
Open access 

  1Kornowski R, Witberg G. Open Heart 2022;9:e001957. doi:10.1136/openhrt-2021-001957

To cite: Kornowski R, Witberg G. 
Acute myocarditis caused by 
COVID- 19 disease and following 
COVID- 19 vaccination. Open 
Heart 2022;9:e001957. 
doi:10.1136/
openhrt-2021-001957

Received 31 December 2021
Accepted 8 February 2022

1Department of Cardiology, 
Rabin Medical Center, Beilinson 
Hospital & Faculty of Medicine, 
Tel Aviv University, Tel Aviv, 
Petah Tikva, Israel
2Department of Cardiology, 
Rabin Medical Center, Beilinson 
Hospital & Faculty of Medicine, 
Tel Aviv University, Tel Aviv, 
Petach Tikva, Israel

Correspondence to
Dr Ran Kornowski;  ran. 
kornowski@ gmail. com

Acute myocarditis caused by COVID- 19 
disease and following 
COVID- 19 vaccination

Ran Kornowski    ,1 Guy Witberg    2

Cardiac risk factors and prevention

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Myocarditis and pericarditis are inflammatory conditions 
of the heart that present a range of symptoms, often 
including chest pain, fatigue, breathlessness and 
palpitations that may be irregular due to cardiac rhythm 
disturbances. Myocarditis has been proposed to account 
for a fraction of cardiac injury among patients infected 
with SARS- CoV- 2 and associated systemic inflammation; 
and it might be one of the reasons for the high mortality 
seen in COVID- 19 patients. Furthermore, following 
vaccination with mRNA COVID- 19 vaccines (ie, Comirnaty 
and Spikevax), myocarditis and pericarditis can develop 
within a few days of vaccination, particularly following 
the second dose. Based on recent reviewed data, the 
United States Food and Drug Administration (FDA) and 
the European Medicines Agency (EMA) have determined 
that the risk for both of these conditions is overall ‘very 
rare’ (~1 in 10 000 vaccinated people may be clinically 
affected), with the highest risk among younger males. 
Both EMA and FDA agree that the benefits of all authorised 
COVID- 19 vaccines continue to outweigh their risks, 
given the threat of serious COVID- 19 illness and related 
complications. Since myocarditis has a very wide clinical 
spectrum, ranging from mild to fulminant life- threatening 
disease, we present in this review a sum of the latest 
findings and considerations for the proper diagnosis and 
management of affected patients.

INTRODUCTION
COVID-19: from subclinical myocardial injury to 
fulminant lethal myocarditis
SARS- CoV- 2 gains entry into human cells by 
binding its cleaved spike protein (S1/S2 and 
S2ʹ sites) to the ACE2 membrane protein,1 
which, can be found on ciliated columnar 
epithelial cells of the respiratory tract, type II 
pneumocytes and also cardiomyocytes.2 Since, 
failed human hearts have a higher percentage 
of ACE2- expressing cardiomyocytes, patients 
with heart failure are at a higher risk and are 
more susceptible to severe infection.2

Furthermore, viral infections are a known 
common cause of myocarditis, due to a combi-
nation of direct cellular injury and T- cell cyto-
toxicity pointed at the myocardium,3 which 
can be augmented by the cytokine storm 

syndrome.4 Interleukin 6 (IL- 6) appears to be 
the central mediator of the cytokine storm,5 
which causes T- lymphocyte activation and a 
further release of inflammatory cytokines, 
stimulating more T lymphocytes into a posi-
tive feedback loop of immune activation and 
myocardial damage.4 As such, myocarditis 
has been proposed to account for a fraction 
of cardiac injury patients infected with SARS- 
CoV- 2 and associated systemic inflammation.6

This inflammatory disease of the myocar-
dium is classified as acute, chronic or 
fulminant; with the latter being a sudden, 
severe manifestation associated with acute 
heart failure, cardiogenic shock and life- 
threatening arrhythmias.7 The gold standard 
for diagnosis is the Dallas criteria, based 
on endomyocardial biopsy (EMB) histo-
pathology.3 8 9 Since 2009, a cardiac MRI 
(CMRI)- based diagnosis of myocarditis has 
been supported by the Lake Louise criteria 
(LLC), targeting three aspects of myocar-
dial inflammation: oedema, hyperaemia and 
necrosis and/or fibrosis.10 Most of the cases 
of COVID- 19- related myocarditis were diag-
nosed based on CMRI findings, with biopsy 
performed in very few cases.11

Patients with myocarditis often present 
with chest pain, fatigue and dyspnoea, similar 
to viral infections such as COVID- 19 with or 
without myocarditis; but others, report symp-
toms such as myalgia, diarrhoea, nausea, 
vomiting and headaches.7 According to a 
systematic review by Kariyanna et al,12 the most 
consistent findings in suspected COVID- 19- 
related myocarditis were cardiac biomarkers 
elevation; bilateral ground glass opacities on 
chest CT; and late gadolinium enhancement 
(LGE) from CMRI, both of which findings 
were observed in all patients in the study.12 13 
Myocardial oedema was reported in more than 
half of these patients, and tissue character-
isation through the use of LGE and T1/T2 
mapping was more useful at detecting myocar-
dial injury than assessing ventricular function 
according to the authors.12–15 Laboratory tests 
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revealed leukocytosis with increased C reactive protein, and 
arterial blood gas analysis showed respiratory acidosis.12 
Also, electrocardiography demonstrated ST- segment eleva-
tion or inverted T waves; and, echocardiography revealed 
reduced left ventricular ejection fraction (LVEF) with 
cardiomegaly or increased wall thickness.12

As for EMB findings, an initial case report of a clini-
cally suspected acute myocarditis, SARS- CoV- 2 was shown 
not in cardiomyocytes but within macrophages.16 Later, 
reports found viral invasion and necrosis of myocytes.17 18 
Italia et al11 have recently published a table summarising 
the latest conclusions from different reported studies, 
showing different degrees of myocardial inflammation; 
and, limited or absent myocardial necrosis.11 Also, Basso 
et al19 did a multicentric postmortem study in COVID- 
19- diseased patients, and found that in 86% of the cases, 
the most common cardiac autoptic evidence was non- 
specific interstitial macrophage infiltration, with 14% of 
the patients presenting a multifocal lymphocytic myocar-
ditis.19 The high mortality in COVID- 19 is very likely due 
to cytokine storm destroying the lungs architecture and 
fulminant myocarditis.20

COVID-19 induced myocarditis
Despite the growing understanding of COVID- 19 myocar-
dial involvement, cases of COVID- 19 myocarditis are likely 
under- reported.13 One recent study showed the preva-
lence of clinically confirmed COVID- 19 myocarditis across 
a large multinational registry to be 0.01% (256 patients), 
with an associated increased mortality, underscoring the 
importance of diagnosing patients with myocarditis early 
in the process.21 Current patient management is mainly 
supportive with the potential addition of interventions 
recommended for severe COVID- 19 disease, such as 
remdesivir, dexamethasone with or without convalescent 
plasma.22 In the setting of cardiogenic shock and refrac-
tory life- threatening arrhythmias, advanced mechanical 
circulatory support procedures should be considered. 
The history and clinical features of myocarditis are often 
nonspecific, as such early recognition and aggressive 
intervention are key factors in reducing morbidity and 
mortality. Furthermore, ventricular arrhythmias and 
sudden cardiac death secondary to myocarditis are also a 
concern in COVID- 19 patients.13

Subclinical myocardial involvement is also a common 
finding among COVID- 19 patients. In fact, Li et al23 
reported 28 out of 40 COVID- 19 patients with myocardial 
dysfunction based on reduced left ventricular 2D- global 
longitudinal strain, when compared with healthy 
controls.13 23 Twenty- four of the 40 patients exhibited 
elevated extracellular volume fraction in comparison with 
healthy controls, denoting diffuse interstitial fibrosis in a 
majority of these patients.13 23 These findings indicate the 
extensive incidence of subclinical cardiac abnormalities, 
only recognised months after COVID- 19 recovery. The 
distinction between COVID- 19 associated myocardial 
injury and overt myocarditis syndrome remains in some 

cases challenging; and, CMRI with or without myocardial 
biopsy is needed to validate the precise diagnosis.

COVID-19 postvaccination myocarditis
To end the COVID- 19 pandemic, vaccination is an essen-
tial component of the public health strategy. Large, 
randomised controlled trials of COVID- 19 vaccines 
were found safe and effective in preventing laboratory- 
confirmed symptomatic COVID- 1924–26; even though, 
adverse effects have been reported. In the specific group 
population of young adults and adolescent males, myocar-
ditis is considered a rare complication of mRNA vacci-
nation27 (ie, BNT162b2- Comirnaty by BioNTech/Pfizer, 
New York City, New York and Spikevax- mRNA- 1273 by 
Moderna, Cambridge, Massachusetts, USA).

Within the US Vaccine Adverse Event Reporting System: 
1226 reports of myocarditis after mRNA vaccination 
were received during 29 December 2020–11 June 2021; 
with a median age of 26 years (range 12–94 years); and, 
median symptom onset interval of 3 days after vaccina-
tion (range=0–179).27 Among 1094 patients with number 
of vaccine doses received reported, 76% occurred after 
receipt of the second- dose of mRNA vaccine; and, cases 
were reported after both Comirnaty and Spikevax.27 One 
of the initial reports was a retrospective case series within 
the US Military Health System28 that showed unexpected 
incidence of male military members diagnosed with clin-
ical myocarditis following vaccination.

Our group have studied this topic extensively. In a cohort 
of ~2.5 million members of the largest Israeli healthcare 
system (ie, Clalit Health Fund) who received at least one 
dose of Comirnaty, we found that the estimated incidence 
of myocarditis was 2.13 cases per 100 000 persons; with 
the highest incidence among young male patients (16–29 
years, 10.7 per 100 000 persons).29 Most cases of myocarditis 
were mild in relevance to clinical severity.

In another Israeli study that included ~5.4 million vacci-
nated people, second- dose vaccination- related myocar-
ditis had a standardised incidence ratio of 5.34 per 
100 000 persons—driven mostly by diagnosis in younger 
males.30 The risk ratio for myocarditis compared with 
unvaccinated people was 1.8.30 Among the aged <30 years 
old, the standardised incidence ratio was 12.2 per 100 000 
vaccinated. From 136 adjudicated cases, only one fulmi-
nant case was reported. Patients with myocarditis consis-
tently presented chest pain 2–3 days after second dose; 
and, showed elevated cardiac troponin levels, abnormal 
ECG with ST elevations in most, and CMRI suggestive of 
myocarditis in all (when performed), with no evidence of 
acute COVID- 19 or other viral infections.31

In a series of 15 male patients with clinically adjudicated 
myocarditis within 42 days of first- Comirnaty vaccination 
who underwent CMRI, imaging findings were consis-
tent with ‘classical myocarditis’.32 LGE was found among 
13/15 patients with a median of 2% (range 0%–15%), 
with inferolateral wall being the most common location 
(8/13). The patterns of the LGE were: mid- wall in six 
patients; epicardial in five patients; and mid- wall and 
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epicardial in two patients. The short- term clinical course 
and outcomes were favourable in all cases.

Another report from 26 US medical centres identified 
139 adolescents and young adults with suspected myocar-
ditis.33 Most patients were male (90.6%) with median 
age of 15.8 years. Suspected myocarditis occurred in 131 
(94.2%) following Comirnaty, with 128 (91.4%) after 
the second dose. Median symptom on- set was 2 days 
after vaccination. Twenty- six patients (18.7%) were 
admitted to intensive care unit (ICU), two were treated 
with inotropic/vasopressor support, but none required 
mechanical support or died. Of 97 patients who under-
went CMRI, 75 (77.3%) had abnormal findings: 74 
(76.3%) had LGE, 54 (55.7%) had myocardial oedema. 
Among 26 patients with LVEF <55% on echocardiogram, 
follow- up showed normalised function (N=25).33

The Centers for Disease Control (CDC) has estimated 
an incidence of myocarditis after any COVID- 19 vacci-
nation as 0.48 cases per 100 000 overall, and 1.2 cases 
per 100 000 among vaccine recipients between the ages 
of 18–29 years.34 This estimate can vary according to 
the patient population, accuracy of case identification 
and definition of myocarditis events (eg, suspected vs 
confirmed cases). Importantly, per million second doses 
of mRNA COVID- 19 vaccine administered to this group: 
11 000 COVID- 19 infections, 560 hospitalisations, 138 
ICU admissions and 6 deaths due to COVID- 19 could be 
prevented, compared with 39–47 expected myocarditis 
cases after COVID- 19 vaccination.34 As such, the benefits 
(prevention of COVID- 19 disease and associated hospi-
talisations, ICU admissions, mechanical support of the 
cardiorespiratory system and deaths) clearly outweigh 
the risks (expected myocarditis cases after vaccination) 
in this group population, as in all populations for which 
vaccination has been recommended.34

Most recently, the Pharmacovigilance Risk Assess-
ment Committee (PRAC) of the European Medicines 
Agency has reviewed two large European epidemiolog-
ical studies, one conducted using data from the French 
national health system (Epi- phare) and the other based 
on Nordic registry data.35 Both studies provide estimates 
of the number of extra cases of myocarditis in younger 
males following the second dose, compared with unex-
posed persons of the same age and gender. For Comir-
naty, the French study showed that, in a period of 7 days 
after the second dose, there were about 0.26 extra cases of 
myocarditis in 12–29 years old males per 10 000 compared 
with unexposed. In the Nordic study, in a period of 28 
days after the second dose, there were 0.57 extra cases 
of myocarditis in 16–24 years old males per 10 000 
compared with unexposed. In the case of Spikevax, the 
French study showed that in a period of 7 days after the 
second dose there were about 1.3 extra cases of myocar-
ditis in 12–29 year old males per 10 000 compared with 
unexposed. The Nordic study showed that in a period of 
28 days after the second dose of Spikevax there were ≈1.9 
extra cases of myocarditis in 16–24 years old males per 
10 000 compared with unexposed. Based on the reviewed 

data, PRAC confirmed the overall ‘very rare’ risk, higher 
among younger males; but concluded that vaccination 
benefits clearly outweigh the risks.

Gaps of knowledge
How to best diagnose and manage affected cases?
Patients should be tested for baseline cardiac biomarkers/
enzymes on hospital admission (eg, troponin and N- ter-
minal pro- B- type natriuretic peptide (NT- pro- BNP)); 
because, cardiac troponin I, cardiac troponin T, 
NT- pro- BNP and BNP levels are usually elevated in 
myocarditis due to acute myocardial injury and possible 
ventricular dilation.4 In patients with suspected acute 
myocarditis, cardiac echocardiography should be 
performed repeatedly and CMRI should advance the 
diagnosis according to the revised Lake LLC.17 None-
theless, CMRI is limited in many centres with the requi-
site for some breath- holding manoeuvres; and given the 
high contagiousness of COVID- 19, requires comprehen-
sive disinfection measures after use.4 Usually, echocardi-
ogram is more readily available, and the cardinal signs 
of myocarditis are increased wall thickness, chamber 
dilation and pericardial effusion in the background of 
ventricular systolic dysfunction.4 If coronary angiography 
is performed, it is reasonable to perform this procedure 
concomitantly with EMB in experienced centres, in order 
to obtain samples for immunohistochemistry of inflam-
matory infiltrates and RNA/DNA extraction for the pres-
ence of viral genomes. EMB collection also serves as an 
opportunity for accurate confirmed diagnosis, and anal-
ysis of possible biomarkers of SARS- CoV- 2 myocarditis.

Because inflammation is a substrate for atrial arrhyth-
mias, such as atrial fibrillation, these tend to be more 
frequent in COVID- 19 cardiomyopathies, occurring 
in up to half of patients admitted to an ICU.17 As such, 
cardiac monitoring is advisable to enable appropriate 
therapy. Ventricular arrhythmias are also observed and 
may accompany cardiac arrest in these patients.17 QT 
prolongation will need to be monitored.17 The appro-
priate use of anticoagulants evaluating risk vs benefit is 
also important.17

What are the long-term effects?
The immune activation and dysfunction can lead to 
target tissue fibrosis and microangiopathy, causing long- 
term effects in the affected patients. Owing to concerns 
about myocardial injury caused by COVID- 19, investiga-
tors started imaging survivors of COVID- 19 using CMRI 
and found a concerningly high frequency (up to 78%) of 
patients with abnormalities: elevated T1 values (a marker 
of fibrosis or inflammation) in up to 73% of patients, 
increased T2 values (a marker of oedema) in up to 60% of 
patients and myocarditis- like LGE patterns in 32%–45% 
of patients when CMRI was performed within 37–71 days 
after COVID- 19 diagnosis.13 A German study suggested 
that 2 months after SARS- CoV- 2 positivity, 78% of survi-
vors had persistent cardiac involvement, of which 60% 
presented ongoing signs of myocarditis.14 These findings 
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raised the spectre of ongoing myocarditis, and give an 
alert of an eventual epidemic of long- term heart failure. 
As such, early identification of patients with cardiac 
involvement is vital, so they can benefit from cardiopro-
tective therapy and appropriate follow- up strategies. It 
is important to emphasise that these persistent CMRI 
findings were not identified among myocarditis cases 
induced by vaccination against COVID- 19. It is probable 
that since most affected people were not hospitalised for 
a very long period of time and most had good functional 
and clinical recovery, the overall long- term prognosis 
should be favourable as well among vaccinated patients 
with myocarditis.

Repeat vaccination for those who already had myocarditis?
Although vaccine- associated myocarditis has received wide-
spread attention in the media, this adverse effect is quite 
rare; and, the severity of the complication tends to be mild 
to moderate with an early clinical diagnose with CMRI.36 
Also, vaccine- associated myocarditis responds well to 
conservative treatment (eg, rest, supportive treatment, pain 
management, anti- inflammatory drugs, haemodynamic 
support as needed); but follow- up should be ongoing to 
determine long term outcomes and cardiac function.

The long- term implications in these patients are not 
yet known, but still the benefit of vaccination against 
COVID- 19 far outweighs the risk.36

If a person develops myocarditis after the first or 
second dose of an mRNA vaccine, the CDC recommends 
that their subsequent dose be delayed and that the next 
dose could be reconsidered on resolution of symptoms, 
signs and findings, under certain circumstances.34 There 
is evolving evidence that even a double- dose mRNA 
vaccine does not offer adequate long- term protection in 
the general population against new SARS- COV- 2 variants, 
and further studies are needed to determine efficacy 
of a third- dose ‘booster’ in different age groups.35 Most 
recent data from Israel indicates that among 758 118 
people who received a booster third dose of Comirnaty at 
least 5 months after a second dose, there was 90% lower 
mortality due to COVID- 19 compared with participants 
who did not receive a booster (adjusted HR for death 
due to COVID- 19 in the booster group vs the non- booster 
group was 0.10 with 95% CI 0.07 to 0.14; p<0.001).37 
Nonetheless, the incidence of myocarditis following 
the third (or even 4th) booster mRNA vaccination dose 
remains to be determined.

How to identify patients at risk?
Although rare, clinicians should be aware of the myocar-
ditis risk, which should be considered in individuals, 
presenting with chest pain within a week after vaccina-
tion, especially in the younger male population. The 
reasons for male predominance especially at younger age 
in myocarditis cases remain unknown. It is possible that 
genetic predisposition and/or sex hormone differences 
in immune response might contribute to the onset of 
myocarditis; and also, that women are underdiagnosed for 

their cardiac symptoms. The risk of COVID- 19- associated 
myocarditis and COVID- 19 vaccine related myocarditis 
among adolescents and children (age <16 years)has to 
be studied in multiple countries. A recent Israeli national 
study by Mevorach D et al. (DOI: 10.1056/NEJMc2116999) 
showed that among 404,407 adolescents (12 to 15 years of 
age, 195,579 of whom are male) who received the first 
dose of the Comirnaty\BNT162b2 vaccine and 326,463 
adolescents (157,153 male) who received the second 
dose, the risk estimates of myocarditis among adoles-
cents male recipients in the 21 days after the first and 
second doses were 0.56 cases per 100,000 after the first 
dose and 8.09 cases per 100,000 after the second dose; 
the risk estimates among female recipients were 0 cases 
per 100,000 after the first dose and 0.69 cases per 100,000 
after the second dose. Thus, based on this preliminary 
resport, it seems that adolescents are not at augmented 
risk for myocarditis post vaccination compared to adults. 
For initial evaluation, ECG and cardiac troponin level 
should be obtained, and inflammatory markers such as C 
reactive protein and erythrocyte sedimentation rate can 
be helpful.31 Clinical examination combined with ECG 
and echocardiography testing should be undertaken in 
suspected cases regardless of age, sex or ethnicity.

Comparative risks of different vaccines
Finally, the comparative risk of the diverse vaccines has been 
a matter of uncertainly until recently. A large study (N=38 
615 491) undertook in England assessed an extra 2, 1 and 
6 myocarditis events per 1 million people vaccinated with 
adenovirus- based (ChAdOx1), Comirnaty and Spikevax 
mRNA vaccines, respectively, in the 28 days following a first 
dose and an extra 10 myocarditis events per 1 million vacci-
nated in the 28 days after a second dose of Spikevax.38 This 
compares with an extra 40 myocarditis events per 1 million 
patients in the 28 days following a SARS- CoV- 2 positive 
test. Subgroup analyses by age showed the increased risk 
of myocarditis associated with the two mRNA vaccines was 
present only in those younger than 40.38

CONCLUSIONS
Although nucleoside modifications of mRNA used in 
these vaccines reduce their innate immunogenicity; 
it might be that in certain individuals with genetic 
predisposition, the immune response to mRNA may 
linger and drive the activation of an abnormal innate/
acquired immune response against the myocardium.39 
Even though, despite the rare cases of myocarditis, the 
benefit–risk assessment shows a strong positive balance 
for all age and sex groups; therefore, COVID- 19 vaccina-
tion is currently strongly recommended.

As suggested by Bozkurt et al,31 a collaborative registry 
of myocarditis related to COVID- 19 vaccination as well as 
COVID- 19 disease with data collected on patient demo-
graphics, clinical presentation, biomarkers including 
cardiac troponin, diagnostic findings of ECG, echocardi-
ography and CMRI, biomarkers, together with a paired 
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bioregistry with blood and cardiac tissue samples, would 
be quite valuable to answer many of the open questions 
we still have as cardiologists and medical community at 
large.
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