
Suspected Myocarditis after mRNA COVID-19
Vaccination among South Korean Adolescents
Mi Jin Kim1 Jin Hee Kim2 Hyun Ok Jun3 Kyung Min Kim4 Min Sub Jeung5 Jun Sung Park6

1Division of Pediatric Cardiology, Department of Pediatrics, Asan
Medical Center, University of Ulsan College of Medicine, Seoul,
Republic of Korea

2Department of Emergency Medicine, Seoul National University
Hospital, Seoul, Republic of Korea

3Department of Cardiovascular Surgery, Severance Cardiovascular
Hospital, Yonsei University College of Medicine, Seoul, Republic of Korea

4Division of Cardiology, Incheon St. Mary’s Hospital, College of Medicine,
The Catholic University of Korea, Incheon, Republic of Korea

J Pediatr Infect Dis 2024;19:75–82.

Address for correspondence Jun Sung Park, MD, PhD, Department of
Pediatrics, Asan Medical Center, University of Ulsan College of
Medicine, Seoul 05055, Republic of Korea
(e-mail: mrpiglet@naver.com).

5Department of Pediatrics, Samsung Medical Center, Sungkyunkwan
University School of Medicine, Seoul, Republic of Korea

6Department of Pediatrics, Asan Medical Center, University of Ulsan
College of Medicine, Seoul, Republic of Korea

Keywords

► COVID-19 vaccines
► myocarditis
► adolescent
► mRNA vaccine
► COVID-19

Abstract Objective Since vaccination for coronavirus disease 2019 (COVID-19) has been
initiated, rare cases of COVID-19 mRNA vaccination-associated myocarditis (VAM)
have been reported worldwide. This study aimed to report the short-term outcomes
and the clinical presentation of VAM in South Korean adolescents.
Methods In this prospective multicenter study across five tertiary hospitals in South
Korea, patients aged 12 to 17 years with symptoms of VAM were included from
October 18, 2021, to April 30, 2022. We performed laboratory tests, electrocardiog-
raphy, chest radiography, echocardiography, and cardiac magnetic resonance imaging
studies on these patients.
Results A total of 14 patients were diagnosed with VAM during the study period. The
median age of the patients was 15.2 years (interquartile range [IQR], 14.6–15.9) and
11 patients (78.6%) were male. All patients had received a messenger RNA Pfizer-
BioNTech COVID-19 vaccine. The median latent period from vaccination to symptom
onset was 1 (range, 0–8; IQR, 0.8–3.5) day. Chest pain was themost common symptom
(11/14, 78.6%), and the median duration of symptoms was 1 week. Except for one
patient (7.1%) who was admitted to intensive care unit, most patients (13/14, 93.8%)
had a minor and short clinical course without an intensive treatment including an
immune modulator.
Conclusion VAM in South Korean adolescents had self-limiting clinical courses as
reported by previous studies. Despite the small number of cases, our findings,
consistent with previous studies, revealed that East Asian adolescents might have a
similar or even milder clinical course than adolescents of other ethnicities.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has resulted in 500 million confirmed cases and 6 million
deaths worldwide and was declared as a pandemic on
March 11, 2020, by the World Health Organization.1,2 The
vaccine efficacy on COVID-19, including the omicron variant,
has been reported to be 70 to 85% in the early phase andmore
than 50% in the subsequent stage.3–5 The vaccines using viral
mRNA are the most widely administered, and among them,
the Pfizer-BioNTech COVID-19 vaccine is reported to be a
favorable vaccine for children and adolescents.6 However, as
reported in adults, there is also a concern about suspected
vaccination-associated myocarditis (VAM) in adolescents.7,8

Most studies on adolescents reported that VAM showedmild
symptoms and a self-limiting course with a markedly lower
severity than that of cardiac complications associated with
COVID-19 or multisystem inflammatory syndrome in chil-
dren (MIS-C).7–10 When considering the risk–benefit,
COVID-19 mRNA vaccination is still recommended world-
wide for the adolescent population because the efficacy of
the vaccination outweighs the complications.9,11

However, the number of Asians included in large-scale
studies on VAM in adolescents has been limited, and studies
on VAM in Asian adolescents are lacking. A recent study
reported the incidence and characteristics of VAM in the
population of Hong Kong and its benign clinical course.12

South Korea has had one of the highest numbers of newly
confirmed cases worldwide because of the rapid spread of
the omicron variant.2 Among the newly confirmed cases in
South Korea, the number of children and adolescents with
COVID-19 was 1.8 times more than that of other populations
because of their low vaccination rate.13 Therefore, vaccina-
tion of the adolescent population is important to reduce
spread of, and mortality from, COVID-19 in South Korea.
Although a recent retrospective study reported a mild clini-
cal course of VAM in South Korean adolescents,14 the study
population was geographically limited to two provinces of
South Korea, and there was no result of cardiac magnetic
resonance imaging (MRI). We conducted a prospective mul-
ticenter study to analyze the clinical characteristics of
patients with VAM among South Korean adolescents and
evaluated the hazard of VAM.

Materials and Methods

Weprospectively identified patients aged 12 to 17 years who
visited Asan Medical Center, Seoul National University Hos-
pital, Samsung Medical Center, Incheon St. Mary’s Hospital,
and Severance Hospital from October 18, 2021, to April 30,
2022, since South Korea started Pfizer-BioNTech COVID-19
vaccine for this population from October 18, 2021. The
following tests were performed on all the adolescent
patients aged 12 to 17 years with symptoms of suspected
myocarditis (any fever, general weakness, nausea, vomiting,
cough, dyspnea, headache, dizziness, chest pain, orthopnea,
chest discomfort, or palpitations): complete blood cell test,

electrolyte, chemistry test, C-reactive protein, procalcitonin,
erythrocyte sediment rate, B-type natriuretic peptide (BNP),
troponin-I, creatine kinase (CK), leukocyte dehydrogenase,
CK-MB, echocardiography, electrocardiography (ECG), chest
radiography, blood gas analysis, and blood culture (►Fig. 1).
The ECG was interpreted by a pediatric cardiologist. Echo-
cardiography was performed and interpreted by a pediatric
cardiologist. The patients with suspected myocarditis on the
basis of ECG abnormalities, elevated cardiac enzymes, or left
ventricular systolic dysfunction on echocardiography were
enrolled for the study and underwent the following addi-
tional surveillance: viral surveillance (herpes simplex virus,
cytomegalovirus, hepatitis B and C, SARS-CoV-2 immuno-
globulin [Ig]G and polymerase chain reaction [PCR], respira-
tory virus nasopharyngeal PCR panel), bacterial blood
culture, thyroid function test, autoimmune test (antinuclear
antibody, IgG, IgA, and IgM), and cardiac MRI. An MRI
analysis and interpretation were performed by cardiovascu-
lar magnetic resonance experts of the performing center.
Although the cardiac MRI was to be conducted within
2 weeks from symptom onset, the test was omitted if the
clinical symptoms and abnormality of the tests were nor-
malized before the due date. Cases of suspected VAM were
categorized as “probable” or “confirmed” using the Centers for
Disease Control and Prevention (CDC) case definitions
(►Supplementary Table S1 [available in theonlineversion]).15

The patients with isolated abnormality in ECGwithout eleva-
tion of the cardiac enzyme were classified as having pericar-
ditis rather than myocarditis. On the other hand, patients
with decreased ventricular function on echocardiography or
atrioventricular block (AVB) on ECGwere classified asmyocar-
ditis regardless of the value of cardiac enzymes.

In case of mild symptoms, outpatient follow-up was
performed without hospitalization. All the patients were
followed up during hospitalization or as outpatients until
the clinical symptoms and abnormalities of tests, including
laboratory tests, echocardiography, and ECG, were normal-
ized. The demographics, including the date of birth, sex,
ethnicity, date of receiving the first and second doses of the
COVID-19 vaccine, symptoms, date of onset, medical history,
family history, hospital course, sequela, and mortality were
collected. Informed consent was obtained from the parents
of the patients and was explained to the patients. The
Institutional Review Board represented by Human Research
at Asan Medical Center approved this study (IRB number:
2021-1549).

• Abnormality of laboratory test: CK � 250 IU/L, CK-MB
�5ng/mL, troponin-I �60 pg/mL, and BNP �40 pg/mL.

• Abnormality of ECG: T wave inversions, nonspecific ST-
segment changes, diffuse ST-segment elevation, AVB, sup-
raventricular tachycardia, or ventricular tachycardia.15

• Abnormality of echocardiography: Left ventricular ejec-
tion fraction (LVEF) <50%, regional wall motion abnor-
malities, and fractional area change (FAC) correlated with
tricuspid annular plane systolic excursion (TAPSE) <35%.

• Abnormality of cardiac MRI: Consistent with the original
or revised Lake Louise criteria for myocarditis.16
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Descriptive data are expressed using a graph and table
created using Excel 365 (Microsoft Corp., Redmond, Wash-
ington, United States). Median values with range and inter-
quartile ranges (IQRs) have been used to describe skewed
data. These calculations were performed using IBM-SPSS for
Windows software, version 21 (SPSS Inc., Chicago, Illinois,
United States).

Results

A total of 663 patients visited the study affiliates with symp-
toms of possible myocarditis (►Fig. 1). After excluding
patientswith normal laboratory and ECG findings, 16 patients
were suspected of having VAM. After excluding two patients
diagnosed with pericarditis with isolated ST elevation in ECG,
14 patients were diagnosed with VAM. The patients with
decreased cardiac function on echocardiography or AVB on
ECG (Patients Nos. 2, 13, and 14 in►Supplementary Table S2

[available in the online version]) were regarded as having
myocarditis despite the normal value of cardiac enzyme. The
median age of the patients was 15.2 (IQR, 14.6–15.9) years,
and most were male (11/14, 78.6%). All patients received
the Pfizer-BioNTech COVID-19 vaccine. Among them, seven
(50%) patients developed clinical symptoms associated with
thefirstdoseof vaccination, and theother seven (50%)patients
developed them after the second dose of vaccination. The
median latent period from vaccination to symptom onset was
1 (range, 0–8; IQR, 0.8–3.5) day. The most common symptom
was chest pain (11/14, 78.6%), followed by chest discomfort,

dyspnea, and fever. The median duration of symptoms was a
week. Based on the CDC case definition, four (28.6%) patients
were confirmed cases (Patient Nos. 1, 3, 5, and 10 in
►Supplementary Table S2 [available in the online version]),
and the others were probable cases (►Table 1). No patient
showed positive findings in surveillance for other etiology of
myocarditis, including bacterial, viral, and autoimmune stud-
ies. Only two patients had a combined medical condition
(Patient Nos. 1 and 13 in►Supplementary Table S2 [available
in the online version]). Patient No. 1 had concomitant acute
kidney injury (AKI) derived from rapidly progressive glomer-
ulonephritis (RPGN) associated with COVID-19 mRNA vacci-
nation (pathologically confirmed), and Patient No. 13 had a
remote history of cured acute myocarditis with unknown
etiology 10 years previously.

As most patients had minor symptoms, three patients
(Patient Nos. 2, 7, and 14) were not admitted but were
followed up at the outpatient clinic. Despite a lack of statis-
tical significance, patients who received a second dose had a
higher admission rate than those who received only the first
dose (71.4 vs. 85.7%). Eleven (78.6%) patients were admitted
and followed up, and most of them (10/11, 90.9%) were
discharged without sequela; however, one patient (Patient
No. 1) had end-stage renal disease due to RPGN. One patient
was admitted to the intensive care unit (ICU; Patient No. 5) to
manage symptomatic AVB. The median duration of symp-
toms was 7 (IQR, 5–15) days. Twelve patients (85.7%) needed
nonsteroidal anti-inflammatory drugs (NSAIDs), and three
patients (21.4%) needed vasodilators for heart failure

Fig. 1 Flow chart of the study population. BNP, B-type natriuretic peptide; CK, creatine kinase; ECG, electrocardiography; LVEF, left ventricular
ejection fraction; MRI, magnetic resonance imaging; VAM, vaccination associated myocarditis. †Symptom of myocarditis: fever, general
weakness, nausea, vomiting, cough, dyspnea, headache, dizziness, chest pain, orthopnea, chest discomfort, and/or palpitation.
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management (Patients Nos. 5 and 10). Patient No. 1 under-
went methylprednisolone pulse therapy and was adminis-
tered immune suppressants for salvage therapy of AKI, not
for myocarditis itself.

The most common abnormal value among laboratory
tests was an elevation of troponin-I (12/14, 85.7%), and CK,
CK-MB, and BNP were observed to follow (78.6, 50, and 50%,
respectively) (►Table 2). The laboratory values reached peak
levels in the order of CK, CK-MB, troponin-I, and BNP (0, 0, 1,
and 1.5 days, respectively). The elevation of troponin-I and
BNP were the most lasting laboratory abnormalities to
normalize (median, 8 and 9 days, respectively). Seven
patients (50%) had ECG abnormalities, and ST elevation
was the most common abnormality (6, 42.9%) (►Table 3).
In echocardiography, three patients showed abnormalities
(3/13, 23.1%). Two of them showed systolic dysfunction in
tissue Doppler imaging and decreased LVEF (Patients Nos. 2
and 13), and the other had pericardial effusion (Patient No.
10). The right ventricular function represented by TAPSE and
FACwere preserved in all patients. Of the eight patients who
underwent cardiac MRI, five (62.5%) showed abnormal find-
ings consistent with the Lake Louise criteria. Late gadolinium
enhancement was the most common finding (3, 37.5%),
followed by decreased LVEF and pericardial effusion. The
representativefindings of the imaging study are summarized
in ►Fig. 2.

Patients were followed up by 432 days in median. Three
patients took vasodilators: Patient No. 10 took medication
for a week; Patient No. 5 took medication for a year because
of exertional dyspnea; and Patient No. 13 is still taking the
medication as of August 3, 2023, because LVEF has not
recovered. Except for Patient No. 13, the other 13 patients
recovered completely and did not show a symptom recur-
rence over the follow-up period.

A Patient with Concomitant RPGN after the Second Dose of
Vaccination
A 16-year-old female patient without known previous his-
tory of COVID-19 had only a mild symptom of myocarditis
but a severe deteriorating RPGN after the second dose of the
Pfizer-BioNTech COVID-19 vaccine. She had mild febrile
sense, general weakness, and myalgia within a week after
the first dose of the Pfizer-BioNTech COVID-19 vaccine.
Three weeks after the first dose, she received the second
dose of the vaccine. She had 3 days of presumed myocarditis
symptoms, which were mild and spontaneously resolved
without visiting the hospital: fever, general weakness, nau-
sea, vomiting, and orthopnea. After 3 weeks of no symptoms,
headache and dyspnea occurred and worsened for 2 weeks.
Five weeks after the second dose, she underwent laboratory
tests. The test results were consistent with AKI: systolic
blood pressure (BP) 170mm Hg, diastolic BP 100mm Hg,
creatinine 9.6mg/dL, blood urea nitrogen 66mg/dL, potassi-
um 5.4mmol/L, pH 7.28, bicarbonate 16.4mmEq/L, micro-
scopic proteinuria, and microscopic hematuria. The patient
had typical symptoms derived from volume overload due to
renal insufficiency: hypertension, azotemia, metabolic aci-
dosis, and electrolyte imbalance. She underwent intermit-
tent hemodialysis (HD) to control volume overload,
azotemia, and electrolyte imbalance for AKI. There was no
evidence of myocarditis in initial tests: CK-MB 3.0 ng/mL,
troponin-I 38 pg/mL, normal ECG, no cardiomegaly, and

Table 1 COVID-19 vaccine and clinical data

Age, y, median (range, IQR) 15.2 (12.1–17,
14.6–15.9)

Male, n (%) 11 (78.6)

Brand of COVID-19 vaccine, n (%)

Pfizer-BioNTech 14 (100)

Dose of vaccine with symptoms, n (%)

First dose 7 (50)

Second dose 7 (50)

Days from vaccine administration
to symptom onset, d, median
(range, IQR)

1 (0–8, 0.8–3.5)

Symptoms, n (%)

Chest pain 11 (78.6)

Chest discomfort 7 (50)

Dyspnea 6 (42.9)

Fever 4 (28.6)

Nausea 3 (21.4)

Vomiting 3 (21.4)

General weakness 3 (21.4)

Headache 2 (14.3)

Orthopnea 2 (14.3)

Dizziness 2 (14.3)

Duration of symptom, d,
median (range, IQR)

7 (4–45, 5–15)

CDC case definition of myocarditis

Confirmed 4 (28.6)

Probable 10 (71.4)

Other proven myocarditis etiologya 0 (0)

Disposition, n (%)

Outpatient clinic 2 (14.3)

Ward admission 11 (78.6)

ICU admission 1 (7.1)

Treatment

NSAID 12 (85.7)

Steroid 1 (7.1)

Vasodilator 3 (21.4)

Prolonged symptom over 1 mo 3 (21.4)

Mortality 0 (0)

Abbreviations: CDC, Centers for Disease Control and Prevention; COVID-
19, coronavirus disease 2019; ICU, intensive care unit; IQR, interquartile
range; NSAID, nonsteroidal anti-inflammatory drug.
aSurveillance for other etiology of myocarditis: viral surveillance (herpes
virus, cytomegalovirus, hepatitis B and C, COVID-19 IgG and PCR, respira-
tory virus nasopharyngeal PCR panel), bacterial blood culture, thyroid
function test, autoimmune test (antinuclear antibody, immunoglobulin G,
A, and M).
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normal echocardiography. A cardiacMRIwas conducted later
to distinguish the pathogenesis of AKI between the primary
involvement of immune reaction fromCOVID-19 vaccination
and unrecognized hypoperfusion derived from VAM, and it
showed a late gadolinium enhancement which is consistent
with VAM. HD was conducted immediately after the gado-
terate-based contrast-enhanced cardiac MRI to prevent
nephrogenic systemic fibrosis. This finding on cardiac MRI
was not interpreted as a current cardiac issue but as a remote
VAM event that possibly occurred and might affect hypo-
perfusion of the kidney in the first week after the second
dose of the Pfizer-BioNTech COVID-19 vaccine because there

was no deterioration of cardiac function in both echocardiog-
raphy and cardiac MRI. Therefore, there was no treatment for
VAM because the patient had no hemodynamic instability or
abnormal test indicating myocardial injury. A renal biopsy
showed crescent glomerulonephritis and acute tubulointer-
stitial necrosis.Methylprednisolonepulse therapywas admin-
istered to salvage the kidney. However, as the end-stage renal
disease progressed, she underwent HD for 25 days, and living-
donor kidney transplantation 6 months after vaccination.

Discussion

Our study showed that VAM in adolescents in South Korea
was a self-limiting condition; almost all our patients recov-
ered after short-term NSAID administration. The symptom
durationwas aweek, and the ICU admission ratewas 6.4%. No
patient needed immune modulators, including intravenous
Ig or corticosteroids, except for one patient who underwent
methylprednisolone pulse therapy for RPGN, not for VAM
(Patient No. 1). Although the clinical characteristics such as
the timing of onset after vaccination, higher rate of hospital-
ization among the patients who received a second dose, and
male predominance are similar to those of other stud-
ies,7,8,14,17,18 duration of symptoms was shorter than the
35 days reported by a previous large-scale study,8 and the
ICU admission rate was lower than that of previous studies
(18–53%).7,8 This milder clinical course of VAM in an East
Asian population compared with other ethnicities is consis-
tent with other studies on Asian populations.12,14,19 These
limited but consistent results imply that VAM in the East
Asian adolescent population may have a similar or even
milder clinical course than in other populations.

Although there is no study on the racial differences in
VAM, there have been several studies on the racial character-
istics of COVID-19, which have reported that COVID-19 has a
more severe clinical course in the Asian population com-
pared with populations of other ethnicities.20,21 However,
these studies included only South Asian populations (such as
Indian, Pakistani, or Bangladeshi). Another study conducted
in Los Angeles, of whichmore than half of Asian ethnic origin
were East Asian (Korean, Japanese, and Chinese) showed that

Table 2 Laboratory data

Blood test Abnormal, n (%) Peak level, median
(Range, IQR)

Time to peak, d
Median
(Range, IQR)

Time to normalize, d
Median
(range, IQR)

CK (IU/L) 11 (78.6) 410
(60–7,070, 187–1,801)

0
(0–1, 0–0)

3
(0–6, 2–5)

CK-MB (ng/mL) 7 (50) 9.6
(0.2–766, 1–108)

0
(0–3, 0–1)

3.5
(0–6, 1.5–4.75)

Troponin-I (pg/mL) 12 (85.7) 1,706
(3–381,522, 70–22,494)

1
(0–4, 0–2)

8
(2–49, 2.75–15)

BNP (pg/mL) 7 (50) 41
(2–1,332, 10–221)

1.5
(0–3, 1–2.8)

9
(3–25, 4.5–18)

Abbreviations: BNP, B-type natriuretic peptide, CK, creatine kinase; IQR, interquartile range.
Note: Reference ranges: CK <250 IU/L, CK-MB <5 ng/mL, troponin-I <60 pg/mL, and BNP< 40 pg/mL.

Table 3 ECG and imaging data

ECG (n¼14) Number (%)

Normal (n¼7, 50%)

Abnormal (n¼ 7, 50%)

ST segment elevation 6 (42.9)

AV block 2 (14.3)

T inversion 1 (7.1)

ST segment depression 0 (0)

Tachyarrhythmia 0 (0)

Echocardiography (n¼13)

Normal (n¼10, 76.9%)

Abnormal (n¼ 3, 23.1%)

Decreased LVEF 2 (15.4)

Pericardial effusion 1 (7.7)

MRI (n¼8)

Normal (n¼3, 37.5%)

Abnormal (n¼ 5, 62.5%)

Late gadolinium enhancement 3 (37.5)

Decreased LVEF 2 (25)

Pericardial effusion 1 (12.5)

Abbreviations: AV, atrioventricular; ECG, electrocardiography; LVEF, left
ventricular ejection fraction; MRI, magnetic resonance imaging.
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the hospital and ICU admission rate in this population was
lower than that of other populations.22,23 Although there was
no adjustment for covariates, the COVID-19 dashboard shows
lowermortality in East Asian countries than in other countries
in terms of raw data.2 The explanation for this might extend
beyond the social components such as socioeconomic status,
quarantine policy, and social distancing. The seroconversion of
IgG occurred earlier than that of IgM in some Chinese and
Japanese studies, implying that there could be cross-reactivity
of specific antibodies of seasonal coronavirus endemic in East
Asia.24,25 Furthermore, the human lymphocyte antigen (HLA)
genotype impacts the severity of COVID-19.26 The prevalence
of HLA, which can have a protective effect against COVID-19,
may behigher in the Asian population.27,28 Finally, the bacillus
Calmette–Guerin vaccination,which is included in themanda-
tory vaccination policy of South Korea, can affect the suscepti-

bility to other nonspecific infections, including COVID-19.29

Such immunologic characteristics may affect the incidence of
COVID-19 in Asian countries and the immunologic side effects
ofCOVID-19vaccination, considering that thepathophysiology
of VAM might include host immune response of cytotoxic T
lymphocytes, although not fully understood. Therefore, future
studies are needed to validate the interracial difference in the
severity of VAM and elucidate its possible mechanisms.

Although vaccination is the most effective option in
preventing COVID-19,30 there is COVID-19 vaccine hesitancy
because of concern for serious side effects, especially cardiac
complications.31 However, the risk and severity of cardiac
complications of COVID-19 vaccination are much milder
than those of COVID-19 or MIS-C.10 Furthermore, consider-
ing a similar or evenmilder clinical course of VAM in the East
Asian population reported in our study and the other

Fig. 2 Findings of electrocardiography, echocardiography, and magnetic resonance image. (A) Electrocardiography of Patient No. 3 shows ST
elevation in limb leads and precordial leads (red arrows); (B) echocardiography of Patient No. 13 shows dilated left ventricle (yellow arrow) and
decreased contractility represented by ejection fraction (orange square); (C) cardiac magnetic resonance image of Patient No. 5 shows
subepicardial delayed enhancement of myocardium on phase sensitive inversion recovery image.
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consistent studies, COVID-19 vaccination in adolescents in
East Asian countries can also be recommended. Simulta-
neously, vigilance for cardiac manifestations should be con-
tinued, considering that VAM can manifest as fulminant
myocarditis and have a critical clinical course.32,33

Our study has some limitations. Although we conducted a
multicenter study of tertiary hospitals, our results would not
be generalized for VAM in other Asian countries beyond South
Korea because we included only the Asian population from
limited regions of South Korea with a too small number of
cases. However, our findings are consistentwith other studies,
including one in other provinces of South Korea, reporting the
similar or milder clinical course of VAM in the East Asian
population,12,14,19Assuch,our studycanserveasameaningful
preliminary study for further nationwide or multicountry
studies of East Asian countries. We found lower incidence of
VAM in South Korea compared with that of other ethnicities
(3.9–16.3 cases per 100,000),19,34–38 and we also found that
VAM cases were less severe. The incidence of VAM in South
Korea is only 3.9 cases per 100,000 (135/3,481,287, as an-
nounced by the central disease control headquarters of Korea
onMay20,2022),whilemore than80%of theadolescents aged
12 to 17 yearswere vaccinatedwith the seconddose. Since the
study was not nationwide, patients who failed to be followed
up or did not visit the emergency department (ED) with mild
discomfort may have beenmissed. Furthermore, aswe did not
conduct mandatory cardiac MRI or myocardial biopsy if the
diagnosis could already be made with laboratory tests, echo-
cardiography, and ECG, and if the clinical symptoms resolved
before the due date of the test, there were a few confirmed
cases according to the CDC definition. However, such selective
diagnostic processes do not delay the decision or deteriorate
the clinical course of the patients.

Conclusion

VAM in South Korean adolescents had self-limiting clinical
courses, as reported by previous studies. Despite the small
number of cases included in our study, our findings consis-
tent with previous studies revealed that East Asian adoles-
centsmight have a similar or evenmilder clinical course than
adolescents of other ethnicities.
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