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ABSTRACT

Objectives: Age-specific information regarding myocarditis/pericarditis in adolescents 
following mRNA-based coronavirus disease 2019 (COVID-19) vaccination in Asia remains 
insufficient. This study investigated the incidence and clinical characteristics of myocarditis/
pericarditis in Republic of Korea adolescents after mRNA-based COVID-19 vaccination. 
Methods: This retrospective descriptive study utilized patient data from the Korea Immunization 
Management System. Incidence rates were calculated according to age and sex. Clinical 
characteristics (symptoms/signs, laboratory values, and imaging results) were compared 
between mild and severe cases. 
Results: Between July 19, 2021 and September 30, 2022, 3,728,224 individuals aged 12 to 19 years 
received 6,484,165 mRNA-based COVID-19 vaccines, and 173 cases met the case definition for 
myocarditis/pericarditis: 151 mild (87.3%) and 22 severe (12.7%). The incidence was 3.8-fold 
higher in males than in females. Troponin I/ troponin T was elevated in 96% of myocarditis cases, 
demonstrating higher sensitivity than creatine kinase-myocardial band (67.6%) or C-reactive 
protein (75.2%). ST-segment or Twave on electrography abnormalities were found in 60.3% 
(85/141). Paroxysmal/sustained atrial/ventricular arrhythmias were more common in severe than 
in mild cases (45.5% vs. 16.8%, p = 0.008). Edema on T2-weighted magnetic imaging occurred in 
21.6% (8/37) and 62.5% (5/8) of mild and severe cases, respectively (p = 0.03). Abnormal pericardial 
fluid collection or pericardial inflammation was found in 75.4% of pericarditis cases (49/65). 
Conclusion: Myocarditis/pericarditis occurred in rare cases following mRNA-based COVID-19 
vaccination. Most cases were mild, but the incidence was higher in adolescent males and 
after the second dose. As bivalent severe acute respiratory syndrome coronavirus 2 mRNA 
vaccination started in Republic of Korea in October 2022, the post-vaccination incidence of 
myocarditis/pericarditis should be closely monitored, considering clinical characteristics. 
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Introduction 

Coronavirus disease 2019 (COVID-19) symptoms in children 
are generally mild. However, serious complications, including 
multisystem inf lammatory syndrome in children, can 
occur [1,2]. To prevent COVID-19 infection and minimize the 
occurrence of serious complications, vaccination has been 
introduced alongside non-pharmacological approaches, 
such as enforcing mask policies, social distancing, and school 
closures [3]. By reducing the requirement for quarantine 
and the number of hospital admissions due to COVID-19, 
vaccination has had additional sociopsychological benefits, 
such as decreasing school absences and limiting the mental 
health issues associated with temporary shutdowns [4]. 

In Republic of Korea, the mRNA-based BNT162b2-BioNTech 
COVID-19 vaccine was first made available to high school 
seniors and high school employees on July 19, 2021. Vaccination 
was then extended to adolescents aged 16 to 17 years on  
October 18, 2021, and to those aged 12 to 15 years on November 1, 
2021 [5–7]. 

Although the COVID-19 vaccines are effective in preventing 
the development of severe symptoms and death from 
COVID-19 infection [8–10], they have also been reported 
to cause myocarditis and pericarditis in rare cases [11–15]. 
In a review of the relationship between mRNA-based 
COVID-19 vaccines and myocarditis, the Advisory Committee 
on Immunization Practices reported that myocarditis or 
pericarditis occurred more frequently in male adolescents 
and young adults after the second dose [15]. In addition, 
several reports related to the occurrence and characteristics 
of myocarditis and pericarditis following mRNA-based 
COVID-19 vaccination have been published in multiple 
countries [14,16–19]. One systematic review analyzed the 
clinical presentation and outcomes of 74 patients who 
developed myocarditis after administration of mRNA vaccines 
[20]. Meanwhile, in Republic of Korea, after the COVID-19 
vaccination plan for high school seniors was announced, 
a study was conducted to examine the epidemiology and 
clinical characteristics of myocarditis and pericarditis in 
patients aged 17 years and younger prior to the introduction 
of COVID-19 vaccines [21]. 

However, age-specific information regarding the 
occurrence and characteristics of myocarditis and 
pericarditis in adolescents following Comirnaty (BNT162b2, 
BioNTech/Pfizer) vaccination in Asia remains insufficient 
[22]. Accordingly, this study aimed to investigate the 
incidence and clinical characteristics of myocarditis and 
pericarditis in adolescents (aged 12– 19 years) in Republic of 
Korea following mRNA-based COVID-19 vaccination from 

July 19, 2021 (when COVID-19 vaccination was initiated in 
adolescents of the study age range) to September 30, 2022. 
We also analyzed the differences in clinical characteristics 
according to the level of severity. 

Materials and Methods 

Detection, Reporting, and Assessment of Adverse 
Events of Myocarditis and Pericarditis 
In Korea, physicians, medical doctors, and dentists are 
required to report events of diagnosed adverse reactions 
following vaccination through the Korea Immunization 
Management System (KIMS); they can also be reported 
by the affected vaccinated person, or by their parents or 
guardians [23]. The reported cases were then investigated 
by city or provincial government epidemiologists in order 
to collect additional data (e.g., clinical records, underlying 
diseases, lab test results, and treatment approach and 
outcomes), and the results were reviewed by a rapid response 
team [24]. Based on these results, the diagnostic certainty 
and causality assessment of myocarditis and pericarditis 
cases were finally reviewed and determined by the Adverse 
Event Following Immunization (AEFI) Expert Advisory 
Committee operated by the Korea Disease Control and 
Prevention Agency [24,25]. The level of diagnostic certainty 
was assessed using a slightly modified version of the 
diagnostic criteria as defined by the Brighton Collaboration 
case definition of myocarditis and pericarditis (Tables 1, 2) 
[25,26].  

HIGHLIGHTSHIGHLIGHTS

• �The age-specific information regarding myocarditis 
and pericarditis in adolescents following mRNA-based 
COVID-19 vaccination in Asia remains insufficient. 
This study aimed to investigate the incidence and 
clinical characteristics of myocarditis and pericarditis 
in adolescents in Republic of Korea following mRNA-
based COVID-19 vaccination.

• �Following mRNA-based COVID-19 vaccination, 
myocarditis and pericarditis has been reported as a 
rare, most cases were mild, but the incidence rate was 
particularly higher in men, and after the second dose.

• �As bivalent SARS-CoV-2 mRNA vaccination started in 
Republic of Korea from October 2022, development of 
myocarditis and pericarditis after vaccination should 
be monitored closely considering clinical characteristic.
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Table 1. Case definition for myocarditis

Definite case Probable case Possible case

Criteria for case definition • �Confirm through histopathologic 
examination and reject other 
causes (①+③)

• Should be symptomatic and meet 
the testing criteria; reject other 
causes (①+②+③)

• Should be symptomatic and meet 
the testing criteria; reject other 
causes (①+②+③)

• �Confirm abnormal test findings 
(must include an elevated troponin 
level) and reject other causes  
(②+③)

① �Histopathologic 
examination or symptoms

Evidence of myocarditis in 
histopathologic examination 
(endomyocardial biopsy or 
autopsy)

≥ 1 Specific cardiac symptoms ≥ 1 Specific cardiac symptoms
or or
≥ 2 Nonspecific myocarditis 

symptoms
≥2 Nonspecific myocarditis symptoms

② Tests Two or more out of the 3 tests 
below. Must include an elevated 
troponin level:

One or more out of the 4 tests 
below:
≥ 1 Abnormalities on cMRI 

or
≥ 1 Elevated myocardial 

biomarker (troponin I, troponin 
T, CK-MB) 

or
≥ 1 Abnormalities on 

echocardiogram 
or

≥ 1 New or recovered specific 
abnormalities on ECG

Both tests below:
≥ 1 Elevated myocardial biomarker

and  
≥ 1 New or recovered nonspecific 
abnormalities on ECG

≥ 1 Elevated myocardial biomarker 
(limited to troponin T and troponin I)

and
≥ 1 Abnormalities on cMRI  
or
≥1 Abnormalities on echocardiogram

③ Rejection of other causes Reject other probable causes/
diagnoses

Reject other probable causes/
diagnoses

Reject other probable causes/
diagnoses

Based on Korea Disease Control and Prevention Agency [25].
These criteria for diagnostic comparability were used for the purposes of early assessment and case collection. Final decisions regarding diagnostic 
compatibility and causality followed the decisions of experts and the vaccine adverse event evaluation team.
cMRI, cardiac magnetic resonance imaging; CK-MB, creatine kinase-myocardial band; ECG, electrocardiography.

Table 2. Case definition for pericarditis
Definite cases Probable cases

Criteria for case definition �• Confirm through histopathologic examination and 
reject other causes (①+③)�

• Should be symptomatic and meet the testing criteria; 
reject other causes (①+②+③)

�• Meet the testing criteria and reject other causes  
(②+③)

① �Histopathologic 
examination or symptoms

Evidence of pericarditis in histopathologic examination 
(biopsy or autopsy)

≥ 1 Specific cardiac symptoms

② Tests Two or more out of the 3 tests below.  One or more out of the 3 tests below:  
Evidence of abnormal fluid collection or pericardial 

inflammation in imaging test (if the finding of 
pericardial inflammation is unclear in the presence 
of the evidence of pericardial effusion, it should 
be accompanied by the results of an elevated 
inflammation biomarker test)

≥ 1 New or recovered specific abnormalities in ECG 
or
Evidence of abnormal fluid collection or pericardial 

inflammation on imaging tests (if the finding of 
pericardial inflammation is unclear in the presence 
of the evidence of pericardial effusion, it should 
be accompanied by the results of an elevated 
inflammation biomarker test)

or
≥ 1 Physical exam suggesting pericardial effusion

or 
New occurrence or recovery of all 3 specific ECG 

findings
or
≥ 1 Physical exam suggesting pericardial effusion

③ Rejection of other causes Reject other probable causes/diagnoses Reject other probable causes/diagnoses
Based on Korea Disease Control and Prevention Agency [25].
These criteria for diagnostic comparability were used for the purposes of early assessment and case collection. Final decisions regarding diagnostic 
compatibility and causality followed the decisions of experts and the vaccine adverse event evaluation team.
ECG, electrocardiography.
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Study Population  
Between July 19, 2021 and September 30, 2022, 3,728,224 
individuals aged 12 to 19 years received a total of 6,484,165 
mRNA-based COVID-19 vaccines, and 319 cases were 
reported through the KIMS as suspected myocarditis or 
pericarditis following vaccination. Of these 319 reported 
cases, 186 cases met the case definition (myocarditis: definite, 
possible, or probable; pericarditis: definite or probable). Of 
the 186 cases, we excluded 13 cases in which (1) the adverse 
reactions occurred more than 42 days after vaccination 
[27]; (2) the events were determined to have causes other 
than COVID-19 vaccination after review by the AEFI Expert 
Advisory Committee [24,25]; or (3) more information was 
required for causality assessment. Finally, 173 cases were 
selected for use in this study (Figure 1). 

Data Collection 
This retrospective descriptive study was conducted using 
patient data from the KIMS. We collected the following types 
of data: age, sex, type of vaccine, number of the vaccine, 
vaccination date, symptom onset dates, symptoms and 
signs, laboratory values (troponin I or T, creatine kinase-
myocardial band [CK-MB], C-reactive protein [CRP], and 
erythrocyte sedimentation rate [ESR]), imaging results 
(electrocardiography [ECG], echocardiography, and cardiac 

magnetic resonance imaging [cMRI]), and other test results. 
Troponin I, troponin T, CK-MB, and CRP levels were 

deemed elevated if they were higher than the laboratory’s 
reference levels. The ESR was determined to be elevated 
if it exceeded 20 mm/h [28,29]. Imaging test results were 
classified based on the Adverse Events of Special Interest 
Case Definition Companion Guide of the Safety Platform for 
Emergency Vaccines [26]. The cases were divided into mild 
and severe. Severe cases were defined as death, admission to 
the intensive care unit (ICU), or life-threatening conditions 
[24]. In addition, when examining the clinical characteristics 
of myocarditis and pericarditis, myopericarditis cases were 
included in both myocarditis and pericarditis cases for 
analysis. 

Statistical Analysis 
For all demographic and clinical characteristics, categorical 
variables were presented as frequencies and percentages. 
The mean and standard deviation were used to present 
normally distributed continuous variables, while the 
median and interquartile range (IQR) were applied to 
present skewed variables. The normality of distributions 
was assessed with the Shapiro-Wilk test. The chi-square 
and Fisher exact tests were performed to compare 
categorical variables, and the Mann-Whitney U-test was 

6,484,165 Vaccination with mRNA COVID-19 
in adolescent ages 12–19 after July 19, 2021

319 Cases reported to KIMS of myocarditis 
or pericarditis

186 Cases met the case definition for 
myocarditis or pericarditis

173 Cases included in the study

133 Cases did not meet the case definition for myocarditis 
or pericarditis

13 Cases excluded due to 
- More than 42 days from vaccination to symptom onset 
- �Causes other than COVID-19 vaccination identified
- �Not enough information available for causality assessment

151 Mild cases 

108 Myocarditis 35 Myopericarditis 30 Pericarditis 

22 Severe cases 

Figure 1. Flowchart for the selection of the study 
population.
KIMS, Korea Immunization Management System.
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performed to compare continuous variables. The incidence 
rates of myocarditis and pericarditis were estimated as the 
ratio between the number of outcomes and the number 
of person-days that occurred during the period of interest 
per 1,000,000 person-days, and 95% confidence intervals 
(CIs) were calculated. All data were analyzed using the R 
software ver. 4.1.2 (The R Foundation). A p-value < 0.05 was 
considered to indicate statistical significance. 

Ethics Statement 
This study protocol was reviewed and approved by the 
Public Institutional Review Board (IRB) designated by the 
Ministry of Health and Welfare (IRB No: P01-202212-01-00). 
The requirement for informed consent was waived by the 
IRB. 

Results 

General Characteristics of 12- to 19-Year-Olds with 
Myocarditis and Pericarditis 
The median age of the 173 cases was 16 years (IQR, 15–18 
years). Those aged 12 to 17 years comprised 66.5% (n = 115) 
of the cases, while those aged 18 to 19 years made up the 
remaining 33.5% (n = 58). The frequency of the 12 to 17 year 
age group was about twice as high as that of the 18 to 19 
year age group. In terms of sex, 924,165 adolescent males 

received a total of 3,342,994 vaccinations, from which 139 
cases of myocarditis or pericarditis occurred; while 1,804,059 
adolescent females received a total of 3,141,172 vaccinations, 
from which 34 cases of myocarditis or pericarditis occurred. 
The incidence of myocarditis or pericarditis was approximately 
4 times greater in adolescent males (80.3%, n = 139) than in 
females (19.7%, n = 34). Most patients had received 2 vaccine 
doses (56.6%, n = 98), followed by 1 dose (27.2%, n = 47) and 3 
doses (16.2%, n = 28). Myocarditis was diagnosed in 62.4% 
of cases (n = 108), myopericarditis in 20.2% (n = 35), and 
pericarditis in 17.3% (n = 30). Almost all of the adolescents 
(96.0%, n = 166) received the BNT162b2 vaccine, while 4.0% 
(n = 7) received the mRNA-1273 vaccine. The median time 
from vaccination to symptom onset was 2 days (IQR, 1–3 
days). Most cases (87.3%, n = 151) were mild, while 12.7% 
(n = 22) were severe. No deaths were reported (Table 3). 

The incidence rate of myocarditis/pericarditis was 
approximately 3.8 times higher in males (0.99 per 100,000 
person-days; 95% CI, 0.83–1.17 per 100,000 person-days) 
than in females (0.26 per 100,000 person-days; 95% CI, 
0.18–0.36 per 100,000 person-days), regardless of the 
number of doses received. The highest rate was observed 
in males aged 12 to 17 years after the second dose (1.64 per 
100,000 person-days; 95% CI, 1.27–2.09 per 100,000 person-
days) (Table 4). 

The proportion of severe cases in females was 23.5%, 

Table 3. Demographic characteristics of myocarditis or pericarditis that met the case definition within 42 days after 
mRNA-based COVID-19 vaccination among 12- to 19-year-olds by dose number, July 2021–September 2022

Characteristic Total Dose 1 Dose 2 Dose 3

No. of vaccination doses administered 6,484,165 2,826,964 2,746,110 910,282
No. of cases that met the case definition for myocarditis or pericarditis 173 (100.0) 47 (27.2) 98 (56.6) 28 (16.2)
Age group (y)
 12–17 115 (66.5) 33 (28.7) 74 (64.3) 8 (7.0)
 18–19 58 (33.5) 14 (24.1) 24 (41.4) 20 (34.5)
Sex
 Male 139 (80.3) 34 (24.5) 82 (59.0) 23 (16.5)
 Female 34 (19.7) 13 (38.2) 16 (47.1) 5 (14.7)
Adjudication diagnosis
 Myocarditis 108 (62.4) 30 (27.8) 65 (60.2) 13 (12.0)
 Myopericarditis 35 (20.2) 9 (25.7) 17 (48.6) 9 (25.7)
 Pericarditis 30 (17.3) 8 (26.7) 16 (53.3) 6 (20.0)
Type of vaccine
 BNT162b2 166 (96.0) 45 (27.1) 94 (56.6) 27 (16.3)
 mRNA-1273 7 (4.0) 2 (28.6) 4 (57.1) 1 (14.3)
Time from vaccination to symptom onset (d) 2 (1–3) 3 (1–9.5) 2 (1–3) 2 (1–3)
Severity
 Mild case 151 (87.3) 40 (26.5) 85 (56.3) 26 (17.2)
 Severe casea) 22 (12.7) 7 (31.8) 13 (59.1) 2 (9.1)
 Death 0 (0) 0 (0) 0 (0) 0 (0)

Data are presented as n (%) or median (interquartile range).
a)Intensive care unit admission or life-threatening condition.
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which was higher, although not significantly, than that 
reported in males (10.1%). The proportion of severe cases was 
the highest in myopericarditis patients (17.1%), followed by 
patients diagnosed with myocarditis (14.8%). All diagnosed 
cases of pericarditis were mild. The median time from 
vaccination to symptom onset was 2 days (IQR, 1–3 days) 
(Table 5) in mild cases and 3 days (IQR, 2–4.75 days) in severe 
cases (p = 0.003) (Table 5, Figure 2). 

Clinical Characteristics of 12- to 19-Year-Olds with 
Myocarditis and Pericarditis 

Myocarditis 
The most common clinical symptom was chest pain or 
pressure (93.7%, 134/143) followed by dyspnea (30.1%, 
43/143) and heart palpitations (16.1%, 23/143). 

Troponin I or T was elevated in 95.8% of the tested cases 
(137/143), CK-MB was elevated in 67.6% (94/139), and CRP was 
elevated in 75.2% (100/133). Additionally, the ESR was ≥ 20 
mm/h in 16.7% of the tested cases (14/84). The proportion 
of cases with elevated troponin I or T was 95.9% in mild 
cases (116/121) and 95.5% in severe cases (21/22), whereas the 
proportions of cases with elevated CK-MB (65.8% vs. 77.3%), 
CRP (73.9% vs. 83.3%), and ESR (10.7% vs. 66.7%, p = 0.001) were 
higher in severe cases. 

On ECG, ST-segment or T-wave abnormalities (elevation or 
inversion) were found in 60.3% of cases (85/141), paroxysmal 
or sustained atrial or ventricular arrhythmias in 21.3% 
(30/141), and atrioventricular (AV) nodal conduction delays 
or intraventricular conduction defects in 6.4% (9/141). 
Paroxysmal or sustained atrial or ventricular arrhythmias 
were more common in severe cases than in mild cases (45.5% 

Table 5. Demographics characteristics of myocarditis and pericarditis cases that met the case definition within 42 days 
of mRNA-based COVID-19 vaccination among 12- to 19-year-olds by severity, July 2021–September 2022

Characteristic Total  
(n = 173)

Mild case  
(n = 151)

Severe case  
(n = 22)

a) p-value

Age group (y)
 12–17 115 (66.5) 98 (85.2) 17 (14.8) 0.36
 18–19 58 (33.5) 53 (91.4) 5 (8.6)
Sex
 Male 139 (79.8) 125 (89.9) 14 (10.1) 0.06
 Female 34 (19.7) 26 (76.5) 8 (23.5)
Adjudication of the diagnosis
 Myocarditis 108 (62.4) 92 (85.2) 16 (14.8) 0.07
 Myopericarditis 35 (20.2) 29 (82.9) 6 (17.1)
 Pericarditis 30 (17.3) 30 (100.0) 0 (0)
Type of vaccine
 BNT162b2 166 (96.0) 144 (86.7) 22 (13.3) 0.59
 mRNA-1273 7 (4.0) 7 (100.0) 0 (0)
Dose
 1 47 (27.2) 40 (85.1) 7 (14.9) 0.58
 2 98 (56.6) 85 (86.7) 13 (13.3)
 3 28 (16.2) 26 (92.9) 2 (7.1)
Time from vaccination to symptom onset (d) 2 (1–3) 2 (1–3) 3 (2–4.75) 0.003**

Data are presented as n (%) or median (interquartile range).
a)Intensive care unit admission, or life-threatening condition.
**p < 0.01.

Table 4. Incidence rates of myocarditis or pericarditis cases that met the case definition within 42 days of mRNA-based 
COVID-19 vaccination among 12- to 19-year-olds, July 2021–September 2022 (per 100,000 person-days)

Sex/age group (y) Total Dose 1 Dose 2 Dose 3

All 0.64 (0.54–0.74) 0.40 (0.29–0.53) 0.85 (0.69–1.04) 0.73 (0.49–1.06)
Male 0.99 (0.83–1.17) 0.56 (0.39–0.78) 1.38 (1.10–1.72) 1.15 (0.73–1.73)
 12–17 1.08 (0.87–1.32) 0.56 (0.35–0.84) 1.64 (1.27–2.09) 0.98 (0.39–2.02)
 18–19 0.84 (0.61–1.13) 0.55 (0.28–0.99) 0.86 (0.50–1.38) 1.25 (0.71–2.03)
Female 0.26 (0.18–0.36) 0.23 (0.12–0.39) 0.29 (0.16–0.46) 0.27 (0.09–0.64)
 12–17 0.24 (0.15–0.38) 0.26 (0.12–0.47) 0.24 (0.11–0.46) 0.17 (0.00–0.95)
 18–19 0.28 (0.15–0.47) 0.16 (0.03–0.47) 0.38 (0.15–0.78) 0.32 (0.09–0.82)

Data are presented as odds ratio (95% confidence interval).
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vs. 16.8%, p = 0.008). Additionally, the proportion of cases with 
the finding of AV nodal conduction delays or intraventricular 
conduction defects was higher in severe cases than in mild 
cases (18.2% vs. 4.2%, p = 0.034). 

On echocardiography, the proportion of patients with a 
left ventricular ejection fraction (LVEF) < 55% was 10.6% in 
mild cases (12/113) and 35.3% in severe cases (6/17). Among 
the severe cases, 1 patient with moderate dysfunction (LVEF, 
35%–44%) and 1 patient with severe dysfunction (LVEF, 
< 35%) were identified. 

Edema on T2-weighted MRI occurred in 28.9% (13/45) 
of all tested cases, 21.6% of mild cases (8/37), and 62.5% of 
severe cases (5/8; p = 0.03). Additionally, late gadolinium 
enhancement on T1-weighted MRI was reported in 48.9% of 
all tested cases (22/45), 43.2% of mild cases (16/37), and 75.0% 
of severe cases (6/8) (Table 6).  

Pericarditis 
Chest pain or pressure were the most common symptoms 
(98.5%, 64/65), followed by dyspnea (15.4%, 10/65) and heart 
palpitations (29.2%, 19/65). CRP was elevated in 76.3% of 
cases (45/59), and ESR was ≥ 20 mm/h in 25.0% (8/32). The 
proportions of elevated CRP (74.1% vs. 100.0%) and ESR 
(24.1% vs. 33.3%) were higher in severe cases than in mild 
cases, but with no statistically significant difference. 

ST-segment or T-wave abnormalities (elevation or 
inversion) were reported on ECG in most cases (77.8%, 49/63). 
Meanwhile, an ST-segment depression in augmented vector 
right was detected in 6.3% (4/63) of cases and PR-depression 
throughout the leads (best shown on leads II and V3) without 

reciprocal ST-segment changes (depressions) in 6.3% (4/63). 
On echocardiography findings, the proportion of patients 

with an LVEF < 55% was 12.8% in mild cases (6/47) and 16.7% 
in severe cases (1/6), whereas mild dysfunction (LVEF, 45%–
54%) was observed in 10.6% of mild cases (5/47) and 16.7% of 
severe cases (1/6), respectively. 

Imaging test results (echocardiogram, MRI, cMRI, or 
computed tomography) further revealed that abnormal 
pericardial fluid collection or pericardial inflammation 
occurred in 75.4% of all tested cases (49/65), 76.3% of mild 
cases (45/59), and 66.7% of severe cases (4/6) (Table 7). 

Discussion 

In the current study, the occurrence and clinical characteristics 
of myocarditis and pericarditis in adolescents aged 12 to 19 
years after mRNA-based COVID-19 vaccination in Republic 
of Korea from July 2021 to September 2022 were examined. 
Myocarditis and pericarditis were identified as rare 
occurrences, and though most cases (87%) were mild, the 
incidence rate was higher in adolescent males and following 
the second dose. 

This finding is consistent with several previous study 
findings. For example, Truong et al. [30] analyzed cases 
of suspected myocarditis after COVID-19 vaccination in 
individuals under the age of 20 years from 26 pediatric 
medical centers in the United States and Canada. They found 
that 90.6% of the reported cases were in males, and 91.4% 
were in those who had received a second vaccine dose. 
These patterns were also observed before the introduction 
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Figure 2. Time from vaccination to symptom onset in days. (A) Time from vaccination to symptom onset by number of doses. Blue, 
orange, and gray bars represent the number of cases after the first, second, and third doses, respectively. See Table 3 for detailed 
figures. (B) Time from vaccination to symptom onset by severity. Blue, orange, and gray bars represent outpatients (mild cases) 
and intensive care unit (ICU) (severe cases), respectively. 
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of COVID-19 vaccines. That is, Kim and Cho [31] examined 
the nationwide incidence, treatment, and outcomes of acute 
myocarditis in Korean children between 2007 and 2016 
using the database of the Korea Health Insurance Review & 
Assessment Service (HIRA). They found that the incidence 
of acute myocarditis was significantly higher in boys greater 
than 13 years of age. Although the specific causes of these 
sex-based differences are unclear, high testosterone levels 
in boys can directly facilitate immune responses, which lead 
to an increased likelihood of inflammation, fibrosis, dilated 
cardiomyopathy, and heart failure [32]. 

The median time from vaccination to symptom onset was 
2 days (IQR, 1–3 days), and in most cases, symptoms occurred 

within 7 days. More specifically, the median time to symptom 
onset after the first dose was 3 days (IQR, 1–9.5 days), and that 
after the second dose was 2 days (IQR, 1–3 days). A similar 
finding was reported by Oster et al. [33], who indicated that 
the median time until symptom onset was 3 days (IQR, 1–8 
days) and 2 days (IQR, 1–3 days) after the first and second 
doses, respectively. Hence, in individuals vaccinated with 
mRNA-based vaccines, a diagnosis of myocarditis is generally 
made within 2 to 3 days of vaccination [13], whereas in typical 
cases of viral myocarditis, symptoms often manifest within a 
few weeks to a few months [34]. 

The current study also found that 12.7% of the cases were 
considered severe, with no deaths reported. Meanwhile, 

Table 6. Symptoms and laboratory, ECG, and imaging results of myocarditis cases

Characteristic Total  
(n = 143)

Mild case  
(n = 121)

Severe case  
(n = 22)

a) p-value

Symptoms (n = 143)
 Acute chest pain or pressure 134/143 (93.7) 114/121 (94.2) 20/22 (90.9) 0.91
 Dyspnea after exercise, at rest, or lying down 43/143 (30.1) 35/121 (28.9) 8/22 (36.4) 0.65
 Palpitation 23/143 (16.1) 20/121 (16.5) 3/22 (13.6) < 0.999
 Diaphoresis 2/143 (1.4) 2/121 (1.7) 0/22 (0) < 0.999
 Nonspecific symptom (fever, mental change, abdominal pain, 

nausea, vomiting)
2/143 (1.4) 0/121 (0) 2/22 (9.1) < 0.999

Laboratory values
 Myocardial biomarker
  Elevated troponin I or T (n = 143) 137/143 (95.8) 116/121 (95.9) 21/22 (95.5) < 0.999
  Elevated CK-MB (n = 139) 94/139 (67.6) 77/117 (65.8) 17/22 (77.3) 0.42
 Inflammation biomarker
  Elevated CRP (n = 133) 100/133 (75.2) 85/115 (73.9) 15/18 (83.3) 0.56
  Elevated ESR (n = 84) 14/84 (16.7) 8/75 (10.7) 6/9 (66.7) < 0.001***
Testing/imaging
 ECG (n = 141)
  ST-segment or T-wave abnormalities (elevation or inversion) 85/141 (60.3) 70/119 (58.8) 15/22 (68.2) 0.56
  Paroxysmal or sustained atrial or ventricular arrhythmias 30/141 (21.3) 20/119 (16.8) 10/22 (45.5) 0.008*
  AV nodal conduction delays or intraventricular conduction 

defects
9/141 (6.4) 5/119 (4.2) 4/22 (18.2) 0.034*

  Continuous ambulatory electrocardiographic monitoring that 
detects frequent atrial or ventricular ectopy

0/141 (0) 0/119 (0) 0/22 (0) -

 Echocardiogram, LVEF (n = 130)
  Normal ( ≥ 55%) 112/130 (86.1) 101/113 (89.4) 11/17 (64.7) 0.004**
  Mild dysfunction (45%–54%) 16/130 (12.3) 12/113 (10.6) 4/17 (23.5)
  Moderate dysfunction (35%–44%) 1/130 (0.8) 0/113 (0) 1/17 (5.9)
  Severe dysfunction (< 35%) 1/130 (0.8) 0/113 (0) 1/17 (5.9)
 Cardiac MRI (n = 45)
  Edema on T2-weighted study, typically patchy in nature 13/45 (28.9) 8/37 (21.6) 5/8 (62.5) 0.03
  Late gadolinium enhancement on T1-weighted study with 

an increased enhancement ratio between myocardial 
and skeletal muscle, typically involving at least one non-
ischemic regional distribution with recovery (myocyte 
injury)

22/45 (48.9) 16/37 (43.2) 6/8 (75.0) 0.13

Data are presented as n (%). Abnormality was defined per the reference range of the hospital or laboratory where the test was performed.
ECG, electrocardiography; CK-MB, creatine kinase-myocardial band; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; AV, atrioventricular; LVEF, 
left ventricular ejection fraction; MRI, magnetic resonance imaging.
a)Intensive care unit admission or life-threatening condition.
*p < 0.05, **p < 0.01, ***p < 0.001.
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Table 7. Symptoms and laboratory, ECG, and imaging results of pericarditis cases

Characteristic Total  
(n = 65)

Mild case  
(n = 59)

Severe case  
(n = 6)

a) p-value

Symptoms (n = 65)
 Acute chest pain or pressure 64/65 (98.5) 58/59 (98.3) 6/6 (100.0) < 0.999
 Dyspnea after exercise, at rest, or lying down 19/65 (29.2) 18/59 (30.5) 1/6 (16.7) 0.66
 Palpitation 10/65 (15.4) 9/59 (15.3) 1/6 (16.7) < 0.999
 Diaphoresis 0/65 (0) 0/59 (0) 0/6 (0) -
Laboratory values
 Inflammation biomarker
  Elevated CRP (n = 59) 45/59 (76.3) 40/54 (74.1) 5/5 (100.0) 0.33
  Elevated ESR (n = 32) 8/32 (25.0) 7/29 (24.1) 1/3 (33.3) < 0.999
Testing/imaging
 ECG (n = 63)
  ST-segment or T-wave abnormalities (elevation or inversion) 49/63 (77.8) 43/57 (75.4) 6/6 (100.0) 0.32
  ST-segment depression in aVR 4/63 (6.3) 3/57 (5.3) 1/6 (16.7) 0.34
  PR-depression throughout the leads (best shown in leads II & V3) 

without reciprocal ST-segment changes (depressions)
4/63 (6.3) 3/57 (5.3) 1/6 (16.7) 0.34

 Echocardiogram, LVEF (n = 53)
  Normal ( ≥ 55%) 46/53 (86.7) 41/47 (87.2) 5/6 (83.3) 0.54
  Mild dysfunction (45%–54%) 6/53 (11.3) 5/47 (10.6) 1/6 (16.7)
  Moderate dysfunction (35%–44%) 0/53 (0) 0/47 (0) 0/6 (0) 
  Severe dysfunction (< 35%) 0/53 (0) 0/47 (0) 0/6 (0) 
 Cardiac imaging (echocardiogram, MRI, cardiac MRI, CT) (n = 65)
  Abnormal pericardial fluid collection or pericardial inflammation 49/65 (75.4) 45/59 (76.3) 4/6 (66.7) 0.62

Data are presented as n (%). Abnormality was defined per the reference range of the hospital or laboratory where the test was performed.
ECG, electrocardiography; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; aVR, augmented vector right; LVEF, left ventricular ejection fraction; 
MRI, magnetic resonance imaging; CT, computed tomography.
a)Intensive care unit admission or life-threatening condition.

Kim and Cho [31] conducted a study on the nationwide 
incidence, treatment, and outcomes of acute myocarditis 
in Korean children based on the 2007–2016 HIRA database. 
They reported that 22.8% of acute myocarditis pediatric 
patients required extracorporeal membrane oxygenation, 
or ventilator support, and 6.9% died.  

With respect to clinical symptoms, most cases manifested 
as chest pain or pressure, which agrees with the findings 
of previous studies [33]. Of note, severe cases reported 
manifestations of nonspecific symptoms, such as stomachache 
or vomiting, without specific symptoms, such as chest 
pain or pressure. Considering that nonspecific symptoms 
can be mistaken for gastrointestinal (GI) issues (e.g., viral 
gastroenteritis), misdiagnoses can occur if based solely on 
symptoms without suspecting myocarditis [35]. Furthermore, 
several studies have indicated that cases of myocarditis 
accompanied by GI symptoms in children were closely 
related to ICU admission and fatal outcomes [20,36,37], so 
it is clinically important to screen children presenting with 
GI symptoms for myocarditis [37]. Reportedly, myocarditis 
accompanied by GI symptoms may be caused by poor 
perfusion to the digestive system due to cardiac dysfunction, 
or by infection of the GI tract by the same virus causing 

myocarditis [38]. 
Troponin I or T was elevated in 96% of the tested cases. 

Similarly, elevated troponin I or T levels were previously 
reported in 98% of patients under the age of 30 years by 
Oster et al. [33], and in 100% of patients by Truong et al. 
[30]. Elevation of troponin I, which is expressed in cardiac 
muscles, has high sensitivity and high specificity for 
detecting damage to the myocardium [39,40]. CRP levels 
were elevated in 75.2% and 76.3% of the cases diagnosed 
with myocarditis and pericarditis, respectively, while the ESR 
was ≥ 20 mm/h in 16.7% and 25.0% of the cases. A similar 
degree of incongruence between CRP and ESR trends was 
reported by Marshall et al. [14], who reported 7 cases of acute 
myocarditis and myopericarditis in male adolescents who 
complained of chest pain within 4 days of vaccination with 
BNT162b2-BioNTech COVID-19 vaccines. In their study, CRP 
levels were elevated in 6/7 cases, while the mean ESR was 
18.29 ± 14.95 mm/h, suggesting that CRP is a more sensitive 
marker of inf lammation than ESR [41,42]. While CRP 
begins to increase 4–6 hours after inflammation begins, 
and peaks 2 to 3 days later, ESR levels tend to rise and fall 
more slowly, thus causing a disparity in the levels of these 
2 factors [43]. 
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In patients with myocarditis, various abnormalities 
are detected via ECG, including ST-segment or T-wave, Q 
waves, AV block, and bundle branch blocks. In agreement 
with previous studies [21,22], the most common finding 
in this study was ST-segment or T-wave abnormalities 
(elevation or inversion). Similarly, Witberg et al. [44] reported 
abnormal ECG findings in 67% of adolescents diagnosed  
with myocarditis related to vaccination with BNT162b2. 
Additionally, Jain et al. [18] assessed patients aged ≤ 21 
years and diagnosed with myocarditis related to COVID-19 
vaccination across 16 hospitals in the US. They found that 
70% of the patients exhibited abnormalities in ECG results, 
with ST-segment or T-wave abnormalities (elevation or 
inversion) determined to be the most common. In the current 
study, the occurrence of paroxysmal or sustained atrial 
or ventricular arrhythmias was more common in severe 
than in mild, cases (45.5% vs. 16.8%, p = 0.008). This was also 
found in a previous study that reported that 25% of acute 
myocarditis cases exhibited cardiac arrhythmia, which was 
more frequently observed in severe myocarditis [45,46]. 
Furthermore, in the current study, AV nodal conduction 
delays or intraventricular conduction defects were more 
frequently observed in severe cases compared with mild 
cases (18.2% vs. 4.2%, p = 0.034). Indeed, high-grade AV block 
is associated with higher morbidity and mortality rates in 
myocarditis patients [47]. 

On echocardiography, an LVEF < 55% was observed in 
13.9% and 13.3% of myocarditis and pericarditis cases, 
respectively. Meanwhile, in a meta-analysis of 24 studies 
on myocarditis related to BNT162b2 and mRNA-1273 
COVID-19 vaccines, Woo et al. [20] reported that the median 
LVEF in myocarditis patients aged ≤ 20 years was 56.8% 
(43.7%–64.7%). Truong et al. [30] further reported that 62 
cases (82.7%) with cMRI abnormalities had normal LVEF. 
In contrast, in the current study, of the cases with severe 
myocarditis, 1 case each was found to have moderate 
dysfunction (LVEF, 35%–44%) and severe dysfunction (LVEF, 
< 35%). Importantly, a retrospective study conducted among 
320 patients diagnosed with acute myocarditis reported a 
mean LVEF of 54% ± 9%, and found that, in comparison to 
patients with normal LVEF, those with decreased LVEF were 
more likely to receive steroid therapy during hospital stays 
and experience cardiovascular complications [48].  

cMRI is a noninvasive diagnostic method that is highly 
effective in the diagnosis of myocarditis [49]. Schauer et al. 
[50] analyzed 16 patients aged 12 to 16 years who had been 
diagnosed with myopericarditis after receiving the BNT162b2 
COVID-19 mRNA vaccine and received MRI within a median 
time of 2 days after symptom onset. All 16 patients presented 
with evidence of edema on T2-weighted imaging, and 

93.8% (15/16) had late gadolinium enhancement in a patchy 
subpericardial to transmural pattern with a predilection for 
the inferior left ventricular free wall. However, no patient had 
pericardial effusion. Meanwhile, Truong et al. [30] reported 
that 55.7% of the patients for whom cMRI was conducted 
showed myocardial edema, and 76.3% had late gadolinium 
enhancement (median time from symptom onset to test, 
5 days; IQR, 3–17 days). Meanwhile, in the current study, 
myocardial edema on T2-weighted MRI was observed in 
28.9% of the cases, late gadolinium enhancement on T1-
weighted MRI was detected in 48.9%, and 26.7% did not 
exhibit any abnormalities on their MRI scans. According 
to previous studies, in patients with acute myocarditis, 
cMRI markers of myocardial inflammation demonstrated a 
rapid and continuous decrease. Therefore, if myocarditis is 
suspected, cMRI scanning should be performed at an early 
stage of the disease [51], within 14 days [52]. 

Some studies have indicated that myocarditis caused 
by COVID-19 infection is more common than that induced 
following vaccination [53–55]. For instance, Fronza et al. 
[55] differentiated myocarditis occurring after COVID-19 
vaccination from that occurring after COVID-19 or other 
viral infections and compared them with other causes of 
myocarditis. The pattern of cardiac damage observed on 
the MRI scans of patients diagnosed with myocarditis after 
COVID-19 vaccination was similar to that of patients with 
myocarditis due to other causes; however, the myocardial 
abnormalities were less severe in patients with vaccine-
related myocarditis (e.g., less functional impairment, lower 
native T1, and less frequent involvement of the septum). 
Moreover, according to a recent study performed by the 
United States Center for Disease Control and Prevention, in 
adolescents aged 12 to 17 years (i.e., an age group considered 
to have high cardiac risk), myocarditis or pericarditis 
occurred in 50 people per 100,000 after COVID-19 infection, 
and in 22 people per 100,000 after the second vaccine 
dose. It was further reported that mRNA-based COVID-19 
vaccines were associated with a risk for adverse reactions, 
including myocarditis; however, the absolute risk level 
was low, and the adverse reactions were largely mild, with 
patients recovering rapidly. 

Our study has several limitations. First, the quantity and 
quality of information, which was collected from medical 
charts or interviews, may have varied depending on the 
collected data and the healthcare environment in the region. 
There may also have been unobserved clinical findings. 
Considering these points, overgeneralization should be 
avoided when interpreting the results of this study. Second, 
the criteria for defining myocarditis or pericarditis after 
vaccination in each country may be slightly different, but 
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this study did not consider these details in the comparison. 

Conclusion 

This study investigated the incidence and clinical 
characteristics of myocarditis and pericarditis in adolescents 
aged 12 to 19 years in Republic of Korea following mRNA-
based COVID-19 vaccination using patient data from the 
KIMS from July 2021 to September 2022. Myocarditis and 
pericarditis have been reported as rare occurrences following 
mRNA-based COVID-19 vaccination. Most cases were mild, 
but the incidence rate was particularly higher in adolescent 
males and after the second dose. As bivalent severe acute 
respiratory syndrome coronavirus 2 mRNA vaccination against 
the Omicron variants started in Republic of Korea in October 
2022, the development of myocarditis and pericarditis after 
vaccination should be monitored closely considering clinical 
characteristics [23]. Further comprehensive research, 
including studies of the incidence and pathophysiology of 
myocarditis and pericarditis in Korean adolescents after 
vaccination with COVID-19, as well as the treatment and 
prognosis of these conditions, should be conducted in the 
future.  
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