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To the Editors,

Myocarditis is one of most critical adverse reactions to messenger
RNA (mRNA) COVID-19 vaccination. Globally, the frequency
of myocarditis has been shown to be approximately 0.3-5.0 per
100,000 doses of COVID-19 mRNA vaccines [1]. Vaccine-
induced myocarditis typically presents within 1 week after vac-
cination, with chest pain and dyspnea. It occurs predominantly
in males between 12 and 29 years old and commonly after the
second dose. The symptoms are generally mild, and the cardiac
contractility is usually normal despite the presence of electrocar-
diogram (ECG) abnormalities. Treatment with nonsteroidal anti-
inflammatory drugs can resolve symptoms within a few days, but
severe vaccine-induced myocarditis has been rarely reported in
patients with pre-existing health conditions [2].

Multiple genetic factors have been proposed to underly the
development of myocarditis. Rare germline genetic variants of
genes encoding inborn errors of immunity and sarcomeric pro-
teins associated with cardiomyopathy as well as specific HLA
alleles may predispose some individuals to myocarditis [3]. Since
monozygotic twins share the same prenatal and similar postnatal
environment and have the same age and gene profile, they may
represent a very special resource for investigating the causes of
rare complications of disease or adverse effects of drugs.

We herein report 2 cases of COVID19 vaccine-associated
myocarditis in 13-year-old monochorionic diamniotic twins,
strongly suggesting the presence of underlying genetic factors
for predisposition to myocarditis after COVID-19 vaccination.
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Patient 1

A 13-year-old boy developed a fever and chest pain the day
after (about 30 h after) receiving his second dose of the
BNT162b2 mRNA (Pfizer-BioNTech) COVID-19 vaccine
(day 1). He visited our hospital 3 days after vaccination (day
3). On arrival at our hospital, about 66 h after vaccination,
his fever had almost been relieved, and other vital signs were
normal. A blood examination revealed mild elevation of
C-reactive protein (CRP; 0.96 mg/dL), myocardial deviation
enzyme of CK-MB (23 IU/L; normal < 15) and BNP (marker
of heart failure; 18.8 pg/mL; normal < 18.4). Electrocardiog-
raphy (ECG) demonstrated elevations of ST-segment in II,
III, aVF, and V3-6 and negative T waves in V3-5 (Fig. 1a).
Echocardiography showed a normal cardiac function, with a
left ventricular ejection fraction (LVEF) of 63.7% and normal
left ventricular wall motion. He was diagnosed with possible
myocarditis due to the findings of chest pain, elevated CK-MB,
and abnormal ECG findings, based on the Brighton Collabo-
ration diagnostic criteria. We did not perform a cardiac MRI
examination due to the technical limitations of our hospital.
Five days after vaccination, the chest pain spontaneously
resolved, and the CK-MB level normalized; he was therefore dis-
charged from the hospital 9 days after vaccination. ECG showed
normal examination findings at 1 month after the onset (Fig. 1b).

Patient 2

Patient 2 was the monochorionic diamniotic twin brother of
patient 1 and had been healthy from birth. He received the
second dose of the Pfizer-BioNTech COVID-19 vaccine on
the same day as patient 1. A fever and chest pain developed
the day after vaccination (day 1; about 20 h after vaccina-
tion). By day 3, about 66 h after vaccination, his fever had
already been relieved, but he visited our hospital along with
patient 1. At that time, he had no clinical symptoms with
stable vital signs.
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Fig.1 a-d ECG examination findings. a Patient 1 on admission: ST
elevation in V3-6 (red arrows) and negative T waves in V3-5 (blue
asterisks). b Patient 1 after one month: ECG changes improved. ¢
Patient 2 on admission: ST elevation at V3-6 (red arrows) and nega-
tive T waves at V3-6 (blue asterisks). d Patient 2 after one month:
ECG changes improved. e Clinical courses of patients 1 and 2: Both

Blood examinations revealed mild elevations in CRP
(0.70 mg/dL), CK-MB (25 IU/L), and BNP (18.8 pg/mL).
ECG showed the elevation of ST waves in I, aVL, and V3-6
and negative T waves in V3-6 (Fig. 1¢). Echocardiography
exhibited a normal LVEF (65.6%) with good left ventricular
wall motion. He was diagnosed with myocarditis, similar to
his brother. By 5 days after vaccination, the CK-MB level
had normalized, and he was ultimately discharged 9 days
after vaccination. One month after the onset, his ECG find-
ings were normal (Fig. 1d).

Patients 1 and 2 followed nearly the same clinical course
(Fig. 1e). They were healthy by nature and did not play
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patients developed a fever and chest pain the day after the second
vaccination and were hospitalized three days after vaccination. The
symptoms resolved quickly. f Family pedigree. The MD twins with
myocarditis after COVID-19 vaccine are indicated by black squares
and arrows (P1 and P2)

any particular sports, nor were they involved in any club
activities before or after vaccination. They had never had
SARS-CoV-2 infection. Both had received the first dose of
the Pfizer-BioNTech COVID-19 vaccine 21 days before the
second dose and had not shown any symptoms after the first
dose. Their parents presented with a fever for a few days
after the second dose of the Pfizer-BioNTech COVID-19
vaccine without other complications. Neither the patients
nor their parents have received boosters. The twins have no
other siblings and had no family history of sudden unex-
pected death or cardiomyopathy (Fig. 1f). Besides the pre-
sent cases, we experienced only one man in his 20 s who
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suffered from post-vaccination myocarditis in Nakatsu
Municipal Hospital, which is responsible for the medical
care of about 240,000 people in the local community, so the
incidence of post-vaccination myocarditis in the community
is not higher than the estimated incidence.

Discussion

We encountered a pair of adolescent monochorionic diamni-
otic twin boys who developed mild myocarditis after receiv-
ing the second dose of COVID-19 vaccine. As with common
COVID-19 mRNA vaccine-related myocarditis (designated
here as post-COVID-19 vaccine myocarditis), both cases
presented with mild symptoms with spontaneously resolu-
tion in 10 days. Considering the rarity of post-COVID-19
vaccine myocarditis, the current monozygotic twin cases
strongly suggested the presence of genetic susceptibility to
this condition.

The association between severe adverse effects of
COVID-19 mRNA vaccination and host genetic factors
has been investigated in several studies. For example, in
Pfizer-BioNTech (BNT162b2) recipients, HLA-A % 03:01
was associated with chills, a fever, fatigue, and generally
feeling unwell after vaccination [4]. Post-COVID-19 vac-
cine myocarditis may not be exceptional, and the presence
of immune and genetic susceptibility to this condition has
been assumed [1]. However, no reports have clearly demon-
strated an association between specific genetic backgrounds
and vaccine-related myocarditis. In general, an analysis of
family cases is useful for identifying genetic backgrounds.
However, possibly due to its rarity, there has only been one
report of a family case of vaccine-related myocarditis so far.
The reported cases were siblings (brothers, 14 and 12 years
old) who developed chest pain 2 and 3 days after their sec-
ond COVID-19 vaccination and were diagnosed with mild
myocarditis with spontaneous resolution [5].

In this situation where family cases are poorly reported,
we presented the first cases of monochorionic diamniotic
twins with identical genetic background who developed
myocarditis with a similar course after COVID-19 vaccina-
tion. These cases’ course strongly suggest the involvement of
genetic factors in the development of post-COVID-19 vac-
cine myocarditis. We further plan to conducted comprehen-
sive genetic analyses of these siblings to identify the genes
predisposing patients to post-vaccine myocarditis (whole-
exome or genome sequencing). In the future, an interna-
tional registry of familial cases of post-COVID-19 vaccine

myocarditis should be established to aid in more detailed
genetic analyses. The identification of genetic factors for
myocarditis after vaccination will aid in the pre-assessment
of the risk of vaccination and contribute to the safe admin-
istration of COVID-19 vaccines.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10875-022-01360-z.
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