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Abstract

Review Article

INTRODUCTION
Coronavirus disease 2019 (COVID‑19) has affected more 
than 219 million individuals and caused over 4.5 million 
deaths worldwide, resulting in enormous health, economic 
and social impacts in countries all over the world. The 
development of effective vaccination against severe acute 
respiratory syndrome coronavirus 2 (SARS‑CoV‑2), the virus 
responsible for COVID‑19 has shown to be a critical tool in 
the control of the spread and impact of this pandemic. At 
present, multiple coronavirus vaccines have been developed, 
including the mRNA vaccines BNT162b2 (Pfizer‑BioNTech/
Comirnaty) and mRNA‑1273 (Moderna), and adenoviral 
vector vaccine Ad26.COV2.S (Johnson and Johnson/Janssen), 
which have been authorised for emergency use by multiple 
regulatory agencies.[1,2] Other vaccines on the market include 
the AZD1222 (Oxford‑AstraZeneca/Covidshield),[2] the 
inactivated vaccine CoronaVac (Sinovac Biotech)[3] and 
WIBP/BBIBP‑CorV COVID‑19 vaccine (Sinopharm), and 
the adenoviral vector vaccine Gam‑COVID‑Vac (Sputnik V). 

At the time of writing, 6.06 billion vaccine doses have been 
administered worldwide.[4]

Despite the general success in vaccination rollout, monitoring 
the safety of COVID‑19 vaccines have identified potential 
cardiac adverse events. Concerns regarding myocarditis 
and pericarditis were first raised in Israel, after a report 
of myocarditis incidence rates of 1 in 3,000 to 1 in 6,000 
in 16‑ to 24‑year‑olds. On 23 June 2021, the US Centres 
for Disease Control and Prevention’s safety committee 
published a statement regarding the likely association between 
Pfizer‑BioNTech and Moderna vaccines with myocarditis 
and pericarditis. As of 26 July 2021, 699 confirmed cases of 
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myocarditis and pericarditis was identified from the Vaccine 
Adverse Event Reporting System (VAERS), most commonly 
in male adolescents and young adults aged 16 or older. As 
increasing numbers of younger individuals are vaccinated, it 
is important to understand the potential side effects, in order 
to appropriately counsel patients on the risks and benefits of 
the COVID‑19 vaccine.

The aim of this review is to explore the reported cardiac adverse 
events associated with different types of COVID‑19 vaccines.

METHODS
We performed a search on MEDLINE, Embase, Scopus, 
CENTRAL and clinicaltrials.gov from inception until 19 July 
2021. The search terms were (“covid” or “coronavirus” or 
“SARS‑CoV‑2”) AND (“vaccin*” or “jab” or “immunisation” 
or “immunization” or “injection” or “BioNTech” or “Pfizer” or 
“Comirnaty” or “BNT162b2” or “Moderna” or “mRNA‑1273” 
or “Johnson and Johnson” or “Janssen” or “AstraZeneca” or 
“AZD1222” or “Vaxzevria” or “Covishield” or “Sputnik V” or 
“CoronaVac” or “Sinovac” or “Sinopharm” or “WIBP‑CorV” 
or “BBIBP‑CorV”) AND (“heart” or “myocard*” or “cardio*” 
or “coronary*” or “vascu*”). The seven vaccines chosen for 
the search were the more commonly used vaccines worldwide. 
The search was not restricted by time, type or language 
of publication. The inclusion criteria were clinical studies 
on COVID‑19 vaccination and reported cardiac adverse effects 
post‑vaccination. Additional articles were identified from hand 
searching of the references of reviews and included articles. 
Primary research studies including randomised trials, cohort 
studies, case series and case reports were included, and there 
were no limitations on publication type. Studies that did not 
report cardiac side effects e.g. arterial or venous thrombosis 

only and animal studies were excluded. Titles and abstracts 
were independently screened by two researchers (JSH and 
CHS) and discrepancies were resolved by discussion. Data 
from full texts were extracted onto a standardised form, 
which included the study type, type and dose of COVID‑19 
vaccine, patient characteristics, investigations, management 
and outcomes.

RESULTS
A total of 42 studies reported cardiac side effects 
post‑COVID‑19 vaccination and were included in this study, 
including 33 case reports or case series, two cohort studies, 
four randomised controlled trials (RCT), and four studies 
exploring the data from drug monitoring systems such as 
the US vaccine adverse event reporting system (VAERS) 
and World Health Organization (WHO) VigiBase ‑ one 
study reported both a clinical case and VAERS‑based 
data.[5] A majority of articles reported on the mRNA vaccines 
BNT162b2 (Pfizer‑BioNTech) and mRNA‑1273 (Moderna), 
four articles studied the AZD1222 (Oxford‑AstraZeneca), and 
two studied JNJ‑78436735 (Johnson and Johnson). There was 
one RCT on the inactivated vaccine CoronaVac. There were 
no studies reporting cardiac manifestations of WIBP‑CorV/
BBIBP‑CorV (Sinopharm). The most common cardiac adverse 
events were myocarditis, pericarditis, AMI, arrhythmias and 
stress cardiomyopathy. The reported data on each of the seven 
vaccines with available articles are summarised in Table 1.

Myocarditis and pericarditis
We identified 314 cases of myocarditis, 59 cases of 
myopericarditis and 8 cases of pericarditis post‑COVID‑19 
vaccination. This included one RCT, two registry studies and 
26 case reports or case series.

Table 1. Comparison of the characteristic, efficacy and safety of seven vaccines against COVID‑19.

Vaccine BNT162b2 
(Pfizer‑
BioNTech)

mRNA‑1273 
(Moderna)

AZD1222 (Oxford‑
AstraZeneca)

Ad26.COV2.S 
(Johnson & Johnson)

Sinovac‑
CoronaVac 
(Sinovac 
Biotech)

BBIBP‑CorV 
(Sinopharm)

Gam‑COVID‑
Vac (Gamaleya 
Research Institute)

Type of 
vaccine

mRNA mRNA Adenoviral vector Adenoviral vector Inactivated Inactivated Adenoviral vector

Trade names Cominarty Spikevax Covishield, Vaxzevria Janssen CoronaVac Sinopharm Sputnik V

Number of 
doses

2 2 2 1 2 2 2

Mechanism mRNA encoding 
a mutated form of 
the spike protein 
of SARS‑CoV‑2

mRNA 
encoding spike 
protein of 
SARS‑CoV‑2

Replication‑deficient 
simian adenovirus 
vector containing coding 
sequence of spike protein 
of SARS‑CoV‑2

Replication‑incompetent 
human adenovirus Ad26 
vector containing coding 
sequence of spike 
protein of SARS‑CoV‑2

Inactivated 
SARS‑CoV‑2 
with adjuvant 
aluminium 
hydroxide

Inactivated 
SARS‑CoV‑2 
with adjuvant 
aluminium 
hydroxide

Two recombinant 
replication‑defective 
human adenoviruses 
(Ad26 and Ad5) 
containing coding 
sequence of spike 
protein of SARS‑CoV‑2

Reported 
cardiac side 
effects

Myocarditis, 
pericarditis, AMI, 
arrhythmia, stress 
cardiomyopathy

Myocarditis, 
AMI

AMI, pericarditis Myocarditis None 
reported

None reported AMI

AMI: acute myocardial infarction
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Randomised controlled trials and registry studies
One RCT of the Johnson and Johnson vaccine found one 
case of pericarditis considered related to vaccination 
in 21,895 patients in the vaccinated arm, and no cases 
in the control arm.[6] Two studies using data from drug 
monitoring systems reported 251 cases of myocarditis 
or myopericarditis.[7,8] One of them reported 15 patients 
had Pfizer‑BioNTech vaccine and 22 had the Moderna 
vaccine,[7] while the other study included patients who had 
the Pfizer‑BioNTech, Moderna and other vaccines.[8] Two 
hundred and fourteen cases of myocarditis were reported 
after Pfizer‑BioNTech, Moderna and other vaccinations on 
the VigiBase, 22% of whom had associated pericarditis.[8] 
Only mRNA vaccines (Pfizer‑BioNTech and Moderna) were 
significantly associated with pericarditis in this study.[8]

Case reports and case series
Among the remaining 110 cases of myocarditis from case 
reports and case series, 60 cases had the Pfizer‑BioNTech 
vaccine, 49 had the Moderna vaccine and one had the Johnson 
and Johnson vaccine. All 12 cases of myopericarditis were 
post Pfizer‑BioNTech vaccination. Six patients had pericarditis 
after Pfizer‑BioNTech vaccination, and one patient with 
pericarditis received the Oxford‑AstraZeneca vaccine.[9‑11] One 
patient developed pericarditis four days after the first dose 
and recurrent pericarditis four days after the second dose of 
Pfizer‑BioNTech vaccination.[9]

From case reports and case series, myocarditis was most 
commonly reported in healthy young males. The age of 
individuals who experienced post‑vaccination myocarditis 
ranged from 14 to 67, with 28 out of 62 cases (45.2%) were 
under 20 years old, and 49 cases (79%) were under 30 years 
old. The majority of patients were male (243 out of 373 cases, 
65.1%). Most patients had no previous co‑morbidities, 6 cases 
had previous COVID‑19 infection[7,12‑14] and one patient had 
previous COVID‑19‑induced myocarditis.[7] For patients with 
post‑vaccination pericarditis, their age ranged from 21 to 
80 years, and 42.8% were male. They had comorbidities such 
as idiopathic pericarditis, immune thrombocytopenic purpura, 
lupus, hypertension and atrial fibrillation.[9‑11]

The most common presenting symptoms of myocarditis and 
pericarditis were chest pain and dyspnoea, with preceding 
systemic symptoms such as fever, fatigue and myalgia. One patient 
with background of heart failure with preserved ejection fraction 
presented with acute decompensated heart failure 6 hours after the 
second Moderna vaccine.[7] The time of onset of symptoms ranged 
from 6 hours to 25 days post‑vaccine, and 99.4% occurred within 
7 days of vaccination (333 out of 335 cases). Two cases of cardiac 
magnetic resonance imaging (CMR)‑confirmed myocarditis 
occurred on day 16 and day 25 post‑vaccination.[14,15]

Cases of post‑vaccination myocarditis showed abnormalities 
in cardiac markers, electrocardiogram (ECG) and cardiac 
imaging. All cases demonstrated elevated cardiac troponin 

levels, and this ranged from a 10 to 400‑fold increase in a case 
series of 23 patients post‑mRNA vaccine.[16] Brain natriuretic 
peptide (BNP) or N‑terminal pro‑BNP (NT‑pro‑BNP) was 
performed in 20 cases, which was elevated in 11 patients, one 
of whom had previous heart failure.[7] Levels of C‑reactive 
protein (CRP) ranged from 0.1 to 100 mg/L, and erythrocyte 
sedimentation rate (ESR) ranged from 4 to 43 mm/hour. 
In contrast, patients with pericarditis had normal troponin 
levels, but generally raised CRP and ESR.[9‑11] Most cases of 
myocarditis had abnormal ECG (90.1%, 73 out of 81 cases), 
and ST elevation was the most common abnormality (77.6%, 45 
out of 58 cases).[5,11,12,14,15,17‑27] Other abnormalities include ST 
depression,[28] non‑specific T‑wave changes,[7,16,23] right bundle 
branch block (RBBB)[29] and PR depression.[12,15,23] Features on 
echocardiogram suggestive of myocarditis included reduced 
left ventricular ejection fraction (LVEF) and regional wall 
motion abnormalities, and 17% of cases had reduced LVEF 
of 40‑50% in the case series by Montgomery et al.[16] These 
features were often difficult to distinguish from acute coronary 
syndrome, and 39 cases underwent coronary angiography or 
CT coronary angiography (CTCA), which were all normal 
apart from mild non‑obstructive coronary artery disease 
in three patients.[13,23,29] Four cases of pericarditis showed 
pericardial effusion on echocardiogram.[9‑11]

As echocardiogram was often normal or showed non‑specific 
features, CMR was performed in the majority of cases 
to confirm a diagnosis of myocarditis. The Lake Louis 
Criteria states that a combination of at least one T2‑based 
criterion (global or regional increase of T2 relaxation time 
or an increased signal intensity) and at least one T1‑based 
criterion (increased myocardial T1, extracellular volume 
or late gadolinium enhancement) has high specificity for 
diagnosing acute myocarditis. This was reported in 67 cases 
of post‑vaccination myocarditis reported. The gold‑standard in 
the diagnosis of myocarditis is endomyocardial biopsy, which 
was performed in only one case.[5]

The outcomes of vaccine‑induced myocarditis were generally 
good, 103 patients recovered and were discharged, eight were 
admitted to intensive care unit,[21,25,27,30,31] and one patient 
died.[7] The length of hospital stay ranged from 2–8 days, and 
treatment included colchicine, non‑steroidal anti‑inflammatory 
drugs (NSAIDs), intravenous immunoglobulins and 
prednisolone. One patient had brief episodes of non‑sustained 
ventricular tachycardia (NSVT), which resolved prior to 
discharge.[11] Cardiac symptoms resolved within one week 
for 70% of patients, while 30% continued to have chest 
discomfort.[16] All seven patients with pericarditis recovered 
with no complications, after treatment with NSAIDs, 
colchicine and prednisolone.[9‑11]

Acute myocardial infarction
Eleven articles reported AMI after COVID‑19 vaccination, 
including six case reports and case series,[32‑37] two 
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cohort studies[38,39] and three randomised controlled 
trials (RCT).[40‑42]

Cohort studies and randomised controlled trials
In a cohort of 8,371 nursing home residents who had 
one dose of mRNA vaccine, one 56‑year old man with 
previous coronary artery bypass grafting, diabetes mellitus, 
hypertension, and hyperlipidaemia developed AMI after 
Pfizer‑BioNTech vaccination. [38] A population‑based 
study in Denmark and Norway found that one dose of the 
Oxford‑AstraZeneca vaccine was associated with excess event 
rate of 0.6 per 100,000 vaccinations for AMI, and a reduction 
of 2.2 per 100,000 vaccinations for ischemic heart disease 
without AMI, but both were not statistically significant.[39] 
There were no cases of unstable angina in 12,021 patients 
who received the Oxford‑AstraZeneca vaccine in a RCT.[43] 
The RCT of the Moderna vaccine found a similar proportion 
of myocardial infarction in both vaccinated and placebo 
arms.[42] The RCT of Sputnik V reported two cases of AMI 
out of 16,4267 vaccinated patients.[40] For CoronaVac, there 
were no cases of AMI in 6,646 the vaccinated arm and 1 case 
in the placebo arm.[41]

Case reports and case series
Of the six patients from the case reports and case series, 
three had the Pfizer‑BioNTech vaccine, one had the Moderna 
vaccine and two had the Oxford‑AstraZeneca vaccine. 
All of these patients developed AMI after their first dose 
of vaccine. Patients who developed AMI post‑vaccination 
were generally older than those who developed myocarditis, 
being aged 54 to 96 years, and 40% were male (2 out of 
5 cases). Four patients had cardiovascular comorbidities such 
as type 2 diabetes mellitus, hypertension, hyperlipidemia, 
stroke and previous myocardial infarction. Patients typically 
presented with chest pain between 1 hour and 12 days 
post‑vaccination. One patient presented with an acute 
stroke, one patient collapsed 30 minutes after his first 
inoculation of the Pfizer‑BioNTech vaccine, and one patient 
was found dead 2 days after receiving the first dose of 
Pfizer‑BioNTech vaccine. All of the patients had raised 
cardiac troponin levels, ischemic changes on ECG, and 
regional wall motion abnormality on echocardiogram. Primary 
percutaneous coronary intervention (PCI) was performed in 
two patients.[33,34] A 54‑year‑old female who presented with 
a stroke and thrombosis in the right coronary artery (RCA) 
underwent plain old balloon angioplasty that restored distal 
flow to the RCA, but extensive thrombosis persisted. She 
was admitted to intensive care unit and died after 5 days.[32] 
One patient had thrombolysis and was discharged 5 days 
later.[36] One patient declined cardiac catheterisation and was 
discharged 3 days later.[37] A 73‑year‑old Chinese female 
with hypertension had hemodynamically non‑significant 
left anterior descending artery (LAD) disease, confirmed 
by fractional flow reserve (FFR 0.83).[33] The outcomes 
were mixed, with three patients died within 5 days and 

the remaining patients were discharged within 3 days of 
hospitalisation.

Arrythmias and other cardiac manifestations
Rare cases of cardiac arrhythmias post‑COVID‑19 vaccination 
were reported in one case report and four RCTs of the Sputnik 
V, Oxford‑AstraZeneca, Johnson and Johnson and Moderna 
vaccine.[40,43,44] A 46‑year‑old female had a background of 
implantable cardioverter defibrillator (ICD) for torsades 
de pointes following the delivery of her child at the age 
of 40.[44] She had occasional palpitations due to premature 
ventricular contractions (PVCs) but was previously free from 
faintness and torsades de pointes for six years. She started to 
experience frequent palpitations due to frequent PVCs one 
day after the second dose of Pfizer‑BioNTech vaccine, and 
had NSVT and torsades de pointes recorded by the ICD five 
days post‑vaccination. Her last NSVT occurred eight days 
post‑vaccination and she recovered with no further arrhythmia.

In RCTs, three cases of atrial fibrillation associated with Sputnik 
V vaccine were reported,[40] and the Oxford‑AstraZeneca 
vaccine was associated with one case of atrial flutter and 
one case of complete heart block.[43] There was one case of 
tachycardia but no cases of atrial fibrillation or atrial flutter 
associated with the Johnson and Johnson vaccine.[6] Among 
15,185 patients vaccinated with the Moderna vaccine, there 
were four cases of bradycardia and four cases of atrial 
fibrillation, similar to the placebo arm.[42]

There were two cases of stress cardiomyopathy associated with 
the Pfizer‑BioNTech vaccine.[11,33] A 44‑year‑old female with a 
history of mitral valve prolapse and mild mitral regurgitation 
presented with transient chest pain and palpitations 15 minutes 
after the first dose.[33] She had a raised troponin I, ST‑segment 
elevation in inferolateral leads on ECG, apical ballooning 
with mildly depressed LVEF of 50% on echocardiogram and 
without significant coronary artery stenosis on CTCA. The 
second case was a 60‑year‑old female with a history of PCI 
to the left anterior descending artery, who presented with 
exertional chest pain four days after receiving the second dose 
of vaccine.[11] There were inferolateral T wave inversions on her 
ECG. Similarly, her echocardiogram showed mildly depressed 
LVEF with apical akinesis, and she had a patent LAD stent with 
no obstructive disease on coronary angiogram. Both patients 
were managed medically.

DISCUSSION
The main reported cardiac side effects associated with 
COVID‑19 vaccines were myocarditis and pericarditis, with 
a few reports of AMI, arrhythmia and stress cardiomyopathy. 
Myocarditis and pericarditis were the most common reported 
post‑mRNA vaccine cardiac events particularly in young 
adolescent males and after the second dose of vaccination. 
Outcomes of post‑vaccine myocarditis and pericarditis were 
good, and these cardiac side effects must be balanced with the 
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harms of COVID‑19 infection when considering whether to 
recommend COVID‑19 vaccination.

The vaccination rollout is currently ongoing, and more than 
6.06 billion doses have been administered globally.[4] The 
Oxford‑AstraZeneca vaccine has the most widespread use, 
being taken up in 181 countries across Europe, Asia, Africa, 
North and South America and Australia. The mRNA vaccines 
Pfizer‑BioNTech and Moderna are used in 111 countries and 63 
countries respectively, mostly in Europe, North America, and 
parts of Asia including Singapore. In the United States, mRNA 
vaccines make up 96.1% of the administered COVID‑19 
vaccines, with remainder being the adenoviral vector vaccine 
by Johnson and Johnson. In Singapore, a total of 9.03 million 
doses of the mRNA vaccines by Pfizer‑BioNTech and 
Moderna have been administered, and 4.46 million people 
are fully vaccinated. As vaccination programs progress, 
younger individuals are increasingly vaccinated. In France, 
the 18‑24 year olds account for 26.8% of vaccinations in July 
2021, a sharp increase from 3.7% in May 2021. This trend is 
also expected to be observed in other countries as older groups 
are fully vaccinated. Combined with the high proportion of 
mRNA vaccination, it is important to understand the extent and 
severity of reported myocarditis and pericarditis side effects 
in this younger population.

Vaccine‑associated myocarditis has also been described in 
other immunisations. Vaccines that may cause myocarditis 
or pericarditis include the smallpox, meningococcal, typhoid, 
Japanese encephalitis, and anthrax vaccines, according to data 
from VAERS in 2011‑2015.[45] However, the reported rates 
from passive surveillance may not be representative of the true 
incidence, as active surveillance of participants after smallpox 
vaccine found a 60‑times higher incidence of subclinical 
myocarditis compared to overt clinical myocarditis.[46] The 
mechanism underlying vaccine‑associated myocarditis may 
be related to hypersensitivity due to significant eosinophilia 
observed with smallpox vaccine‑associated myocarditis. 
However, this has not been observed with mRNA COVID‑19 
vaccine‑associated myocarditis.[13,24] Proposed theories include 
the molecular mimicry of the viral spike protein with an 
unknown myocardial protein or direct spike‑mediated toxicity. 
Whether this explains the relatively strong association of 
mRNA vaccines with myocarditis compared to other vaccines 
remains to be studied. The mechanism behind the association 
of younger males with myo‑pericarditis post‑vaccination is 
unclear, and although there are suggestions from animal and 
in vitro studies that testosterone may increase viral binding 
to myocytes and inhibit anti‑inflammatory cell populations 
in coxsackie virus‑induced myocarditis,[47] whether this is 
applicable to vaccine‑induced myocarditis has not been 
studied.

Post‑vaccine myocarditis associated with mRNA COVID‑19 
vaccines typically occurred around four days after the second 

dose, in adolescent or young adult males. VAERS data on 
300 million doses of mRNA Pfizer‑BioNTech and Moderna 
vaccine identified 1,226 preliminary reports of myocarditis and 
pericarditis, predominately affecting men who are adolescents 
and young adults which is similar to the findings of our review. 
In males aged 12–17 years, the approximate rate of myocarditis 
is 56–69 per million vaccinated.[48] Compared to a baseline 
incidence of 1 to 22 per 100,000 person‑years the observed 
numbers in a study of healthy members of the US military were 
around 2–4 times higher.[16] The Health Science Authority of 
Singapore received 12 reports of myocarditis and pericarditis 
after 5.5 million doses of mRNA vaccines, seven of whom were 
males aged below 30 years.[49] The overall local incidence rate 
of myocarditis is 0.22 per 100,000 doses and pericarditis is 
1.24 per 100,000 doses in males below 30 years old. A recently 
published cohort study involving 2 million individuals in 
forty hospitals in the US reported 20 cases of vaccine related 
myocarditis (1.0 per 100,000 vaccine doses) and 37 cases 
of pericarditis (1.8 per 100,000 doses).[50] Up to 21 July, the 
UK MHRA had received 134 reports of myocarditis and 117 
reports of pericarditis following 20.4 million first doses and 
12.9 million second doses of Pfizer‑BioNTech vaccine. Out of 
1.3 million first doses and 0.3 million second doses of Moderna 
vaccine, there were 19 reports of myocarditis and 20 reports of 
pericarditis. Additionally, there were 82 reports of myocarditis 
and 135 reports of pericarditis following 24.7 million first 
doses and 23.2 million second doses of Oxford‑AstraZeneca 
vaccine in the same period. This suggests that adenoviral vector 
COVID‑19 vaccines may also be associated with myocarditis 
and pericarditis, although less commonly reported.

While COVID‑19 vaccination is associated with myocarditis 
and pericarditis, COVID‑19 infection itself is also observed 
to cause myocarditis. In a study of US competitive collegiate 
athletes with recent COVID‑19 infection, the prevalence of 
clinical and subclinical myocarditis was 2.3% on CMR.[51] In 
other reports, myocarditis caused by COVID‑19 was relatively 
rare despite myocardial injury and raised cardiac markers 
being common in severe disease.[52] The prevalence of 
myocarditis was approximately 1% in a cohort of 1169 
hospitalised COVID‑19 patients, but data in larger cohorts 
are lacking. In 12–17 year old males who have the highest 
risk of vaccine‑associated myocarditis, at a rate of 56–69 per 
million vaccinated individuals, it is estimated that 5,700 cases 
of COVID‑19, 215 hospitalisations, 71 intensive care unit 
admissions and 2 deaths would be prevented by COVID‑19 
vaccination.[48] As such, the balance of benefits to vaccination 
exceed the potential adverse effects of vaccination in the 
context of a pandemic.

Other possible adverse cardiac events reported include 
AMI, arrhythmia and cardiomyopathy. AMI is generally not 
thought to be attributed to COVID‑19 vaccination, although 
by coincidence, it would be expected that a proportion of 
individuals may experience AMI in the days and weeks 
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following vaccination.[49] Cases of AMI were rare in the 
COVID‑19 vaccine RCTs, and the rates of AMI were similar 
to rate expected in the general population.[39,40,43] Similarly, 
arrythmias and cardiomyopathy post‑vaccination were 
very rarely described and limited to a few case reports. On 
balance, the benefit of COVID‑19 vaccination even in young 
male populations exceeds the risk of cardiac adverse events. 
Considering that the outcomes of myocarditis and pericarditis 
post‑vaccination are good, vaccine uptake in this population 
should be encouraged in view of the current data. In contrast to 
the COVID‑19 vaccine, adverse reactions to other vaccines are 
well‑known but not as widely publicised. Taken together with 
the risk benefit ratio of COVID‑19 vaccination being highly 
in favour of vaccination, vaccine hesitancy to the COVID‑19 
vaccine needs to be addressed actively to encourage higher 
uptake in the general population.

The main limitation of this review was that the majority 
of included studies consisted of case reports and series, 
and thus may not be generalisable to the wider vaccinated 
population. Second, the diagnostic criteria of myocarditis 
cases were unclear in some reports, especially as not 
all studies were explicit in their method of exclusion of 
significant coronary artery disease, which may lead to an 
overestimation of cases of myocarditis. Similarly, as most 
patients who developed AMI or arrhythmia post‑vaccination 
already had a degree of pre‑existing heart disease, it was 
unclear if they were direct consequences of the vaccine or 
an acceleration of underlying cardiac pathology by factors 
such as psychological stress associated with vaccination. 
Third, as the younger population is likely the last cohort to 
be vaccinated in most countries, it would be expected that 
the published data would underestimate the incidence of 
myo‑pericarditis post COVID‑19 vaccination. Furthermore, 
under‑reporting may also be an issue in developing countries 
with less stringent adverse reactions reporting systems. 
We did not find any reported cardiac manifestations with 
WIBP‑CorV/BBIBP‑CorV (Sinopharm). This result must 
be taken critically, as while the lack of associated cardiac 
manifestations could be a possibility, an alternative 
explanation could be that there is a lack of published data 
on this vaccine. There is a need to continuously study and 
monitor for the adverse reactions of all the vaccines reviewed. 
As new data on the adverse reactions to the COVID‑19 
vaccine are published, what is known presently about the 
cardiac manifestations may change, particularly as booster 
doses of vaccines are increasingly rolled out.

In conclusion, reported COVID‑19 vaccine‑associated cardiac 
adverse events include mainly myocarditis and pericarditis, 
which are most common in adolescent and young adult male 
individuals after mRNA vaccination. Reports of other events 
such as AMI, arrhythmia and stress cardiomyopathy are rare. 
Given the good vaccine efficacy and high number of cases of 
infection, hospitalisation and death that could potentially be 

prevented, COVID‑19 vaccine remains of overall benefit with 
the current available data.

Financial support and sponsorship
Nil.

Conflicts of interest
All the authors of this paper have been voluntarily and fully 
vaccinated with COVID‑19 vaccines. Poh KK and Sia CH are 
members of the SMJ Editorial Board.

REFERENCES
1. U.S. Food and Drug Administration. COVID‑19 vaccines: The FDA has 

regulatory processes in place to facilitate the development of COVID‑19 
vaccines that meet the FDA’s rigorous scientific standards. Available 
from: https://www.fda.gov/emergency‑preparedness‑and‑response/
coronavirus‑disease‑2019‑covid‑19/covid‑19‑vaccines. [Last accessed 
on 2021 Aug 01].

2. Public Health England. COVID‑19: The green book, chapter 14a. In: 
official website of the UK government. Available from: https://www.
gov.uk/government/publications/covid‑19‑the‑green‑book‑chapter‑14a. 
[Last accessed on 2021 Aug 01].

3. World Health Organization. Interim recommendations for use of the 
inactivated COVID‑19 vaccine, CoronaVac, developed by Sinovac 
2021. Interim guidance, 24 May 2021. Available from: https://apps.
who.int/iris/bitstream/handle/10665/341454/WHO‑2019‑nCoV‑vaccin
es‑SAGE‑recommendation‑Sinovac‑CoronaVac‑2021.1‑eng.pdf. [Last 
accessed on 2021 Aug 01].

4. Holder J. Tracking coronavirus vaccinations around the world. The 
New York Times, Sep 24, 2021.

5. Bautista García J, Peña Ortega P, Bonilla Fernández JA, 
Cárdenes León A, Ramírez Burgos L, Caballero Dorta E. Acute 
myocarditis after administration of the BNT162b2 vaccine against 
COVID‑19. Rev Esp Cardiol (Engl Ed) 2021;74:812‑4.

6. Sadoff J, Gray G, Vandebosch A, Cárdenas V, Shukarev G, Grinsztejn B, 
et al. Safety and efficacy of single‑dose Ad26.COV2.S vaccine against 
Covid‑19. N Engl J Med 2021;384:2187‑201.

7. Deb A, Abdelmalek J, Iwuji K, Nugent K. Acute myocardial injury 
following COVID‑19 vaccination: A case report and review of current 
evidence from vaccine adverse events reporting system database. J Prim 
Care Community Health 2021;12:21501327211029230.

8. Kerneis M, Bihan K, Salem JE. COVID‑19 vaccines and myocarditis. 
Arch Cardiovasc Dis 2021;114:515‑7.

9. Watad A, De Marco G, Mahajna H, Druyan A, Eltity M, Hijazi N, et al. 
Immune‑mediated disease flares or new‑onset disease in 27 subjects 
following mRNA/DNA SARS‑CoV‑2 vaccination. Vaccines (Basel) 
2021;9:435.

10. Ramírez‑García A, Lozano Jiménez S, Darnaude Ximénez I, 
Gil Cacho A, Aguado‑Noya R, Segovia Cubero J. Pericarditis after 
administration of the BNT162b2 mRNA COVID‑19 vaccine. Rev Esp 
Cardiol 2021;74:1121‑3.

11. Vidula MK, Ambrose M, Glassberg H, Chokshi N, Chen T, Ferrari VA, 
et al. Myocarditis and other cardiovascular complications of the 
mRNA‑based COVID‑19 vaccines. Cureus 2021;13:e15576.

12. Watkins K, Griffin G, Septaric K, Simon EL. Myocarditis after BNT162b2 
vaccination in a healthy male. Am J Emerg Med 2021;50:815.e1‑2.

13. Ammirati E, Cavalotti C, Milazzo A, Pedrotti P, Soriano F, 
Schroeder JW, et al. Temporal relation between second dose 
BNT162b2 mRNA Covid‑19 vaccine and cardiac involvement in a 
patient with previous SARS‑COV‑2 infection. Int J Cardiol Heart Vasc 
2021;34:100774.

14. Shaw KE, Cavalcante JL, Han BK, Gössl M. Possible association 
between COVID‑19 vaccine and myocarditis: Clinical and CMR 
findings. JACC Cardiovasc Imaging 2021;14:1856‑61.

15. Abu Mouch S, Roguin A, Hellou E, Ishai A, Shoshan U, Mahamid L, 
et al. Myocarditis following COVID‑19 mRNA vaccination. Vaccine 
2021;39:3790‑3.



Ho, et al.: COVID-19 vaccination and cardiac manifestations

Singapore Medical Journal ¦ Volume 64 ¦ Issue 9 ¦ September 2023 549

16. Montgomery J, Ryan M, Engler R, Hoffman D, McClenathan B, 
Collins L, et al. Myocarditis following immunization with mRNA 
COVID‑19 vaccines in members of the US Military. JAMA Cardiol 
2021;6:1202‑6.

17. Dickey JB, Albert E, Badr M, Laraja KM, Sena LM, Gerson DS, 
et al. A series of patients with myocarditis following SARS‑CoV‑2 
vaccination with mRNA‑1279 and BNT162b2. JACC Cardiovasc 
Imaging 2021;14:1862‑3.

18. Mansour J, Short RG, Bhalla S, Woodard PK, Verma A, Robinson X, 
et al. Acute myocarditis after a second dose of the mRNA COVID‑19 
vaccine: A report of two cases. Clin Imaging 2021;78:247‑9.

19. Cereda A, Conca C, Barbieri L, Ferrante G, Tumminello G, Lucreziotti S, 
et al. Acute myocarditis after the second dose of SARS‑CoV‑2 vaccine: 
Serendipity or atypical causal relationship? Anatol J Cardiol 2021;25:522‑3.

20. Nevet A. Acute myocarditis associated with anti‑COVID‑19 vaccination. 
Clin Exp Vaccine Res 2021;10:196‑7.

21. Habib MB, Hamamyh T, Elyas A, Altermanini M, Elhassan M. Acute 
myocarditis following administration of BNT162b2 vaccine. IDCases 
2021;25:e01197.

22. D’Angelo T, Cattafi A, Carerj ML, Booz C, Ascenti G, Cicero G, 
et al. Myocarditis after SARS‑CoV‑2 vaccination: A vaccine‑induced 
reaction? Can J Cardiol 2021;37:1665‑7.

23. Rosner CM, Genovese L, Tehrani BN, Atkins M, Bakhshi H, Chaudhri S, 
et al. Myocarditis temporally associated with COVID‑19 vaccination. 
Circulation 2021;144:502‑5.

24. Kim HW, Jenista ER, Wendell DC, Azevedo CF, Campbell MJ, 
Darty SN, et al. Patients with acute myocarditis following mRNA 
COVID‑19 vaccination. JAMA Cardiol 2021;6:1196‑201.

25. Minocha PK, Better D, Singh RK, Hoque T. Recurrence of acute 
myocarditis temporally associated with receipt of the mRNA 
coronavirus disease 2019 (COVID‑19) vaccine in a male adolescent. 
J Pediatr 2021;238:321‑3.

26. Park J, Brekke DR, Bratincsak A. Self‑limited myocarditis presenting 
with chest pain and ST segment elevation in adolescents after vaccination 
with the BNT162b2 mRNA vaccine. Cardiol Young 2022;32:146‑9.

27. Marshall M, Ferguson ID, Lewis P, Jaggi P, Gagliardo C, Collins JS, et al. 
Symptomatic acute myocarditis in 7 adolescents after Pfizer‑BioNTech 
COVID‑19 vaccination. Pediatrics 2021;148:e2021052478.

28. Singh B, Kaur P, Cedeno L, Brahimi T, Patel P, Virk H, et al. COVID‑19 
mRNA vaccine and myocarditis. Eur J Case Rep Intern Med 2021;8:002681.

29. Muthukumar A, Narasimhan M, Li QZ, Mahimainathan L, Hitto I, 
Fuda F, et al. In‑depth evaluation of a case of presumed myocarditis 
following the second dose of COVID‑19 mRNA vaccine. Circulation 
2021;144:487‑98.

30. McLean K, Johnson TJ. Myopericarditis in a previously healthy 
adolescent male following COVID‑19 vaccination: A case report. Acad 
Emerg Med 2021;28:918‑21.

31. Snapiri O, Rosenberg Danziger C, Shirman N, Weissbach A, 
Lowenthal A, Ayalon I, et al. Transient cardiac injury in adolescents 
receiving the BNT162b2 mRNA COVID‑19 vaccine. Pediatr Infect Dis 
J 2021;40:e360‑3.

32. D’Agostino V, Caranci F, Negro A, Piscitelli V, Tuccillo B, Fasano F, 
et al. A rare case of cerebral venous thrombosis and disseminated 
intravascular coagulation temporally associated to the COVID‑19 
vaccine administration. J Pers Med 2021;11:285.

33. Lee E, Chew NW, Ng P, Yeo TJ. A spectrum of cardiac manifestations 
post Pfizer‑BioNTech COVID‑19 vaccination. QJM 2021;114:661‑2.

34. Tajstra M, Jaroszewicz J, Gąsior M. Acute coronary tree thrombosis after 
vaccination for COVID‑19. JACC Cardiovasc Interv 2021;14:e103‑4.

35. Edler C, Klein A, Schröder AS, Sperhake JP, Ondruschka B. Deaths 
associated with newly launched SARS‑CoV‑2 vaccination (Comirnaty®). 
Leg Med (Tokyo) 2021;51:101895.

36. Chatterjee S, Ojha UK, Vardhan B, Tiwari A. Myocardial infarction 
after COVID‑19 vaccination‑casual or causal? Diabetes Metab Syndr 
2021;15:1055‑6.

37. Boivin Z, Martin J. Untimely myocardial infarction or COVID‑19 
vaccine side effect. Cureus 2021;13:e13651.

38. Bardenheier BH, Gravenstein S, Blackman C, Gutman R, Sarkar IN, 
Feifer RA, et al. Adverse events following mRNA SARS‑CoV‑2 
vaccination among U.S. nursing home residents. Vaccine 
2021;39:3844‑51.

39. Pottegård A, Lund LC, Karlstad Ø, Dahl J, Andersen M, Hallas J, 
et al. Arterial events, venous thromboembolism, thrombocytopenia, 
and bleeding after vaccination with Oxford‑AstraZeneca ChAdOx1‑S 
in Denmark and Norway: Population based cohort study. BMJ 
2021;373:n1114.

40. Logunov DY, Dolzhikova IV, Shcheblyakov DV, Tukhvatulin AI, 
Zubkova OV, Dzharullaeva AS, et al. Safety and efficacy of an rAd26 
and rAd5 vector‑based heterologous prime‑boost COVID‑19 vaccine: 
An interim analysis of a randomised controlled phase 3 trial in Russia. 
Lancet 2021;397:671‑81.

41. Tanriover MD, Doğanay HL, Akova M, Güner HR, Azap A, Akhan S, 
et al. Efficacy and safety of an inactivated whole‑virion SARS‑CoV‑2 
vaccine (CoronaVac): Interim results of a double‑blind, randomised, 
placebo‑controlled, phase 3 trial in Turkey. Lancet 2021;398:213‑22.

42. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. 
Efficacy and safety of the mRNA‑1273 SARS‑CoV‑2 vaccine. N Engl J 
Med 2021;384:403‑16.

43. Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, 
et al. Safety and efficacy of the ChAdOx1 nCoV‑19 vaccine (AZD1222) 
against SARS‑CoV‑2: An interim analysis of four randomised controlled 
trials in Brazil, South Africa, and the UK. Lancet 2021;397:99‑111.

44. Aiba T, Ishibashi K, Hattori K, Wada M, Ueda N, Miyazaki Y, et al. 
Frequent premature ventricular contraction and non‑sustained 
ventricular tachycardia after the SARS‑CoV‑2 vaccination in patient 
with implantable cardioverter defibrillator due to acquired long‑QT 
syndrome. Circ J 2021;85:2117.

45. Mei R, Raschi E, Forcesi E, Diemberger I, De Ponti F, Poluzzi E, et al. 
Myocarditis and pericarditis after immunization: Gaining insights 
through the Vaccine Adverse Event Reporting System. Int J Cardiol 
2018;273:183‑6.

46. Engler RJM, Nelson MR, Collins LC Jr, Spooner C, Hemann BA, 
Gibbs BT, et al. A prospective study of the incidence of myocarditis/
pericarditis and new onset cardiac symptoms following smallpox and 
influenza vaccination. PLoS One 2015;10:e0118283.

47. Lyden DC, Olszewski J, Feran M, Job LP, Huber SA. Coxsackievirus 
B‑3‑induced myocarditis. Effect of sex steroids on viremia and 
infectivity of cardiocytes. Am J Pathol 1987;126:432‑8.

48. Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, 
et al. Use of mRNA COVID‑19 vaccine after reports of myocarditis 
among vaccine recipients: Update from the Advisory Committee on 
Immunization Practices‑United States, June 2021. MMWR Morb 
Mortal Wkly Rep 2021;70:977‑82.

49. Health Sciences Authority, Singapore. HSA’s Safety Update #3: 
Pfizer‑BioNTech and Moderna COVID‑19 Vaccines (30 December 
2020 – 30 June 2021). Available from: https://www.hsa.gov.sg/
docs/default‑source/hprg‑vcb/safety‑update‑on‑covid19‑vaccines/
hsa‑safety‑update‑no‑3‑on‑covid‑19‑vaccines‑(30‑june‑2021).
pdf. [Last accessed on 2021 Aug 01].

50. Diaz GA, Parsons GT, Gering SK, Meier AR, Hutchinson IV, Robicsek A. 
Myocarditis and pericarditis after vaccination for COVID‑19. JAMA 
2021;326:1210‑2.

51. Daniels CJ, Rajpal S, Greenshields JT, Rosenthal GL, Chung EH, 
Terrin M, et al. Prevalence of clinical and subclinical myocarditis 
in competitive athletes with recent SARS‑CoV‑2 infection: Results 
from the Big Ten COVID‑19 Cardiac Registry. JAMA Cardiol 
2021;6:1078‑87.

52. Ho JSY, Sia CH, Chan MYY, Lin WQ, Wong RCC. Coronavirus‑induced 
myocarditis: A meta‑summary of cases. Heart Lung 2020;49:681‑5.


