an LVEF of 51-65% and no 

pericardial effusion 

Invasive coronary 

angiography was 

negative for 

obstructive 

coronary artery 

disease 

Electrocardiogram showed diffuse PR 

segment depression and PR segment 

elevation in lead aVR, consistent with 

acute pericarditis 

Acute myopericarditis Unclear 
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Supplementary Table 7. Clinical data of case series and case reports (part 2) (continued…) 

Reference Troponin Chest radiograph CMR Echocardiogram Angiography Electrocardiogram Diagnosis 

Length of stay 

in hospital 

(day) 

Kim HW et al., 

2021 

Troponin T was 

elevated to 698 

ng/L. 

Troponin I was 

elevated to 7452 

ng/L 

Chest radiograph was 

normal 

CMR showed LVEF 40-59%, 

regional wall motion 

abnormality, trace pericardial 

effusion, normal pericardial 

thickness, LGE in the apical 

lateral, myocardial pattern in 

epicardial, no pericardial 

enhanchment 

Not available Chest CT was 

negative for pleural 

effusion 

Electrocardiogram showed diffuse ST 

elevation, PR depression 

Myocarditis 2-4 days 

Marshall et al., 

2021 

Initial high-

sensitivity troponin 

T 232 ng/L and CRP 

6.7 mg/dL (highly 

elevated); 

Elevated troponin I 

(5.550 ng/mL, 

peaked at 12.200 

ng/mL) 

Not available Cardiac MRI revealed areas with 

high T2 values indicating edema, 

T1 early postcontrast 

heterogeneity indicating 

hyperemia, and late gadolinium 

enhancement indicating 

myocardial fibrosis, necrosis 

Echocardiogram revealed 

normal function and 

coronaries, no effusion, 

trace mitral and aortic 

valve insufficiency, and 

decreased left ventricular 

basolateral and posterior 

regional strain 

Not available Electrocardiogram revealed 

atrioventricular dissociation with 

junctional escape and ST elevation; 

ECG revealed diffuse ST elevation 

consistent with acute myocardial 

injury or pericarditis 

Suspected myocarditis; 

myopericarditis; acute 

pericarditis 

3-4 days 

Singh B et al., 

2021 

High-sensitivity 

troponin I peak 

value 6,803 pg/mL 

Chest radiography 

unremarkable 

Cardiac magnetic resonance 

imaging (MRI) with and without 

contrast showed linear sub-

epicardial enhancement 

involving the lateral wall of the 

left ventricle consistent with 

acute myocarditis 

Echocardiogram showed 

an ejection fraction of 55% 

Not available Electrocardiogram showed normal 

sinus rhythm, a normal axis, 76 beats 

per minute, and a 1-mm ST-

depression in lead III 

Myocarditis 4 days 

Starekova et 

al., 2021 

Peak Troponin I: 

14.65 ng/mL 

Not available MRI showed myocarditis-like 

findings including non-ischemic 

pattern of late gadolinium 

enhancement, corresponding 

signal abnormalities on T2-

weighted images, and 

pericardial enhancement 

Not available Coronary CTA: 

negative 

Electrocardiogram showed diffuse 

ST-elevations in inferior and 

anterolateral leads, non-specific T-

wave abnormality, ST depression in 

aVR and V1 

Acute myocarditis Unclear 

Singh VP et al., 

2021 

Troponins were 

trended, 460, 637, 

832 ng/mL 

Not available Cardiac MRI showed findings 

suggestive of acute myocarditis 

2D echocardiogram 

showed Left Ventricular 

Ejection Fraction (LVEF)  of 

43%, with mildly reduced 

LV systolic function 

CTA chest with IV 

contrast showed no 

aortic dissection, or 

pulmonary 

embolism 

Electrocardiogram did not show any 

acute ischemic changes 

Acute myocardial 

injury (suggestive of 

acute myocarditis) 

Unclear 
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Supplementary Table 7. Clinical data of case series and case reports (part 2) (continued…) 

Reference Troponin Chest radiograph CMR Echocardiogram Angiography Electrocardiogram Diagnosis 

Length of stay 

in hospital 

(day) 

Rosner et al., 

2021 

Peak Troponin I: 

44.80 ng/mL 

(elevated) 

Peak cTnI: 7000 

ng/mL(elevated) 

No acute process; no 

detectable active 

cardiopulmonary 

disease 

CMR showed LVEF: 48-56%; LGE: 

Midmyocardial LGE in the septal 

and inferior walls; subepicardial 

LGE in the anterior, lateral, and 

inferior walls; no pericardial 

effusion 

Echocardiogram showed 

LVEF: 35-61%, LVED 

internal dimension: 4.34-

4.9 cm, intraventricular 

septal diagnostic 

thickness: 0.6-1.1 cm, mild 

global left ventricular 

hypokinesis; mildly 

decreased right ventricular 

function 

Not available Electrocardiogram showed normal 

sinus rythm, PR depression in II, aVF, 

V4–V6 T wave inversion V1, no acute 

ST-T segment changes 

Acute myocarditis-like 

illness 

2-4 days 

Verma et al., 

2021 

Troponin I level: 

6.14 ng/mL 

(elevated) 

Not available Not available Echocardiogram showed 

global biventricular 

dysfunction (ejection 

fraction, 15-20%), normal 

ventricular dimensions, 

and left ventricular 

hypertrophy. 

Coronary 

angiography 

revealed no 

obstructive 

coronary artery 

disease 

Electrocardiogram showed ST-

segment depression (most prominent 

in the lateral leads) 

Myocarditis 3-7 days, there 

was one patient 

died because of 

cardiogenic 

shock 

Vollmann et 

al., 2021 

Troponin T 1.30 

ng/mL (elevated) 

Not available CMR showed slightly reduced 

left ventricular pump function, 

myocardial edema, and 

subepicardial late gadolinium 

enhancement 

Not available Not available Electrocardiogram showed ST-

segment elevations 

Acute perimyocarditis 4 days 
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