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Why is diagnosis of infectious myocarditis
such a challenge?
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“In the subacute and chronic phase of infectious and
noninfectious myocarditis or inflammatory
cardiomyopathy ... myocardial inflammation cannot be
suspected from the clinical profile, since nearly all clinical
characteristics suggestive of acute myocarditis are missing.”

Etiologies of myocarditis include a number
of infectious agents such as viruses, bacte-
ria, protozoa and fungi, but most frequently
the myocardial inflammatory processin
myocarditis is directed against viral patho-
gens. Both viruses and the cellular antiviral
immune response can injure myocardial tis-
sue [1.2]. Although imaging techniques can
provide noninvasive tissue characterization
and localize larger inflammatory infiltrates,
they are misleading if infectious agents
are involved, since they neither detect nor
quantify different virus types and loads or
inflammatory cell numbers, nor differentiate
between cell subtypes of the immune response.
Consequently, the underlying infectious etiol-
ogies and inflammatory characteristics cannot
be clinically identified.

New pathogen-specific quantitative
molecular diagnostic tests and histochemi-
cal staining procedures have expanded the
role for endomyocardial biopsy as the only
reliable method to elucidate the true nature
of the disease and to specify tailored treat-
ment conditions for subgroups of patients
(3]. Biopsy-based treatment decisions
demand, however, a complete molecular
biological, histological and histochemical
work-up of myocardial tissue. Otherwise,
an incorrect therapeutic decision may be
based on incomplete diagnostic informa-
tion and jeopardize treated patients, as
reported for immunosuppressive treatment
of virus-positive patients [4,5].

Clinical phenotypes of infectious &
noninfectious myocarditis
Myocarditis can be diagnosed by estab-
lished histopathological, histochemical, or
molecular criteria, but it is challenging to
identify it clinically. In acute disease, sudden
onset of chest pain and exertional dyspnea,
congestive heart failure despite regularly
seized ventricles or with enlarged ventricular
chambers which may develop rapidly within
days or weeks, ventricular arthythmias and
abnormal ST-T segments and changes in
the presence of elevated cardiac enzymes
(CK/CKMB or TNT) are highly suspicious
for an active inflammatory process of the
myocardium, if other acute cardiac diseases
have been excluded. Without angiography,
it cannot clinically be distinguished from
an acute coronary syndrome.

In the subacute and chronic phase of
infectious and noninfectious myocar-
ditis or inflammatory cardiomyopathy,
which by definition is a chronic myo-
carditis with DCM phenotype, myocar-
dial inflammation cannot be suspected
from the clinical profile, since nearly all
clinical characteristics suggestive of acute
myocarditis are missing. Patients present
with uncharacteristic complaints such as
angina, dyspnea, fatigue, reduced physical
disability or arrhythmias in the presence
of a preserved or impaired systolic or dia-
stolic function, or with idiopathic dilated
cardiomyopathy.
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The same holds true in early virus-associated disease or if the
inflammartory response has failed to clear the infectious pathogen
from the myocardium. A virus-specific phenotype of myocar-
ditis does not exist. Viral infections can cause serious human
diseases including acute and chronic heart failure. The majority
of viral infections, however, are asymptomatic or oligosymptom-
atic and therefore, such infections are frequently not recognized
prematurely as a possible cause of a delayed onset of heart disease
(6]. In the past, viral myocarditis and chronic viral heart disease
have therefore more often been a clinically derived diagnosis of
exclusion, rather than a specifically proven diagnosis.

“The diagnostic challenge is to uncover this
clinically complex situation by unraveling treatable
disease entities such as virus or inflammation from

conditions with irreversible myocardial injury.”

The diagnostic challenge becomes even more complicated by
the complex virus profiles of the myocardium with a number of
distinct virus species and virus subtypes, different virus loads or
reactivated pathogens, all of which may be present in the pres-
ence or absence of inflammatory processes [7-9]. These distinct
conditions not only influence actual presentation and natural
course of the disease, but also possess a deep impact on the clinical
phenotype [1.10-16]. Depending on the virus-immanent target cell
in the heart, clinical presentation ranges broadly from subclinical
disease to fulminant heart failure 17]. Systolic heart failure is often
caused by pathogens that infect and injure contractile myocytes,
as known for enteroviruses or adenoviruses. Other patients with
preserved systolic function complain of chest pain or dyspnea as
the leading symptom, despite preserved systolic function. This
is a typical condition when parvoviruses or herpesviruses infect
the vascular endothelium resulting in endothelial dysfunction.

Postinfectious disease

A persisting viral infection or a persisting postinfectious autoim-
mune myocarditis cannot be distinguished from a post-myocar-
ditic condition, in which remnants of the infectious disease but not
a persisting viral infection or a chronic inflammatory process are
responsible for symptoms and progression of the heart failure. The
diagnostic challenge is to uncover this clinically complex situation
by unraveling treatable disease entities such as virus or inflamma-
tion from conditions with irreversible myocardial injury [18]. This
is clinically important since the latter may partially improve upon
symptomatic heart failure medication but will not respond to specific
anti-infectious or immunosuppressive treatment effectively.

Diagnosis

Since the pathological conditions in myocarditis take place at the
cellular level, tissue analysis and not clinical tests are necessary to
elucidate the nature of the underlying acquired disease [19]. Despite
well known limitations giving rise to false-negative results (sampling
error), endomyocardial biopsy is the gold standard for unequivo-
cally establishing the diagnosis, particularly if histology is comple-
mented by sensitive histochemical and molecular methods [20].

No other clinical diagnostic tool can prove the loads and types of
different viruses or nonviral infectious pathogens, elucidate and
quantify inflammatory cell subtypes, detect minor myocardial
necroses, newly developing fibrosis, or circumscribed early scar
formation characteristic of active infective disease. All of this
information is needed for successful management of patients [2].

Why is the pathogen-specific diagnosis so important?
In acute heart failure, biopsy-based information is mandatory to
recognize virus-negative inflammation that requires immediate
and tailored immunosuppression in order to reduce early mortal-
ity and improve long-term outcome. Typical conditions are giant
cell myocarditis, necrotizing eosinophilic myocarditis, or decom-
pensating sarcoidosis [4.21,22]. Fulminant lymphocytic myocarditis
may resolve spontaneously with a good long-term outcome for
those 60% of patients who survive the early critical phase while
nonfulminant but acute myocarditis has a more adverse prognosis
with a mortality of 25-56% within 6—8 years [23-25]. The histo-
logical and immunohistological recognition of cellular inflamma-
tion can thus facilitate and improve symptomatic management of
afflicted patients. Application of a permanent device (e.g., pace-
maker, ICD) may become unnecessary after clinical stabilization
following fading inflammation. A postponed decision for treatment
may even prevent hasty acute heart transplantation.

In chronic inflammation, immunosuppression demands
biopsy-based exclusion of virus from treated patients because
virus-positive patients do not improve or even deteriorate upon
anti-inflammatory treatment [21]. Virus-negative patients with
postinfectious or autoimmune inflammatory processes responded
well to imunosuppression in early clinical trials [4.21,26].

Antiviral treatment can only be successful if it is started in time,
before the virus has caused irreversible myocardial injury [11].
Patients with chronic heart failure due to persistent enterovirus
and adenovirus infections of the myocardium responded well to a
6-month IFN-f course [27]. Complete elimination of viral genome
was proven by follow-up biopsies taken 3 months after termina-
tion of the antiviral therapy. Virus clearance was paralleled by
an improvement of mean left ventricular function, a decrease
in ventricular size, an amelioration of heart failure symptoms.
Other viruses, for example, parvovirus B19 or human herpesvirus
6, respond less well upon IFN-} treatment with respect to virus
clearance, although these patients did improve clinically despite
incomplete virus clearance following reduction of viral load and
improvement of endothelial dysfunction [23].

Conclusion

To recognize whether an infectious disease may hide behind
uncharacteristic cardiac symptoms and consequently to prove
a myocarditis unambiguously poses an important clinical chal-
lenge. A reliable diagnostic differentiation between virus-positive
or virus-negative myocarditis and a postinfectious state, which
permits discrimination between treatable and nontreatable dis-
eases, has to be accomplished in order to allow successful admin-
istration of a pathogen-tailored treatment strategy [4.21,26,27.29,30].
This approach cannot be reached by routine clinical diagnoses but
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demands biopsy-based information with complete histological,
histochemical and molecular work-up of tissue samples.
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