
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Heart, Lung and Circulation (2022) 31, 757–765
1443-9506/22/$36.00
https://doi.org/10.1016/j.hlc.2022.02.002

REVIEW
Myocarditis Following COVID-19
Vaccination: A Systematic Review
(October 2020–October 2021)
Audry S.Y. Lee, MBBChir, MRCP*,
Iswaree D. Balakrishnan, MBBCh, BAO, MRCP ,
Chun Yuan Khoo, MBBS, MRCP , Choon Ta Ng, MBBS, MRCP ,
Julian K.X. Loh, MBBCh, BAO, MRCP , Laura L. Chan, MBBS, MRCP ,
Louis L.Y. Teo, MBBS, MRCP , David K.L. Sim, MBBS, MRCP

Department of Cardiology, National Heart Centre, Singapore
Received 9 November 2021; received in revised form 6 January 2022; accepted 1 February 2022; online published-ahead-of-print 25 February 2022
Introduction R
*Corresponding author at:

� 2022 Australian and N

Published by Elsevier B.V
eports of SARS-CoV-2 coronavirus (COVID-19) vaccine-related myocarditis, particularly after mRNA vac-
cines, have raised concerns amongst the general public. This review examined the literature regarding
myocarditis post COVID-19 vaccination, drawing from vaccine safety surveillance databases and case reports.
Methods C
ombinations of search terms were used in PubMed and COVID-19-specific repositories – LitCovid and the
Cochrane COVID-19 Study Register – between 1 October 2020 and 31 October 2021. Manual searches of
GoogleScholar and screening of article bibliographies were also performed.
Results I
nformation was obtained from five vaccine safety surveillance databases. Fifty-two (52) case reports
totalling 200 cases of possible COVID-19 vaccine-related myocarditis were summarised. Vaccine surveil-
lance databases differed in reporting formats and vaccination rates; however, gross estimates suggested
low overall incidence rates of 2–5 per million mRNA vaccines. The incidence appeared to be higher in
younger male populations, with onset of symptoms within a few days, usually after the second dose. Some
with prior COVID-19 infections had onset after the first dose. Cases with prior unrelated myocarditis were
also noted. Almost all presented with chest pain (98.0%). Troponin elevation was universally described and
cardiac magnetic resonance imaging was commonly reported based on the updated Lake Louise criteria.
Clinical course was mild in the majority, with response to anti-inflammatory treatment.
Conclusion C
OVID-19 vaccine-related myocarditis is an important but rare adverse event. More research is needed into
its pathogenesis and reasons for its predominance in young males, while gaps in data exist in those aged
,16 years, as well as those with prior COVID-19 infections and prior myocarditis.
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Introduction
As the pandemic caused by the SARS-CoV-2 coronavirus
(COVID-19) continues, global efforts driving vaccinations are
pivotal to restoring health and attempting economic and
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social recovery. In December 2020, the USA Food and
Drug Administration (FDA) granted emergency author-
isation for the Pfizer-BioNTech (BNT162b2) and Moderna
(mRNA-1273) COVID-19 vaccines. In recent months, reports
of myocarditis following COVID-19 vaccination, particularly
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after the messenger RNA (mRNA) vaccines, have received
media publicity and raised concerns amongst the general
public.
There is a pressing need for a better understanding of the

available data, especially as several countries debate vacci-
nation of adolescents in light of the concerns from the Omi-
cron variant. This report reviews the current literature
regarding myocarditis post COVID-19 vaccination, summa-
rising both publicly available information from vaccine
safety surveillance databases and published case reports,
with particular attention to reporting rates, patient and dis-
ease characteristics, as well as investigation and treatment
outcomes.
Methods
This review performed systematic searches of online data-
bases, including PubMed and two COVID-19-specific data-
bases (LitCovid [1] and the Cochrane COVID-19 Study
Register) between 1 October 2020 and 31 October 2021.
LitCovid was selected as a curated literature repository for
articles on COVID-19 from PubMed [2]. The Cochrane
COVID-19 Study Register was selected for comprehensive-
ness and accuracy, with multiple data sources cited,
including PubMed and Embase.com [3]. The medical subjects
heading (MeSH) terms “myocarditis”, “pericarditis” in
combination with “COVID 19 vaccines” were used. The
MeSH term “COVID 19 vaccines” includes both mRNA and
non-mRNA vaccines. Manual searches of Google Scholar
were also performed. All bibliographies of papers were
screened for relevant references.
All articles – including case series, case reports, and letters

to the editor in peer-reviewed journals – describing
myocarditis associated with COVID-19 vaccinations were
included. Letters to the editor were included due to the early
burgeoning nature of literature at a time when understand-
ing of the condition was still limited. Reports in paediatric
cases were included.
Papers that were excluded were those describing

myocarditis or cardiac complications after COVID-19 infec-
tion rather than vaccination, as well as papers and guidelines
referring to general safety of the vaccines, without particular
reference to myocarditis. Pooled analyses were also omitted
to avoid repetition of source data.
Publicly available statements and publications from vac-

cine safety surveillance databases were screened for relevant
details up to 30 December 2021, with focus on reporting rates
of myocarditis adverse events following the vaccine and
disease characteristics.
Two (2) authors independently screened the abstracts

found for inclusion. A third author was available for consult
in case of conflict of opinion. Case reports and series were
summarised to include the following data, where available:
patient demographics, vaccine type and dose, time to
symptom onset, common symptomatology, investigation
findings, and treatment and clinical outcomes.
Supplementary material was accessed, where available, to
identify any missing fields or clarify any unclear findings,
otherwise these fields were left as unreported without
further assumptions made about the data.
Results
Vaccine Safety Surveillance Databases
The most commonly referenced vaccine safety surveillance
databases were selected, these were: the World Health Or-
ganization (WHO) global database VigiBase [4], the USA
Vaccine Adverse Event Reporting System (VAERS) [5], the
UK Medicines and Healthcare Regulatory Agency (MHRA),
and information from the Israeli Ministry of Health. These
countries are amongst those that had relatively early and
large-scale vaccination drives. Data from the Health Sciences
Authority (HSA) of Singapore from the Southeast Asian re-
gion were also included.
A disproportionality analysis of the international phar-

macovigilance database VigiBase was performed to evaluate
drug adverse event reports from inception (1967) to 7 May
2021 [6]. This analysis identified 1,251 reports of myocarditis
involving a suspected culprit vaccine of any type; 214 (17.1%)
of these were associated with COVID-19 vaccines, while only
the mRNA vaccines of mRNA-1273 (n=51 IC025=1.1) and
BNT162b2 (n=105 IC025=0.05) were significantly associated
with myocarditis. Disproportional analysis also showed
over-reporting in males for both vaccines and in the younger
18–44-years age group for the mRNA-1273 vaccine. The
median time to onset between the prior vaccine dose was 3
days (n=202 interquartile range 1–6 days).
This analysis was limited by inherent difficulties posed by

passive reporting. In particular, it was not possible for inci-
dence rates to be estimated, as the underlying base popula-
tion serviced by this global database is not well understood;
under-reporting was also likely. Nevertheless, this is the only
disproportionality analysis available with comparators of
other vaccines within a large established database. The
important insight of mRNA vaccines rather than other
COVID vaccine types being associated with myocarditis
seems to correspond with overall data from other databases
and case reports. The commonalities of younger males with
short time to onset also seem to apply.
A search of the VAERS database in the Centre for Disease

Control (CDC) website completed as early as 30 March 2021
resulted in 37 cases of reported myocarditis following mRNA
COVID-19 vaccination [7]. The base population here was not
described and variable amounts of clinical detail were re-
ported in the supplementary material, again highlighting the
difficulties inherent in searches of passive reporting data-
bases. However, the summary information again highlighted
a young male preponderance. One death was reported with
“apparent acute myocarditis” requiring extracorporeal
membrane oxygenation (ECMO) support; however, this is
difficult to interpret in isolation and without further clinical
detail.
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Table 1 Centre for Disease Control (CDC) case definition of probable and confirmed myocarditis, pericarditis, and
myopericarditis (modified to exclude criteria in those aged ,12 years) [8].

Condition Definition

Acute Myocarditis Probable Case

Presence of �1 new or worsening of the following

clinical symptoms:
- chest pain, pressure, or discomfort

- dyspnoea, shortness of breath, or pain with

breathing

- palpitations

- syncope

AND �1 new finding of

- troponin level above upper limit of normal (any type

of troponin)
- abnormal ECG or rhythm monitoring findings

consistent with myocarditis*

- abnormal cardiac function or wall motion abnor-

malities on echocardiogram

- cMRI findings consistent with myocarditis using

either original or revised Lake Louise criteria

AND

- no other identifiable cause of the symptoms and
findings

Confirmed Case

Presence of �1 new or worsening of the following clinical

symptoms:
- chest pain, pressure, or discomfort

- dyspnoea, shortness of breath, or pain with breathing

- palpitations

- syncope

AND �1 new finding of

- histopathologic confirmation of myocarditis

- cMRI findings consistent with myocarditis in the pres-

ence of troponin level above upper limit of normal (any
type of troponin)

AND

- no other identifiable cause of the symptoms and findings

Acute Pericarditis Presence of �2 new or worsening of the following clinical features:

- acute chest pain

- pericardial rub on exam

- new ST-elevation or PR-depression on ECG

- new or worsening pericardial effusion on echocardiogram or MRI

Myopericarditis This term may be used for patients who meet criteria for both myocarditis and pericarditis.

Abbreviations: ECG, electrocardiogram; cMRI, cardiac magnetic resonance imaging.

*To meet ECG or rhythm monitoring criteria, a probable case must include at least one of 1) ST-segment or T-wave abnormalities; 2) paroxysmal or sustained

atrial, supraventricular or ventricular arrhythmias; or 3) atrioventricular nodal conduction delays or intraventricular conduction defects.
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A clearer overview was obtained from the CDC’s Advi-
sory Committee on Immunisation Practices (ACIP) report
from June 2021 [8]. From VAERS, this described 1,226 reports
of myocarditis after mRNA vaccination between 29
December 2020 and 11 June 2021. The median age was 26
years (n=1,194 range 12–94), and 1,212 (76%) were male. The
median time to symptom onset from prior vaccine dose was
3 days, although the range was between 0–179 days. The
extreme of the time range brings into question how the di-
agnoses of vaccine-related myocarditis were made in such
cases, as causality is difficult to establish, except for close
temporal associations with the vaccines, in most described
cases. Nevertheless, the median suggests that such cases are
in the minority.
Importantly, the CDC also convened a rapid review of 484

cases of such myocarditis in young adults aged ,30 years.
These benefited from patient record reviews or provider in-
terviews by independent CDC clinicians, with 323 patients
meeting the CDC criteria for myocarditis, pericarditis and/or
myopericarditis (Table 1); 297 (92%) had symptom onset
within 7 days from the prior vaccination dose and 310 (96%)
were hospitalised. Treatment data were incomplete, but the
authors suggested that most had non-severe clinical courses
with resolution with non-steroidal anti-inflammatory drugs
(NSAID), with 304 (95%) of hospitalised patients with known
clinical outcomes discharged at the time of writing. No
deaths were reported in this subgroup.

The CDC published crude reporting rates of myocarditis
cases in VAERS (defining these as cases with onset within 7
days after a second dose of an mRNA vaccine) using national
COVID-19 vaccine administration data up to 8 July 2021 [9].
In males aged 18–29 years, myocarditis reporting rates were
calculated at 24.3 cases per million second doses of mRNA
COVID-19 vaccines. In females aged 18–29 years, the rate
was 3–4 cases per million second doses. The reports in this
younger age group had been individually reviewed and
confirmed. The unconfirmed reporting rates in males aged
30–49 was 5–6 per million second doses and in females 1–2
per million second doses; this was 1 per million second doses
in the older age groups.
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As of 15 December 2021, the MHRA had recorded 543
cases of myocarditis and 378 of pericarditis following the
BNT162b2 vaccine, as well as 122 of myocarditis and 69 of
pericarditis following the mRNA-1273 vaccine [10]. It also
recorded 178 reports of myocarditis and 201 pericarditis after
the AstraZeneca (AZD1222) vaccine, a non-replicating viral
vector vaccine. Although there were six mortalities recorded,
the MHRA reported underlying illnesses in these patients
that could have provided alternative explanations. The esti-
mated background incidence of myocarditis in the UK was
60 per million patients per year. The MHRA estimated the
overall reporting rate as being 12 per million doses of
BNT162b2, 42 per million doses of mRNA-1273, and 4 per
million doses of AZD1222. It cautioned that many factors can
influence passive reporting and that the different reporting
rates between the different vaccines should not be compared
(e.g., there is more limited experience with the mRNA-1273
vaccine in the UK). In their earlier review of the evidence,
the independent advisory body advised that while reports
after AZD1222 had been received, there was insufficient
evidence to recommend warnings of vaccine-related
myocarditis with it [11].
A press release from the Israeli Ministry of Health [12]

reported 148 cases of myocarditis within 30 days from
vaccination doses, including 27 cases of 5,401,150 vaccinated
individuals after the first dose, and 121 cases of 5,049,424
vaccinated individuals after the second dose. Their review
suggested that cases were mostly in younger men aged 16–19
years and 95% were considered to be clinically mild. Further
details do not appear to be available in the public domain,
although the rates appear to be similarly low, and the patient
and disease characteristics appear similar to other database
conclusions.
Lastly from Singapore’s HSA, as of 31 August 2021, a total

of 8.5 million doses of mRNA vaccines had been adminis-
tered, with 65 reports of suspected vaccine-related myocar-
ditis and/or pericarditis [13]; 36 of these were in young
males aged ,30 years, putting the incidence rate above the
expected background rates for this age group. The local
overall background incidence of myocarditis leading to
hospitalisation was estimated at 5–7 cases in 100,000 persons
per year. HSA estimated the overall local incidence rate at
1.06 cases per 100,000 vaccine doses administered and in
particular, 4.84 per 100,000 of second doses administered in
males aged ,30 years. The majority of the cases in the
younger age group were reported to have recovered, without
further clinical details available.
Summary of Case Reports
Fifty-one (51) papers were identified from the LitCovid
database and 11 were excluded as being irrelevant to the
inclusion topic criteria. Twenty-nine (29) papers were iden-
tified from the Cochrane COVID-19 Study Register, with
nine excluded. Fifty-six (56) papers were identified from
PubMed, with seven excluded. After removing repeat find-
ings, 52 papers detailing a total of 200 cases of myocarditis or
peri-myocarditis following COVID-19 vaccination were
summarised (Supplemental Table 1). An additional three
papers describing cases of isolated pericarditis were also
noted [14–16].
The majority of papers originated from the USA, with

other reports from Israel, Spain, Italy, Germany, France,
Poland, Turkey, Korea, Qatar, and Canada. One hundred
and eighty-three (183; 91.5%) of patients were male. The
median age reported was ,30 years in the majority of pa-
pers, with an age range of 12–70 years. Of note, several pa-
pers had a paediatric or adolescent focus [17–20], while two
papers may have had a skewed population representation
due to cases being obtained from military populations
[21,22].
The mean time to presentation was 3 days (range, 1–25)

when an outlier case of late presentation (90 days post
vaccination [23]) was excluded. Although this case was
included in the summaries, it was noted that the establish-
ment of causality was not straightforward and may have
represented an idiopathic case of myocarditis with such a
late presentation. Of the 200 cases, three were after receipt of
the Janssen (Ad26.COV2.S) non-replicating viral vector vac-
cine [24–26] and one after the AZD1222 vaccine [27]. All
other cases were after mRNA vaccines, with the majority
occurring after the second vaccine doses (87.0%). In 21 cases
(10.5%), the symptoms occurred after the first vaccine dose;
of these, nine had documented prior COVID-19 infections.
One case was after a third booster BNT162b2 dose, reflecting
the beginning of booster drives in certain countries. The
predominant symptoms were chest pain (98.0% n=200), fever
(37.3% n=177), dyspnoea (20.9% n=177), and also variable
reports of viral prodromes such as chills, malaise, myalgia,
and headache. More cardiac-specific symptoms, although
uncommon, included palpitations and syncope.
Where reported, troponin levels were elevated in all cases,

in keeping with myocardial injury. C-reactive protein
elevation was common when performed (88.7% n=133).
Some institutions had the capability of detailed SARS-CoV-2
PCR and serology testing, usually showing negative PCR,
absent nucleocapsid antibodies, but presence of spike protein
antibodies, which was in keeping with a vaccinated status
without active disease. In one particular series [24], the au-
thors hypothesised that spike antibodies were negative in
two patients because they had only received one vaccine
dose. Further investigations into the aetiology of myocarditis
were not universally performed, but if they were they
included variations of autoimmune (antinuclear antibody,
rheumatoid factor) and serological testing (hepatitis B, C,
Epstein-Barr, cytomegalovirus, Coxiella burnetii, parvovirus
B-19, mycoplasma, HIV, adenovirus, coxsackie A, coxsackie
B1, and/or human herpes 1 and 2), as well as respiratory
viral panels such as for influenza.
Cardiac-specific investigations included electrocardiog-

raphy (ECG), echocardiography, coronary imaging either via
computed tomography or catheter-based coronary angiog-
raphy, cardiac magnetic resonance imaging (MRI), and car-
diac biopsy. ST elevation was commonly described (63.8%
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n=185), in keeping with a degree of peri-myocarditis. Other
ECG findings included T-wave changes (18.6% n=172) and
non-sustained ventricular tachycardia (4.1% n=195). Echo-
cardiography was within normal limits in the majority of
cases (64.5% n=186), while other findings included segmental
wall motion abnormalities (21.1% n=180), ejection fraction
,50% (17.7% n=186), pericardial effusions (8.9% n=180), and
global hypokinesia (8.3% n=180). Where coronary imaging
was performed (n=67), one case was abnormal, albeit with
only non-obstructive coronary artery disease not requiring
intervention; all other cases described normal coronaries.
Cardiac MRI was performed in the majority of cases (n=149),
with detailed imaging-focussed descriptions of protocols and
findings in some reports [28,29]. Findings generally focussed
on fulfilment of the revised Lake Louise criteria [30],
describing oedema from T2-weighted images (73.4% n=143)
and subepicardial and/or mid-myocardial late gadolinium
enhancement in a non-coronary distribution (96.0% n=149).
Lastly, histological descriptions were uncommon: in the

seven cases where they were reported, normal myocardial
tissue was found in two [24,31]. Two (2) cases were autopsies
performed after mortalities from cardiogenic shock and
sudden cardiac death, respectively [32,33]. Biventricular
involvement with a mixed inflammatory infiltrate, predom-
inantly T-cells and macrophages, was noted in the former,
while the latter described a more unusual pattern of isolated
atrial myocarditis with neutrophilic predominance. The
other abnormal histological findings obtained from biopsies
were also heterogenous, describing acute lymphocytic
myocarditis [34] in one case and healing myocarditis [35] in
another, where the biopsy sample had been taken after
clinical recovery of cardiac function.
Treatment was predominantly with NSAIDs (67.2%

n=128), followed by colchicine (25.8% n=128). Some cases
received corticosteroids (16.1% n=143) and beta blockade
therapy (16.1% n=143), the latter more so where initial
tachycardia, arrhythmias, or impaired ejection fraction were
described. Some received only supportive therapy (12.5%
n=128). Other heart failure-specific therapies were not
routinely described. Of note, intravenous immunoglobulin
(IVIG) was used in some, predominantly in paediatric pop-
ulations or in two critically ill adult patients (13.3% n=143)
[18–20,35,36]. The most commonly cited reason for using
IVIG in the paediatric population was decrease in left ven-
tricular function, though authors also acknowledged that use
of IVIG was often based on clinical judgment alone. The
critically ill adult patients described by Abbate et al. also
received tocilizumab and ECMO support.
While most cases occurred in previously healthy patients,

a few warrant special mention. Some patients with previous
episodes of recovered myocarditis prior to COVID-19
vaccination were described; these patients had idiopathic
myocarditis [22,37,38] and one had smallpox vaccine-related
myocarditis [39]. One case described a patient with known
arrhythmogenic left ventricular cardiomyopathy [40].
A few cases highlighted the difficulties in teasing out true

vaccine-related myocarditis, as opposed to patients
coincidentally presenting with myocardial infarction,
congestive cardiac failure or severe sepsis. Deb et al. [7]
described an older 67-year-old patient with previous ischae-
mic heart disease, presenting with fluid overload requiring
positive pressure ventilation hours after receiving the COVID-
19 vaccine; this patient was also treated with antibiotics.
Although the team treated the patient for possible vaccine-
related myocarditis, there was no coronary evaluation or
cardiac MRI. Nassar et al. [25] described a 70-year-old patient
with multiple sclerosis presenting with both cardiogenic and
vasoplegic shock 2 days after receiving the Ad26.COV2.S
vaccine, who was treated with vasopressors and antibiotics.
While a temporal association was suggestive, diagnostic cer-
tainty of vaccine-related myocarditis was difficult. Gautam
et al. [23] described the possibility of a late presentation of
myocarditis 90 days after the vaccine dose; however, causality
is difficult to establish when the intervening period is so
prolonged.

Other reports of note applied different methodologies.
Kim et al. [39] and Snapiri et al. [41] performed comparisons
of incidence rates of peri-myocarditis in the same patient
populations at comparable time periods in past years, noting
higher incidence in the periods with COVID-19 vaccine
administration, although not in sufficient numbers to iden-
tify statistical significance. Muthukumar et al. [42] performed
extensive exploratory studies in their patient, with genetic
testing for cardiomyopathy-associated variant genes, cyto-
kine response, autoantibodies, and autoimmune cell subsets,
although their findings in one case must be considered
strictly hypothesis-generating.

Lastly, most cases had a benign clinical course with full
recovery (90.0% n=180). Where cases described incomplete
recovery, there were either lingering symptoms of chest
discomfort or residual subclinical imaging findings such as
impaired ejection fraction or signs of inflammation on repeat
MRI. Fulminant myocarditis and mortalities were only
described in a few cases [25,32,33,35].
Discussion
The reports of myocarditis post COVID-19 vaccines, partic-
ularly with mRNA vaccines, are a public safety concern.
Myocarditis itself is usually idiopathic. If an identified cause
is found, it is usually viral in aetiology [43]. Vaccine-related
myocarditis is rare, with previous cases associated with the
smallpox [44,45] and influenza [46,47] vaccines. The original
clinical trials for these mRNA vaccines did not detect
myocarditis [48,49], although there was one case of parox-
ysmal ventricular arrhythmia in the BNT162b2 vaccine trial.
However, given the rarity of occurrence, it is likely that the
relatively low number of trial participants (n=21,720 with
BNT162b2 vaccine; n=15,210 with mRNA-1273 vaccine)
would have limited the ability of the trials to detect this.

While vaccine safety surveillance databases are limited by
inherent biases in passive reporting, they remain an impor-
tant source of information in safety signal generation. The
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overall reported trends are consistent in reflecting an
increased risk of myocarditis following mRNA COVID-19
vaccines, particularly among younger males. However, the
overall incidence rates are low and considered to be rare.
Continued surveillance remains important as vaccination
drives continue, especially with the adolescent groups where
parental anxieties contribute to vaccine hesitancy and anti-
vaccination sentiments [50].
Although there were cases of myocarditis following non-

mRNA COVID-19 vaccines, there was no data suggesting
an increased incidence with these vaccines above back-
ground incidence rates. Amongst the mRNA vaccines, the
onset of myocarditis appears to commonly be after the sec-
ond dose. There are cases reported after the first, with note of
prior COVID-19 infection in some [21,28,31,51]. Cases of
prior unrelated myocarditis were also reported [22,37,39]
and one case of arrhythmogenic left ventricular cardiomy-
opathy [40]. The numbers are too small to draw conclusions,
but it is reasonable to hypothesise that a prior COVID-19
infection alters the immunological response to vaccination,
or that prior myocardial injury such as with myocarditis or
cardiomyopathies could indicate or result in susceptibility.
COVID-19 infection itself has also been associated with
myocardial injury with an unknown mechanism, with the-
ories related to the mechanism of entry via angiotensin-
converting enzyme 2 (ACE2) proteins and high expression
of ACE2 in the myocardium [52].
This raises questions regarding the pathogenesis of

myocarditis following the mRNA vaccines. As pointed out
by Shay et al. [53], the composition and mechanism of action
of the mRNA vaccines greatly differ from the smallpox and
influenza vaccines. A commonly cited theory is that of
“molecular mimicry”, where the viral antigen resembles
myocardial proteins, triggering an immune cross-reactivity
in genetically susceptible individuals [54]. An immune-
mediated mechanism is perhaps also supported by sys-
temic reactogenicity events being more regularly reported in
younger (16–55 years) than older (.55 years) vaccine re-
cipients and after the second dose in the original BNT162b2
trial [48]. This corresponds with the preponderance of young
patients with myocarditis after the second vaccine dose,
although it does not explain the male predominance.
Research must be directed towards this area to help answer
practical questions such as whether dose regimens should be
altered in young males, those with prior COVID-19 in-
fections, prior myocarditis, or underlying cardiomyopathies.
The clinical diagnosis of vaccine-related myocarditis is so

far largely dependent on temporal association. A close tem-
poral association between onset of symptoms and prior
vaccine dose has been seen, with most cases occurring within
a few days to a week. The CDC included cases within 7 days
of prior vaccine dose [8], while the Israeli Ministry of Health
included cases up to 30 days [12]. There is no current
consensus defining either a time period or diagnostic criteria
specifically for vaccine-related myocarditis, with most cen-
tres in the case reports relying on absence of other identified
aetiology and temporal association to make this diagnosis. A
few cases were reported with longer time intervals; however,
this makes it more difficult to establish causality.
The case reports provide clinical detail and serve as an in-

dicator of generally accepted current clinical practice; the
majority performed SARS-CoV-2 viral PCR to rule out active
infection. This may be important in children where multi-
system inflammatory syndrome (MIS-C) from COVID-19
infection can present with overlapping symptomatology
and disease processes such as myocarditis [55]. Where avail-
able, serology for nucleocapsid and spike protein antibodies
can be indicative of vaccine status, although one case report
elaborated on a lack of spike protein antibodies after the first
vaccine dose [24]. While serological status can be supportive
of vaccine status, it is not diagnostic of the vaccine causing
myocarditis. Infectious panels to exclude other aetiologywere
variably performed, with stronger indication to screen for
viruses where prodromal or infective symptoms were re-
ported. Although some screened for autoimmune markers,
other authors pointed out that systemic autoimmune diseases
were unlikely in the absence of other clinical signs.
The clinical presentation is important to note and forms

part of the European Society of Cardiology [43] and CDC case
definitions for myocarditis (Table 1). Chest pain was the
common complaint, with or without typical pericarditic de-
scriptions of pain worse on lying down and relieved on sitting
up. While viral prodromal symptoms were also reported,
these are commonly noted adverse effects which in isolation
may not warrant urgent clinical attention. Public advisories
should hence highlight seeking medical attention should
chest pain, palpitations, or syncope occur post vaccination.
Cardiac-specific investigations should include cardiac

enzymes, baseline ECG, and echocardiogram. These are
important as part of diagnostic criteria and also in clinical
management. Troponin elevation is a sensitive marker for
myocardial injury; in the absence of a cardiac biopsy,
troponin elevation and suggestive cardiac MRI findings are
required for the CDC diagnosis of confirmed myocarditis
(Table 1). Conversely, normal troponin levels would make
the diagnosis of myocarditis unlikely, although isolated
pericarditis is possible in the presence of suggestive
symptoms and ECG findings. Echocardiogram findings of
wall motion abnormalities, impaired left ventricular ejec-
tion fraction, and pericardial effusion are supportive of the
diagnosis and affect treatment decisions, although echo-
cardiogram can frequently be normal. In cases with pre-
served ejection fraction, strain imaging may be useful to
detect left ventricular dysfunction [56]. Coronary evalua-
tion should also be considered to rule out ischaemic heart
disease as the cause of myocardial injury, where reasonable
suspicion for an acute coronary syndrome exists, more
commonly in the older age groups or those with pre-
existing risk factors.
The roles of cardiac MRI and biopsy in myocarditis have

been debated. Previous Dallas criteria relied on histological
findings, but the ability of cardiac MRI to detect changes of
myocarditis and lack of expertise to perform cardiac biopsies
have perhaps resulted in reduced reliance on this invasive
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procedure [57], as was reflected in the low numbers per-
formed in the case reports. The majority of cases also had a
benign clinical course, where an invasive procedure may not
have been warranted. Conversely, in rare cases where pa-
tients are critically ill with multiorgan failure, the presence of
ECMO or renal replacement machinery may make biopsies
logistically difficult. The normal histology in two cases also
highlighted that this is subject to sampling difficulties, given
that myocardial involvement can be patchy. However, car-
diac biopsy remains an important tool for those with severe
cases of myocarditis where treatment decisions such as
immunosuppressive therapies may be considered.
Cardiac MRI was commonly performed in the case re-

ports, with reference to the updated Lake Louise criteria to
diagnose myocarditis [30]. Although not all cases described
both classical myocarditis findings, the intervening time
from presentation to imaging was not always reported, with
a possible explanation being resource limitation resulting in
delays and resolution of changes before MRI imaging could
be performed. MRI imaging was also mentioned as a po-
tential differentiator in children and adolescents with MIS-C
rather than myocarditis, as the cardiac MRI in the former is
characterised by diffuse myocardial oedema without late
gadolinium enhancement [58].
Finally, treatment options include supportive manage-

ment, NSAIDs, colchicine, and immunomodulators. In both
the vaccine safety surveillance databases and case reports,
clinical courses were mild with low mortality rates. Most
patients recovered fully with conservative treatment,
although some cases reported persistent chest pain symp-
toms or had subclinical residual imaging abnormalities after
discharge. For cases with residual impaired ejection fraction,
conventional heart failure therapies should be considered.
Corticosteroids were the most commonly used immuno-

modulator, although its role in treating myocarditis is
debated [59] and its use in pericarditis is mainly recom-
mended for recurrent episodes [60]. IVIG use was mainly
reported in paediatric cases; it has been analysed in pre-
dominantly paediatric populations (aged ,18 years) with
myocarditis to potentially improve ejection fraction and
decrease death or heart transplantation rates [61]. As vacci-
nation programs extend to adolescents, this may be a po-
tential treatment in paediatric cases with haemodynamic
instability or impaired ejection fraction. While IVIG and
tocilizumab were used in two critically ill adult cases, the
authors acknowledged the combination as being used across
a variety of systemic autoimmune diseases with inappro-
priate macrophage activation, rather than as specific
evidence-based treatment for myocarditis [35]. Mechanical
cardiac support should be considered in cases of fulminant
myocarditis with haemodynamic instability [35].
Where mentioned, patients were advised to avoid stren-

uous exertion for 6 months post recovery, due to incidences of
sudden cardiac death in athletes with possible myocarditis as
the underlying cause [62]. In Singapore, advice has been given
to the general public to avoid exertion for 1 week after either
dose of the vaccine, perhaps out of an abundance of caution.
In all cases, the authors tended to come to a similar
conclusion that the risks of occurrence, as well as serious
morbidity or mortality from COVID-19 mRNA vaccine-
related myocarditis, are low. Incidence rate estimates are
subject to inherent reporting biases in vaccine surveillance
databases. Databases also vary in the format of reporting
incidence rates, such as by first or second vaccine doses, or
categorised per age and sex. Nevertheless, a gross estimated
overall incidence rate of between 2–5 per million mRNA
vaccine doses seems reasonable as the range presented from
larger population estimates in Europe, Canada, and the USA
[63]. The CDC estimate of the more susceptible young male
age group between 18–29 years of 24.3 cases per million
mRNA second doses administered is likely a best estimate,
given that these cases were individually reviewed and
confirmed [9]. The benefits of 94–95% efficacies in prevention
of serious disease from COVID-19 infection and potential
return to social norms appear to outweigh the risks, although
continued surveillance and awareness of the condition are
important.

This review focussed on larger vaccine safety surveillance
databases and was unable to perform searches of other
countries’ reporting systems. The countries in these data-
bases and the case reports had more widespread use of the
mRNA vaccines instead of other vaccine types. In particular,
vaccine-related adverse events in developing countries,
where use of other vaccine types is more prevalent, are likely
to be more difficult to monitor, given the overwhelmed
health services and lack of resources. There is therefore an
inherent likelihood of reporting bias within the articles found
in this review. Pharmaceutical companies with more global
resources may be able to perform more thorough phase IV
post-marketing surveillance.

There are also limited available data in those aged 12–15
years, as BNT162b2 vaccinations have only begun to be
available in this group in a few countries (USA, Canada,
Singapore, and United Arab Emirates), starting at the end
of May 2021. The trial in 12–15 year-olds did not detect
any cases of myocarditis in the 1,131 recipients [64]. These
numbers are small to detect rare adverse events, hence
continued surveillance is important. Thought should be
given to active surveillance studies to avoid under-
reporting and biases in vaccine safety surveillance data-
bases. It is also important to continue to survey adverse
events in adults, as the need for more booster doses
appears in the face of new variants such as Omicron,
with one case report of myocarditis after the third vaccine
dose [65].

Further research into pathogenesis and diagnostic criteria
specifically for vaccine-related myocarditis should be pri-
oritised. Further knowledge gaps are also noted in sub-
groups, such as whether patients with prior COVID-19
infections or prior history of myocarditis should have
altered vaccine regimens. In addition, there is no current
consensus whether patients diagnosed with COVID-19
vaccine-related myocarditis are suitable for second or
booster doses.
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Conclusion
As countries debate vaccination of younger adolescents and
children, the public and health care professionals should be
aware of the symptoms associated with COVID-19 vaccine-
related myocarditis, but also that the overall risk appears
low. However, further research into this condition is war-
ranted, particularly regarding the pathogenesis and higher
prevalence in younger males. There is also a current gap in
understanding in a few population groups, including those
aged ,16 years, those with prior COVID-19 infections, and
those with previous episodes of myocarditis. Current vacci-
nation guidance does not differ for these groups and further
information must be obtained over time.
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