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Abstract:

We herein report a case of acute myocarditis possibly related to the second dose of an mRNA-coronavirus
disease 2019 vaccine in a 45-year-old woman with no remarkable medical history. She had a fever for one
week following the second dose of the mRNA-1273 severe acute respiratory syndrome coronavirus 2 vaccine.
One week later, she presented with chest pain and electrocardiogram changes. Her serum troponin levels
were elevated upon admission. Echocardiography showed segmental wall motion abnormalities of the apex,
apical portion of the anterior and inferior walls. The findings of cardiac magnetic resonance imaging were

consistent with acute myocarditis.
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Introduction

Coronavirus disease 2019 (COVID-19) is spreading
worldwide, and the number of infected people is increasing.
Simultaneously, COVID-19 vaccines, particularly mRNA
vaccines, have been developed, but adverse events associated
with these vaccines are also being reported increasingly fre-
quently worldwide (1).

Acute myocarditis and pericarditis are considered rare
complications following COVID-19 vaccination, especially
in young adults and adolescent males (1). Most cases of
post-vaccination myocarditis show a disease onset within ap-
proximately four days after the second dose of the COVID-
19 vaccine (1).

We herein report a case of acute myocarditis, occurring
two weeks after the second dose of the mRNA-COVID-19
vaccine with multiple imaging modalities in a Japanese pa-
tient.

Case Report

A 45-year-old woman with no remarkable medical history
presented with chest pain following the second dose of the
mRNA-1273 SARS-CoV-2 vaccine (Moderna, Cambridge,
USA) received 2 weeks earlier. Of note, the patient had a
fever (38-40°C) for 1 week after receiving the second dose
of the vaccine, which had been given 28 days after the first
dose. Nasopharyngeal swab testing for SARS-CoV-2 prior to
admission was negative.

Vital signs on admission were as follows: temperature;
37.3°C, blood pressure; 138/99 mmHg, heart rate; 90 beats
per minute, and oxygen saturation; 96% in room air. A
physical examination was unremarkable, and heart sounds
were regular and without any murmur or friction. Labora-
tory data revealed elevated levels of cardiac troponin-T (100
ng/L), N-terminal pro-brain natriuretic peptide (1,930 pg/
mL), and C-reactive protein (1.78 mg/dL). Creatinine kinase
and creatinine kinase-MB levels were within the normal
ranges. White blood cells were 9,400/uL with a normal
range of eosinophils.
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Figure 1. An electrocardiogram at admission showed T-wave inversion in the inferior leads (IL, 111,
aVF). T-wave inversion occurred in V5 and V6 on day 2. T-wave inversion normalized on day 7.

Figure 2. Coronary angiography of the right coronary artery (A) and the left coronary artery (B).
Left ventriculography at the end-diastolic phase (C) and the end-systolic phase (D).

An electrocardiogram (ECG) showed an inverted T wave inferior and lateral wall. Coronary angiography on the day
in the inferior leads (II, III, and aVF) (Fig. 1). Chest X-ray of admission revealed a normal coronary artery. Left ventric-
showed mild pulmonary edema. Transthoracic echocar- ulography showed decreased wall motion in the apex and in-
diography (TTE) showed a mildly reduced ejection fraction ferior and lateral wall (Fig. 2). Cardiac magnetic resonance
with segmental wall motion abnormalities of the apex and imaging (MRI) on day two showed increased myocardial
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Figure 3. Late gadolinium enhancement imaging in the four-chamber long axis (A) and the short
axis (B). T2-weighted image in the four-chamber long axis (C) and the short axis (D). Native T1-
mapping in the short axis (E).

signal intensity (edema) of the apex and inferior and lateral
wall in T2-weighted images. Late gadolinium enhancement
(LGE) imaging demonstrated diffuse hyperenhancement, es-
pecially in the apex and inferior and lateral wall. Native T1-
mapping showed corresponding abnormalities with elevated
values in the apex and inferior and lateral wall (Fig. 3). The
cardiac MRI findings were compatible with acute myocardi-
tis based on the revised Lake Louise criteria (2). Based on
these findings, we diagnosed the patient with acute myo-
carditis.

Extensive infectious and rheumatologic examinations were
unremarkable. A quantitative SARS-CoV-2 antibody assay
(Abbott Diagnostics, Chicago, USA) was performed on day
two, showing a high titer (290,022 AU/m). The patient had
spontaneous remission, and her chest discomfort regressed
quickly. With regard to the ECG, the inverted T wave in the
inferior leads became normal on day four. Follow-up TTE
on day five demonstrated improved wall motion of the infe-
rior wall, apex, and lateral wall. Troponin-T returned to nor-
mal levels on day seven, and the patient was discharged on
day eight.

Discussion

The most common cause of acute myocarditis is viral in-
fection. The most frequently implicated viruses in North
America and Europe are the enteroviruses, including cox-
sackievirus. Parvovirus B-19 and human herpesvirus 6 are
frequent culprits (3). Post-vaccination myocarditis has also
been reported, especially after smallpox vaccination (4).

Recently, myocarditis has been recognized as a complica-
tion of COVID-19 vaccination. Previous reports of myo-

carditis after COVID-19 vaccination have shown that most
cases occur in young adult and adolescent men, usually two
to three days after the second dose of vaccination (1). A re-
port from Israel reported 136 cases of myocarditis after
COVID-19 vaccination (5). Of the 136 cases, 117 presented
after the second dose. The time to the onset of the disease
varied from 1 to 30 days after vaccination, and the number
peaked at three days after vaccination. However, myocarditis
after COVID-19 vaccination is extremely rare, and the cause
of myocarditis remains unknown.

The diagnosis of acute myocarditis can be confirmed by
cardiac MRI, and it is a useful tool for monitoring the dis-
ease activity (6). The diagnostic criteria for myocarditis, the
Lake Louise criteria, were developed in 2009 and updated in
2018 (2). In the current case, cardiac MRI without contrast
was performed at day 10, and the findings did not change
significantly. These findings are compatible with a previous
report, which stated that myocardial edema of acute myo-
carditis normalized after four to eight weeks of follow-
up (6).

With regard to the treatment, according to a previous re-
port (7), some patients received one or a combination of
anti-inflammatory  drugs,
inflammatory drugs, colchicine, and prednisone. Other pa-
tients received no medication. All of them were hemody-
namically stable and did not require either inotropes or me-
chanical support. As our patient was hemodynamically sta-
ble and showed quick relief of symptoms with normalization
of laboratory data, ECG, and TTE, we decided to perform
follow-up and monitor her closely with no medication.

Although the underlying  post-
vaccination myocarditis is unknown, evidence suggests that

such as non-steroidal anti-

exact mechanism
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molecular mimicry plays a role (8). Molecular mimicry is
one of the leading mechanisms by which infectious agents
induce autoimmunity. It occurs when similarities between
foreign and self-peptides favor the activation of autoreactive
T or B cells by a foreign-derived antigen in a susceptible in-
dividual (9). A previous report described two cases of his-
tologically confirmed myocarditis after COVID-19 mRNA
vaccination (10). Based on left ventriculography findings,
takotsubo syndrome was considered as a differential diagno-
sis. Although an endomyocardial biopsy is important to
prove the cause of myocarditis histologically, we decided
not to risk an endocardial biopsy for safety reasons. Similar
to our case, in most cases of myocarditis after COVID-19
vaccination, myocarditis occurs after the second shot, prob-
ably due to a stronger immune response than with the first
dose. One report suggested that a high post-vaccination titer
was probably associated with the risk of developing myo-
carditis after COVID-19 vaccination (8). A higher post-
vaccination titer presumably indicates a stronger immune re-
sponse, thereby causing the immune system to misfire.

Although myocarditis after COVID-19 vaccination is rare
in most patients, rapid recovery and screening by cardiac
markers, ECG, TTE, and cardiac MRI are important for the
early diagnosis in patients complaining of chest discomfort
after COVID-19 vaccination.

Conclusion

We encountered a 45-year-old woman who developed
chest pain after receiving the second dose of the mRNA-
1273 COVID-19 vaccine and who was diagnosed with acute
myocarditis. Overall, vaccination-related myocarditis is a
rare and mostly mild adverse event. As in this case, cardiac
MRI seems to be a useful tool for making a diagnosis. Fur-
ther research will be needed to confirm the association of
myocarditis with COVID-19 vaccination.
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