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Abstract

 Purpose of the review—This article traces the pathways leading from viral infection of the 

heart by coxsackievirus B3 to autoimmune myocarditis in its various manifestations.

 Recent findings—Myocarditis can be induced by a number of different infectious agents and 

represents a significant cause of death especially in young individuals. Following infection 

patients may develop lymphocytic, eosinophilic, or giant cell/granulomatous myocardial 

inflammation. It can lead to infectious dilated cardiomyopathy, a disease frequently requiring 

cardiac transplantation. Although acute viral myocarditis is frequently sub-clinical and recovery 

may be spontaneous, treatment of chronic myocarditis is presently unsatisfactory. Ongoing disease 

may be due to persistent virus in the heart or to immunopathic attack. Depending on the etiology, 

treatment may be antiviral or immunosuppressive. Endomyocardial biopsy is proving of value in 

determining etiology and deciding future therapy. A great deal of information about the 

pathogenesis of myocarditis has been gained from experimental models in rodents using heart 

disease induced by infection using coxsackievirus B3 or by immunization with cardiac myosin.

 Summary—Treatment of myocarditis is still problematic and may depend on etiologic 

diagnosis to distinguish infectious from immune mediated disease. Both pathogenic mechanisms 

may co-occur in individual patients. In the future, treatment may depend upon endomyocardial 

biopsy, immunohistologic testing, improved imaging, and molecular genetic analysis for providing 

more precise diagnoses.
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 Introduction

An association between infection and autoimmune disease has long been noticed, but there 

are few instances where a cause and effect relationship has been firmly established in 

humans. Based mainly upon clinical observation and limited epidemiologic studies, viral 

myocarditis has long been suspected to be a primer for autoimmune heart muscle disease. 

My interest in this disease was occasioned by the opportunity to explore three interrelated 

questions. (a) Can unaltered virus cause an autoimmune disease? Previous experimental 

efforts to explore this question required engineering a virus to present a self-antigen or by 

expressing a foreign antigen in the target organ of the host. (b) What steps are responsible 

for the transition from an infectious process to an autoimmune disease? (c) Will 

experimental models be useful for improving diagnosis treatment and prevention of human 
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autoimmune disease? Studies on viral myocarditis carried out in a number of laboratories 

have now shed considerable light on all of these questions.

 Viruses as a Cause of Autoimmune Myocarditis

In an extensive historic review of the evidence, (1**) points out that a number of vastly 

different infectious agents including viruses, bacteria, and protozoa can cause myocarditis. 

Among the viruses the most cited are enteroviruses, (especially coxsackievirus) adenovirus, 

parvovirus B19, human herpesvirus 6, human cytomegalovirus, Epstein Barr virus, and 

hepatitis virus. Now that aids is a treatable disease myocarditis is becoming more common 

in HIV infection (2*). As we described several years ago infection of BALB/c mice with 

coxsackievirus B3 (CVB3), an RNA virus, or murine cytomegalovirus (MCMV), a DNA 

virus, results in virtually the same inflammatory process of the heart (3). The fact that such 

different viruses produce the same outcome suggests that the role of infection may be non-

specific amplification (“adjuvant effect”) as well as providing an antigen specific stimulus. 

A detailed analysis of CVB3 induced myocarditis may provide a broader picture of how 

viruses can produce autoimmune disease.

An up-to-date summary of our current methods of diagnosis and therapy of myocarditis is 

presented by Caforio et al. (4). Although formerly diagnosed mainly at autopsy, the 

introduction of endomyocardial biopsies has greatly expanded knowledge of the 

epidemiology and better refined diagnoses of myocarditis. Although exact figures of 

prevalence and incidence are not yet available, viral myocarditis is clearly a common 

disease, especially among infants, children, and young adults. Clinical diagnoses is now 

based mainly on cardiac function and imaging studies as well as on circulating cardiac 

biomarkers and antibodies. Although still relatively insensitive the endomyocardial biopsy 

provides additional information about histopathology immunocytochemistry and viral 

genome by means of PCR. (5) Increasing epidemiologic evidence suggests that a substantial 

number of patients with viral myocarditis progress to dilated cardiomyopathy with a 

substantial risk of heart failure perhaps related to effects on the autonomic nervous system 

(6*).

The availability of endomyocardial biopsies has brought renewed attention to the importance 

of persistent virus in chronic myocarditis and dilated cardiomyopathy. Many centers perform 

heart biopsies with a high degree of safety and with the clear benefit of guiding diagnosis 

and treatment although the issue is still controversial (7*; 8). A review of the available 

evidence that persistent virus can contribute to cardiac pathology has been laid out in an 

extensive review of two decades of research by Fung and colleagues (9**). A number of in 
vitro mechanisms by which persistent virus can produce damage to the myocardium directly 

or indirectly has been described. This virus gains entry to the cell by means of the 

coxsackie-adenovirus receptor (CAR). And blocking of the CAR in mouse hearts 

completely prevents viral myocarditis. The virus encodes two proteinases, 2A, and 3C which 

are crucial to the completion of the full virus-like cycle, the viral proteinases contribute to 

intracellular and molecular damage of the myocyte. Through targeted cleavage of host 

proteins essential for the regulation of protein translation transcription cardiac contraction 

signaling transgression and a host structural proteins. CVB3 encoded proteinases 2A cleaves 
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dystrophin which contributes to myocardial dysfunction by increasing cell permeability and 

digressing forced transmission. Proteinases 2A and 3C can also produce cytotoxicity by 

inducing apoptosis through direct cleavage of caspases and by inhibiting host protein 

translation. Oxidative stress also contributes to viral pathogenesis. Nowalany-Kozielski et 

al., (10*) found no significant difference between the presence of viral genomes in the 

biopsies studied and the immunohistochemistry results. They concluded that a high 

prevalence of viral genome in the myocardium of patients with dilated cardiomyopathy may 

not influence their long-term political outcome as manifested by death or cardiac 

transplantation. The final answer to the question of whether persistent virus or reactivation 

of latent virus is responsible for chronic myocarditis and contributes to the development of 

dilated cardiomyopathy requires further research.

 Clinical Presentation and Strategies for Treatment

The increased use of the endomyocardial biopsy has also directed attention to the 

importance of differing histologic forms of myocarditis. Systematic studies of cardiac 

autopsies have shown that the great majority of cases of acute myocarditis are sub-clinical 

(1**). Many others are discovered only if the patient is exposed to physical stress such as 

intensive athletic activity. The great majority of patients with established viral myocarditis 

on the basis of history, immunologic findings or other evidence is a complete recovery 

within a few weeks. Yet sometimes sub-clinical viral myocarditis progresses to chronic 

myocarditis and potentially to dilated cardiomyopathy.

In addition there is a close relationship between the endocrine system and susceptibility to 

myocarditis. This relationship is evident in the age predisposition of the disease occurring 

mainly in younger individuals, to the male to female ratio of approximately 2:1 and to the 

increasing recognition of peripartum myocarditis (11*).

The most common form of viral myocarditis is lymphocytic myocarditis in which the 

inflammatory infiltrate comprises predominantly mononuclear cells, including lymphocytes, 

macrophages, dendritic cells, and natural killer (NK) cells. In addition to the acute self-

limiting form, lymphocytic myocarditis can become fulminant and life threatening. In 

addition, a proportion of lymphocytic myocarditis patients (estimated to range from 0.05% 

to 67%) progresses to dilated cardiomyopathy (1**).

Two histologically distinct forms of myocarditis are more life threatening with case fatality 

rates approximating 50%. The diagnosis pathogenesis and treatment of the eosinophilic 

myocarditis was reviewed recently by Kuchynka et al., (12*). Although often associated 

with hypersensitivity responses to drugs and other allergens, many cases follow a viral 

infection. Vigorous treatment with corticosteroids or other immunosuppressive agents is 

necessary in this form of myocarditis which still represents a serious therapeutic problem. 

Research has been hampered by the lack of a good experimental model of the eosinophilic 

myocarditis until recently.

Giant cell/granulomatous myocarditis is another uncommon but frequently fatal form of 

acute disease that is best proved by endomyocardial biopsy (13*). This form of disease is 

more common in older women and individuals with another autoimmune disorder. If 
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diagnosed promptly the subject seems to respond favorably to intensive immunosuppression 

but often requires continued treatment to avoid recurrence of the disease. There is a good 

model of giant cell granulomatous myocarditis in A/J mice (14).

Dilated cardiomyopathy, another possible consequence of myocarditis also requires etiologic 

diagnosis. Recently (15**) reported on 322 patients with dilated cardiomyopathy. Based on 

the biopsy evidence they were divided into inflammatory/viral disease (n=119) and 

inflammatory/viral negative (n=1053) groups. The numbers of patients available still 

precludes systematic studies of treatment but early intervention with intravenous 

immunoglobulins was most effective in inflammatory viral myocarditis. Early diagnosis 

within one year after clinical symptoms is a strong indicator of better response.

Looking forward, new approaches for therapy of heart failure in patients with inflammatory 

dilated cardiomyopathy is needed. Two recent reports have described progress in the use of 

selective immunoabsorption from patients with dilated cardiomyopathy and restoration of 

immunoglobulin levels with intravenous immunoglobulin. The immunoadsorption is 

designed to remove antibodies directed to beta-adrenergic receptors which are believed to 

have a pathogenic role in the disease. Reinthaler (16**) compared immunoadsorption 

columns for both total immunoglobulin and for selective removal of the IgG3 subclass. 

Some patients showed surprisingly long-term benefits of this treatment. Other patients in the 

study who had a promising response to one such treatment could be treated repeatedly for 

extended benefit. Similar benefits were described by Yoshikawa et al., (17*) who produced 

symptomatic improvement in some cardiac functions even without administration of 

intravenous immunoglobulins. Unfortunately the specific antibody or antibodies present in 

the IgG3 subclass has not been defined. Interestingly Caforio et al, (18) reported that passive 

transfer of affinity-purified IgG from patients with dilated cardiomyopathy induced cardiac 

inflammation in mice.

Despite the poor reproductive capacity of the myocardium, another possible avenue to 

therapy under consideration for dilated cardiomyopathy is transplantation of cardiac stem 

cells (19). Using cardiosphere derived cells, the team at Cedars of Lebanon has continued 

long term studies of mini pigs receiving allogeneic cells in myocardial infarction. If proved 

to be successful this approach may be applicable to other cardiac diseases such as dilated 

cardiomyopathy.

 Infection VS Autoimmunity

The present approaches to treatment of myocarditis and dilated cardiomyopathy were 

reviewed by Caforio et al., (20**). In addition to cardiac support the two major modalities of 

treatment are antiviral and immunosuppression. It should be emphasized, however, that 

spontaneous recovery especially from acute viral myocarditis is common and that any 

proposed treatment must be weighed against the benefit of standard cardiac support. A 

number of specific antivirals such as acyclovir and valacyclovir have been tested without 

definitive success but their value depends upon the selecting the specific viral agent. 

Remarkable improvement has been described in some patients receiving interferon-beta 

treatment which affects mainly enteroviral and adenoviral infections.
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With respect to immunosuppressive treatment, at least 6 controlled clinical trials have been 

reported since 1989. The largest of which was reported by Mason et al., (21). In a 

multicentered design, the investigators studied 111 patients with histopathological diagnosis 

of myocarditis. Based on histologic criteria and diminished left ventricular ejection fraction. 

The overall results did not show a significant difference in the patients who received 

immunosuppressive treatments compared with placebo controls. The investigators note 

however that some patients experienced significant benefit from immunosuppression 

treatment. This finding suggested that patients with an immune-mediated form of 

myocarditis may respond favorably to the therapy of prednisone with cyclosporine or 

azathioprine. Others with predominantly viral or mixed disease may show little or no 

benefit. Even though all patients tested were selected from a larger population of over 2233 

candidates on the basis of the Dallas criteria for lymphocytic myocarditis. The population 

was almost certainly heterogeneous with respect to etiology.

A recent review by Frustaci and Chimenti (22*) describes the investigations of their group 

based on an etiologic approach to classification of patients for potential therapies. In a 

previous retrospective study, they compared patients who have responded favorably to 

immunosuppressive therapy with patients who failed to benefit from the treatment. 

Retrospective PCR on frozen endomyocardial biopsies showed evidence of viral genomes in 

the myocardium of 85% of the patients who did not respond well to immunosuppression. In 

contrast measurable anti-heart antibodies but no detectable virus genome was found in 90% 

of the favorable responders.

A more recent prospective study by these investigators expanded the results. In this study 85 

patients were treated with prednisone and azathioprine and compared to 42 placebo controls. 

Histologic studies showed that active myocarditis with diffuse inflammatory infiltration and 

myocyte necrosis was present in all of the individuals in the study. Of those receiving 

immunosuppressive therapy, 38 of 42 showed improvement in cardiac function in contrast to 

none of the control patients. None of the responding patients had evidence of viral genomes 

in the myocardium.

These studies support the view that in the absence of continued viral presence and the 

production of heart specific autoantibodies, immunosuppressive therapy may be the most 

effective treatment of patients with lymphocytic inflammatory cardiomyopathy. Patients 

with evidence of persistence virus may do better with antiviral treatments. These results 

underline the value of identifying the etiology and tracing the pathogenesis of myocarditis as 

necessary clues for optimal therapy. For this purpose, models of myocarditis in rats and mice 

have proved to be invaluable (23*).

 Lessons from Experimental Models of Myocarditis

A review by Rose and Anasyeva (24**) traced over 35 years of research designed to produce 

and analyze models of myocarditis. They permit mechanistic investigation of the induction 

and progression of disease during and following viral infection. These investigations 

established that mice vary in severity of viral myocarditis when infected with a cardiotropic 

strain of CVB3. Disease starts 2 or 3 days after infection reaches a peak approximately 9 

days after inoculation and then subsides in almost all mice. Little or no evidence of cardiac 
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inflammation is detectable on day 21 post infection. However, a few strains of mice 

especially those on a “A” or “BALB/c” genetic background develop chronic cardiac 

inflammation. The ongoing myocarditis in these susceptible strains was accompanied by the 

production of autoantibodies to cardiac antigens of which cardiac specific myosin is the 

most prominent. Based on the premise that CVB3 infection of susceptible mice initiates an 

immune process leading to autoimmune myocarditis, purified cardiac mouse myosin was 

administered to genetically susceptible and nonsusceptible strains of mice using purified 

skeletal myosin as control. The results established that autoimmune myocarditis can be 

induced in genetically susceptible mice by cardiac but not skeletal myosin. It can be 

transferred to naive recipients using CD4 T lymphocytes or, in a few mouse strains by 

antibody. Virus infection of the heart is necessary because strains of CVB3 that proliferate 

strongly in the pancreas and other organs but fail to invade the heart fail to induce 

myocarditis. Therefore, injury to the heart cells is needed for development of autoimmune 

myocarditis.

Like other experimental autoimmune diseases, myocarditis is dependent on the genetics of 

the host. The major histocompatibility locus of the mouse, H-2, is an important determinant 

of the severity of disease induced by CVB3 infection or cardiac myosin, but multiple non-

MHC immunoregulatory genes are critical in determining susceptibility (25).

An essential feature of the myosin induced model of myocarditis is that it definitively 

permits study of the induction, progression, and pathogenesis of autoimmune disease 

process in the absence of active or persistent virus (26). The analysis of the 

immunopathogenesis of myocarditis can be carried out on three different stages. (a.) 

Induction of pathogenic autoimmunity. (b.) Development of myocardial inflammation. (c.) 

Progression to dilated cardiomyopathy (Figure 1). Each of the three stages has a cytokine 

signature that mirrors both the quantity and quality of inflammation and healing (27).

Multiple factors, genetic or viral, determine whether an animal (or a human) with a 

coxsackie viral infection will resolve the disease completely or progress to an autoimmune 

sequel. As the figure indicates, at least two of the several earliest inflammatory cytokines 

elaborated during initial innate response to the virus are signposts of later development of an 

autoimmune consequence. Both cytokines IL1 beta and TNF alpha levels rise within a few 

hours after infection by CVB3 in the genetically susceptible strains of mice compared with 

non-susceptible controls. Moreover, blocking either one of these cytokines prevents the 

progression to autoimmune myocarditis even in genetically susceptible animals. Conversely, 

administration of recombinant TNF alpha or IL1 beta allows genetically “non-responsive” 

mice to develop the autoimmune disease.

Autoimmune myocarditis depends on a large network of interactive cytokines to determine 

both the severity and the composition of inflammation. It is the balance of cytokines that is 

the determining factor. Interferon gamma usually considered a proinflammatory cytokine 

actually down regulates disease so that animals deprived of this cytokine develop a 

particularly severe form of myocarditis. Kania et al., (28) reported that interferon gamma 

generated during the innate response promoted nitric oxide that limited later T cell 

proliferation. Moreover, IL17, a cytokine considered important in inflammation, regulates 
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the severity of myocarditis in interferon gamma deprived animals so that they rapidly 

develop a fatal eosinophilic disease, providing the first mouse model for testing treatments 

of human eosinophilic myocarditis (29). NK cells, prominent members of the innate immune 

response, also limit autoimmune mediated information and fibrosis perhaps by 

downregulating IL17 producing T cells (30*). Most surprisingly IL17 has little impact on 

the severity of autoimmune myocarditis but is essential for progression to dilated 

cardiomyopathy (31). IL17A acts on different monocyte/macrophage populations through 

cardiac fibroblasts and GM-CSF production (32*).

This type of detailed analysis of cytokine profiles in autoimmune myocarditis may have two 

direct clinical applications. The transition from viral to autoimmune myocarditis to dilated 

cardiomyopathy is complex, depending on the genetics of the virus, the host, and 

environmental factors including the microbiome of the mouse. Yet out of the apparent chaos, 

the pattern of cytokines is becoming increasingly predictive of final outcome. The 

delineation of the cytokine profile may favor provide clues for intervention at different 

stages of the disease process.

 Conclusions

Viral myocarditis represents a prototype of an infection that can lead to a subsequent 

autoimmune disease. The disease may be induced by a number of very different agents. 

Viral myocarditis is a relatively common, but potentially life-threatening disease, especially 

in young adults. Diagnoses are usually made by means of cardiac function tests and imaging 

studies. The rationale for endomyocardial biopsy has been strengthened by reports that 

treatment can be improved by the histologic, immunohistologic and molecular information 

derived. Treatment in the future will depend on precise diagnosis of the disease. Both 

persistent virus and autoimmune injury offer possible explanations for chronic myocarditis 

and progression to dilated cardiomyopathy. Experimental studies in murine models have 

shown that appropriate strains of virus in a susceptible host can trigger an autoimmune 

response. The progression of the response from self-limited viral myocarditis to 

autoimmune-mediated myocarditis and then to inflammatory dilated cardiomyopathy may in 

the future be predicted by assessing cytokine profiles during the disease process. Future 

treatment requires distinguishing infectious from autoimmune mediated disease and 

determining when and how to intervene in the pathogenic process.
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Keypoints

• Viral infection of the myocardium is common but may be self-limiting, 

subclinical, or progressive and life-threatening.

• Present treatment is largely supportive but may require cardiac 

transplantation.

• Future treatment will likely be based on precise etiologic diagnoses and 

related to persistent infection, immunopathogenic signals or a mixture 

of the two.
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figure 1. 
Dissection of steps from viral myocarditis to autoimmune myocarditis to dilated 

cardiomyopathy are marked by cytokine profiles. (Figure taken from Rose, 2011).
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