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The impact of the global health crisis due to the virus
Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2)—the causative pathogen of the coronavirus disease
2019 (COVID-19)—has begun to alter with the timely
development, approval and administration of vaccines [1].
Although SARS-CoV-2 infection primarily targets the res-
piratory system [2–6], it is now recognised that the infec-
tion and its clinical manifestations are systemic [7–12], and
also affecting the cardiovascular system of adults and
children [13–20]. Cardiac complications of variable severity
with acute and long-term sequelae are now known to
include acute myocardial injury, arrhythmias, vasculitis
and endothelial dysfunction, thrombosis, myocardial
fibrosis, and myocarditis [13–23]. The cardiovascular and
cellular pathophysiology of COVID-19, and the clinical
management of previously healthy subjects and patients
with existing cardiovascular or other disease conditions
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remain under intense investigation particularly as early in
the pandemic, myocarditis was identified as a risk factor
for increased mortality in COVID-19 patients [23–25].

Viral infections are a common cause of acute myocarditis,
which usually presents with the hallmark of inflammatory
infiltrate and myocardial cell injury unrelated to ischaemia,
and in the absence of overt vascular disease [26,27]. In
healthy subjects, anti-viral vaccine-associated immune
eosinophilic myocarditis is rare but has previously been re-
ported in healthy adults for the smallpox vaccine and the
seasonal influenza vaccine [28–31].

Not surprisingly, highly publicised adverse events
following immunisation with COVID-19 vaccine have been
of great concern to the public and to health authorities
world-wide, particularly when associated with the death of
‘previously healthy’ individuals. There has been considerable
focus on the rare occurrence of Thrombosis with
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Thrombocytopenia Syndrome (TTS), Guillain-Barré Syn-
drome and Capillary Leak Syndrome reported after receipt
of the adenoviral vector vaccine made by AstraZeneca
(Covishield/Vaxzevria), even though a causal relationship
with each respective vaccination incident has not been
consistently established and these events are not exclusive to
the AstraZeneca vaccine. However, in the past few months
there has been a growing international list of reports of the
rare incidence of myocarditis and/or pericarditis within one
week after receiving the second dose of mRNA COVID-19
vaccines (Pfizer-BioNTech BNT162b2/Comirnaty and Mod-
erna mRNA-1273), more often in males, mostly in adoles-
cents and young adults [32–38].
In Australia, to 11 July 2021, the Department of Health

Therapeutic Goods Administration (TGA) has received 50
reports of suspected myocarditis and/or pericarditis out of
288 total adverse event reports after 3.7 million doses of
Pfizer mRNA COVID-19 vaccine [32]. These reported cases
of temporally associated possible myocarditis/pericarditis
and their clinical course are being evaluated and may be an
overestimate of the incidence; however, if all these events are
confirmed as likely vaccination complications, this represents
an incidence of 13.5 per million doses administered. After
long delays in vaccine administration in Australia, as vaccine
availability and the mRNA vaccination rate finally begin to
ramp up over the next few months, TGA monitoring and
clinician vigilance will be very important, as is consideration
of the experience in North America and Europe with large
populations where vaccine administration is most advanced.
International Monitoring of Post-
COVID-19 Vaccine Myocarditis
Below, we draw attention to brief summaries of post-
COVID-19 vaccine myocarditis accounts from Israel, the
UK, Europe, Canada, and the USA. At the time of writing
this report, event monitoring, clinical confirmation, patient
outcomes and exploring a causal relationship with the vac-
cines remain in progress between respective governing
health agencies and COVID-19 vaccine manufacturers.
However, adjustment of product safety information risk
statements is already being recommended and communi-
cated to health care professionals.
One of the earliest reports was from Israel where from

April 2021, the Ministry of Health detailed, by early June,
over 62 cases of myocarditis out of 5 million vaccinated
exclusively with the Pfizer mRNA vaccine (an incidence of
12.4 per million patients). Notably, the cases were predomi-
nantly younger than 30 years of age, mainly male, and had
received their second dose of vaccine within the preceding
3 days. Importantly, all were previously well and although
60 had recovered within less than a week, there were 2
deaths (one male aged 35 years and one female aged 22 years
[33]. Against a background of current considerations over
whether to vaccinate children (,12 years) against COVID-19,
adverse events and dosing regimen are being closely studied.
In the UK to 7 July 2021, 19.7 million first doses and about

11.6 million second doses of the Pfizer/BioNTech vaccine
plus about 1.1 million first doses of the COVID-19 Vaccine
Moderna have been administered [34]. As part of their open
’Yellow Card’ reporting, the UK Medicines and Healthcare
Products Regulatory Agency (Department of Health and
Social Care) have listed the incidence of suspected myocar-
ditis and pericarditis after receiving the Pfizer/BioNTech
vaccine (81 myocarditis, 63 pericarditis), and Moderna (9
myocarditis, 9 pericarditis, 1 endocarditis), with an incidence
of 5.0 per million doses. Of interest is that, after adminis-
tration of the AstraZeneca COVID-19 vaccine (adenoviral
vector; not an mRNA vaccine), there were also reports of
myocarditis (69) and pericarditis (107), after 24.7 million first
doses and 22.3 million second doses (an incidence of 3.7 per
million doses).
The European Medicines Agency, as of the end of May

2021, cited vaccination with approximately 160 million
COVID-19 vaccine doses for Pfizer, 19 million doses for
Moderna, 40 million for AstraZeneca and 2 million for
Janssen [35]. EudraVigilance adverse event data for these
dose exposures reported myocarditis following vaccination
with Pfizer (122 cases), Moderna (16 cases), and AstraZeneca
(38 cases). Post-vaccine pericarditis was also reported for
Pfizer (126 cases), Moderna (18), AstraZeneca (47) and the
Janssen COVID-19 viral vector vaccine (1). This represented a
very low incidence of reported myocarditis/pericarditis of
2.0 per million doses for viral vector vaccines and 1.6 per
million doses for mRNA vaccines.
The Public Health Agency of Canada (PHAC), Health

Canada, as of 9 July 2021, has administered over 41.5 million
COVID-19 vaccine doses and listed 163 cases of ‘myocar-
ditis/pericarditis’ (median age, 39 years; range, 15–86) [36].
The breakdown is: 111 cases after Pfizer-BioNTech, 40 after
Moderna, 11 cases after AstraZeneca; and 1 case with vaccine
unspecified. This represents an incidence of 3.9 per million
doses. The timing of post-vaccination onset of symptoms
ranged from 5 hours to 92 days. There were 52 females
(median age, 49 years; range, 15–86) and 59 males (median
age, 38 years; range, 15–82). Interestingly, 67 cases occurred
after the first dose, 26 cases after the second vaccine dose;
and, 18 cases, no dose number specified. Detailed reporting
of the cases, their clinical management and outcomes with
regard to an association or a causal link between myocar-
ditis/pericarditis and mRNA vaccines are in progress with
the growing receipt of data.
The US Centers for Disease Control and Prevention (CDC)

by mid-June 2021 had reported 1,226 cases of myocarditis
after mRNA vaccination (Pfizer or Moderna, 29 December
2020–11 June 2021) from 296 million doses [37,38], an inci-
dence of 4.1 per million doses. As the median age of these
cases was 26 years (range, 12–94 years) and the median onset
of first symptom was 3 days (range, 0–179), it is important to
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note that more than half the patients were less than 30 years
old, more than two-thirds were male, and more than 75%
had received the second dose of mRNA vaccine [37,38].
Consequently, CDC physicians and cardiologists
evaluated 484 cases of patients aged under 30 years, with
323 individuals that strictly met definitions as per
Dallas Criteria and Lake Louise Criteria for acute
myocarditis, acute pericarditis or myopericarditis [38]. The
median age for these individuals was 19 years (range, 12–29
years) with first symptom onset at a median of 2 days (range,
0–40 days), and 92% with onset within 7 days. Of note is that
96% of these individuals were promptly hospitalised. Most
patients were managed through mild clinical courses that
resolved, with subsequent hospital discharge; there were no
deaths.
The mounting number of case and cohort studies that we

have identified to date provide considerable detailed insight
into patient demographics, disease at presentation, diag-
nosis, clinical management, and outcome [39–43]. The report
by Montgomery et al. [43] is one of the larger retrospective
series: 23 male individuals were treated for chest pain and
confirmed with myocarditis after mRNA COVID-19 vacci-
nation between January and April 2021 (Pfizer, n=7 cases;
Moderna, n=16 cases). All were military staff members with
a high level of fitness and health. During this time 2.8 million
doses of mRNA COVID-19 vaccine were administered by the
US Military Healthcare Service. All patients had markedly
elevated cardiac troponin levels, with consistent indications
for myocarditis and no evidence of infection, existing auto-
immune conditions, or ischaemic disease; however only
eight patients were examined with cardiac magnetic reso-
nance imaging (MRI) at the acute phase of illness, thus
clinically confirming myocarditis. Notably, managed care
was brief, with rapid recovery in all patients.
A common feature of these post-COVID-19 vaccine reports

of myocarditis [39–44] is the very low incidence, general
similarity of patient demographics, condition, symptom
onset and outcomes. These reports also highlight the
importance of decision making as to when to include cardiac
MRI in evidence not only in confirming each case but also in
assisting with excluding confounding abnormalities.
Recently published in Heart Lung & Circulation [45], Berto
et al., from the Universitätsklinik für Kardiologie at Insel-
spital, Bern, Switzerland, present a case of Takotsubo car-
diomyopathy in a previously healthy 63-year-old female
within one day of a first dose Moderna (mRNA-1273)
COVID-19 vaccination. As far as we are aware, there have
been no previously published reports of this association,
although Takotsubo cardiomyopathy has been reported after
influenza vaccination [46]. In this case, cardiac MRI provided
valuable confirmative diagnostic support and reinforces the
need to characterise specific cardiomyopathic features and
subtype. As a ‘stress’-associated cardiomyopathy, Takotsubo
and its excess catecholamine-mediated myocardial stunning
may provide targets for further investigation following post-
COVID-19 vaccination systemic and cardiac inflammation
and inform medical management of cardiac dysfunction.
Considerations in Limiting the Age
Risk
As fatality rates due to COVID-19 markedly rise in those
over 70 years of age, particularly in those with comorbidities,
the advantages of vaccination in those with advanced age
have been well appreciated during the pandemic. In contrast,
as children and younger adolescents have had relatively
lower rates of SARS-CoV-2–related symptomatic disease, or
severe conditions requiring hospitalisation, intensive care, or
death, there has been reticence and limited focus in vacci-
nations for these age groups. This has been reinforced by a
predominance of experience featuring asymptomatic or
mainly mild, upper respiratory tract infection that resolves in
a few days. Case rates with severe conditions and subse-
quent fatality in children have been low, though more
common in adolescents with pre-existing severe life-
threatening conditions [47]. However, a greatly concerning
complication in children, within 2-4 weeks of SARS-CoV-2
infection, has been the emergence of a hyper-inflammation
condition that has features similar to toxic circulatory
shock and Kawasaki disease—Paediatric Multisystem In-
flammatory Syndrome (PIMS-TS), or Multisystem Inflam-
matory Syndrome in Children (MIS-C). Presentation involves
fever, elevated markers of inflammation and injury, circula-
tory shock, acute renal injury, cardiac dysfunction, coronary
artery aneurysm, and myocarditis, requiring urgent intensive
care support [47]. Given the remaining high prevalence of
COVID-19 in the community and the rapid spread of new
SARS-CoV-2 variants, North American, European, and other
health regulatory authorities have begun to extend use of the
Pfizer-BioNTech mRNA COVID-19 vaccine in children aged
12-15 years, particularly with the recent support of new
safety trial data. The recent randomised, placebo-controlled,
observer-blinded, Phase 3 trial (of a Phase 1–2–3 trial)
assessing safety, immunogenicity, and efficacy of the Pfizer-
BioNTech BNT162b2 vaccine in 2,260 subjects (aged 12–15
and 16–25 years) demonstrated a highly effective response
with 100% efficacy [48]. No vaccine-related serious adverse
events were reported in these cohorts. As other trials
currently in progress come to completion there will be
greater confidence and emphasis on vaccination in children
and adolescents, especially when vaccine production levels
augment sufficiently to meet the international demand for all
age groups.
Conclusions
As greater proportions of populations complete immunisa-
tion across the world—and many nations are still at an early
phase of this process—there remain many questions
regarding the specific molecular aetiology underlying post-
COVID-19 vaccination myocarditis or milder conditions
that are presently either not investigated or not reported.
While definitive evidence for myocarditis diagnoses is
important, it is also vital that aetiology is carefully
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distinguished between vaccine-related myocarditis, that is
rapidly resolvable with managed medical care, versus con-
founding an associated vaccination with other aetiology,
complex co-morbidities and other co-existent medical con-
ditions, and greater cardiovascular risk.
Regardless of aetiology, it remains that post-COVID-19

vaccine-associated cardiac diagnoses require timely and
stringent specialist clinical management, as has been high-
lighted by rare cardiovascular and cardiac-related deaths
following COVID-19 vaccination. Thus, informed consent for
mRNA COVID-19 vaccines should include information
regarding the rare but potential incidence of myocarditis or
pericarditis in the week following COVID-19 vaccination,
and individuals should be advised of potential symptoms
and the need to seek immediate clinical care. Although age
(mainly ,30 years) and sex (mainly male) may alter general
consideration of the rare risk for myocarditis after COVID-19
vaccination, discussion should consider an individual’s per-
sonal risk, based on their current health status, impact of
severe COVID-19 disease and the risk of infection from
locally circulating variants of SARS-CoV-2. As a larger pro-
portion of the total population is vaccinated, mounting data
regarding safety events, vaccine response and the incidence
of COVID-19 infection will rapidly evolve our understand-
ing, thus the reader is referred to the regular updates of the
document COVID-19 Vaccination-Guidance on Myocarditis and
Pericarditis After mRNA COVID Vaccines, jointly developed
by the Australian Technical Advisory Group on Immunisa-
tion (ATAGI) and the Cardiac Society of Australia and New
Zealand (CSANZ); (https://www.health.gov.au/sites/
default/files/documents/2021/08/covid-19-vaccination-
guidance-on-myocarditis-and-pericarditis-after-mrna-covid-19-
vaccines_1.pdf, Version 1.1 August 6th, 2021).
To date, the world-wide safety monitoring data suggests

that life-threatening serious adverse events are rare following
vaccination for COVID-19 but do require careful clinical
vigilance and early detailed investigation and clinical man-
agement as they can occur following all COVID-19 vaccine
types, at first or second dose. Importantly, analyses of this
data and their discussion by North American and European
health agencies at this early stage conclude that the benefits
of COVID-19 vaccination outweigh the risks in all pop-
ulations, including the rare risk of myocarditis, for all rec-
ommended age groups.
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