Ernst Schering Research Foundation Workshop 55
Chronic Viral and Inflammatory Cardiomyopathy



Ernst Schering Research Foundation
Workshop 55

Chronic Viral
and Inflammatory
Cardiomyopathy

H.-P. Schultheiss, J.-F. Kapp, G. Grotzbach

Editors

With 68 Figures

@ Springer



Series Editors: G. Stock and M. Lessl

ISSN 0947-6075

ISBN-10 3-540-23971-5 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-23971-0 Springer Berlin Heidelberg New York

Library of Congress Control Number: 2005930272

This work is subject to copyright. All rights are reserved, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other way, and storage in data
banks. Duplication of this publication or parts thereof is permitted only under the provisions of
the German Copyright Law of September 9, 1965, in its current version, and permission for use
must always be obtained from Springer-Verlag. Violations are liable for prosecution under the
German Copyright Law.

Springer is a part of Springer Science+Business Media
springeronline.com

© Springer-Verlag Berlin Heidelberg 2006
Printed in Germany

The use of general descriptive names, registered names, trademarks, etc. in this publication does
not emply, even in the absence of a specific statemant, that such names are exempt from the
relevant protective laws and regulations and therefor free for general use. Product liability: The
publisher cannot guarantee the accuracy any information about dosage and application contained
in this book. In every induvidual case the user must check such information by consulting the
relevant literature.

Editor: Dr. Ute Heilmann, Heidelberg

Desk Editor: Wilma McHugh, Heidelberg

Production Editor: Michael Hiibert, Leipzig

Cover design: design & production, Heidelberg

Typesetting and production: LE-TgX Jelonek, Schmidt & Vockler GbR, Leipzig
21/3152/YL-543210 Printed on acid-free paper



Preface

Following its tradition of promoting novel areas of scientific discourse,
the Ernst Schering Research Foundation (ESRF) hosted this workshop
on chronic viral and inflammatory cardiomyopathy. In late October 2004,
scientists from Canada, Germany, the Georgian Republic, Great Britain,
Italy, Japan, the Netherlands, Israel, Sweden, and the United States gath-
ered in Berlin to discuss their concepts, hypotheses, and latest findings
on myocarditis and cardiomyopathy.

This expert meeting was held in cooperation with the German Re-
search Foundation, which in the same year had supported transregional
collaborative research activities entitled “Inflammatory Cardiomyopa-
thy — Molecular Pathogenesis and Therapy.”

Organizing the workshop, our efforts strove to render tighter the
network between the distinct disciplines involved in cardiomyopathy re-
search, building bridges between its molecular, pathogenetic, diagnostic,
and therapeutic determinants.

It all began as a story of a neighborhood, and we would like to express
our hope that this long-term project, which will require much and in-
tensive cooperative work among the participants, will evolve to become
a story of a good neighborhood.

Schering and the Charité, with their four campuses — the Mitte, Ben-
jamin Franklin, Berlin-Buch, and Virchow clinics — are good neighbors
and cooperate in many research and development tasks. Equally, on
a personal level, two of us (H.P. Schultheiss and J-F Kapp) are neigh-
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bors ourselves, and the proximity of our houses makes it possible that
we sometimes meet when we are out for a walk. On one of these occa-
sions, Schering’s expert meeting on interferon-beta in multiple sclerosis
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came up, and on the next walk, we pondered the concept of treating
virus-induced cardiomyopathy. Becoming quite enthusiastic at the end
of the walk, the budget for a pilot study using interferon-beta to verify
this concept had been set. The outcome of the pilot study encouraged us
to proceed to the currently ongoing formal phase II protocol.

Cardiac inflammation is difficult to diagnose, and even if diagnosed,
can we treat it effectively? This question was raised in 1772 by Jean-
Baptiste de Sénac, physician to Louis XV. At that time, he could have
chosen almost any disease and proper diagnosis would not have made
any difference as far as effective treatment was concerned — indepen-
dent of whether or not the diagnosis itself was rather straightforward or
difficult.

Now, 230 years after de Sénac’s doubts, there is some hope — maybe
even some confidence — that we might have indeed finally identified a po-
tential treatment for cardiac inflammation, and we have also managed
to make its diagnosis an almost routine procedure.

When talking about dilated cardiomyopathy, precise diagnosis is im-
portant, because differentiation between autoimmune inflammatory car-
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diomyopathy on the one hand, and cardiomyopathy with viral persis-
tence on the other, allows therapeutic benefit from immunosuppressive
treatment for one disease and from antiviral interferon-beta treatment
for the other.

Constituting an invasive tool, endomyocardial biopsy provides valu-
able diagnostic information including virus identification, and morpho-
logical and immunohistochemical patterns. For the long-term, it would
be desirable to develop serological markers for gaining prognostic and
etiologic data. Experience from predicting transplant rejection was pre-
sented, hoping to be adopted for the identification of biomarkers. In view
of the limitations of the current classification, a new histomorphological
staging of myocarditis and inflammatory cardiomyopathy was proposed.
As a new non-invasive approach, magnetic resonance imaging may gain
importance in the diagnosis of cardiomyopathy, yet for the time being,
this technique is still in too early a stage.

The interconnectedness of genetics and susceptibility to disease,
of viral and non-viral inflammation, and of the role of immunity and
the development of autoimmunity is a fascinating and much-discussed
labyrinth. Cardiotropism needs to be verified for parvovirus B19, HHV6,
and HVC.

Pilot experience in treating virus-positive patients with interferon-
beta was presented. The audience appreciated these results hinting at
a first causal treatment of viral cardiomyopathy. Other approaches dealt
with receptor binding and protease inhibitors. Immunosuppression was
found to be beneficial to virus-negative myocarditis patients.

In a special session it was controversially and spiritedly discussed
whether or not (1) virus persistence was a determinant for progression,
(2) autoimmunity was of significance, (3) parvovirus was relevant, and
(4) there was a specific matrix destruction in the course of cardiomyopa-
thy. The pertaining statements have also been included in this volume.

We are convinced that the unique composition of and the broad spec-
trum covered by this two-day workshop will be of exceptional value to
the readers of volume 55.

Heinz-Peter Schultheiss
Joachim-Friedrich Kapp
Georg Grotzbach
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Abstract. Myocarditis is most often induced by cardiotropic viruses and often
resolves with minimal cardiac remodelling and without discernable prognostic
impact. Acute myocarditis has a highly diverse clinical presentation (asymp-
tomatic, infarct-like presentation, atrioventricular (AV)-block, atrial fibrilla-
tion, sudden death due to ventricular tachycardia, fulminant myocarditis with
severely depressed contractility). Progression of myocarditis to its sequela, di-
lated cardiomyopathy (DCM), has been documented in 20% of cases and is
pathogenically linked to chronic inflammation and viral persistence. Persis-
tence of cardiotropic viruses (enterovirus, adenovirus) constitutes one of the
predominant aetiological factors in DCM. Additionally, circulating autoanti-
bodies to distinct cardiac autoantigens have been described in patients with
DCM, providing evidence for autoimmune involvement. Since clinical com-
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plaints of myocarditis and DCM are unspecific, a positive effect of any specific
therapy depends on an accurate biopsy-based diagnosis and characterization
of the patients with histological, immunohistological and molecular biological
methods (PCR), which have developed into sensitive tools for the detection
of different viruses, active viral replication, and myocardial inflammation. The
immunohistochemical characterization of infiltrates has supported a new era in
the diagnosis of myocardial inflammation compared with the Dallas criteria,
which has led to a new entity of secondary cardiomyopathies acknowledged
by the WHO, the inflammatory cardiomyopathies (DCMi). Immunohistochem-
ically quantified lymphocytes significantly better reflect troponin levels and
correlate with findings by anti-myosin scintigraphy compared with the his-
tological analysis. Furthermore, the orchestrated induction of endothelial cell
adhesion molecules (CAMs) in 65% of DCM patients has confirmed that CAM
induction is a prerequisite for lymphocytic infiltration in DCMi. The combi-
nation of these immunohistological with molecular biological diagnostic tech-
niques of virus analysis allows a further classification of dilated cardiomy-
opathy by differentiating the disease entity in subgroups of virus-positive and
virus-negative patients with or without cardiac inflammation. Further analysis
of the predominant Th1-/Th2-immune response may provide additional prog-
nostic information on the natural course of the disease. This differential analysis
improves the clinical management of patients and is an indispensable prerequi-
site for the development of specific antiviral or immunomodulatory treatment
strategies.

1.1 Introduction

Cardiomyopathies are diseases of the heart characterized by ventric-
ular dysfunction that is not caused by primary heart diseases, e.g.
hypertension or congenital, valvular, coronary, arterial or pericardial
abnormalities. They are classified as primary cardiomyopathies if the
origin of contractile dysfunction is unknown (dilated cardiomyopathy,
hypertrophic cardiomyopathy) and as secondary or specific cardiomy-
opathies if the heart is affected in association with specific infectious,
immunological, metabolic, neuromuscular or toxic diseases.

Dilated cardiomyopathy (DCM) is one of the most common car-
diomyopathy entities. Its yearly incidence is 5—8 cases per 100,000, the
age-corrected prevalence is 36 cases with 17 hospitalizations, and 3.8
deaths per 100,000 per year are due to DCM. DCM affects males most
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frequently, with a sex ratio of 3:1, manifesting predominantly between
the third and fifth decades (Olbrich 2001). In a homogeneous popula-
tion of young military servicemen, the incidence of myocarditis was
reported 0.17 per 1,000 man-years (Karjalainen and Heikkila 1999), but
the real numbers are expected to be substantially higher due to the often
subclinical presentation of acute myocarditis and misinterpretation of
unspecific symptoms (Kiihl et al. 1997a).

During the past decade, the basis of left ventricle (LV) dysfunction
has begun to unravel. In approximately 30%—40% of cases, the dis-
order is inherited; autosomal- dominant inheritance is most common
(although X-linked, autosomal recessive and mitochondrial inheritance
occurs) (Towbin and Bowles 2000). In the remaining patients, the disor-
der is presumed to be acquired, with inflammatory heart disease playing
an important role (Towbin and Bowles 2002; Towbin and Bowles 2001).
Evolution of acute myocarditis to dilated cardiomyopathy (DCM), which
occurs in 21% of the patients within a mean follow-up of 33 months
(D’ Ambrosio et al. 2001), gave rise to the hypothesis that certain DCM
cases might be due to sequela of a “chronic myocarditis” (Fig. 1). Ac-
knowledging the unequivocal evidence on the chronic inflammatory pro-
cess involved in DCM, the 1995 report of the WHO/ISFC Task Force

Viral Infection
l Immun response
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inflammation

antiviral
cytol:V

Virus elimination
resolving inflammation
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on the Definition and Classification of Cardiomyopathies introduced
the new entity “inflammatory cardiomyopathy” among other specific
cardiomyopathies (DCMi) (Richardson et al. 1996), which is charac-
terized by idiopathic heart failure with evidence for intramyocardial
inflammation.

Myocarditis and DCMi in the Western world are most often caused
by cardiotropic viruses (Mason 2002). A number of similar viruses
have been identified in biopsies of patients with myocarditis and DCM
(Kiihl et al. 2003a, 2005). Despite the increasing role of the systemic
inflammatory response involved secondarily in the progression of con-
gestive heart failure irrespective of the underlying pathogenesis (Anker
and von Haehling 2004) DCMi refers exclusively to DCM with pri-
mary anti-cardiac inflammatory and/or viral aetiology. This differenti-
ation between systemic and organ-specific inflammation is pivotal for
the consideration of diagnostic procedures on endomyocardial biopsies
(EMBSs) and treatment modalities targeting intramyocardial inflamma-
tion and/or cardiotropic viral infection. The use of EMBs is indispens-
able for the diagnosis of DCMi, which mainly comprises the detection
and characterization of intramyocardial inflammation by immunohisto-
logical evaluation, and the proof of viral infection by molecular biolog-
ical techniques (Table 1). This interdisciplinary approach has expanded
our understanding of the pathogenesis of DCMi, and these insights were
ultimately decisive for the design of immunomodulatory trials with ben-
eficial outcomes in DCMi patients (Noutsias et al. 2004; Mason et al.
1995; Frustaci et al. 2003; Dec and Fuster 1994a; Kiihl et al. 2003b;
Wojnicz et al. 2001).

1.2 Diagnosis of Myocarditis and DCMi

The prognosis, as well as the initial clinical presentation of patients with
myocarditis and DCM, is highly variable and ranges from spontaneous
improvement to rapidly progressive heart failure and sudden cardiac
death (D’Ambrosio et al. 2001). To date, no clinical parameter has
proved to be a relevant discriminator of prognosis or pathogenesis. In
contrast, both of the major pathogenic hallmarks of DCMi, namely viral
persistence and intramyocardial inflammation diagnosed in EMBs, have
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Table 1. Analysis of endomyocardial biopsies

Histology
Morphological evaluation +
of myocardial tissue
Acute myocarditis/necrosis (+)*

Detection and quantification -
of inflammation

Detection of adhesion -
molecules (ICAM, VCAM)
Subtyping of infiltrating -
cells (cytotoxic cells)
Differentiation of immune -
response (Th1/2)

Detection of different -
viruses (subtypes)

Detection of viral -
replication/load

*Low sensitivity, high sampling error

Immunohistology

PCR

7

been associated with adverse prognosis in DCM (Why et al. 1994a;
Fujioka et al. 2000; 21 Angelini et al. 2002; Kanzaki et al. 2001).

— The clinical symptoms of myocarditis and DCMi are unspecific (Ta-

ble 2).

— A diagnosis of inflammation based only on clinical history/presenta-
tion and non-invasive examinations is not possible.
— The unequivocal diagnosis of chronic myocarditis/inflammatory car-
diomyopathy can be only achieved by analysis of endomyocardial

biopsies including :

1. Histology (in the acute phase)

2. Immunohistology (in the chronic phase)

3. Molecular biology/virology
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Table 2. Clinical symptoms of virus-negative and virus-positive patients

Negative EV PVB19 HHV6 PVB/HHV

Total (n) 260 54 210 89 56
Infection 48% 45% 49% 35% 42%
Tiredness 69% 82% 72% 59% 82%
Angina pectoris 40% 10% 47% 36% 40%
Dyspnea on exertion 55% 50% 60% 64% 77%
Pericardial effusion 6% 2% 7% 5% 13%
Impaired contractility 68% 71% 68% 69% 69%
(global)

Impaired contractility 43% 24% 31% 44% 25%
(region.)

Rhythm disturbances 46% 50% 51% 38% 62%
SVES 7% 9% 11% 4% 6%
VES 23% 9% 24% 19% 18%
Atrial fibrillation 19% 25% 16% 18% 23%

Ventricular tachycardia 9% 0% 13% 4% 7%

SVES, supraventricular extra beats; VES, ventricular extra beats

1.3 Histology

Histological analysis has been considered the “gold standard” for di-
agnosing cardiomyopathies. This is true for acute myocarditis; but the
histological diagnosis of chronic myocarditis and DCMi causes difficul-
ties and the results are contradictory. According to the Dallas criteria,
myocarditis in its acute stage is histologically defined by lymphocytic
infiltrates in association with myocyte necrosis. The histological defini-
tion of chronic myocarditis according to the Dallas classification (histo-
logically “borderline and ongoing myocarditis”) demands the presence
of infiltrating lymphocytes without further histomorphological signs of
myocyte injury or immunohistological features of a persisting, acti-
vated inflammatory process in the first and the control biopsy. These
cellular infiltrates in chronic heart failure, however, are often sparse or
focal and therefore might be missed by sampling error (Shanes et al.
1987; Hauck et al. 1989). Moreover, it is difficult to differentiate non-
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inflammatory interstitial cells from infiltrating lymphocytes by light
microscopy. This leads to a misinterpretation of interstitial cells as in-
flammatory lymphocytes and thus to an over- or underestimation of
the degree of inflammation. Ultimately, one has to keep in mind that
infiltrating lymphocytes, especially if not activated, are not necessar-
ily representative for an ongoing immune process affecting the entire
myocardium. Those two mechanisms (misinterpretation of interstitial
cells and sampling error) are mainly responsible for the low diagnostic
yield in the histological analysis and explain the often-reported high
“interobserver variability”.

1.4 Immunohistology

Meanwhile, immunohistological methods have been successfully intro-
duced into the diagnosis of an inflammatory myocardial process. In
contrast to routine histology with the above-explained difficulties in de-
tecting lymphocytes, cardiac inflammation is, in addition to the quantifi-
cation of lymphocytes, immunohistologically characterized by different
markers of cell activation and the enhanced expression of histocompat-
ibility antigens and adhesion molecules (Noutsias et al. 2002a,b). The
sensitivity and specificity of monoclonal antibodies, directed against
specific epitopes of immunocompetent cells, allow the unambiguous
identification, characterization and quantification of inflammatory cells
infiltrating myocardial tissues (Noutsias et al. 2003a). If the number of
immunoreactive T lymphocytes is determined by the use of anti-CD2,
-CD3, -CD4 or -CD8-antibodies, tissues with a mean number of lym-
phocytes exceeding 2.0 per high-power field (7.0 cells/mm?) can be
considered to have pathologically increased lymphocytic infiltrations
(Fig. 2a, b) because additional markers of immune activation such as an
expression of adhesion molecules are found to be enhanced in more than
90% of these cardiac tissues (Fig. 2d). Control tissues with mean lym-
phocyte counts of 0.7 & 0.4 cells per high-power field (0.0-5.0/mm?)
express these markers in less than 30% of the tissues (Fig. 2c; see com-
ments of Kiihl et al. 1997b; also Kiihl et al. 1997a; Noutsias et al. 1999;
Bowles et al. 1986).
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Fig. 2a—d. Immunohistological analysis of lymphocytes and adhesion molecules
(ICAM-1) in endomyocardial biopsies. a Focal CD3%-lymphocytic infiltration.
b Diffuse CD3T-lymphocytic infiltration. ¢ Normal expression of ICAM-1 in
a CD3-negative tissue. d Enhanced expression of ICAM-1 in a CD3-positive
tissue
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1.5 Molecular Biology/Virology

Positive serological tests cannot prove virus infection of the myocardium.
The proof of a viral affliction of the myocardium warrants analysis of
endomyocardial biopsies with more sensitive molecular biological meth-
ods, such as in situ hybridization or polymerase chain reaction (PCR)
(Bowles et al. 1986; Why et al. 1994b). These methods enable the de-
tection of viral RNA and DNA in tissues with even low numbers of viral
copies (Fig. 3). Enteroviral genome was confirmed by PCR amplifica-
tion in ca. 15% of EMBs from myocarditis and DCM patients (Baboo-
nian and Treasure 1997). The adverse prognostic impact of enteroviral
persistence in DCM was identified early (Dec and Fuster 1994a), and
recent results indicate a special importance of the replicative infection
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Fig. 3. Detection of different viral genomes by nested polymerase chain reaction
(nPCR). EV, enterovirus (from Pauschinger et al. 1999a); ADV, adenovirus (from
Pauschinger et al. 1999b); PVB19, Parvivirus B19 (from Kiihl et al. 2003b)
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mode in a significant proportion of DCM patients (Fujioka et al. 2000;
Pauschinger et al. 1999a). Adenovirus has been elucidated as a further
cardiotropic virus in DCM (Pauschinger et al. 1999b). There is an evolv-
ing relevance of further cardiotropic viruses, especially parvovirus B19,
human herpes-virus 6, hepatitis C and Epstein-Barr virus (Kiihl et al.
2003a; Frustaci et al. 2003; Matsumori 2001).

Of note, investigations on the tissue distribution of these viruses
revealed profound differences: Whereas the enteroviral genomes have
been detected within cardiomyocytes by in situ hybridization, endothe-
lial cells are the primary targets of parvovirus B19 infection (Kandolf
et al. 1987; Li et al. 2000; Bultmann et al. 2003). In this context, the
pattern of viral receptors might be a decisively important issue (Nout-
sias et al. 2001; Poller et al. 2002). At present, we are lacking detailed
data on the prognostic impact, pathways of viral entry and persistence
of these recently identified cardiotropic viruses. However, the retrospec-
tive analysis by Frustaci et al. confirmed that patients with persistence of
these viruses (except for hepatitis C) do not improve, or even deteriorate
under immunosuppression, which infers that myocardial persistence of
these viruses may have a similar pathogenic and prognostic relevance
as coxsackievirus (Frustaci et al. 2003).

Employing group-specific primers, homology screening for various
enteroviral and adenoviral strains can be conducted in addition to the dif-
ferentiation of actively replicating virus from non- replicating, resting vi-
ral genomes (Pauschinger et al. 1999a; Calabrese and Thiene 2003).
Quantification of virus loads by real-time PCR and sequence analysis of
possibly pathogenic virus subtypes complete both the diagnostic accuracy
and pathophysiological understanding of cardiotropic viral infections.

1.6 Biopsy-Based Classification of DCMi

The combined use of quantitative and qualitative histological and im-
munohistological analysis of myocardial inflammation with quantitative
and qualitative molecular biological analytical methods allows a more
detailed differential diagnosis in patients with clinically suspected my-
ocarditis or DCMi (Noutsias et al. 2004; Pauschinger et al. 2004). As
far as acute viral myocarditis is concerned, the Dallas classification has
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enabled a more standardized assessment of the histological changes in
the myocardium. The clinical benefit, however, is limited by the fact
that histological recording of myocytolysis is only possible for a short
period of time during the acute disease (10-14 days) and usually no
longer present at time points when later biopsies are taken in patients
with chronic DCMi, which is considered a late sequela of virus-induced
myocarditis. In chronic disease, this use of a combined set of analyti-
cal methods allows the identification of viral persistence and chronic-
immunological processes as a possible cause for heart muscle injury in
a considerable number of these patients (Kiihl et al. 1996; Noutsias et al.
2003b). Three different entities of viral-induced dilated cardiomyopathy
have been recognized (Fig. 1; Kiihl et al. 1997b).

1. Postmyocarditic viral heart disease. These patients clinically present
as dilated cardiomyopathy. Immunohistologically, they are charac-
terized by an inconspicuous endomyocardial biopsy without chronic
inflammation. Molecular biological methods do not indicate viral
persistence.

2. Chronic (auto)immune-mediated myocarditis/inflammatory cardio-
myopathy. Immunohistochemical analysis of endomyocardial biopsy
reveals an active inflammatory process within the myocardium in the
absence of viral persistence.

3. Chronic viral heart disease. Histologically, these patients cannot be
differentiated from postmyocarditic viral heart disease (healed my-
ocarditis/DCM). Viral persistence can be detected by in situ hy-
bridization or PCR. Virus-induced myocardial inflammation may be
present.

The rationale for this aetiological differentiation of “dilated cardiomy-
opathy” into different phases of the disease is to better understand the
pathomechanism that might give rise to a more specific treatment strat-
egy. If the developmental process of postmyocarditic heart failure is
accelerated by chronic inflammation and/or viral persistence, progno-
sis of patients might be dependent on whether virus and inflammation
persist in the myocardium (Fig. 2).

Recent data obtained by this combined mode of diagnostic proce-
dures indicate a high percentage of single and multiple viral infections
of the myocardium in patients with clinically suspected myocarditis of
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recent onset, myocarditis in the past and DCMi. Follow- up analysis of
the patients reveals that spontaneous virus clearance is often associated
with a spontaneous recovery of myocardial function. On the other hand,
progression of myocardial dysfunction occurs in those patients who de-
velop virus persistence, independent of the virus subtype involved. The
patients with chronic virus persistence, however, often get benefit from
a specific anti-viral treatment if this has been initiated early, before an
irreversible virus-induced myocardial dysfunction has developed (Kiihl
et al. 2003b; Deonarain et al. 2004).

1.7 Unresolved Issues

With respect to the prevalence of virus-induced myocarditis/cardiomy-
opathies, the natural course of DCMi and their treatment responses,
a number of open questions still exist.

Unknown are:

— The prevalence and clinical significance of various cardiotropic vi-
ruses

— The significance of endogenous and exogenous factors for viral in-
fection, virus persistence or virus clearance

— The relevance of multiple viral infections, human pathogenic virus
subtypes, genomic mutations predisposing for the disease, virus repli-
cation rate, or virus load, for the clinical spontaneous course of the
disease

— The cause of highly variable virus receptor expression and its signifi-
cance for the primary virus infection and the further course of the
disease and

— The influence of the local and systemic antiviral immune response
for the natural course of the disease?

1.8 Future Goals

Development of risk response prognosis parameters

— Standardization of diagnostic methods

Establishment of a causal differential therapy
Development of diagnostic and therapeutic guidelines
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