
Myocarditis after vaccination against covid-19
Data from Denmark indicate low risk, with important differences between vaccines
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ThemRNAvaccines fromPfizer-BioNTech (BNT162b2)
and Moderna (mRNA-1273) are a stunning success of
science. They have saved countless lives and have a
demonstrated safety record in a billion administered
doses worldwide. No drug in history, however, has
been completely free of adverse events. Myocarditis,
although rare, is a known side effect of the mRNA
vaccines and has been a barrier to uptake primarily
because of uncertainty around its severity and
frequency. Much of the pharmacovigilance data
identifyingmyocarditis has been frompassive reports
and could be incomplete. There have also been a
handful of case reports. What has been missing are
complete population based studies that can give a
less biased assessment of incidence.

It is in this context that the linked study by Husby
and colleagues (doi:10.1136/bmj-2021-068665) is
considered.1 These authors reviewed data from all
five million residents of Denmark age 12 and older,
four million of whom received one of the mRNA
vaccines from October 2020 to October 2021. They
identified all cases of myocarditis or myopericarditis,
defined as a hospital diagnosis of myocarditis or
pericarditis plus an increased troponin level and
admission lasting >24 hours. The primary analysis
used a cox proportional hazards model to compare
the risks of myocarditis or myopericarditis 28 days
after vaccinationwith risk during unvaccinated time.
The authors also performed a nested self-controlled
case series to deal with confounding, and they got
similar results.

The study confirms what is already known about
vaccine associated myocarditis—that it is rare, but it
exists. Of 3.5 million people who received BNT162b2,
48 developed myocarditis or myopericarditis within
28 days (54% male, 56% second dose), giving an
incidence of 1.4 per 100 000 vaccinated individuals.
The increased rate of myocarditis or myopericarditis
was not statistically significant in the primary
analysis (adjusted hazard ratio 1.34, 95% confidence
interval 0.90 to 2.00), although it was statistically
significant in an analysis using a 14 day
post-exposure window (1.89, 1.23 to 2.90). In perhaps
themost surprising result, the vaccinewas associated
with myocarditis or myopericarditis only in female,
not male, participants. That just under half of the
cases were in female participants and after the first
dose is unexpected, inconsistent with international
data, and hard to explain.

Results for Moderna’s vaccine mRNA-1273 are more
consistent with previous studies: of 500 000 people
vaccinated, 21 developed myocarditis or
myopericarditis (76%male, 86%seconddose), giving
an overall incidence of 4.2 per 100 000. Risk was
increased in both male and female participants

(adjusted hazard ratio 3.92, 2.30 to 6.78), with
substantially higher risk after the second dose.

Overall, the rate of vaccine associated myocarditis or
myopericarditis in Denmark is lower than the rate
reported in other settings, although it is difficult to
compare across settings given differences in case
definition and population characteristics. For
example, among 5.1 million Israelis vaccinated with
BNT162b2, 136 cases of myocarditis occurred within
21 days, or an overall rate of 2.7 per 100 000,
compared with 1.4 per 100 000 in Denmark.2 Age
differences could be at play, but even in the youngest
groups the rates in Denmark are lower than those
elsewhere. In young people aged 12-17 years (boys
and girls combined), the rate of myocarditis or
myopericarditis in Denmark was 1 per 100 000 with
BNT162b2 compared with 18.5 per 100 000 in Hong
Kong,3 and roughly 7 per 100 000 in Israel (ages 16-19
years).2 In 12-39 year old males after the second dose
of BNT162b2, the incidence of myocarditis or
myopericarditis inDenmarkwas only 1.8 per 100000,
comparedwith >7 per 100000 in 16-39 year oldmales
in Israel.2

Whymight the rates of vaccineassociatedmyocarditis
or myopericarditis seem lower in Denmark? Clearly
the definition of myocarditis will influence the
reported incidence. Husby and colleagues’ case
definition was strict, requiring a hospital stay of at
least 24 hours combined with an increased troponin
level. Differences in surveillance for adverse effects
could also play a role, as coulddifferences in vaccine
dosing interval. In Denmark, the median time
betweenBNT162b2 doseswas fiveweeks, longer than
the three weeks recommended in Israel and the
United States. The authors offer this longer dosing
interval as one potential explanation for the lower
rates of myocarditis or myopericarditis in Denmark.
This hypothesis has support. Researchers from
Canada recently found a lower rate of myocarditis
associated with longer spacing between doses.4 In
the United Kingdom, which also extended time
between doses, the rate of myocarditis after
vaccination with BNT162b2 appears similarly low, at
1 per 100 000.5

Husby and colleagues also confirm a higher rate of
myocarditis or myopericarditis with mRNA-1273
comparedwithBNT162b2. Amongmenyounger than
40, the incidence of myocarditis associated with
mRNA-1273 was five times higher than the incidence
associated with BNT162b2 (9.4 v. 1.8 per 100 000).
This findinghas been confirmed in theUS,6 Canada,4
Japan,7 Germany,8 France,9 and in other Nordic
countries. Those countries, unlike the US, have
decided to recommend BNT162b2 over mRNA-1273
for young people.
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The mRNA vaccines against covid-19 are remarkably effective and
provide tremendous benefit to recipients. The risks of myocarditis
ormyopericarditis are lowandmust bebalancedagainst thesemany
benefits. Balancing risks and benefits, however, means measuring
risks accurately, and population based studies such as this one are
vital for ensuring this proper balancing, and for identifying ways
to maintain the benefits of vaccination while reducing the risks.
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