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In May 2021, concerns about possible cases of myocarditis
following coronavirus disease 2019 (COVID-19) vaccination
were raised by the European Medicines Agency safety com-
mittee [1].

We analysed reporting of myocarditis (myocarditis pre-
ferred term level using the Medical Dictionary for Regulatory
Activities) associated with vaccines (JO7 using the Anatom-
ical Therapeutic Chemical Classification System) versus
all other drugs, worldwide, from inception (1967) to 7
May 2021, in the international pharmacovigilance database
VigiBase. We used the information component (IC), an
indicator value for disproportionate Bayesian reporting
comparing observed and expected values to find signals
for associations between drugs and adverse events [2].
ICo25 is the lower end of the IC 95% credibility interval.
A positive [Cqy5 is deemed significant. We used clozap-
ine and atorvastatin as positive and negative controls,
respectively. Individual case reviews of each report of sus-
pected COVID-19 vaccine-related myocarditis were then
performed. Suspected myocarditis was classified according
to the consensus definition of drug-induced autoimmune
myocarditis as possible, probable or definite, based on
the presence or absence of compatible clinical symptoms,
electrocardiogram, abnormal troponin concentrations, car-
diac magnetic resonance imaging, endomyocardial biopsy
results or exclusion of coronary artery disease, when
available [3].

VigiBase contained a total of 25,728,751 adverse drug
reaction reports, including 8664 reports of myocarditis, of
which 1251 involved a suspected culprit vaccine. Among
these latter reports, 214 (17.1%) were associated with

Abbreviations: COVID-19, coronavirus disease 2019; IC, Infor-
mation Component; mRNA, messenger Ribonucleic Acid.

COVID-19 vaccines. Only messenger ribonucleic acid (mRNA)
COVID-19 vaccines, including mRNA1273 (Moderna®, n=51,
ICo25=1.1) and tozinameran (Pfizer/BioNTech®, n=105,
ICo25 =0.05) were significantly associated with myocarditis,
whereas other types of COVID-19 vaccine were not (Fig. 1).
The magnitude of the associations with liable non-COVID-19
vaccines and positive and negative controls are also shown
in Fig. 1.

The median age of patients with COVID-19 vaccine-
related myocarditis was 35 years (interquartile range 25—50
years) and 131/205 (63.9%) were male; five patients died.
Disproportional association as a function of age and sex
group showed over-reporting in males for the mRNA1273
and tozinameran vaccines, and in younger people for the
mRNA1273 vaccine (Fig. 1). Of importance, 188/214 (88%)
patients were free from any other reported medication.
No case of concurrent eosinophilia was reported. Associ-
ated pericarditis was reported in 47/214 (22%) cases. The
median time to onset between last dose of vaccine received
and the adverse event was 3 days (interquartile range 1—6
days; n available =202). Notably, sufficient data were avail-
able to classify 23 cases as definite, 16 as probable and 46
as possible myocarditis. No patient with definite myocarditis
died.

Vaccines are a known, but rare, cause of myocarditis,
considering the population exposed [4]. Despite the inher-
ent limitation of such an analysis, this report suggests that,
similar to other vaccines, mRNA COVID-19 vaccines are asso-
ciated with myocarditis. We acknowledge several sources
of bias caused by the nature of the pharmacovigilance
database, including underreporting, associated with halo
bias and a lack of detailed information on the exposed pop-
ulation for calculation of incidence. However, given that
approximately half a billion patients have received at least
one dose of a COVID-19 vaccine at the time of this analy-
sis, we strongly believe that these results do not change the
clear and favourable balance of benefit over risk for COVID-
19 vaccines. Nevertheless, physicians should be aware of
this rare but potentially life-threatening adverse event, with
early recognition being critical to provide appropriate care

[5].
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Figure 1. Information component (IC) and its 95% credibility interval lower endpoint (ICg5) comparing myocarditis associated with

vaccines (JO7 using the Anatomical Therapeutic Chemical Classification System) versus the full VigiBase database (until 05 July 2021). A
positive 1Cqgy5 value (> 0) is the traditional threshold used in statistical signal detection with VigiBase. A. Coronavirus disease 2019 (COVID-19)
vaccines and non-COVID-19 vaccines significantly associated with myocarditis are in black (bold) and grey, respectively; COVID-19 vaccines
non-significantly associated with myocarditis are in black (non-bold). B. Subgroup analysis of IC as a function of sex and age for COVID-19
liable vaccines. mRNA: messenger ribonucleic acid; Ngryg: the number of reports for the drug, regardless of the adverse drug reaction; Nops:
the actual number of reports observed for the drug-adverse drug reaction combination; v.: vaccine.
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