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and SARS ‑CoV ‑2. However, antibody testing re‑
vealed high titers of immunoglobulin (Ig) G and 
IgA against the SARS ‑CoV ‑2 spike protein in all 
3 patients. Based on the clinical presentation, a di‑
agnosis of myocarditis associated with COVID ‑19 
vaccination was made. Bed rest and thrombopro‑
phylaxis with enoxaparin were ordered. A com‑
plete resolution of the symptoms and troponin 
level normalization were observed within a few 
days, and all the patients were discharged home.

Recent data show that the risk of myocardi‑
tis in patients vaccinated against COVID ‑19 is 
3 times higher than in the nonvaccinated ones.1,2 
Male adolescents are affected more than female 
teenagers, and myocarditis is more likely to de‑
velop following the second dose.2 However, in 
our report, 2 patients developed the symptoms 
after the first dose of the vaccine. In a majori‑
ty of papers published so far, the diagnosis of 
myocarditis was based on CMR and the modi‑
fied Lake Louise Criteria.3,4 In our case, CMR 
showed no signs of edema in any of the patients, 
which might indicate a milder course of the dis‑
ease. However, a longer observation period is re‑
quired to confirm this. The specific mechanism of 
COVID ‑19 vaccine–induced myocarditis and in‑
dividual predispositions to cardiovascular events 
remain unknown. All our patients had a high ti‑
ter of anti–SARS ‑CoV ‑2 antibodies (measured 
12–23 days after the vaccination). The published 
data usually indicate only a modest increase in 
IgA antibodies after the vaccination.5 Some au‑
thors reported higher anti spike protein IgA an‑
tibodies in males than in females. A possible cor‑
relation between IgA antibody concentration and 
susceptibility to postvaccination myocarditis re‑
quires further investigation.
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Supplementary material is available at www.mp.pl/paim.

COVID ‑19 is a serious worldwide healthcare is‑
sue mostly due to a lack of population immunity, 
high infectivity, and numerous mutations. Vacci‑
nations are crucial for controlling the spread of 
COVID ‑19 and their benefits outweigh the po‑
tential risks of usually mild adverse events. How‑
ever, myocarditis was reported in some vaccine 
recipients.1,2

Three previously healthy males (17 years old) 
were admitted to our hospital due to a sudden 
chest pain. The symptom occurred shortly (1–10 
days) after vaccination with BNT162b2 vaccine 
(Supplementary material, Table S1). On admis‑
sion, troponin levels were significantly elevat‑
ed in all patients, with peak concentrations on 
the first day, and C ‑reactive protein was elevat‑
ed in one of the patients. B ‑natriuretic peptide, 
creatine kinase, and white blood cell count were 
all within the reference range. Twelve‑lead elec‑
trocardiography (ECG) showed negative T waves 
in the inferior leads and flat T waves in V6 in one 
of the patients but no abnormalities were ob‑
served in the 2 remaining patients (FIGurE 1A). On 
echocardiography, all patients had normal glob‑
al and regional systolic function with the ejec‑
tion fraction (EF) above 60%, and no pericardi‑
al effusion was found. Computed tomography of 
the coronary arteries was performed in one of 
the patients and it did not reveal any pathologi‑
cal changes. Cardiac magnetic resonance (CMR) 
carried out within 5 to 10 days since the symptom 
onset indicated that cardiac function was normal 
(EF 55%–60%), and no myocardial edema was ob‑
served. However, late gadolinium enhancement 
(LGE) showed a myocarditis ‑like pattern in all 
patients (FIGurE 1B and 1C). One of the patients ex‑
hibited pericardial effusion with pericardial en‑
hancement on the LGE sequences (FIGurE 1D). All 
patients had negative real ‑time polymerase chain 
reaction tests for common cardiotropic viruses 

CLINICAL IMAGE

Myocarditis associated with COVID ‑19 
vaccination in three male teenagers

Agata Łaźniak ‑Pfajfer1, Rafał Surmacz1, Justyna Rajewska ‑Tabor2, 
Małgorzata Pyda2, Maciej Lesiak2, Waldemar Bobkowski1

1   Department of Pediatric Cardiology, Poznan University of Medical Sciences, Poznań, Poland
2   Department of Cardiology, Poznan University of Medical Sciences, Poznań, Poland

Correspondence to:
Agata Łaźniak ‑Pfajfer, MD, 
Department of Pediatric Cardiology, 
Poznan University of Medical 
Sciences, ul. Szpitalna 27/33, 
60‑572 Poznań, Poland, 
phone: +48 61 849 13 70, 
email: alazniak@skp.ump.edu.pl
Received: October 25, 2021.
Revision accepted: 
November 12, 2021.
Published online: December 1, 2021.
Pol Arch Intern Med. 2022;  
132 (2): 16160
doi:10.20452/pamw.16160
Copyright by the Author(s), 2022



POLISH ARCHIVES OF INTERNAL MEDICINE 2022; 132 (2)2

ArtICLE INForMAtIoN

CoNFLICt oF INtErESt None declared.

opEN ACCESS This is an Open Access article distributed under the terms 
of the Creative Commons Attribution NonCommercial Share Alike 4.0 Inter‑
national License (CC BY ‑NC ‑SA 4.0), allowing third parties to copy and re‑
distribute the material in any medium or format and to remix, transform, and 
build upon the material, provided the original work is properly cited, distrib‑
uted under the same license, and used for noncommercial purposes only. For 
commercial use, please contact the journal office at pamw@mp.pl.

How to CItE  Łaźniak ‑Pfajfer A,  Surmacz R,  Rajewska ‑Tabor  J,  et  al. 
Myocarditis associated with COVID ‑19 vaccination in three male teenagers. 
Pol Arch Intern Med. 2022; 132: 16160. doi:10.20452/pamw.16160

rEFErENCES

1 Gargano  JW, Wallace M, Hadler  SC,  et  al.  Use  of mRNA COVID ‑19 
vaccine after reports of myocarditis among vaccine recipients: update 
from the Advisory Committee  in  Immunization Practices  ‑ United States, 
June 2021. MMWR Morb Mortal Wkly Rep. 2021;70: 977‑982. 

2 Hoeg  TB,  Krug  A,  Stevenson  J,  Mandrola  J.  SARS ‑CoV ‑2  mRNA 
vaccination ‑associated myocarditis in children ages 12‑17: a stratified na‑
tional database analysis. MedRxiv. Preprint posted online August 30, 2021.

3 Shaw KE, Cavalcante JL, Han BK, Göss  lM. Possible association be‑
tween COVID ‑19 vaccine and myocarditis: clinical and AMR findings. JACC 
Cardiovasc Imaging. 2021; 14: 1856‑1861. 

4 Tymińska A, Ozierański K, Caforio ALP, et al. Myocarditis and inflamma‑
tory cardiomyopathy in 2021: an update. Pol Arch Intern Med. 2021; 131:  
594‑606. 

5 Jalkanen P, Kolehmainen P, Häkkinen HK, et al. COVID ‑19 mRNA vaccine 
induced antibody responses against three SARS ‑CoV ‑2 variants. Nat Com‑
mun. 2021; 12: 3991. 

FIGurE 1  A – electrocardiography, negative T waves in inferior leads (black arrows); B – cardiac magnetic resonance 
(CMR), subepicardial fibrosis (arrow); C – CMR, subepicardial fibrosis (arrow); D – CMR, pericardial fibrosis (white 
arrows), diffuse myocardial fibrosis (blue arrows), and pericardial effusion (asterisk)
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