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A cute myocarditis most commonly results
from a viral infection, with an age-
standardized incidence of 40 per 100,000

subjects.1 Common upper respiratory viruses, entero-
viruses, human herpesvirus 4 and 6, parvovirus B19,
and others can induce exaggerated inflammation in
the heart, mainly in young men with a certain im-
mune and genetic susceptibility.1 Myocarditis as
well as pericarditis may also rarely occur after vacci-
nation, as observed with the large vaccination pro-
grams against influenza, hepatitis B, or smallpox,
and more recently with the worldwide vaccination
program against SARS-CoV-2.2-5 In particular,
messenger RNA (mRNA)–based technology vaccines
(Moderna mRNA-1273 and less so Pfizer-BioNTech
BNT162b2) may trigger self-limited and mild myocar-
ditis in 1 to 5 in 100,000 vaccinated individuals. Still,
the benefit-risk assessment for COVID-19 (mRNA)
vaccination against COVID-19–related hospitaliza-
tions, intensive care unit admission, and death un-
derscores a very strong favorable balance of
vaccination for all age and sex groups—starting from
adolescence—despite this minor risk.6,7 COVID-19
vaccination also reduces the danger of myocardial
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injury (and myocarditis) or arrhythmias (reviewed in
Rosano et al8).

Important questions about COVID-19 mRNA
vaccination–related myocarditis remain. What is the
real incidence of COVID-19 vaccination–related
myocarditis? What are the immune mechanisms, in
particular with mRNA vaccinations? Are specific
vaccination schemes more predisposing? Why are
mainly young men affected? Is it wise to give a
(booster) vaccination in subjects with a history of
myocarditis or vaccination-related myocarditis?

What is the real incidence of acute myocarditis
following vaccination? The rapid reporting of
myocarditis cases has instigated the preemptive
medical surveillance. The control population may
influence the relative increase of myocarditis. Studies
using control historical data pre-COVID report a 5�
increase of myocarditis in COVID-19–vaccinated in-
dividuals.2,3 In contrast, studies in which common
myocarditis is assessed in nonvaccinated individuals
during the vaccination period report a 1.5� increase
compared with nonvaccinated individuals.5 Still, for
patients receiving mRNA-1273, the adjusted HR
among 12- to 39-year-olds was 5.24 (95% CI:
https://doi.org/10.1016/j.jacc.2022.08.003

y Medical Centre, Maastricht University, Maastricht,

rsity, Leuven, Belgium; cSchool of Medicine and

, United Kingdom; dMount Sinai Heart, Mount Sinai

rdiovasculares Carlos III, Madrid, Spain; fInstitute of

ardio-Oncology Unit, Department of Translational

rdepartmental Center of Clinical and Translational

ples Federico II, Naples, Italy.

aper. Javed Butler, MD, MPH, MBA, served as Guest

es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

https://doi.org/10.1016/j.jacc.2022.08.003
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacc.2022.08.003&domain=pdf


ABBR EV I A T I ON S
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mRNA = messenger RNA
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2.47-11.12) and the absolute rate was 5.7
(95% CI: 3.3-9.3) per 100.000 vaccinated in-
dividuals within 28 days of vaccination.4

Finally, the minimal diagnostic criteria for

myocarditis—a combination of symptoms, electro-
cardiographic changes, and cardiac “injury” bio-
markers—might have resulted in an overestimation,
whereas the lack of cardiac magnetic resonance in
patients with troponin increase—performed in only
30%—may have resulted in a relative underestimation
of myocarditis cases. Similarly, endomyocardial bi-
opsies were performed in <5%, making the diagnosis
of myocarditis in patients with myocardial injury less
certain. Case reports of myocarditis more than 1 or
2 weeks after the booster vaccination are also less
certain, as the vast majority of both viral and vacci-
nation associated myocarditis occurs within the first
week after viral infection or vaccination.

What are the mechanisms of COVID-19 (mRNA)
vaccination–related myocarditis in young men? Until
now, all studies only established a temporal rela-
tionship between vaccination and (peri)myocarditis,
without a definite causality. Still, the increased risk of
myocarditis after mRNA compared with non-RNA
vaccines is a distinct observation. An mRNA im-
mune reactivity may be underlying. Next, the anti-
bodies against the SARS-CoV-2 spike glycoproteins
encoded in the mRNA vaccines might cross-react with
myocardial contractile proteins,8 but a higher inci-
dence of myocarditis would be expected with this.
A multisystem inflammatory syndrome has been re-
ported with the mRNA vaccines, indicating that this
immune reaction involves a broader multiorgan
involvement than only the heart. Last, but not least,
mRNA vaccines—in particular mRNA-1273—cause a
stronger—and more long-lasting—immune response,
which may act as the final catalyst in immune and
genetically susceptible young men. In line, the Mod-
erna mRNA-1273 vaccine has at least 3� the mRNA
contents as the Pfizer preparation, and is associated
with at least 3� the risk of myocarditis.5 The young
male predominance both in viral and vaccination-
related myocarditis suggests that hormonal factors
may also be involved. Testosterone can inhibit anti-
inflammatory immune cells and promote a more
aggressive T helper 1 cell–type immune response. In
contrast, estrogen has inhibitory effects on proin-
flammatory T cells, resulting in a decrease in cell-
mediated immune responses.

Why mainly after the second vaccination? Why are
only 20% of myocarditis cases observed after the first
vaccination, with the remainder after the second? The
predominance in the young age after the second
vaccination may suggest that a stronger or distinct T
(memory) cell–mediated immune response may be
involved. What should we expect after the third and
fourth boosters? Numbers do not report a further in-
crease after the third vaccine booster. As viral or
COVID-19 vaccination–related myocarditis only oc-
curs in 40 of 100,000 individuals, with a reported
1.5� increase after mRNA vaccination, thousands of
previous common myocarditis patients (or billions of
vaccinated individuals) would be required to study
the risk of recurrent (vaccination-related) myocarditis
after COVID-19 booster vaccination. As recurrent viral
myocarditis is rare, and most cases of recurrent (peri)
myocarditis have an underlying (auto)immune
mechanism different from the COVID-19 mRNA
vaccination–related myocarditis, a significantly
increased risk of myocarditis after the booster vacci-
nation in previous myocarditis patients is not to be
expected. While low incidence of booster-associated
myocarditis to date is encouraging, until more data
are available, no firm conclusions can be made at this
time. Also, fewer people have received a third vaccine
booster (29%), compared with the 65% of people in
the United States who have received 2 vaccines.9

Furthermore, the proportion receiving boosters was
less likely to include younger adults, the most pre-
disposed cohort subset to vaccine-associated
myocarditis. Finally, as the risk of myocarditis is the
highest with the mRNA COVID-19 vaccination, mRNA-
1273 in particular, one might consider administration
of non-mRNA vaccines as a booster in these patients
with previous COVID-19 mRNA vaccine–related
myocarditis. Real-life evidence for this suggestion
for sure first requires prospective evaluation. Given
the superior efficacy of mRNA—compared with non-
mRNA—vaccines, one may consider a comparative
trial with surrogate endpoints such as peak neutral-
izing antibodies.

What about mixing different vaccines, and the time
interval between different doses? An interdose in-
terval of <30 days has the highest rate of myocarditis
in those individuals who received NBT162b2 followed
by mRNA-1273, as revealed by the Ontario study in
Canada (>19 million doses of mRNA vaccines).4

A short interdose interval and a heterologous vac-
cine schedule with mRNA-1273 as the second vaccine,
in addition to young age and male sex, therefore re-
sults in the highest absolute rate of myocarditis. The
reported rate of myocarditis with mRNA-1273 given
>2 months after the first dose is 3� lower compared
with the short interdose interval (<30 days), indi-
cating that booster vaccination given with a longer
interval results in in a much lower risk of myocarditis.
Elucidating the immune alterations at the cellular
level that underlie these differences with varying
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intervals between doses may help further understand
how the mRNA vaccination may trigger myocarditis
in susceptible young men. Besides considering non-
mRNA vaccines in patients with previous mRNA
vaccination–related myocarditis, one may also advise
a longer interdose interval to decrease the risk of
myocarditis. This approach should be subjected to
rigorous replication, validation, and prospective
clinical evaluation, as this opinion is now solely based
on retrospective observations. Of importance, a
longer interdose interval might also result in a higher
protection against COVID-19 itself.10,11

Possible facts:

� The relative increased risk of mRNA-vaccination
related myocarditis may be 1.5� higher than in
nonvaccinated individuals.

� The absolute risk is 1 to 5 per 100,000 vaccinated
individuals, making myocarditis a rare event.

� Vaccination-related myocarditis has a milder pre-
sentation, a higher recovery rate, and lower mor-
tality compared with common pre-COVID
myocarditis.

� As in common (pre-COVID) myocarditis, mainly
young men are affected, suggesting that there are
distinct hormonal and immune mechanisms
involved.

� A dose interval of >2 months might blunt the
increased risk of myocarditis with the mRNA
vaccination, and might even reduce COVID-19
severity.

Call for additional evidence:

� What are the best diagnostic criteria for vaccine-
related myocarditis?

� What are the reasons for the Moderna mRNA-1273
vaccine to have a higher risk of myocarditis
compared with the Pfizer preparation? The mRNA
content?

� What is the incidence of booster (third and fourth)
associated myocarditis? In the young?

� A dose interval of >2 months might blunt the
increased risk of myocarditis with the mRNA-1273
vaccination.

� Are non-mRNA vaccines as a booster in patients
with previous mRNA vaccination–related myocar-
ditis the best option?
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