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Background: During COVID-19 pandemic, several vaccines have been developed such as 
mRNA vaccines. However, acute pericarditis and myocarditis/myopericarditis cases have been 
described after mRNA vaccination. The mechanism for the development of cardiac involvement 
is unknown. Potential mechanism for oxidative stress associated with vaccine-induced heart 
involvement is unidentified. This study aimed to examine the role of oxidative stress and the 
heart involvement in young adults vaccinated with COVID-19 mRNA vaccines.
Methods: In this cross-sectional study, a total of 23 participants were included and 10 of 
these participants were asymptomatic patients (control group). Comparison of the cardiac 
involvement and control group was made by using troponin I, C-reactive protein (hsCRP), 
D-dimer levels, and oxidative stress tests including nitric oxide, and imaging techniques 
(ECG, echocardiography, cardiovascular magnetic resonance).
Results: The median age of acute pericarditis group (10 patients) was 22 years (Q1-Q3: 18.5– 
31), and the mean age was 24.4±7.5 years. The median age of myopericarditis group (3 patients) 
was 22 years (Q1–Q3 18.0–25.0), and the mean age was 21.6 ±3.5 years. All the myopericarditis 
cases were male. The patients with myopericarditis had higher troponin I level, hsCRP, and 
D-dimer levels (troponin I level; 1600.00 ng/mL; D-dimer; 1.20 μg/mL, hsCRP; 3.0 mg/L, 
respectively; p < 0.05). Serum nitric oxide levels and OSI (total oxidant status, H2O2/total 
antioxidant status) were lower in myopericarditis group than the control and acute pericarditis 
group (p < 0.05). This shows inflammatory and procoagulant state.
Conclusion: Vaccine-induced myopericarditis cases are associated with oxidative stress test 
abnormality (abnormal NO, OSI levels). However, there is no relationship between NO 
levels and other oxidative stress tests difference in vaccine-induced acute pericarditis. It is 
thought that vaccine-induced pericarditis and myopericarditis could have different pathogen-
esis. This could make it necessary to reassess the second dose of vaccination for vaccine- 
induced cardiac involvement cases.
Keywords: COVID-19 vaccine, cardiac involvement, oxidative stress

Introduction
Vaccination is a well-known effective method to fight against viral infection. 
However, vaccines had rare cardiac involvement. According to Vaccine Adverse 
Event Reporting System (VAERS), vaccine-induced heart adverse events were 
reported as 0.1% like smallpox, influenza, hepatitis B, or other vaccinations.1

To get the coronavirus disease of 2019 (COVID −19) under control, several 
different types of vaccines, such as mRNA vaccines, have been developed during 
the pandemic. As an adverse event, case reports have been published about heart 
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involvement after COVID-19 mRNA vaccines.2–4 The 
cardiac involvement in those patients contained acute peri-
carditis and myocarditis/myopericarditis, observed higher 
among males and young people.5 Because of the serious 
adverse effect, the vaccine-induced cardiac complications 
could be worrying. The mechanism for the development of 
cardiac involvement is unclear. However, there are some 
arguments about it. Firstly, after mRNA vaccination, the 
immune system may perceive the mRNA as an antigen 
and start activation of proinflammatory and immunologic 
reaction.6,7 The innate immunogenicity and genetic predis-
position in certain individuals may be responsible for this.8 

Moreover, oxidative stress has been known to contribute to 
cardiovascular problems in the patients with COVID-19.9– 

11 Vascular nitric oxide (NO) abnormalities cause endothe-
lial dysfunction occurring with various cardiovascular 
pathologies. The relationship between oxidative stress 
and COVID-19 vaccine-induced heart involvement (eg 
acute pericarditis-myopericarditis) is unknown. Thus, this 
study aims to examine the role of oxidative stress and the 
discussed aspects of heart involvement in young adults 
vaccinated with COVID-19 mRNA vaccines.

Methods
This study was a cross-sectional study. The population of 
the study consisted of 23 patients vaccinated with COVID- 
19 mRNA vaccines between August 2021 and 
October 2021. The age range of the groups was from 18 
to 38 years. The patients had no prior heart disease. 13 
patients had vaccine-induced heart involvement, whereas 
other patients (10 patients) had no heart involvement (con-
trol group). The study protocol was accepted by Medicana 
International Ankara Hospital Human Research Ethic 
Committee (2021/24). Written informed consent was 
obtained from each patient. The principles of Declaration 
of Helsinki were followed in this study. The study data is 
available upon request.

Definition of mRNA Vaccine-Induced 
Heart Involvement
Vaccine-induced acute pericarditis was accepted as pleuri-
tic chest pain, and availability of pericardial effusion, or 
blood increased white cell count or increased C-reactive 
protein level (crp), and normal serum troponin levels. 
Those cases showed no ECG changes like classical acute 
pericarditis ECG stages. Typically, this condition appeared 

following the first or second dose of mRNA vaccine within 
3 days.

Vaccine-induced acute myocarditis/myopericarditis 
was accepted as chest pain, and availability of pericardial 
effusion, focal perimyocardial echo bright appearance, or/ 
and myocardial segment motion abnormality, increased 
white cell count/increased C-reactive protein level (crp), 
elevated d-dimer levels, elevated serum troponin levels. 
ECG findings of the patients had similar appearance to the 
findings of those with Stage 1 acute pericarditis. This 
condition occurred following the first or second dose of 
the mRNA vaccine within 3 days.

Definition of the Control Group
Following the first or second dose of mRNA vaccine within 
3 days, the patients had no complaints (eg, chest pain).

The two groups were compared in terms of biochem-
ical parameters (Troponin I, C-reactive protein (hsCRP), 
D-dimer levels, and oxidative stress tests including nitric 
oxide), and imaging techniques (ECG, echocardiography, 
cardiovascular magnetic resonance).

Oxidative Stress Assays and Oxidative 
Stress Markers
Total antioxidant status (TAS, mmol Trolox Eq/L), total 
oxidant status (TOS, mmol H2O2 Eq/L), oxidative stress 
index (OSI-TOS/TAS), oxonase (PON, U/L), nitric oxide 
(NO, μmol/L) levels were measured for the patients.12,13

The analyses of serum biochemical oxidative stress 
marker parameters were performed on an auto analyzer 
(Mindray BS 300) using commercial kits (RelAssay 
Diagnostic, Turkey). Venous blood samples were collected 
from all of the patients. TAS test kit (RelAssay Diagnostic®, 
Turkey) was used according to the manufacturer’s instruc-
tions to measure the TAS levels. 30 μL of the sample was 
mixed with 500 μL of measurement buffer (reagent 1) in an 
Eppendorf tube. 2 μL of that mixture was used to measure 
the absorbance at 660 nm (A1) (NanoDrop® ONE, Thermo 
Scientific). Then, 75 μL of colored 2,2-azino-bis-3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS) (reagent 2) was 
added to the mixture, and an incubation performed at 37° 
C for 5 min (ST 30, NUVE).

TOS test kit (RelAssay Diagnostic®, Turkey) was used 
according to the manufacturer’s instructions to measure 
the TOS levels. 75 μL of the sample was mixed with 
500 μL of measurement buffer (reagent 1) in an 
Eppendorf tube. 2 μL of that mixture was used to measure 
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the absorbance at 530 nm (A1) (NanoDrop® ONE, 
Thermo Scientific). Then, 25 μL of Pro-chromogenic solu-
tion (reagent 2) was added to the mixture, and an incuba-
tion performed at 37° C for 5 min (ST 30, NUVE).

Echocardiographic Evaluation
Standard TTE was performed in the left lateral decubitus 
position using Philips Affiniti 50G device (Philips, USA) 
with a 2.5 MHz transducer to examine two-dimensional 
images (2-D) and to evaluate M-mode and Doppler values. 
During operation, depth was 20 cm and dynamic range 
was 6. M-mode and 2-D images of the left ventricle and 
Doppler parameters were recorded on the basis of the 
American Society of Echocardiography and the European 
Association of Cardiovascular Imaging.14

Echocardiographic heart involvement was accepted as 
pericardial effusion, focal perimyocardial echo bright 
appearance, or/and myocardial wall segment abnormality.15

Cardiac MR Scan (CMR)
To evaluate for myocarditis and acute pericarditis, cardiac 
magnetic resonance imaging was performed using clinical 
3-T scanners (SIGNA™ Voyager - 70cm - GE Healthcare, 
USA). Conventional sequences were used for the acquisi-
tion of cardiac function, volumes, mass, and scar imaging. 
Myocardial T1 and T2 mappings were acquired in a single 
midventricular short-axis slice, while for T2 mapping, 
a validated sequence for measurement of myocardial 
edema was used. Late gadolinium enhancement (LGE) 
imaging was completed approximately 10 minutes after 
the administration of 0.1 mmol/kg of body weight of gado-
butrol (Gadovist; Bayer).

Statistical Analysis
SPSS for Windows 23 (IBM Inc., Chicago, IL, USA) was 
used for statistical analyses. In the analysis tables, numeric 
variables were presented as mean, standard deviation, 

median and quarter value, and non-numeric deviations 
were presented as frequencies and percentages.

Shapiro–Wilk test was used to test the normality 
assumption and because the normality assumption was 
violated, and Kruskal–Wallis H-test was used to compare 
groups. Following this test, pairwise comparisons were 
made using Dunn test.

Fisher-Freeman-Halton exact test was used for categori-
cal variables. The value of p<0.05 was considered significant.

Results
Table 1 presents the comparison of the groups according to 
age and gender. There was no significant statistical differ-
ence between the two groups regarding age, gender 
(p>0.05). Cardiac involvement cases included younger 
and male adults mostly. The median age of acute pericar-
ditis was 22 years (Q1-Q3: 18.5–31), and the mean age 
was 24.4±7.5 years. The median age of myopericarditis 
was 22 years (Q1-Q3 18.0–25.0) and the mean age was 
21.6 ±3.5 years. All myopericarditis cases were male.

Table 2 shows clinical findings classified according to 
groups. Troponin I level, crp, d-dimer levels in the acute 
pericarditis and control groups were normal. However, the 
patients with myopericarditis had higher troponin I level, 
crp, and d-dimer levels than the control and acute pericar-
ditis group (p <0.05).

Moreover, in the oxidative stress tests, serum NO 
levels and OSI (total oxidant status, H2O2/Total antiox-
idant status) were lower in myopericarditis patients than 
the control and acute pericarditis group (p< 0.05).

There was no significant statistical difference among 
the groups regarding TAS, TOS, PON, and leucocyte 
measurements (p>0.05).

We observed that vaccine-induced acute pericarditis 
cases had chest pain, normal serum troponin levels, non-
specific ECG findings, and normal cardiac involvement 
(Figure 1). However, vaccine induced-acute myopericardi-
tis cases (3 patients) had chest pain, elevated serum 

Table 1 The Comparison of Groups According to Age and Gender

Statistic Total Control Pericarditis Myopericarditis P

Gender n (%)
Female 7 (30.4) 4 (57.1) 3 (42.9) 0 (0.0) 0.690f

Male 16 (69.6) 6 (40.0) 7 (40.0) 3 (20.0)

Age M±SD 23.4±5.1 23.0±2.4 24.4±7.5 21.6±3.5

Median (Q1-Q3) 22.5 (19.0–25.0) 23.0 (21.5–25.0) 22.0 (18.5–31.0) 22.0 (18.0–25.0) 0.790h

Note: f Fisher-Freeman-Halton Exact Test; h Kruskal–Wallis H-test (exact).
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troponin levels, ST elevation in ECG, and abnormal car-
diac involvement (Figure 1).

The patients with myopericarditis were admitted to the 
hospital. Interestingly, their complaints were rapidly 
resolved. The ECG results indicated swift recovery 
(Figure 2A–D).

Discussion
Nanotechnology has an important role in the development 
of mRNA-based COVID-19 vaccines, including Moderna 
and Pfizer/BioNTech. The mRNA-based COVID-19 vac-
cines is based on the scalability of nucleic acid 
technology.16 These vaccines are both non-infectious and 
do not require penetration into the nucleus.17 Thanks to 
nanotechnology, these vaccines can be produced rapidly, 
which is a major advantage in the existing pandemic.18 

However, it is accepted that acute pericarditis and myoper-
icarditis are rare vaccine-induced complications.1 Such 
adverse effects can be observed in COVID-19 mRNA 
vaccination as well. The cardiac involvement cases have 
been detected among individuals roughly between 12 and 
39 years of age.5 Seventy-nine percent were in males, with 
the majority in individuals <30 years of age with a median 
age of 24.19 According to VAERS, 67% of cases were after 
the second dose.

Possible mechanism for mRNA vaccine-induced myo-
carditis is autoantibody generation.20 Another mechanism 
can be the trigger effect of the preexisting dysregulated 
pathways in certain individuals with predisposition, result-
ing in a polyclonal B-cell expansion, immune complex 
formation, and inflammation.32Ta
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Figure 1 Subepicardial late gadolinium enhancement on CMR.
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COVID-19 associated oxidative stress has been shown 
in cardiovascular involvement.9 The low levels of NO 
have been identified at the onset of the post COVID-19 
cases. Additionally, the level difference of H2O2 in the 
COVID-19 patients has been shown to be associated with 
the lung damage and oxidation of key constituents of 
innate immunity.21

Other potential causes of myocarditis and pericarditis 
should be ruled out. There is a need to consider infectious 
disease and rheumatology-related disease in this 
evaluation.

In this study, we realized that the patients with myo-
pericarditis had lower NO levels, OSI level compared with 
acute pericarditis and control groups. Moreover, serum 
D-dimer levels were fourfold elevated in myopericarditis 
patients without evidence of pulmonary embolism or 
venous thromboembolic events. Low NO levels indicate 
inflammatory and procoagulant state in mRNA vaccine- 
induced myopericarditis. Therefore, we think that oxida-
tive stress could be the role of mRNA vaccine-induced 
myopericarditis. However, we found no difference in NO 
levels and other oxidative stress tests in acute pericarditis 
cases. This indicates that vaccine-induced pericarditis and 
myopericarditis could be a different entity.

In this study, the age range of myopericarditis patients 
were between 18 and 25. Young adult predominance has 
been defined in other studies.5 However, the reasons are 
unknown. The age-related immunity changes in human 
health could explain some reasons, which the decline in 
CD4 T cell and dendritic cell are functioning, the decrease 
along with intrinsic changes in B cells resulting in age- 
associated effects.22 Moreover, older adults generate tenfold 
fewer antibody secreting cells relative to young individuals 
on antigenic stimulation.23

Vaccine-induced myocarditis cases have been reported 
mostly after the second dose of mRNA COVID-19 
vaccination.24 In our study, 3 myopericarditis cases were 
after the second mRNA COVID-19 vaccination. Acute 
pericarditis cases (10 patients) developed after the first 
dose of mRNA vaccination. The reason why myocarditis 
developed after the second dose of the vaccination was 
unknown.

There are gender differences in immune responses to 
pathogens (including to SARS-CoV-2) and vaccines 
toxicity.25 In general, women generate stronger humoral 
and cell-mediated immune responses to antigenic stimula-
tion, vaccination and infections than men.26 However, 

Figure 2 Rapid resolution of ECG findings in patient with acute myopericarditis. 
(A) At admission, diffuse ST -segment elevation in ECG. (B) Second day at hospital, 
regression of ST- segment elevation in ECG. (C) Third day at hospital, nearly ST- 
segment recovery in ECG. (D) Fourth day at hospital, complete ST-segment recov-
ery in ECG.
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adverse reactions to vaccines may be more prevalent 
among women when compared to men.27 However, the 
BioNTech mRNA vaccine results have been published, but 
do not present data on discontinuation after the first 
and second dose or adverse reaction data by gender.28

In diagnosis, cardiac involvement should be questioned 
in the younger population with chest pain after 
vaccination.29 The evidence of high troponin levels, ECG 
changes, arrhythmia, and hemodynamic instability after 
COVID-19 vaccination require hospitalization.

For treatment purposes, according to published case 
reports, nonsteroidal anti-inflammatory drugs, steroids, 
and colchicine were used for management of some of the 
patients with myocarditis after COVID-19 vaccination. 
Contrary to what is believed, we gave the patients acet-
ylsalicylic acid in addition nonsteroidal anti-inflammatory 
drugs and the patients got better in early terms.

In heart involvement cases, the idea that the second dose 
is important is a mystery for clinicians and patients. If 
vaccine-induced acute pericarditis/myocarditis has devel-
oped after the first dose, the second dose should be 
delayed.30 It has been accepted that the second dose could 
be reconsidered on the resolution of symptoms, signs, and 
findings, and cardiac involvement severity.31 Because of 
abnormal oxidative stress test associated with vaccine- 
induced myopericarditis, we have suggested that if vaccine- 
induced myopericarditis develops, the second dose must not 
be performed. The patients with vaccine-induced acute peri-
carditis should postpone a second dose of vaccination.

Limitations
Troponin I, D-dimer, hsCRP, and oxidative stress tests 
were the only markers investigated in this study. This 
limitation did not affect the results. There is no cardiac 
biopsy procedure. Furthermore, the study population was 
small because the study was conducted in a single center. 
Moreover, mRNA vaccination in Turkey started later than 
United States and other European countries.

Conclusion
Vaccine-induced myopericarditis cases are associated with 
oxidative stress test abnormality (abnormal NO, OSI levels). 
Such a situation has indicated inflammatory and procoagu-
lant state. However, there is no relationship between NO 
levels and other oxidative stress tests in vaccine-induced 
acute pericarditis. We think that vaccine-induced pericarditis 
and myopericarditis could have different pathogenesis. This 

could be a compelling reason to reconsider the second dose 
of vaccination for vaccine-induced cardiac involvement.

Abbreviations
TAS, total antioxidant status (mmol Trolox Eq/L); TOS, 
total oxidant status (mmol H2O2 Eq/L); OSI, oxidative 
stress index (TOS/TAS); PON, Paraoxonase (U/L); NO, 
nitric oxide (μmol/L).
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