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Viral infections are the most frequently reported etiological factors of acute myocarditis, presumed even in cases where

the viral pathogen cannot be detected, or when it could act as a trigger for a secondary reaction. No consensus exists

regarding the necessary investigations to confirm infectious causes. Coronary artery disease and congenital or acquired

structural deformities are routinely investigated, but dysfunction induced by toxic substances, collagen vascular diseases,

postpartum cardiomyopathy and myocardial infarction with non-obstructed coronary arteries are just a few of the

examples that occasionally can cause misdiagnosis, especially in patients having a coincidental history of a recent viral

illness. The COVID-19 pandemic brought attention to viral myocarditis and problems with its diagnostics.
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1. Viral Myocarditis of Unspecified Etiology

There are some general patterns in the pathogenesis of viral myocarditis that have been identified in biopsy and autopsy

studies. The early damage classically is caused by direct viral activity and replication inducing myocyte necrosis, release

of intracellular contents and a maladaptive immune response, which includes enhanced synthesis of interleukin-6 and

other cytokines, autoantibody production or direct inflammatory myocardial infiltration. In other cases, molecular mimicry

between cardiomyocyte surface receptors and pathogens has been described. Natural killer cells and macrophages are

known as first responders, followed by T-lymphocyte infiltration, causing inflammation that lasts weeks or even months

and may result in either full remission or residual structural changes. Cardioprotection can be achieved with knowledge of

these processes and reduction of their effects on the inflammatory stage, which can be detected early on, using a non-

invasive approach, e.g., EchoCG and CMR. Still, in order to gain knowledge of cellular reactions, tissue sample acquiree

and analysis is needed .

Not all viruses follow the same pattern of infection. Enteroviruses, adenoviruses and Zika virus are able to infect

cardiomyocytes directly, parvovirus B19 can cause latent endothelial infection but Dengue virus presents with acute

endothelial dysfunction. Influenza and coronaviruses can induce an immediate immune-mediated response, but human

herpesvirus type 6, cytomegalovirus and Epstein–Barr virus are found in the majority of the population in latent forms and

can reactivate in immunocompromised patients . Therefore, the need for use of unified terminology has been

actualized, distinguishing between virus-mediated and virus-triggered myocarditis and EMB with an adjunct PCR can help

to distinguish between them .

Viral serology and positive peripheral blood PCR findings have not shown to be useful in precisely detecting the causative

pathogen. However, the presence or absence of the pathogen in EMB and peripheral blood can help to evaluate the

activity of a systemic infection or possibility of an endogenous reactivation . Frequently, multiple infectious agents of

unknown significance are found by PCR of EMB samples. It is believed that findings of a low active pathogen

concentration in biopsy materials could be caused by delayed EMB acquiree within the chronic phase, inaccurate choice

of ventricle, low sample quantity and sampling errors. In cases of low pathogen presence, a high value of perforin-positive

infiltrates (>2.95 cells/mm ) has been proposed as a predictor of expectant deterioration of left ventricular ejection fraction

.

To differentiate viral myocarditis from immune-mediated myocarditis in absence of the detected viral pathogen within

EMB, several cardiac autoantibodies (e.g., anti-myosin, anti-fibrillary, anti-intercalated disk antibodies) have been

described as possible serum markers for an immune-mediated process . Circulating microRNAs have also

been proposed as differential diagnostic markers (e.g., hsa-miR-Chr8:96), still needing further research for confirmation

.

Understanding of pathophysiological mechanisms, medical history data, infection markers and viral load measurements

could alleviate or even exclude the need for invasive detection of pathogen presence within the myocardium for treatment
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choice. Reviews of immunosuppressive therapy in myocarditis noted that previous trials showed a neutral effect upon

outcomes in patients with myocarditis of unspecified etiology and a positive effect upon patients with biopsy-proven

myocarditis with virus-negative PCR findings, coinciding with recommendations in the expert consensus from the

European Society of Cardiology that empirical treatment can be used when deemed necessary .

As majority of pediatric cases are caused by viral infections, EMB has been used as the basis for treatment corrections—

the addition of antiviral therapy or restrictions of immunosuppression. Population studies showed that children with virus-

positive PCR findings and limited immunosuppression had fewer adverse events than those that were treated with

immunosuppressive therapy . Conflicting results on immunosuppression benefit have been reported in studies of

clinically suspected myocarditis in children, with evidence of overall treatment benefit without the knowledge of viral

particle presence . In contrast, PCR findings did not change prognosis in the adult population and virus-negative

patients had better results from conventional heart failure treatment alone .

A high overall rate (60–70%) of complete recovery after viral myocarditis has been reported, with healed myocardium in

control biopsies and a significant reduction of residual fibrosis or calcification from use of conventional heart failure

therapy. However, severe and persistent infections, especially by enteroviruses, represent an exception, causing a 30%

mortality rate in neonates and 25% 2-year mortality in adults. In such cases, EMB would be initially indicated because of

the severe clinical course and can bring clinical benefit due to the addition of antiviral agents against enteroviruses 

.

Previous studies have confirmed the lack of correlation between the degree of inflammation and risk of arrhythmias or

sudden cardiac arrest. The risk of rhythm disturbances is elevated in physically active young adults, due to exercise-

caused aggravation of subclinical inflammation. This correlation emphasizes the need for activity restrictions and

screening of athletes or otherwise highly active patients after viral infections that are known to have high cardiac tropism.

ECG, EchoCG, Holter monitoring and CMR should be used for screening. Suggestive EchoCG findings include increased

wall thickness, global left ventricular dysfunction, localized wall motion abnormalities and pericardial effusion. CMR can

detect capillary hyperemia, myocardial edema and signs of myocyte injury. Exercise intolerance after cardiotropic

infections, with tests performed under medical surveillance, could be used to select patients for further non-invasive

investigations and EMB for ambiguous cases .

2. COVID-19-Associated Myocarditis

The epidemiological importance of COVID-19 cannot be overestimated. Nevertheless, SARS-CoV-2 infection is notable

also for the controversial issues that have been highlighted regarding the diagnostic criteria of myocarditis.

SARS-CoV-2 infection can cause serious and irreversible damage to multiple organs due to diffuse expression of

angiotensin converting enzyme 2 (ACE2) receptor to which the virus binds, inducing direct cellular damage, dysregulation

of the renin-angiotensin-aldosterone system and microangiopathy (Figure 1). The resulting tissue damage is caused by a

systemic inflammatory response and demand–supply mismatch .

Figure 1. Mechanism of ACE2 receptor within physiological processes and COVID-19 infection. Figure replicated from 

under Creative Commons license, provided at https://creativecommons.org/licenses/by-nc/4.0/ (accessed on 1 February

2022). Changes made: Figure legend. (A) Physiological conditions permit a balanced regulation of renin–angiotensin–

[8][17][18]

[19][20]

[21][22]

[23]

[11][24]

[25]

[26][27][28]

[29][30]

[31]



aldosterone-mediated effects by the activity of both angiotensin-converting enzymes; (B) By binding to ACE2 receptors,

the virus not only gains a point of entry, but is able to disrupt their protective capabilities, causing unbalanced activity of

angiotensin I.

Clinically, symptoms of cardiac injury were seen in about a third of SARS-CoV-2 infected patients, correlating with higher

mortality rates . According to post-mortem assessment, the infection can induce myocyte ferroptosis and

inflammatory infiltrates, edema in stroma and vascular walls, atrophy of cardiac muscle fibers, cardiac dilatation and focal

necrosis or fibrosis, thus causing acute heart failure, reported as the second most frequent cause of mortality in SARS-

CoV-2 infected patients. Although acute heart failure in some COVID-19 patients is attributable to direct cardiac injury,

more frequently it occurred secondary to pulmonary overload, diffuse alveolar damage being the dominant pathological

finding . Initial screening for direct cardiac injury includes myocardial biomarkers, ECG and EchoCG.

Interpretation of findings is difficult due to frequent cardiovascular comorbidities and the severe general condition of

patients exhibiting cardiac symptoms. In autopsy samples, cardiac involvement was considered direct on the basis of

specific histological findings, including infiltration of CD68+ macrophages and CD3+, CD4+ or CD8+ lymphocytes. The

inflammatory infiltrate likely developed as a response to high levels of circulatory cytokines, such as interleukin-6 and

tumor necrosis factor α .

Comparably lower susceptibility to COVID-19-associated myocarditis has been seen in children. The age-related

pathogenetic differences confirm the importance of ACE2 receptor density, which is higher in adults and in patients with

cardiovascular comorbidities. The immune response also differs by age—cytokine production intensity is lower and innate

response adaptability is higher in children .

In a significant fraction (up to 48%) of SARS-CoV-2 infection-associated myocarditis, the cardiac diagnosis was confirmed

only by EchoCG. Adjunct CMR was performed in only up to a half of those cases . In patients who underwent

CMR, non-ischemic LGE was found in less than a half (43%) of them, suggesting a reasonable likelihood of diagnostic

errors . An isolated rise in cardiac troponin levels could be assessed as a criterion for patient selection for CMR and

EMB if elevated troponin levels are found in absence of other parameters, suggesting a severe course of the infection.

This approach would be practical because cardiac troponins are routinely tested in COVID-19 patients as one of the

predictors of outcome .

Overall, in reports of COVID-19-associated myocarditis, confirmation by EMB is neither frequent nor yields classical

morphology. For example, in a single review, EMB was performed only in 20% of reported cases. The use of the

procedure was likely limited by its invasive nature, general condition of the patient, unclear impact on further therapeutic

decisions, concerns about infection control and shortage of medical resources during the pandemic. Regarding EMB

findings, Dallas criteria were met only in a few of those cases. There was a high number of borderline findings with T-

lymphocyte and macrophage infiltration and limited necrosis, highlighting the hypothesis of a virus-triggered

hyperinflammatory response. Autopsy findings revealed diffuse inflammatory cell infiltration and varying signs of necrosis

or ferroptosis; causing difficulties in distinguishing between direct involvement versus cardiac injury as a component of

multiorgan failure in a severe course of the infection . Cardiac inflammation was confirmed in 17.6% of overall

samples (33.4% of biopsy specimens and 66.6% of autopsy materials) and only 11.4% of cases, showing inflammation,

met the criteria for myocarditis. Dominant findings included thromboembolic events and endothelial inflammation with

microvascular thrombosis. Thus, hypercoagulation and a hyperinflammatory response have a higher prevalence 

. Other reviews mentioned signs of cardiac injury caused by exacerbations of preexisting conditions resulting in

myocardial ischemia . The role of hypoperfusion-related cardiac injury was supported by a review of coronary artery

calcium score impact on mortality rates in COVID-19 patients, finding a two-fold increase in patients with a higher score

. Pediatric reviews showed a high incidence of clinically suspected myocarditis in children presenting with multisystem

inflammatory syndrome . There were only a few reported pediatric cases supported by CMR findings or

confirmation by biopsy or autopsy . The COVID-19 pandemic has also highlighted the need for EMB and autopsy

sample collection to determine the correct underlying process and possible treatment directions, when facing novel

pathogens .

Viral presence of SARS-Cov2 in EMB or myocardium autopsy samples tested with PCR was found in about a third (33%)

of affected patients. Difficulties to determine the significance of these findings and distinguish between subcellular

structures and viral particles were noted. It has been presumed that phagocyte migration from lung tissue could be a

possible reason for a non-specific presence of viral particles . In several cases, patients tested negative with

nasopharyngeal swabs, but viral particles were found in postmortem cardiac tissue samples, suggesting that cardiac

involvement could persist long after respiratory symptoms have resolved . Even when high viral replication was

reported (47% of autopsy samples), lymphocytic infiltration was scarce (approximately 10%), and myocarditis meeting
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Dallas criteria was confirmed only in 1.5% of cases. Detected viral presence was contributing to a combination of non-

specific myocardial edema and endothelial inflammation, with dominant pathological changes in autopsy materials being

cardiac dilatation, ischemia, intracardiac thrombi and pericardial effusion. These findings confirmed that cardiac injury

mainly developed as a part of respiratory overload or multiorgan damage caused by hypoperfusion and hypercoagulation.

Predisposition to this type of damage was observed in patients with preexisting cardiac conditions, such as myocardial

hypertrophy or fibrosis .

CMR follow-up studies have shown that nonspecific myocardial edema as a muted response to direct viral activity tends

to persist, possibly causing delayed or long-term implications . CMR follow-up after 6 months yielded high frequency

(46.5%) of pathological findings, with predominantly (87.9%) non-ischemic LGE pattern and T2 abnormalities, found in

approximately a fifth of cases (20.7%). Persistent CMR abnormalities have been reported even in patients having normal

cardiac biomarker levels on follow-up and lacking medical history of cardiac disease. LGE with T2-based criteria indicates

myocarditis in the inflammatory phase. Non-ischemic LGE without T2 abnormalities indicates residual myocardial scarring

and is associated with development of heart failure and arrhythmias after recovery. Thus, myocardial inflammation can

persist long after clinical recovery from the infection. Prolonged follow-up studies and more frequent EMB acquirees are

desired to determine the specifics of this persistent inflammation and its possible consequences. The extent of LGE can

diminish significantly, as previous studies have shown at 12 months of follow-up .

COVID-19 vaccine safety reviews in children and adolescents disclosed myopericarditis at an estimated incidence of

0.01% in the age group between 12–15 years and 0.008% in 16–17 years old. Most of these cases exhibited a mild

course . In accordance with the latest population-based studies, young males were affected more frequently, usually a

few days following their second dose, and the presentation was mainly self-limiting. It should be noted that CMR and EMB

were rarely carried out, determining whether this reaction to vaccines meets any myocarditis criteria .

Autopsies have been performed in rarely occurring (38) fatal cases in whom the causality relationship was described as

possible. The histological picture in these cases differed from viral or immune-mediated myocarditis: neutrophils and

histiocytes predominated in the infiltrates .

Overall, literature on viral myocarditis suggests that knowledge of pathophysiological patterns holds high value over

clinical choices. Medical history, infection markers and early detection of myocardial inflammation via non-invasive

investigations, such as EchoCG and CMR, can guide the treatment plan, but knowledge of the inflammation pattern can

increase its effectivity and prevent unnecessary actions. Without a sufficient number of tissue samples confirming

similarities or specific nuances of different etiology viral myocarditis, this knowledge cannot be obtained .
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