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ARTICLE INFO ABSTRACT

Keywords: Background: Myocarditis secondary to Coronavirus Disease 2019 (COVID-19) vaccination has been reported in
COVID-19 vaccine the literature.

mRNA “’;’C.C‘ne Objective: This study aimed to characterize the reported cases of myocarditis after COVID-19 vaccination based
Myocar. 1tis . on age, gender, doses, and vaccine type from published literature and the EudraVigilance database.
Myopericarditis

Methods: We performed an analysis in the EudraVigilance database (until December 18, 2021) and a systematic
review of published literature for reported cases of suspected myocarditis and pericarditis (until 30th June 2022)
after the COVID-19 vaccination.

Results: EudraVigilance database analysis revealed 16,514 reported cases of myocarditis or pericarditis due to the
vaccination with COVID-19 vaccines. The cases of myo- or pericarditis were reported predominantly in the age
group of 18-64 (n = 12,214), and in males with a male-to-female (M: F) ratio of 1.7:1. The mortality among
myocarditis patients was low, with 128 deaths (2 cases per 10.000.000 administered doses) being reported. For
the systematic review, 72 studies with 1026 cases of myocarditis due to the vaccination with COVID-19 vaccines
were included. The analysis of published cases has revealed that the male gender was primarily affected with
myocarditis post-COVID-vaccination. The median (IQR) age of the myocarditis cases was 24.6 [19.5-34.6] years,
according to the systematic review of the literature. Myocarditis cases were most frequently published after the
vaccination with m-RNA vaccines and after the second vaccination dose. The overall mortality of published cases
was low (n = 5).

Conclusion: Myocarditis is a rare serious adverse event associated with a COVID-19 vaccination. With early
recognition and management, the prognosis of COVID-19 vaccine-induced myocarditis is favorable.
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1. Introduction

The coronavirus-19 disease (COVID-19) is associated with significant
morbidity and mortality, accounting for 6.45 million deaths and 593
million cases worldwide until August 2022 [1]. The advent of wide-
spread vaccination has decreased the rate of infection spread, the
severity of COVID-19, and mortality [2,3]. However, COVID-19 vaccines
have been associated with rare side effects, ranging from mild post-
vaccination febrile illness to severe cases of thrombosis or rhabdo-
myolysis and cases of vaccine-related pericarditis and myocarditis [4,5].
It is essential to characterize the rare side effects of the COVID-19 vac-
cine for public health messaging and their appropriate management.

In this paper, we aimed to analyze the reported cases of myo- or
pericarditis from the EudraVigilance database and compare the data in
relation to the reported and published cases of COVID-19 vaccine-
related myopericarditis. In particular, we summarized patients’ de-
mographics, the type of vaccines used, the spectrum of clinical pre-
sentations, diagnostic findings, and the prognosis of COVID-19 vaccine-
related myocarditis. In addition, we characterized risk factors such as
age and gender that may help to detect patients at risk of developing
myocarditis after COVID-19 vaccinations. This review will assist
healthcare providers by providing the most contemporaneous data
related to COVID-19 vaccination with four different vaccine types and
its association with myocarditis and help actively advocate for vacci-
nation to a) promote herd immunity, b) decrease COVID-19 incidence
and transmission, and c) lower COVID-19 related morbidity and
mortality.

2. Methods
2.1. Search strategy

2.1.1. EudraVigilance database analysis

A search was performed in the EudraVigilance database for reported
cases of suspected adverse events of myocarditis or pericarditis after the
vaccination for COVID-19 until 18 December 2021. The EudraVigilance
database relates to suspected side effects reported to EudraVigilance, the
EU pharmacovigilance database designed for collecting reports of sus-
pected side effects. The spontaneous cases reported to EudraVigilance
come from patients and healthcare professionals and are submitted
electronically by national medicines regulatory authorities and phar-
maceutical companies.

2.1.2. A systematic review of the published literature

A comprehensive, systematic review of the published literature was
conducted and reported following the Cochrane and PRISMA (Preferred
reporting items for systematic review and Meta-analysis 2020 guidelines
(please refer to Supplementary Fig. 1) [6]. A systematic literature search
of electronic databases (Medline via PubMed, Scopus, Cochrane Library,
and Google Scholar) for peer-reviewed articles conducted in humans
and published in English from inception until June 2022 was performed.
Boolean logic was used to perform a database search, and Boolean
search operators “AND” and “OR” were used to link search terms. The
following search terms were used: “SARS-CoV-2" OR ”COVID-19" AND
“Vaccine” AND “Myocarditis’> OR “Pericarditis“ OR “"Myopericarditis.*
We also screened all primary articles’ bibliographies for additional
cases. The study is registered in Prospero with a registration number
CRD42021278080.

2.1.3. Study selection based on a systematic review

We included studies with a history of COVID-19 vaccination fol-
lowed by reported myocarditis without any restrictions of timeframe.
The studies were carefully screened and exported to the endnote refer-
ence library software (Clarivate), and the duplicates were removed. An
additional manual check was carried out to cross-check for any
remaining copies. All studies published were included in the review. A
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total of 1044 reports were extracted in the initial screening round. Two
reviewers (VJ and DM) reviewed the papers based on title, keywords,
and abstract. They (VJ and AJ) closely reviewed the articles that passed
the initial screening to regulate their appropriateness for inclusion in the
systematic analysis. A third reviewer (SN) checked and reviewed again
and further assisted in the final study selection process.

2.1.4. Inclusion and exclusion criteria

The studies were reviewed to determine their suitability for inclusion
in the systematic review. The following criteria were used for inclusion:
studies published in English, either case reports or case series, obser-
vational studies, and studies including subjects of any age group who
developed myocarditis after receiving the COVID-19 vaccine. We
excluded all review articles, letters to the editor, short commentaries,
and animal studies.

2.1.5. Data extraction, risk of bias assessment, and statistical analysis
The following data were extracted from the studies: timing from
vaccination to symptoms onset, demographic data (study design,
country, gender, and age), dosage, type of vaccine, length of hospital
stay, laboratory data, imaging data, and comorbidities. Five authors
assembled all available information in a shared spreadsheet (NB, RK,
DM, SN, V). If any required data was missing, written in an incorrect
format, or not reported in the paper, the corresponding authors of the
respective papers were contacted via email for clarification. Supple-
mentary materiall related to the main article was also investigated in
such cases. The other authors conducted a quality assessment by eval-
uating the criteria for the diagnosis of myocarditis in each study and
ensured the occurrence of COVID-19 vaccination preceded the diagnosis
of myocarditis. Two investigators (JC and VJ) independently assessed
the potential risk of bias using the Newcastle-Ottawa (NOS) scale for
observational studies [7], and for case series and case reports, the
checklist proposed by Murad et al. was used (Supplementary Table 4,5)
[8]. Finally, descriptive statistics were used to summarize the data in
this paper. The median and interquartile ranges were adopted to
describe continuous variables, whereas frequencies and percentages
were used for dichotomous data. All statistical analyses were conducted
using the software R version 4.1.2 (available at https://cran.r-project.

org/).

3. Results
3.1. EudraVigilance database analysis

According to the EudraVigilance database, 16,514 cases of vaccine-
induced myocarditis or pericarditis were reported by 18th December
2021 (Table 1; Fig. 1). A total of 708 million COVID-19 vaccine doses
were administered in the European Union/European Economic Area
(EU/EEA) by 18th December 2021, according to the European Centre for
Disease Prevention and Control.

3.1.1. Pfizer-BioNTech (Tozinameran) vaccine

Among 531,638,764 Pfizer-BioNTech (Tozinameran) vaccine doses
administered in the EU/EEA, 11,598 (0.0022 %; 22 cases per 1 million
administered doses) cases of myocarditis or pericarditis due to the
vaccination were reported to the EudraVigilance. The number of
myocarditis cases was higher for males than females: 4,174 vs. 2,044
(2:1 ratio) (Fig. 1), and cases of pericarditis did not differ between males
and females: 2,775 vs. 2,364 (1.1:1 ratio). The reported cases were
predominantly in the age group of 18-64 years (n = 8370), followed by
n = 1336 cases for patients in the age category 12-17 years. Fatal
outcome among myocarditis cases was reported in 79 patients; 2057
cases were not recovered, and 1253 cases fully recovered at the time
point of reporting (Table 1; Fig. 2).
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3.1.2. Moderna (CX-024414) vaccine

Among 89,256,450 Moderna (CX-024414) vaccine doses adminis-
tered in the EU/EEA, 3612 (0.0040 %; 40 cases per 1 million adminis-
tered doses) myocarditis or pericarditis cases due to the vaccination
were reported to the EudraVigilance. The number of myocarditis cases
was higher for males than females: 1,864 vs. 514 (3.6:1 ratio) (Fig. 1),
and cases of pericarditis were also higher for males than females: 728 vs
481 (1.5:1 ratio). The reported cases were predominantly in the age
group 18-64 years (n = 2887), followed by 269 cases in the age category
65-85 years. Fatal outcome among myocarditis cases was reported in 27
cases, 719 cases not recovered, and 573 cases fully recovered at the time
point of reporting (Table 1; Fig. 2).

3.1.3. AstraZeneca (Chadox1 nCOV19) vaccine

Among 68,924,870 AstraZeneca (Chadoxl nCOV19) vaccine doses
administered in the EU/EEA, 1031 (0.0015 %; 15 cases per 1 million
administered doses) cases of suspected myocarditis or pericarditis due to
the vaccination were reported to the EudraVigilance. There was no sex
difference for the reported cases, with 266 reported myocarditis cases
being males and 256 females (Fig. 1), and 252 reported pericarditis cases
were males and 234 females. The predominant age group among these
individuals was 18-64 years (718 suspected cases), followed by 210
cases in the age group of 65-85 years. Fatal outcome among myocarditis
cases was reported for 13 cases, 244 cases not recovered, and 88 fully
recovered at the time point of reporting (Table 1; Fig. 2).

3.1.4. Janssen (AD26. COV2. S) vaccine

Among 18,652,082 Janssen (AD26. COV2. S) doses administered in
the EU/EEA, 273 (0.0015 %; 15 cases per 1 million administered doses)
cases of suspected myocarditis or pericarditis due to the vaccination
were reported to the EudraVigilance. There was a sex difference, with 98
reported myocarditis cases being males and 42 females (Fig. 1) and 89
reported pericarditis cases being males and 41 females. The 239 cases
were in the age group of 18-64 years, followed by 23 cases in the age
category of 65-85 years. Fatal outcome among myocarditis cases was
reported for 9 cases, 45 cases not recovered, and 27 cases fully recovered

Table 1
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at the time point of reporting (Table 1; Fig. 2).
3.2. Systematic review of the literature

Of the 72 included studies, 37 case reports, 27 case series, 6 cohorts,
and 2 cross-sectional studies were identified [4,9-79]. Overall, more
than 36 million vaccine doses were administered in the reported studies.
In these reports, 1026 patients were identified to have developed
myocarditis after being vaccinated against COVID-19: 85 % were male,
and 15 % were female (Table 2). 393 (38 %) patients were from the
United States, 199 (19 %) from Israel, 308 (30 %) from Canada, 69 (7 %)
from Denmark, 24 (2.3 %) from Turkey, 8 (0.8 %) from Germany, 7
(0.7 %) from Italy, 5 (0.5 %) from Poland, 4 (0.4 %) from Korea, 2
(0.20 %) from Spain and 1 (0.10 %) patient from each Qatar, France,
Saudi Arabia, Iran, Oman, India and Brazil (Table 2; Fig. 3). The median
[IQR] age of patients was 24.6 [19.5-34.6] years. From the population
reported with myocarditis after being vaccinated against COVID-19, the
majority of cases were vaccinated with a Pfizer vaccine (n = 727), fol-
lowed by the Moderna (n = 237), AstraZeneca (n = 3), and Jansen and
Jansen (n = 3) (Table 2). Out of 1026 patients, data regarding the
vaccination dose time point (first or second dose) was available for 781
patients. Based on that, 19 % of patients (n = 146) developed myocar-
ditis after receiving the first dose of the vaccine, while 81 % (n = 635)
received the second dose of the COVID-19 vaccine in the included study
population (Table 2).

3.3. The timing of symptom onset

The median timing of symptom onset of myocarditis was 3 (2-5)
days. The median timing of symptom onset of myocarditis after the first
and second dose of vaccination were 5.5 (3-11.5) and 3 (2-4) days,
respectively.

3.4. Patient’s comorbidities

Obesity (29 %) and hypertension (17 %) were the most common

Crude numbers of vaccine doses distributed and administered in the European Union/European Economic Area (EU/EEA) according to the European Centre for Disease
Prevention and Control and reported cases of suspected myocarditis/pericarditis after the vaccination reported to the EudraVigilance database by December 18th,

2021.
ASTRAZENECA CHADOX1 PFIZER-BIONTECH MODERN JANSSEN AD26.
nCOV19 TOZINAMERAN CX- cov2. s
024414

Vaccine doses administered 68.924.870 531.638.764 89.256.450  18.652.082
Suspected cases of myocarditis 537 6364 2392 141
Suspected cases of pericarditis 494 5234 1220 132
Reported incidence of suspected myo- or pericarditis per 0.0015 % 0.0022 % 0.0040 % 0,0015 %

administered doses
Reported suspected cases of myocarditis- or pericarditis per 15 22 40 15

1.000.000 administered doses
Male_(n) 518 6949 2592 187
Female_(n) 490 4408 995 83
Gender Not Specified_(n) 23 241 25 3
Myocarditis event reported by a healthcare professional 450 4040 1865 92
Myocarditis event reported by a non-healthcare professional 125 2695 606 53
Myocarditis- or pericarditis. 1 15 0 0

Age < 12 years
Myocarditis- or pericarditis. 2 1336 101 0

age 12-17 years
Myocarditis- or pericarditis. 718 8370 2887 239

age 18-64 years
Myocarditis- or pericarditis. 210 844 269 23

age 65-85 years
Myocarditis- or pericarditis. 7 92 10 1

age > 85 years
Myocarditis outcome. fatal 13 79 27 9
Myocarditis outcome. not recovered 244 2057 719 45
Myocarditis outcome. recovered 88 1253 573 27
Myocarditis outcome. recovering 114 1720 634 23




V. Jaiswal et al.

Age Group & Sex

Age Group & Sex Age Group & Sex

Age Group & Sex

1JC Heart & Vasculature 49 (2023) 101280

Pfizer Vaccine

Not Specified

0-1 Month

2 Months - 2 Years
3-11 Years

12-17 Years

18-64 Years

65-85 Years

More than 85 Years

1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Number of individual cases
B Female W Male 1 Not Specified

Moderna Vaccine

Not Specified
0-1 Month
2 Months - 2 Years
3-11 Years
12-17 Years [l
18-64 Years
65-85 Years
More than 85 Years

1,200 1,600 2,000 2,400
Number of individual cases
Il Female W Male 1 Not Specified

AstraZeneca Vaccine

Not Specified

0-1 Month

2 Months - 2 Years

3-11 Years

12-17 Years

18-64 Years

65-85 Years

More than 85 Years
0 50 100 150 200 250 300 350

400
Number of individual cases
B Female W Male 1l Not Specified
Janssen Vaccine
Not Specified
0-1 Month
2 Months - 2 Years
3-11 Years
12-17 Years
18-64 Years
65-85 Years
More than 85 Years
0 20 40 60 80 100 120 140
Number of individual cases
B Female W Male I Not Specified

Fig. 1. Age and gender distribution of suspected myocarditis with different COVID-19 vaccines according to EudraVigilance data analysis reported until December
18th, 2021. Across all the vaccine types, patients aged 18-64 years showed the highest prevalence of suspected myocarditis.
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comorbidities. Data regarding comorbidities were rarely reported and
are listed in (Supplementary Table 4,5).

3.5. Symptoms

Symptoms were variably reported in different studies, thus making
the total number of patients with a particular symptom different for each
symptom. The proportion of each symptom was: 94 % patients presented
with chest pain (465/496), 94 % of patients presented with tachycardia
(34/36), 44 % patients presented with fever (114/256), 38 % patients
presented with myalgia (67/173), 33 % patients presented with fatigue
(44/134), 30 % patients presented with a headache (49/163) and 27 %
patients presented with dyspnea (42/160; Table 2).

3.6. Biomarkers

Data on biomarkers was available from 40 studies. The levels of the
biochemical markers were expressed as median and interquartile range
and were as follows: troponin I 8.77 [2.14-14.03] ng/mL, C-reactive
protein [CRP] 4.36 [2.12-7.90] mg/dL; erythrocyte sedimentation rate
(ESR) 21.5 [14-27.5] mm/hour; brain natriuretic peptide (BNP) 271
[56-1865] pg/ml (Table 2, Supplementary Table 2).

3.7. Electrocardiographic data

Electrocardiographic (ECG) data were variably reported in different
studies: 62 % of patients presented with ST-elevation (178/289), 20 % of
patients presented with ST depression (9/44), 28 % of patients had T

wave inversion (47/169), and 70 % were reported to have a sinus
rhythm on ECG (148/210) (Table 2, Supplementary Table 2).

3.8. Findings in cardiac imaging

Echocardiography findings were reported for 400 patients. The me-
dian left ventricular ejection fraction was 56 % [53-61] at the time point
of diagnosis. In 87 of 102 patients, normal wall motion was reported,

2,500

2,000

1,500

Pfizer

| Fatal Cases

1,000
} II
- B

Moderna

B Not Recovered
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and in 59 of 100 patients, wall hypokinesis was described (59 %)
(Table 2).

Cardiac Magnetic Resonance Imaging (CMRI) data, the gold-standard
test for diagnosing myocarditis, was available for 619 patients (Sup-
plementary Table 3). Myocardial edema was described in 60 % of cases
(222/368). Late gadolinium enhancement was found in 68 % (419/619)
of patients. Myocardial fibrosis was found in 5 of 11 patients (45 %), and
epicardial fibrosis was reported in 4 of 4 patients (100 %). Biopsy was
performed in only 8 patients (Table 2).

3.9. Treatment

The following drugs were used for the treatment of myocarditis:
nonsteroidal anti-inflammatory drugs [NSAID] (overall: 83 %; 245/
295), colchicine (29 %; 96/328), steroids (36 %) (121/328), intravenous
immune globulin [IVIG] (19 %;57/305) (Table 2, Supplementary
Table 3).

3.10. Outcome

The outcome was reported for 273 patients: 268 patients survived
(98 %), and 5 patients died (2 %) [Pfizer = 3, Moderna = 1,
Janssen = 1]. The median (IQR) length of hospitalization was short: 3
(2-5) days (Table 2, Supplementary Table 3).

4. Discussion

To our knowledge, this is the first research article combining the
analysis of COVID-19 vaccination-associated myocarditis after the use of
four different vaccine types (two mRNA- and two vector-based vaccine
types) from the EudraVigilance database and the systematic review of
the literature addressing the occurrence, symptomatology, clinical
findings, and outcomes of myocarditis in COVID-vaccinated individuals.

The World Health Organization (WHO) and The Global Advisory
Committee on Vaccine Safety (GACVS) reviewed initial reports of
myocarditis after the administration of COVID-19 vaccination and

AstraZeneca Janssen

B Recovered

Fig. 2. Outcome analysis of Eudravigilance database on the reported cases of suspected myocarditis after the vaccination with COVID 19 vaccines. At the time point
of reporting, the highest number of patients still did not recover from the disease across all vaccine types, followed by the number of patients recovered. The fatality

rate was low for all vaccine types.
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Table 2

Characteristics of published cases with vaccine-associated myocarditis
according to the systematic review (number n, percentages, median and
interquartile range IQR. COPD = Chronic Obstructive Pulmonary Disease;
OSA = Obstructive Sleep Apnea; IVIG = Intravenous immunoglobulin.

Table 2 (continued)
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Variable

All patients (*N = 1026)

Colchicine, n (%)
NSAID, n (%)

96/328=(29 %)
245/295(83 %)

Variable All patients (*N = 1026)
Age, years 24.6 [19.5-34.6]
Sex: N = 820

Female, n (%)
Male, n (%)
Type of vaccine:
Moderna, n (%)
Pfizer, n (%)
J&J, n (%)

AstraZeneca, n (%)Sinovac n [%]Covaxin n [%]

Total vaccine dose

Patient with 1st Dose, n (%)Patient with 2nd

Dose, n (%)

Vaccination to Symptom Onset (Days)

Country:
USA, n (%)
Italy, n (%)
Spain, n (%)
Israel, n (%)
Qatar, n (%)
Germany, n (%)
Korea, n (%)
Iran, n (%)
France

Saudi Arabia

Brazil

Canada

Denmark

Turkey

Oman

Poland

India
Comorbidities:
Hypertension, n/N (%)
Diabetes Mellitus, n (%)
Hyperlipidemia, n (%)
Obesity, n (%)
Myocardial diseases, n (%)
Others

Symptoms:

Chest Pain, n (%)
Tachycardia, n (%)
Fever, n (%)
Fatigue, n (%)
Headache, n (%)
Dyspnea, n (%)
Myalgia, n (%)
Laboratory values:
Troponin I(ng/ml)
CRP(mg/dl)

ESR (mm/hr)BNP [pg/ml]

ECG Findings:
ST-elevation, n (%)

ST depression, n (%)

T wave inversion, n (%)
Sinus rhythm, n (%)
Echocardiogram findings:
Ejection Fraction (%)
Normal Wall Motion, n (%)
Hypokinesia, n (%)

MRI findings

Myocardial Edema, n (%)

Late Gadolinium Enhancements, n (%)
Myocardial Fibrosis, n (%)Epicardial Fibrosis, n

(%)
Biopsy, n
Management:

Steroids/Corticosteroid, n (%)

123(15 %)
697(85 %)
N =972
237(24 %)
727(75 %)
3(0.3 %)
3(0.3 %)

1 (0.1 %)
1 [0.1 %]
N =781
146 (19 %)
635 (81 %)
3(2-5)

N = 1026
393(38 %)
7(0.7 %)
2(0.20 %)
199(19 %)
1(0.10 %)
8(0.8 %)
4(0.4 %)
1(0.10 %)
1(0.10 %)
1(0.10 %)
1(0.10 %)
308(30 %)
69(7 %)
24 [2.3 %]
1 [0.1 %]
5 [0.5 %]
1 [0.1 %]

17(21 %)

6(8 %)

3(4 %)

2(29 %)

9(7 %)

COPD-1, OSA-2,
Hypothyroidism-2

465/496(94 %)
34/36(94 %)
114/256(44 %)
44/134(33 %)
49/163(30 %)
43/161(27 %)
67/173(38 %)

8.77 [2.14-14.03]
4.36 [2.12-7.90]
21.5 [14-27.5]
271 [56-1865]

178/289(62 %)
9/44(20 %)
47(28 %)
148/210(70 %)

56 [53-61]
87/102(85 %)
59/100(59 %)
N =619
222/368(60 %)
419/619(68 %)
5/11 (45 %)4
(100 %)

8

121/328(36 %)

IVIGASPIRIN 57/305(19 %)37/140
(26 %)

Outcome N =273

Mortality, n (%) 5(2 %)

Survived, n (%) 268 [98 %]

Length of hospitalization(days) 3(2-5)

issued an advisory statement on 26th May 2021 [80]. After this state-
ment, more data in multiple countries have become available as the
number of individuals receiving the COVID-19 vaccine and reporting
myocarditis after vaccination increased. Suspected cases of myocarditis
and pericarditis were reported to EudraVigilance in Europe. As of June
2021, 40.6 cases of myocarditis per million vaccine second doses
administered among males and 4.2 cases per million-second vaccine
doses administered among females in individuals 12-29 years of age
were reported based on data from the US Vaccine Adverse Events
Reporting System (VAERS) [81]. The reported numbers declined in
males and females over 30 years to 2.4 and 1.0 per million-second
vaccine doses, respectively [80]. As of 3 December 2021, the VAERS
data search showed 1977 confirmed reports of myocarditis in all age
groups post-COVID-19 vaccination. Most of these cases are reported in
male adolescents and young adults after the second dose of the COVID-
19 vaccine [80]. A study conducted from December 2020 to August
2021 on VAERS data reported 1991 reports of myocarditis among
192,405,448 persons receiving a total of 354,100,845 mRNA-based
COVID-19 vaccines. They found a median age of 21 years
(16-31 years) and a median time to symptom onset as 2 days (1-3 days)
[1]. The reported rate of myocarditis in the study was highest after the
second vaccination dose in adolescents and young men aged 18 to
24 years. The myocarditis was mild in most cases, and the most common
treatment was non-steroidal anti-inflammatory drugs in 87 % of pa-
tients. A similar finding was reported in a study by Hajjo et al. in which
myocarditis was mostly seen in the 18-29 years age group and after a
second dose of vaccination [82]. Our findings are in agreement with the
observed reports [83], with the affected median (IQR) age of individuals
in our study of 24.6 years, predominantly males (85 %), and in 81 % of
patients receiving a 2nd dose of COVID-19 vaccine.

Historically, post-vaccination myocarditis has been strongly associ-
ated with the smallpox vaccine [84], and isolated cases have been re-
ported after influenza, tetanus, human papillomavirus, and hepatitis B
vaccinations [85]. The exact pathophysiology of post-vaccination
myocarditis remains unknown. Endomyocardial biopsy and autopsy
reports have shown lymphocytic and eosinophilic infiltration adjoining
myositis, suggesting an immune-mediated injury or hypersensitivity
reaction [86]. As symptoms of post-COVID-19 vaccination myocarditis
were mild with rapid clinical improvements, endomyocardial biopsies
could not be performed to generate adequate clinical evidence [12,87].
Although myocarditis is rare and tends to resolve spontaneously in most
cases, it may lead to life-threatening arrhythmias, cardiomyopathy, and
heart failure [88].

4.1. Sex

The EudraVigilance database analysis shows that cases of myo- or
pericarditis were reported predominantly in males. The analysis of
published cases in our systematic review also revealed that the male sex
was primarily affected by myocarditis. This finding is synonymous with
the study conducted on VAERS data that reported that males comprised
82 % of the myocarditis cases [89]. Although the causes and patho-
physiology for the male predominance in post-COVID-19 vaccination
myocarditis are currently unknown, increasing evidence suggests that
sex and sex hormones profoundly impact immune responses. Following
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Fig. 3. Geographical Distribution of Cases of Myocarditis after Vaccination (Country, No of cases) based on the systematic literature search.

vaccination, females generally experience more adverse reactions than
males and develop higher antibody responses. Indeed, protective anti-
body responses are twice as high in women as compared to men after
vaccination against influenza, rubella, measles, mumps, hepatitis A and
B, yellow fever, herpes simplex 2, dengue viruses, rabies, or smallpox
[90]. These sex differences seem to depend on circulating estradiol
levels and diminish with increasing age [91]. Generally, men are more
likely to develop myocarditis and post-myocarditis heart failure than
women [92] and an excess risk of myocarditis during SARS-CoV-2
infection has recently been described in young males [93]. These sex
differences in immune responses in cardiac tissue seem to depend on age
as a pro-inflammatory shift in aged female hearts, but not in male hearts,
has recently been demonstrated [94]. Finally, a gender influence on the
reporting of vaccine-related adverse events might also account for the
lower incidence of COVID-19 vaccine-related myocarditis in women.
Accordingly, Pilote and coworkers have recently shown that institu-
tionalized bias against women in healthcare settings was positively
associated with the male-to-female ratio of reported COVID-19 cases in
countries with higher gender inequality [95]. In addition, a previous
study suggested that diagnostic evaluation, including ECG, lab markers,
echo, and MRI, were performed more commonly in males presenting
with chest pain after vaccination, even though the prevalence of chest
pain in females was higher than in males in that study [83].

4.2. Age

Our analysis shows that the median age for post-COVID vaccination
myocarditis was 24.6 years. Our observations are similar to the results
published in the current literature, showing that people younger than
30 years had a higher incidence of post-vaccine myocarditis [96,97].
The number of cases in the EugraVigilance database was highest in the
age group of 18-64, as individuals in these age categories received the
highest number of doses and were the largest age group by size. CDC
update from VAERS data reports similar findings where expected cases
of myocarditis far exceed the observed number of cases post-COVID-19

vaccines. Maximum cases were reported in age groups of 18-24 years for
both males and females, followed by the adolescent age group in males
and 30-39 years in males. Extensive studies need to be conducted on an
ongoing basis by sub-grouping age groups and stratifying them by the
number of doses received to explain the differences in the incident rates
by age [98].

4.3. Timing of myocarditis

Our systematic analysis of the literature confirms the results reported
by the Center for Disease Control (CDC). The median interval of symp-
tom onset was 3 [2-5] days post-vaccination, with 92 % of patients
experiencing symptom onset within seven days of vaccination, 96 % of
patients meeting the criteria for myocarditis were hospitalized, experi-
enced an acute clinical course with mild symptoms with a discharge rate
of 95 % and 0 % mortality [81].

4.4. Outcome

Our study shows that the mortality of COVID-19 vaccine-related
myocarditis is higher than the mortality associated with myocarditis
caused by the COVID-19 infection [99]. Nevertheless, acute care phy-
sicians should consider myocarditis as a differential diagnosis in patients
presenting with cardiac symptoms within 40 days of receiving COVID-
19 vaccinations. Affected patients need to be followed up longitudi-
nally on a global level to determine the cause and sequelae of post-
vaccination myocarditis [80].

4.5. Differences in the incidence of myocarditis between the vaccines

Our report summarizes the reported incidence of myocarditis after
COVID-19 vaccination with all four vaccine types used in Europe. It is
not clear why there are differences in the incidence of myocarditis be-
tween the vaccines. Our study results show that the incidence of post-
COVID-19 vaccine myocarditis is higher with m-RNA vaccines,
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particularly higher with Moderna Vaccine (40 cases per 1 million doses
administered) vs Pfizer Vaccine (22 cases per 1 million doses adminis-
tered). In contrast, our systematic literature shows that myocarditis
cases were most frequently published after the vaccination with the
Pfizer-BioNTech vaccine (n = 710). The EudraVigilance data correlate
with the results from a cohort study that reported a pooled incidence
rate ratio comparing Moderna and Pfizer as 1-43, with an excess risk of
29 cases per million doses in Moderna recipients compared with Pfizer
recipients [97]. Additionally, Karlstad et al. conducted a cohort study on
23.1 million Nordic residents and reported that the second vaccine dose
was associated with a higher risk of myocarditis. They reported a higher
adjusted incident rate ratio (IRR) with the Moderna vs Pfizer vaccine:
adjusted IRRs of 6.57 for the Moderna vaccine and 1.75 for the Pfizer
vaccine [100]. Reports have also suggested that Pfizer-BioNTEch was
used in 164 countries while Moderna was used in 11 countries [101].
Current literature suggests that the overall incidence rates of myocar-
ditis after mRNA vaccines exceeded non-mRNA vaccines [100,101].
One possible explanation for a lower incidence of myocarditis after
the vector vaccine might be due to the replication of the incompetent
adenovirus vectored COVID-19 vaccines showing a broad tissue tropism
[102]. While little is known about the tissue tropism of mRNA-based
vaccines, their instability at higher temperatures would suggest uptake
predominantly at the site of administration, i.e., in the muscle tissue.
Transcription of mRNA is followed by the expression of the spike protein
on the cell surface. These high local concentrations of the antigen will
coincide with the inevitable local muscle trauma at the vaccination site,
which will result in the leakage of cytosolic muscle proteins [103]. It is
possible that this coincidence will trigger autoreactive antibodies in
susceptible individuals that cross-react with myocardial tissue. If this is
the case, subcutaneous injection should be explored, which may in-
crease the tolerability and cardiac safety of mRNA vaccines [104].

4.6. CMR for diagnosis of myo/pericarditis

Due to nonspecific clinical presentation and paucity of specific bio-
markers, cardiac imaging stands out to play an important role in diag-
nosing myo/pericarditis. Many international guidelines have
recommended CMR as a class I evidence [105-107]. CMR establishes the
diagnosis of suspected myocarditis; hence, any patient after vaccination
with clinical symptoms of myo/pericarditis should undergo CMR [108].
It is equally important to follow up vaccine-associated myocarditis with
cardiac MRI despite showing good results of complete resolution of
edema [109].

4.7. Strengths and Limitations

Apart from mRNA COVID-19 vaccines, this is the very first and most
comprehensive review that has addressed the incidence of myocarditis
after AstraZeneca vaccination. Secondly, we have included exhaustive
European data from the EudraVigilance database and provide readers
with a comparison with the USA VAERS database in terms of incidence
rate and outcomes with different vaccine types. Our study has several
limitations: a) due to the invasive nature of the procedure, a surge in
COVID-19 cases, good response to conservative treatment with a self-
limiting disease course, biopsy has not been performed in the majority
of the available cases, the diagnosis of myocarditis or pericarditis
following COVID-19 vaccination does not necessitate a diagnosis of
vaccine-induced myo (or peri) carditis. The fatal outcome may not al-
ways have been due to myopericarditis.; b) missing or incompletely
reported data for gender, age, and dose number may have caused dis-
crepancies in the final outcomes- the use of a database/registry opens up
the data to under-reporting (as not all would have been captured) and
over-reporting (as suspected cases might have been proven to be another
diagnosis altogether). and c) the exact number of mRNA vaccines
administered for Pfizer and Moderna is not available, and we could not
provide the myocarditis risk associated with specific mRNA vaccine
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types. Furthermore, data on the reported cases of myocarditis and the
number of vaccine doses administered are coming from two different
databases, which are not connected. Therefore, data on incidences re-
ported for a specific age group according to the vaccine doses admin-
istered could not be calculated. Lastly, the majority of studies haven’t
reported fulminant and non-fulminant myocarditis-related data. We
were not able to report it in our analysis.

4.8. Future Directions

Future research needs to determine specific etiology and patho-
physiology relating to the role of immune cells, molecular mimicry, and
autoantibody formation in the development of COVID-19-acquired im-
munity post-COVID-19 infection and vaccination and myocardial injury.
It is essential to characterize post-vaccination myocarditis structurally
and functionally, both at a micro and macro level, using histopathology,
immunochemistry, EKG, cardiac biomarkers, and imaging. The
risk-benefit ratio of COVID-19 vaccinations for different genders, age
groups, ethnicities, and genetic differences needs to be explored, and
predisposing factors for the development of myocarditis with COVID-19
or its vaccination be identified. With the emergence of Omicron and
Delta variants and 3rd COVID-19 booster of mRNA vaccines, we foresee
additional booster vaccinations against COVID-19. Thus, characteriza-
tion of clinical courses, short/long term outcomes, treatment, and
management protocols need to be defined for post-COVID-19 vaccina-
tion myocarditis. In addition, the patients presenting with prolonged
symptoms need to be followed up prospectively to identify the long-term
effects of myocardial inflammation caused by the vaccine on the struc-
ture and function of the myocardium.

5. Conclusion

Our study suggests that myocarditis after COVID-19 vaccination is
rare, mostly mild, and resolves with conservative treatment. As the risk
of cardiac complications due to SARS-CoV-2 infection far exceeds the
risks of rare vaccine-related transient myocarditis, which occurs pre-
dominantly in young male patients, our data supports COVID-19
vaccination in a general population. In the case of a vaccine-related
event, reporting, monitoring of affected patients, and evaluation of re-
ported data will provide evidence-based information to guide manage-
ment and mitigate vaccine-associated myocyte inflammation.
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