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Abstract:

COVID-19 vaccine-related myocarditis has been reported worldwide. We herein report two Japanese cases
with suspected vaccine-related myocarditis. A 27-year-old man was admitted with chest pain 4 days after the
second vaccination. An electrocardiogram (ECG) did not reveal any significant abnormalities. The second pa-
tient, a 37-year-old man, was admitted with chest pain 9 days after the first vaccination. His ECG exhibited
ST-elevation in multiple leads. In both cases, cardiac magnetic resonance imaging findings were consistent
with myocarditis. They recovered with symptomatic relief within a few days. These cases suggest that the
benefit of COVID-19 vaccination exceeds the risk of vaccine-related myocarditis.
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Introduction

Messenger RNA (mRNA) vaccines against COVID-19 in-
fections have been effective in curbing symptomatic cases
worldwide. Since the emergency use authorization, a variety
of vaccine-related adverse events and especially myocarditis
and pericarditis have been described, particularly in adoles-
cents and young adults (1, 2). Although the incidence of
myocarditis following an anti-viral vaccination is unclear,
anti-viral vaccine-associated myocarditis has been known to
be a rare adverse event after smallpox, influenza, and hepa-
titis B vaccinations (3). A safety surveillance in the United
States demonstrated that myocarditis and pericarditis follow-
ing COVID-19 mRNA vaccinations occurred in very rare
cases (4). On July 21, 2021, the Japanese Circulation Soci-
ety released a statement that the benefits of COVID-19 vac-
cination in preventing COVID-19 infections exceed the risk
of vaccine-related myocarditis and pericarditis. However, lit-
tle information is available regarding the clinical features of
myocarditis following COVID-19 vaccination in the Japa-
nese population. Vaccination rates are still low in Japan,
with one reason for this low rate being that many people are

concerned about the safety of the vaccine.

This case series describes two Japanese patients who de-
veloped myocarditis shortly after receiving their first or sec-
ond vaccination.

Case Reports

Case 1

A previously healthy 27-year-old man presented to the
emergency department with chest pain. He had initially ex-
perienced generalized chest pain three days after the second
dose of the COVID-19 BNT162b2 mRNA vaccine (Pfizer-
BioNTech). Within a couple of hours, the chest pain van-
ished. Four days after the vaccination, he developed chest
pain again, which continued to worsen, and he was trans-
ferred to our hospital.

At the initial presentation, his blood pressure (BP) was
130/78 mmHg, heart rate (HR) 77 beats/min, respiration rate
(RR) 16 breaths/min, and oxygen saturation (Sp0O.) 99% on
room air. He had a fever of 37.8 °C. On a physical exami-
nation, no cardiac murmurs or friction rubs were noted on
auscultation. The patient’s initial electrocardiography (ECG)
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Figure 1.

Electrocardiogram (ECG) and cardiac magnetic resonance imaging (CMRI) findings

corresponding to Case 1. (a) The initial ECG on arrival showed no significant abnormalities. (b)
CMRI T2-weighted short-axis view showed a high signal intensity in the infero-lateral segments at the
left ventricular mid-basal level (white arrow in the left panel). Late gadolinium enhancement imaging
showed subepicardial enhancement (white arrow on right panel) in the same areas as the T2 eleva-

tions.

findings showed no abnormalities, despite his continued
chest pain (Fig. la). A laboratory examination revealed a
high-sensitive troponin I level of 11.5 ng/mL (normal range:
<0.09 ng/mL), B-type natriuretic peptide level of 27.4 pg/
mL (normal range: <18.4 pg/mL), and C-reactive protein
(CRP) level of 1.3 mg/dL (normal range: <0.2 mg/dL).

A transthoracic echocardiogram (TTE) revealed a left
ventricular ejection fraction (LVEF) of 55% and left ven-
tricular (LV) septal wall thickness of 9 mm without pericar-
dial effusion. Computed tomographic angiography of the
coronary arterial system demonstrated normal coronary ar-
teries. Cardiac magnetic resonance imaging (CMRI) per-
formed after admission showed a normal LVEF and the
presence of a sub-epicardial late gadolinium enhancement
(LGE) in the inferolateral segments at the LV mid-basal
level, as well as a high signal intensity, which suggested
myocardial edema on T2-weighted images (Fig. 1b).

A severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) rapid antigen test was negative. Antibodies
against the parvovirus B19, Epstein-Barr (EB) virus, ade-
novirus, and herpes simplex virus 1 and 2 were all negative.
He was thus admitted to our hospital with a diagnosis of
myocarditis.

He was started on colchicine 0.5 mg twice per day and
then transitioned to ibuprofen 200 mg three times per day.
His symptoms improved completely within a few days. The
peak troponin I level was 11.5 ng/mL on admission. In-
verted T-waves on an ECG were recorded in the inferior
limb leads on day 3. He was discharged on day 9 after an
uneventful hospital stay. The ECG and laboratory abnormal
findings had returned to normal or baseline values at the
one-month follow-up.
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Figure 2. Electrocardiogram (ECG) and cardiac magnetic resonance imaging (CMRI) findings
corresponding to Case 2. (a) The initial ECG on arrival showed ST elevation in leads V2-V6 and infe-
rior limb leads. (b) CMRI late gadolinium enhancement (LGE) short-axis view showed the presence
of a sub-epicardial lesion in the antero-lateral segments at the left ventricular mid-apical level (white

arrow in the left panel). CMRI LGE long-axis view showed the same finding (white arrows in the

right panel).

Case 2

A 38-year-old man presented to the emergency depart-
ment with sudden chest pain 9 days after the first dose of
the COVID-19 BNTI162b2 mRNA (Pfizer-
BioNTech).

On arrival at the hospital his body temperature was 37.6
°C, BP 146/101 mmHg, HR 117 beats/min, RR 16 breaths/
min, and SpO. 99% on room air. ECG on arrival revealed
ST elevation in leads V2-V6 and the inferior limb leads
(Fig. 2a). A TTE revealed regional mild wall hypokinesis in
the LV apex and an LV septal wall thickness of 9 mm with-
out pericardial effusion. Laboratory tests revealed an ele-
vated high-sensitive troponin I level of 8.6 ng/mL, BNP
level of 67.2 pg/mL, and CRP level of 1.3 mg/dL. Emergent
coronary angiography did not show any significant stenoses
of the coronary arteries. A SARS-CoV-2 polymerase chain
reaction test was negative. The virus antibodies were nega-
tive for EB virus, cytomegalovirus, adenovirus, and echovi-

vaccine

rus.

His chest pain improved by day 3 with oral colchicine 0.5
mg twice per day and ibuprofen 200 mg three times per day.
The peak value of the troponin I level was 8.6 ng/mL on
admission, and the finding of ST elevation on the ECG per-
sisted. During the hospital stay, no further episodes of chest
pain or arrhythmias were observed on ECG monitoring. He
was discharged on day 9. We performed CMRI 15 days af-
ter the onset. CMRI with LGE showed a sub-epicardial le-
sion in the antero-lateral segments at the LV mid-apical
level, although T2-weighted imaging did not show a high
signal intensity (Fig. 2b). This finding was consistent with
myocarditis. The ECG and laboratory abnormal findings
showed an improving trend at the two-week follow-up.

Discussion

Since vaccine-related myocarditis is expected to be rare
compared to viral myocarditis, speculating a causal relation-
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ship between myocarditis and vaccination is difficult.
Vaccine-related myocarditis mainly occurs after smallpox,
influenza, hepatitis B, or other vaccinations (3). Most cases
of vaccine-related myocarditis occur within 30 days after the
vaccination. A majority of these cases recover without life
threatening complications (5, 6). Vaccine-associated autoim-
munity can occur following such adverse effects after vacci-
nation; this is a well-known phenomenon attributed to the
cross-reactivity between the pathogenic antigens and similar
human proteins (7). However, regarding mRNA COVID-19
vaccines, the nucleic acid formulation and accelerated devel-
opment process imposed by the rapid global pandemic make
this phenomenon more complicated. Further studies will be
needed to conclusively reveal the mechanism underlying
COVID-19 vaccine-related myocarditis.

We encountered two Japanese cases of myocarditis fol-
lowing a COVID-19 BNT162b2 mRNA vaccination. While
Koizumi et al. described two Japanese cases of COVID-19
vaccine-related myocarditis after the second dose of a vacci-
nation (8), one of our cases developed COVID-19 vaccine-
related myocarditis after the first dose of a vaccination (Case
2), which is a novel point.

Our cases had several points in common. Both occurred
in young adult men, and the chief complaint was the acute
onset of marked chest pain within 10 days following the
first or second dose of the COVID-19 vaccine. They did not
have any acute SARS-CoV-2 infection. Even though the LV
contraction on a TTE was almost normal, they both had re-
markably elevated troponin I levels, and CMRI revealed
LGE in the LV wall segments consistent with myocarditis.
We speculated a possible causal relationship between myo-
carditis and vaccination. Both experienced the resolution of
their symptoms within a few days and were discharged after
an uneventful hospital stay. These findings confirmed that
the myocarditis following a COVID-19 vaccination was
mild, regardless of the number of times the vaccine had
been received. The clinical features were similar to those of
multiple series reported worldwide and suggest that the
benefits of COVID-19 vaccination outweigh the low risk of
vaccine-related myocarditis in the Japanese population.

However, since an Israeli article reported that a few pre-
viously healthy people died due to COVID-19 vaccine-
related myocarditis (9), medical treatment should be sought
for those with suspected myocarditis following COVID-19
vaccination. Both of our cases were treated with colchicine
and non-steroidal anti-inflammatory drugs because their
chief complaints were chest pain suggestive of inflammatory
infiltration of the pericardium. In general, specific treatment,
such as immunosuppressive and immunomodulatory therapy,
is performed in cases of fulminant myocarditis or myocardi-
tis with moderate-severe inflammation (10). In both of the
present cases, we did not use steroids or intravenous immu-
noglobulin because they had a benign clinical course sug-
gestive of mild inflammation in the myocardium. However,
the optimum treatment for COVID-19 vaccine-related myo-
carditis has not been established and thus warrants further

investigation.

The risks and benefits of receiving a second dose of the
COVID-19 vaccine for patients who experience myocarditis
following the first dose of COVID-19 vaccine remain un-
known. Patients who develop myocarditis following the first
dose of the vaccine are recommended to delay their second
dose until additional reports become available (11). Of note,
given the lack of information available, the patient in Case 2
of the present study elected to forego receiving the second
dose of the vaccine altogether. Correctly diagnosing
COVID-19 vaccine-related myocarditis in populations with
suspected myocarditis is important to avoid any risk when
receiving a subsequent booster vaccination. Mild symptoms
of myocarditis following a COVID-19 vaccination may lead
to concern that physicians may underestimate the risk of de-
velopment of myocarditis. Even if an endomyocardial bi-
opsy is considered the gold standard, CMRI has been re-
ported to be a useful non-invasive tool for making an early
diagnosis of myocarditis, showing the presence of LGE and/
or myocardial edema even in patients with a preserved
LVEEFE. Of note, all of the case series of COVID-19 vaccine-
related myocarditis worldwide reported that the CMRI find-
ings were abnormal and suggestive of myocarditis, such as
with LGE and myocardial edema at the time of the diagno-
sis (12, 13). Indeed, LGE on CMRI was detected in both
our cases, although T2-weighted imaging in Case 2 did not
show a high signal intensity due to the delayed performance
of the CMRI examination. We need to avoid the under-use
of CMRI for diagnosing myocarditis following COVID-19
In non-vaccine-associated myocarditis, the
presence of LGE on CMRI in the LV segments is associated
with the development of adverse cardiovascular events dur-
ing follow-up (14).

The long-term outcomes of COVID-19 vaccine-related
myocarditis remain unclear. Thus, further research with a
longer follow-up duration is needed to elucidate the long-
term prognosis of myocarditis following COVID-19 vaccina-
tion.

vaccinations.
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