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АННОТАЦИЯ
Тема коронавирусной инфекции до настоящего времени не теряет своей актуальности в медицинской среде. Сре-
ди гетерогенных клинических проявлений этого заболевания выделяют поражение структур сердца, главным обра-
зом воспалительного характера. Помимо миокардита, при коронавирусной инфекции возможен целый спектр острых 
или отсроченных поражений сердца, в частности острый коронарный синдром, тромбоэмболические события, сердеч-
ная недостаточность, нарушения ритма сердца. Известно, что прогноз для пациентов с поражением сердца значимо 
ухудшается. Своевременные постановка диагноза и начало лечения играют принципиально важную роль для предот-
вращения тяжёлых осложнений. 
В обзоре приводятся современные литературные данные о патогенезе поражения сердца при COVID-19, обсуждаются 
вопросы рациональной диагностики данной патологии с помощью современных методик (лабораторных, функцио-
нальных, визуализирующих), в том числе инвазивных. Главную роль среди визуализирующих методов играет магнит-
но-резонансная томография сердца с контрастированием. В настоящее время признано, что диагностика миокардита, 
ассоциированного с коронавирусной инфекцией, имеет ряд принципиальных отличий от диагностики миокардита дру-
гой природы. Кроме того, отражены основные аспекты воспалительного поражения сердца, ассоциированного с вак-
цинацией против COVID-19, поскольку такое осложнение возникает чаще, чем принято считать. Нередко оно является 
поводом для отказа от вакцинации, что может повлечь за собой тяжёлые последствия как для отдельного человека, 
так и популяции в целом. 
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AbstRAct
Coronavirus infection is still a topic of interest in the medical community today. Among the heterogeneous clinical manifestations 
of this disease, lesions of cardiac structures often occur. They are mainly inflammatory in nature and can be acute or delayed. 
Aside from myocarditis, coronavirus infection can induce cardiac injuries, including acute coronary syndrome, thromboembolic 
events, heart failure, and heart rhythm disturbances. It is well known that the prognosis for patients with cardiac lesions 
significantly worsens; timely diagnosis and treatment initiation play an important role in preventing severe complications.
This review presents the most recent literature data on the pathogenesis of cardiac lesions in COVID-19 patients and discusses 
the rational diagnosis of this pathology using modern techniques, such as laboratory, functional imaging (cardiac magnetic 
resonance is the most important of these), and invasive ones. It is now established that diagnosing myocarditis caused by 
coronavirus infection differs fundamentally from diagnosing other types of myocarditis. Furthermore, the main aspects of 
inflammatory heart lesions associated with COVID-19 vaccination are discussed, as this complication occurs more frequently 
than is commonly believed. It is often used as a rationale for refusing vaccination; however, this decision may severely affect 
the individual and the population.

Keywords: acute coronary syndrome; COVID-19; heart rhythm disturbances; magnetic resonance imaging; myocarditis; 
vaccination.
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简评

冠状病毒感染仍然是医学界的一个热门话题。心脏结构受损从该病的异质性临床表现中脱颖

而出，主要是炎性的。除心肌炎外，冠状病毒感染还可导致一系列急性或迟发性的心脏受

损，如急性冠状动脉综合征、血栓栓塞性事件、心力衰竭和心律紊乱。众所周知，有心脏受

损的病人的预后大幅度恶化。及时诊断和启动治疗对于严重并发症的预防至关重要。 

本综述介绍了与COVID-19心脏受损发病机制有关的现代文献资料，讨论了利用现代技 

术（实验室、功能、影像学），包括侵入性技术，对这种病理进行合理诊断的问题。在影像

技术中起主要作用的是心脏超影磁共振成像。现在专家认为，与冠状病毒感染有关的心肌炎

诊断，与其他心肌炎诊断相比，有一些根本区别。此外，还反映了与COVID-19疫苗接种相关

的炎症性心脏受损的主要方面，因为这种并发症的发生率比通常认为的高。它往往是不打疫

苗的一个理由，这对个人和整个人群都会产生严重的后果。 

关键词：COVID-19；心肌炎；急性冠状动脉综合征；心律紊乱；磁共振成像；疫苗接种。

to cite this article
Filatova DA, Mershina EA, Sinitsyn VE. COVID-19的心脏受损：发病机制和诊断的问题. Digital Diagnostics. 2023;4(2):156−169. 
DOI: https://doi.org/10.17816/DD284706

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD123559
https://doi.org/10.17816/DD123559


DOi: https://doi.org/10.17816/DD284706

159
Digital Diagnostics

INtRODUctION
The coronavirus disease 2019 (COVID-19) caused by 

the SARS-CoV-2 was first detected in December 2019 and 
quickly spread worldwide. Its clinical manifestations include 
all influenza symptoms, such as cough, fever, fatigue, 
dyspnea, anosmia, ageusia, and pharyngodynia, which can 
progress to acute respiratory distress syndrome and multiple 
organ failure. Furthermore, acute injury to heart structures, 
primarily the myocardium, is also possible. Many studies 
have found that high troponin levels are associated with 
higher mortality in patients with COVID-19. The timely and 
accurate diagnosis of this condition is critical for patient 
survival; however, it remains a challenge.

This review aimed to critically summarize available data 
on COVID-19-associated myocarditis and investigate the 
main aspects of its pathogenesis and differential diagnosis.

The PubMed database was searched for relevant 
publications. The search terms were “COVID-19/SARS-CoV-2 
and myocardit*” in the titles of publications (as indicated by 
adding [ti]). Only full-text articles were selected, such as 
meta-analyses, systematic reviews, and reviews; these 
conditions were determined via the appropriate filters. The 
literature on post-vaccine myocarditis was selected by 
adding “and vaccin*” to the above search terms, and other 
search parameters were the same as described above.

Following data collection, the initial sample for the 
literature review included 126 publications, of which 
67 discussed vaccinations against COVID-19.

cOVID-19-RELAtED cARDIAc LEsION
COVID-19 is caused by the SARS-CoV-2, which was 

discovered in late 2019 in the Chinese city of Wuhan and 
quickly spread worldwide, causing a pandemic.

Possible symptoms of COVID-19 include fever, cough, 
dyspnea, anosmia, ageusia, and pharyngodynia. The most 
severe complications include acute respiratory distress 
syndrome and multiple organ failure. Clinical manifestations 
also include acute injury to the structures of the heart, 
primarily the myocardium. Approximately 20% of hospitalized 
patients have high specific troponins [1], which do not always 
correlate with other signs of myocardial damage. A study of 
troponin I levels in patients with COVID-19 on the first day of 
hospitalization found elevations in 36% of cases. Even minor 
myocardial damage is associated with a significant increase 
in mortality [2]. However, many aspects of myocardial 
damage in COVID-19 remain unclear.

Pathogenesis and clinical manifestations
A thorough understanding of the pathogenesis of cardiac 

lesion is critical because it allows early initiation of treatment 
and prevention of severe consequences, including death.

To date, little evidence shows that SARS-CoV-2 enters 
cardiomyocytes and causes direct harm to them. Associated 

lymphocytic myocarditis is common in patients with 
COVID-19, although its etiology is linked to a generalized 
cytokine-mediated inflammatory response. In several studies 
[3–5], myocardial biopsy revealed lymphocytic infiltration, 
interstitial edema, and isolated foci of necrosis; however, 
no intracellular viral material was found. Lindner et al. [3] 
discovered the COVID-19 pathogen in the myocardium while 
studying autopsy materials from patients with COVID-19 
who did not have a clinical picture of fulminant myocarditis. 
However, it was found primarily in interstitial cells and 
macrophages that penetrated into the myocardium rather 
than in cardiomyocytes. The presence of the virus was not 
associated with increased mononuclear infiltration of the 
myocardium, and no histological signs of myocarditis were 
detected, i.e., no massive cellular infiltrates or necrosis 
areas were reported [6]. Other authors have reported timilar 
findings [7, 8]. According to Fox et al. [9], 10 autopsies of 
African Americans who died from COVID-19 revealed single-
cell necrosis (without large areas of cardiomyocyte necrosis) 
in the myocardium without overt lymphocytic myocarditis. 
This suggested that viral particles were present in cardiac 
macrophages caused by a viremic phase or migration of 
infiltrated alveolar macrophages into extrapulmonary tissues. 
Moreover, the possible cardiotoxicity of drug therapy cannot 
be overlooked in the genesis of inflammatory myocardial 
damage identified at autopsy in patients with COVID-19 [10].

Another potential mechanism for cardiac lesion is direct 
virus entrance into the endothelial cells of the heart. The 
endothelium is a para-, auto-, or endocrine tissue, and its 
damage causes microvascular dysfunction and a shift in 
vascular homeostasis toward vasoconstriction, resulting 
in organ and tissue ischemia, inflammation, edema, and 
thrombosis. SARS-CoV-2 enters endothelial cells through 
angiotensin-converting enzyme 2 (ACE2) receptors, causing 
active inflammation. Some authors describe SARS-CoV-
2-induced diffuse vasculitis: presumably, endothelitis can 
cause multiple organ damage typical of COVID-19 caused 
by microvascular dysfunction [11]; however, these data are 
currently limited and require additional confirmation.

Another theory is that cardiac lesion is triggered 
by an overactive immune system that releases various 
inflammatory mediators, and this condition is commonly 
described as “cytokine storm.” The activation of platelets, 
neutrophils, and other components of the inflammatory 
response results in micro- and macrovascular thrombosis, 
which leads to vascular occlusion and cell death. Both arterial 
and venous thrombosis is common in COVID-19 [12]. In an 
observational study, patients with COVID-19 and ST segment 
elevation myocardial infarction had higher troponin levels and 
higher incidence of thrombosis than patients with COVID-19 
but without infarction [13]. Acute coronary syndrome without 
signs of coronary occlusion is also quite common. According 
to Bangalore et al. [14], only 44% of 18 patients with COVID-19 
and ST segment elevation on the ECG were diagnosed with 
acute coronary thrombosis resulting in myocardial infarction, 
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and non-coronary myocardial damage was observed in 56% 
of cases. Diagnostic quandaries are fairly common in these 
circumstances, particularly considering the nonspecific 
symptoms of myocarditis, which include fatigue, dyspnea, 
tachycardia, and chest tightness.

Inflammatory myocardial injuries seen in COVID-19 
include fulminant myocarditis, which causes a rapid decrease 
in the left ventricular contractility, most often secondary to 
bilateral lung damage, and pericardial effusion leading to 
cardiac tamponade. Cardiogenic shock affects roughly one-
third of patients, and the mortality rate is approximately 26%. 
Isolated cases of fulminant myocarditis following vaccination 
against COVID-19 have been reported; however, the disease 
has a less severe course. A study reported that the risk 
of fulminant myocarditis is influenced not by COVID-19 or 
vaccination but by a predisposition [15].

Rhythm disturbance is one of the most serious clinical 
manifestations of cardiac lesion. Although the true prevalence 
of this condition is unknown, evidence shows that arrhythmia 
results in a transfer to the intensive care unit in 44.4% of 
cases [16]. Moreover, determining how many COVID-19 
arrhythmias are caused by electrolyte imbalance or pre-
existing rhythm disturbance is difficult; moreover, arrhythmia 
can develop in myocarditis [17]. In a study by Peretto et al. 
[18], 78.7% of patients with confirmed myocarditis had some 
forms of ventricular arrhythmia. Thus, the pathophysiology 
of rhythm disturbance is affected by the stage of myocardial 
damage, and the characteristics of arrhythmia in acute and 
healed myocarditis vary.

Possible mechanisms of rhythm disturbance in COVID-19 
are direct damage to cardiomyocytes with impaired 
plasma membrane integrity and electrical conductivity, 
pericardial infection and massive edema, ischemia due 
to microvascular pathology caused by pericyte infection, 
arrhythmias caused by myocardial fibrosis, and action of 
pro-inflammatory cytokines [19, 20]. The latter mechanism 
is based on inflammatory cytokines, including interleukin-6 
(IL-6), displacing the desmosome protein plakoglobin from 
the membrane of cardiomyocytes [21]. This can result in 
arrhythmias because insufficient cell adhesion is hypothesized 
to harm the membrane, resulting in cell death and eventual 
fibrosis. One of the primary mechanisms of arrhythmogenic 
cardiomyopathies is a decrease in the surface expression of 
desmosome proteins is [22]. Evidence shows that patients 
with COVID-19 have higher serum concentrations of IL-6 
[23], and the level of IL-6 correlated with the severity of the 
patient’s condition. Thus, COVID-19 is most likely to blame 
for rhythm disturbances, particularly if a patient has a genetic 
susceptibility. Notably, the first three scenarios can occur in 
active myocarditis, whereas the last two can occur in chronic 
or healed myocarditis.

COVID-19 predisposes a cohort of professional athletes to 
myocarditis. In turn, myocarditis, contributes significantly to 
the pathogenesis of sudden cardiac death in athletes. Physical 
activity can trigger life-threatening cardiac arrhythmias and 

affect immune function: moderate-intensity exercise can 
boost the immune system, whereas high-intensity exercise 
sharply lowers the immune response [24]. The condition 
of the muscle layer of the heart causes sudden death in 
acute myocarditis: the affected myocardium is predisposes 
a patient to ventricular arrhythmias; in chronic myocarditis, 
myocardial fibrosis contributes to ventricular arrhythmias by 
the formation of re-entry sites in adjacent areas. As a result, 
current guidelines recommend limiting physical activity for 
3–6 months after a diagnosis of myocarditis [25].

Studies have reported myocardial infarction after 
COVID-19. Several possible mechanisms for this complication 
have been proposed, including viral envelope glycoprotein 
binding to porphyrin and the hemoglobin beta chain, which 
produces hypoxia and, as a result, type 2 myocardial 
infarction caused by an imbalance between myocardial 
oxygen demand and supply. In addition, we hypothesized that 
the prothrombotic condition associated with COVID-19 plays 
a role in the pathogenesis of myocardial infarction, which 
may contribute to the development of type 1 myocardial 
infarction associated with atherosclerotic plaque instability 
[26]. However, evidence shows that patients with COVID-19 
have higher levels of thrombophilia than hospitalized patients 
with severe pneumonia of another etiology, indicating the 
likely role of other mechanisms [27].

COVID-19-related cardiac lesions often result in heart 
failure. Possible causes include direct viral damage to the 
myocardium, inflammatory damage, imbalance between 
oxygen demand and supply, and increased atherothrombosis 
caused by plaque instability. Prior cardiac disease is 
a predictor of more severe clinical manifestations and 
increased mortality in these patients [28].

Takotsubo syndrome, characterized by high troponin 
and brain natriuretic hormone (NT-proBNP) levels, T wave 
inversion, and ST segment elevation on the electrocardiogram, 
as well as signs of ballooning of the middle and apical 
segments of the myocardium according to imaging, 
is a less common cardiac manifestation of COVID-19. 
Psycho-emotional stress is the most prevalent cause of 
takotsubo cardiomyopathy, which results in the release of 
catecholamines, which is not uncommon in a pandemic [17].

The main mechanisms of structural heart damage and the 
clinical manifestations they cause are summarized in Fig. 1.

Diagnosis of myocarditis, 
including cOVID-19-associated myocarditis

In clinical practice, diagnosing myocarditis can be 
difficult. In 2013, the European Society of Cardiology Working 
Group on Myocardial and Pericardial Diseases established 
presumptive and definite criteria for myocarditis diagnosis. 
Myocarditis is suspected based on the clinical presentation 
(chest pain), electrocardiogram findings (ST segment 
elevation), laboratory findings (e.g., high troponin), and 
imaging findings such as echocardiography and magnetic 
resonance imaging (MRI) [29]. The effectiveness of the 
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latter technique is also emphasized in Russian guidelines 
for myocarditis diagnosis [30].

MRI is a valuable tool for diagnosing myocarditis 
according to the Lake Louise Criteria, originally published 
in 2009, which at that time included the evaluation of signs 
such as signal hyperintensity on T2-weighted imaging 
(T2WI), short T1 inversion recovery, and delayed non-
coronary contrast uptake [31]. The use of the original Lake 
Louise Criteria was limited because of the subjectivity of 
the qualitative assessment of the above signs. Therefore, 
in 2018, the criteria were revised and supplemented with 
parametric mapping, allowing us to measure the regional 
and global T1 and T2 relaxation times of the myocardium 
and the extracellular volume (ECV). The 2018 Lake Louise 
Criteria have higher sensitivity and specificity (88% and 96%, 
respectively) [32]. On MRI, inflammatory structural heart 
damage can be confirmed if at least one criterion is present 
in each of the two categories: T2WI signs of myocardial 
edema (myocardial hyperintensity or elevated T2) [33] and 
T1WI signs of myocardial damage (non-ischemic pattern of 
delayed contrast uptake or elevated T1 and/or ECV) [34]. If 
only one marker is present, inflammatory myocardial damage 
is still considered in the presence of relevant clinical and/or 
laboratory signs; however, the specificity of MRI is lower in 
this scenario. Systolic dysfunction (hypo- or akinesia areas) 
and pericarditis (contrasted pericardial layers) are additional 
(but not mandatory) signs. These criteria should only be used if 
there’s a clinical suspicion of inflammatory cardiac lesion, not 
as a screening strategy in asymptomatic cases. Furthermore, 
MRI helps in identifying important factors associated with 
myocarditis, such as signs of cardiomyopathies, which can 
all worsen a patient’s prognosis [35].

A crucial component of diagnosis is the need to rule 
out coronary artery lesions, particularly when the clinical 
picture does not rule out coronary heart disease [36]. 
However, even ruling out coronary artery disease does 
not allow us to be certain that the clinical symptoms are 
caused by myocarditis; in addition, various types of non-
coronary myocardial damage exist. Endomyocardial biopsy 
is frequently required, which also helps in discovering the 
causative factor of the damage. Despite this, biopsy is rarely 
performed in patients who do not have heart failure and/or 
imminent cardiac arrhythmias because of its invasiveness 
and complications. According to current guidelines of the 
American Heart Association, a biopsy is required in patients 
with new-onset heart failure and hemodynamic instability 
to rule out giant cell or eosinophilic infiltration, for which 
there is a specific therapy; if untreated, the prognosis is 
usually poor [37].

Histological findings of biopsy and autopsy of the heart 
for myocarditis were summarized in the Dallas criteria 
(Dallas, 1985) and defined as histological evidence of 
inflammatory infiltrates in the myocardium associated with 
non-ischemic degeneration or necrosis of cardiomyocytes 
[38]. Myocarditis is classified as borderline when there is 
lymphocytic infiltration but no necrosis. However, in viral 
myocarditis, the Dallas criteria are not always effective: 
on average, the criteria for myocarditis are lacking in 50% 
of such cases with verified presence of a pathogen [39]. 
The Dallas criteria have recently been updated to include 
immunohistochemistry findings that allow for the presence 
of an aberrant inflammatory infiltration [36]. In addition, signs 
of non-ischemic degeneration and necrosis of myocytes must 
be observed.

Fig. 1. Main mechanisms of structural damage in the heart of patients with COVID-19 and the clinical manifestations they cause.

Generalized inflammatory response, viremic phase, or migration of infiltrated alveolar 
macrophages into extrapulmonary tissues

Possible mechanisms

structural heart damage 
in cOVID-19

clinical manifestations

Inflammatory damage (myocarditis including fulminant, and pericarditis)

Virus entrance into endothelial cells of the heart, microvascular dysfunction, predominant 
vasoconstriction, and thrombosis

Acute myocardial infarction

Direct damage to cardiomyocytes due to the virus entering via ACE2 receptors

Cardiac rhythm disturbance

Cardiotoxicity of drug treatment

High markers of myocardial damage without clinical manifestations of heart failure

Post-inflammatory myocardial fibrosis

Inflammatory structural heart damage after vaccination against COVID-19
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The presence of an inflammatory infiltrate in the 
absence of cardiomyocyte necrosis is also possible in 
the normal myocardium [40]. Myocarditis is primarily 
determined by the nature of the inflammatory infiltrate 
(accumulation of inflammatory cells around myocytes with 
a predominance of lymphocytes over macrophages) and 
presence of myocardial necrosis. Referring to the most 
recent literature data, classifying myocarditis as infectious 
(the presence of a laboratory-confirmed pathogen) or non-
infectious (the absence of such) is necessary. Because of the 
existence of non-infectious myocarditis, whether myocardial 
biopsy should be used to diagnose myocarditis has been 
controversial. Currently, this method is not used to diagnose 
myocarditis, particularly COVID-19-associated myocarditis; 
instead, diagnosis is based on circumstantial evidence, such 
as echocardiography or MRI abnormalities [41].

In general, the criteria for diagnosing myocarditis in 
COVID-19 remain the same; however, the path to this diagnosis 
may differ from that in other etiologies of myocarditis, which 
is mostly due to the need to protect healthcare professionals 
from infection.

Some laboratory parameters are suggestive of COVID-
19-associated myocarditis, lymphocytopenia is common 
(up to 83% of patients), and as the disease progresses, 
the role of inflammatory markers (D-dimer, ferritin, and 
C-reactive protein) becomes more important [42]. High 
troponin levels are suggestive of possible myocardial 
damage and may indicate acute myocarditis. High troponin 
levels, combined with high levels of inflammatory markers, 
indicate a hyperinflammatory state and multiple organ 
failure [43]. Furthermore, high NT-proBNP levels may 
indicate hemodynamic overload [44].

Electrocardiographic markers of myocardial injury are not 
pathognomonic for myocarditis: numerous patterns, ranging 
from sinus tachycardia to ST elevation and T wave inversion, 
were reported [44].

Echocardiography is the first-line imaging modality in 
both stable and unstable cases with suspected myocarditis. 
However, this method has limitations in detecting myocarditis: 
for example, ventricular dysfunction can be caused by 
various other ischemic and non-ischemic disorders and is 
not a pathognomonic sign of myocarditis, and a normal left 
ventricular ejection fraction does not rule out myocarditis [45].

In general, cardiac lesion is determined by an increase in 
cardiac troponin levels, which occurs in 18%–28% of patients 
with COVID-19 [28]. As previously stated, detecting myocarditis 
in patients with COVID-19 is uncommon: for example, only 
approximately 7.8% of such cases were identified in a major 
review of 277 reports (22 studies) on the autopsy of the 
myocardium of patients who died from COVID-19. However, 
other histopathologies are associated with this disease: an 
inflammatory infiltration without signs of myocarditis was 
detected in 12.6% of cases, ischemia damage to individual 
cardiomyocytes in 13.7%, and acute myocardial infarction in 
4.7% [46]. The reported 60% incidence of myocarditis on MRI 

in COVID-19 survivors contrasts strongly with the relatively 
low incidence of myocarditis at autopsy. For example, in 
a study of 15 patients with characteristic symptoms who 
recovered from COVID-19, signs of myocardial damage 
(edema, fibrosis, and ventricular dysfunction) were observed 
on MRI in 58% of cases [47]. Another study with a similar 
design showed that 78% of convalescents had MR signs of 
myocardial damage, whereas troponin levels were high in 
75% of cases [48]. Even after recovery, the risk of cardiac 
lesion and subsequent ventricular dysfunction remains.

Scientists are actively working to develop fundamentally 
new methods for diagnosing myocarditis in cases where 
cardiac MRI does not always detect myocarditis due to method 
limitations, and myocardial biopsy is not recommended 
because of the inability to detect the virus in cardiomyocytes. 
These include detecting microRNA produced by T-helper type 
17, which are active participants in acute myocardial damage 
and development of myocarditis and dilated cardiomyopathy 
in its aftermath. Researchers have already identified a new 
microRNA as a marker of myocarditis in murine models 
(with experimental autoimmune and viral myocarditis) and 
its human homolog. This marker allows differentiating 
myocarditis from myocardial infarction. Nonetheless, 
more questions require answers: for example, the greater 
variability in the level of this microRNA and whether this 
reflects the severity of the patient’s condition; and whether 
it will differentiate between conditions such as myocarditis 
and dilated cardiomyopathy [49]. Further research in this area 
will help in developing a method for non-invasive diagnosis 
of myocarditis.

During earlier coronavirus epidemics, cases of 
myocarditis were either not found (as with SARS) or were 
isolated (as with MERS) [50, 51]. The tropism of the COVID-19 
pathogen to cardiomyocytes was generally because of the 
limited expression of ACE2 receptors on the surface of these 
cells. These and other findings suggest that endothelial 
cell activation, cytokine storm, electrolyte imbalance, and 
other potential immune mechanisms may directly cause 
myocardial damage in COVID-19 [46]. Furthermore, in the 
context of electrocardiographic abnormalities and positive 
troponin tests in normal coronary arteries, takotsubo 
syndrome should not be overlooked as a potential cause of 
myocardial damage [52]. In addition, myocarditis should be 
differentiated from other disorders such as sepsis-associated 
cardiomyopathy and acute coronary syndrome (particularly in 
fulminant myocarditis).

Myocarditis due to cOVID-19 vaccination
Currently, no etiotropic therapy is available for COVID-19, 

and vaccination is the primary method of combating 
the pandemic; effective vaccines lower mortality rates 
dramatically. To date, the following vaccines are the most 
well-known worldwide: AstraZeneca/Oxford, Johnson and 
Johnson, Moderna, Pfizer/BioNTech, Sinopharm, Sinovac, 
and Sputnik V. Several vaccine principles have been 
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proposed, including RNA- and DNA-based preparations 
(i.e., an approach that uses genetically modified RNA or 
DNA to create a protein that triggers an immune response, 
and vector-based preparations (i.e., using a harmless 
virus that cannot cause disease but serves as a platform 
for the production of coronavirus proteins that trigger 
an immune response), inactivated vaccines (a weakened 
virus to trigger an immune response), and protein-based 
vaccines (safe proteins or protein fragments that mimic 
the COVID-19 pathogen to trigger an immune response). 
AstraZeneca/Oxford, Johnson and Johnson, and Sputnik V 
vaccines are based on DNA delivered via a non-replicating 
recombinant adenovirus vector system. Moderna and Pfizer/
BioNTech vaccines are based on mRNA technology and lipid 
nanoparticle delivery system [53–56]. Vector-based vaccines, 
such as mRNA-based vaccines, boost SARS-CoV-2 S protein 
production, which is the principal target for neutralizing 
antibodies produced by natural infection or vaccination.

During the vaccination program, data on the side effects 
of vaccines are published over time. In some cases, these 
reactions are thought to cause increased platelet aggregation, 
thrombosis, and inflammation. A possible mechanism is the 
synthesis of freely circulating spike proteins that can interact 
with ACE2 receptors by cells in the body that are targeted by 
vaccines [57].

Myocarditis and pericarditis have been reported [58, 
59] following COVID-19 vaccination (usually within 6 h to 
4 days), predominantly in patients who received mRNA-
based vaccines (Pfizer and Moderna). In Israel, two large 
retrospective studies have been conducted in patients who 
received the Pfizer vaccine. One of these studies, with 
>5.1 million participants (21 days after the first dose and 
30 days after the second dose), discovered 136 cases of 
myocarditis; 95% had mild symptoms, and one case was fatal 
[60]. Such symptoms were observed to be common in young 
men. Another study in Israel examined the medical records 
of more than 2.5 million Pfizer vaccinated patients and 
discovered that myocarditis occurs in 2.3 per 100,000 people. 
However, in young people aged 16–29 years, the incidence 
was 10 per 100,000 people [61]. In addition, those infected 
with the COVID-19 pathogen have an 18.28 times higher 
risk of myocarditis than those who are not infected, i.e., a 
significantly higher risk of myocarditis than after vaccination 
(on average 3.24 times higher than in unvaccinated patients) 
[62]. Although the symptoms of myocarditis were observed 

close to the vaccination time and researchers ruled out 
other probable causes (i.e., vaccination was identified as 
the cause of myocarditis), the pathophysiology of COVID-19 
remains unknown. Existing hypotheses that this is caused 
by a nonspecific inflammatory reaction or antibody cross-
reactivity due to molecular mimicry are consistent with 
the fact that the condition improves on anti-inflammatory 
therapy [58].

cONcLUsION
COVID-19 has a high mortality rate, including in the 

presence of concomitant cardiac lesion; however, its 
mechanisms are still unclear. Although COVID-19-associated 
myocarditis is thought to be the primary cause, inflammatory 
myocardial damage is rarely detected in histological 
examinations in patients with confirmed COVID-19. The 
virus is rarely discovered in the heart tissues and is found 
in immune cells rather than cardiomyocytes. It is primarily 
identified in nonspecific inflammatory infiltrate of the 
myocardium. Given these findings, endomyocardial biopsy 
should not be routinely employed to detect myocarditis in 
COVID-19.

Inflammatory myocardial damage is also possible 
occurs following vaccination, particularly with mRNA-based 
vaccines. This complication is more common in young 
patients, with moderate symptoms in the majority of cases. 
A high incidence of myocarditis following vaccination is not 
a sensible reason to avoid it, particularly among young 
people.
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