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Abstract Aside from enteroviruses and other viruses, e.g.,
adenoviruses, which are known to be associated with
idiopathic dilated cardiomyopathy (IDC), a cardiac
tropism is also attributed to parvovirus B19 (PVB19).
The purpose of the present study was to determine the
prevalence of enterovirus, adenovirus and PVB19 ge-
nomes in the myocardium of adult patients with IDC and
to analyze the significance of PVB19 with regard to the
course of the disease, as compared to the other cardio-
tropic viruses. In 52 adult patients with IDC and 10
control patients with normal left ventricular ejection
fraction (‡55%) undergoing coronary artery bypass
surgery, myocardial tissue samples were investigated for
enteroviral RNA using polymerase chain reaction (PCR)
and Southern blot hybridization of the PCR product.
Specific nested PCR was used to assess the prevalence of
adenovirus and PVB19 DNA, in addition to sequencing
of the latter. The clinical and echocardiographic course
of the disease was followed for a mean (± SD) period of
21.1±9.5 months. Fourteen of the 52 patients (27%)
were enterovirus-positive, 2/52 (4%) patients were
adenovirus-positive, 14/52 (27%) patients were PVB19-
positive, 8/52 (15%) patients were enterovirus plus
PVB19-positive, and in 14/52 (27%) patients no
viral genomes were found. Six patients died during the

follow-up period, without any significant difference be-
tween the patient groups: 1/14 (7%) in the enterovirus-
positive, 0/2 (0%) in the adenovirus-positive, 2/14 (14%)
in the PVB19-positive, 1/8 (12.5%) in the enterovirus
plus PVB19-positive, and 2/14 (14%) in the virus-nega-
tive group. PVB19 genome was found in 4 of the 10
(40%) control patients, but no enterovirus or adenovirus
genomes were detected in these patients. In conclusion, in
the myocardium of patients with IDC, PVB19 is detect-
able as frequently as enteroviral genome. PVB19-positive
patients with IDC have a rather favorable prognosis and
do not differ significantly from the other virus-positive or
virus-negative patient groups with respect to survival.
Finally, the pathogenetic and prognostic significance of
PVB19 in IDC still remains unclear.
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Introduction

Parvovirus B19 (PVB19) is the only known human
pathogenic virus with a serological rate of infection of
71% in control groups [13]. It is associated with a broad
spectrum of clinical disease manifestations [11, 20]. The
most frequent disease caused by PVB19 in immuno-
competent individuals is erythema infectiosum.

In patients with hematological disorders PVB19 has
been described as a primary cause of aplastic crises [6,
11]. Following organ transplantation, infection with
PVB19 can induce hematological disorders in immuno-
compromised patients [1, 7, 14, 28, 31, 33, 50], or
infection may largely be responsible for allograft rejec-
tion [53]. In addition, PVB19 DNA was detected in
80–90% of kidney biopsy specimens from immuno-
compromised patients with focal segmental glomerulo-
nephritis sclerosis [47].

There are several indicators attributing cardiotropic
properties to PVB19, particularly in young children, but
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also in adults. First, PVB19 DNA has been found in the
nuclei of fetal myocardial cells and is believed to con-
tribute to the development of a hydrops fetalis due to
virus-induced myocarditis [2, 10, 32, 34, 40, 50]. Second,
with the use of polymerase chain reaction (PCR),
parvoviral DNA has been detected in a small percentage
of children with suspected myocarditis as well as in those
who had undergone a rejection response following heart
transplantation [46]. Third, Heegaard et al. [21] have
published a report of a PVB19-associated myocarditis in
an adult heart transplant recipient, determined by
measuring both the concentration of IgM antibodies in
serum and by the more specific method of detecting
PVB19 DNA in endomyocardial biopsy tissue using
nested-PCR [23]. Recently, PVB19 was visualized in
myocardial endothelial cells by in situ hybridization in
myocarditis of adult patients [29].

The most frequent viral pathogens found to be
associated with idiopathic dilated cardiomyopathy
(IDC) in immunocompetent adults are enteroviruses [9,
18, 27, 37, 49] and to a much lesser extent adenoviruses
[36, 37]. However, it is as yet not known whether PVB19
plays a pathogenic role in this chronic heart muscle
disease. Thus, the aim of the present study was to assess
the prevalence of the enterovirus, adenovirus and PVB19
genomes in endomyocardial biopsy tissue samples from
patients with IDC, and to analyze the significance of
these findings with respect to the clinical and hemody-
namic course of the disease and the survival of the
patients.

Material and methods

Patients

The study group consisted of 52 consecutive patients, who had
been admitted to our clinic due to a chronic heart failure
between 1997–1999, showing left ventricular systolic dysfunction
with associated cardiomegaly and left ventricular ejection fraction
(LVEF) of <55%, assessed angiographically using the area-length
method [16].

IDC was diagnosed according to the criteria defined by the
World Health Organization/International Society and Federation
of Cardiology from 1995 [41], if a hypertensive, coronary and/or a
hemodynamically relevant valvular heart disease was excluded. All
patients gave their informed written consent regarding cardiac
catheterization and endomyocardial biopsy. Patients were pro-
spectively followed at 6–12 month intervals for up to 4 years,
thereby documenting the New York Heart Association (NYHA)
functional class and assessing the course of LVEF and left ventric-
ular end-diastolic diameter (LVEDD; mm) by echocardiography.

Ten consecutive patients with normal LVEF (‡55%) undergo-
ing coronary artery bypass surgery served as a control group with
respect to the detection of viral genomes in the myocardium.

Endomyocardial biopsy

Six endomyocardial biopsy specimens of the left ventricle were
obtained from each patient using a Cordis long sheath bioptome
(5.4F, 7F; Cordis). Routine histological investigations as well as
immunohistological analyses were performed on the specimens. In
addition, these specimens as well as the myocardial tissue samples

of the right atrial appendage from the control patients obtained
during the surgical procedure were processed for a subsequent
analysis of enterovirus RNA and adenovirus and PVB19 DNA.

Histology

Endomyocardial biopsy specimens were fixed in paraffin, sectioned
and stained with a standard hematoxylin-eosin stain. A diagnosis
of active myocarditis was established according to the Dallas
classification [5], when both cellular infiltration and myocytolysis
were present.

Histomorphometry

Histomorphometric evaluations were performed on the paraffin
sections. The diameter of the monocytes was measured in the
hematoxylin-eosin-stained myocardial sections along the longitu-
dinal axis of the nucleus. Cell cross-sections were measured for the
shortest diameter value. The mean of 25 diameter measurements
per patient was calculated to evaluate the myocyte diameter. In
addition, the volume fraction of fibrosis in the myocardium was
determined on the basis of the point counting method on paraffin
sections stained with Sirius red, a special collagen stain [18].

Immunohistology

T cell infiltration of the myocardium was assessed on acetone-fixed
tissue frozen 4-lm cryostat sections employing monoclonal anti-
bodies directed to CD2 (pan T cell marker), CD4 (T helper cells),
CD8 (T suppressor cells), CD14 (macrophages) and CD45RO
(activated T lymphocytes) (all from DAKO). The reaction was
visualized using a biotinylated second antibody and a peroxide-
conjugated avidin-biotin complex (Vectastain Elite ABC Kit,
Vector Laboratories). As chromogen 3-amino-9-ethylcarbazol
(Histoprime, CAMON Laboratory Service) was used. Infiltrating
cell counts were performed calculating mean and standard devia-
tion (SD) of a minimum of 15 high power fields. At a 400-fold
magnification, one power field of vision was equivalent to
0.125 mm2. In addition, the expression of the major histocompat-
ibility complex antigens of class I (HLA-A, B, C) and the class II
(HLA-DR, DP, DQ) was examined on cryostate sections (4 lm) as
described above (primary antibodies: anti-HLA-ABC antigen clone
W6/32, DAKO, and anti-HLA-DR, Becton Dickinson). The re-
sults were evaluated semi-quantitatively under the same microscope
at 400-fold magnification.

Detection of enteroviral RNA in endomyocardial
biopsy material

Total RNA was isolated from frozen endomyocardial biopsy
samples or myocardial tissue of the right atrial appendage from the
control patients, using the guanidinium thiocyanate-phenol-chlo-
roform method of Chomczynski and Sacchi [15]. The tissue was
homogenized in 4 M guanidine thiocyanate/mercaptoethanol. The
RNA was extracted with phenol-chloroform, followed by precipi-
tation and washing with ethanol. The RNA pellet was suspended in
20 ll distilled diethylpyrocarbonate-treated water. cDNA was
synthesized in 20 ll of reaction mixture containing a 10-ll sample
of total RNA together with oligo(dT) according to the Superscript
RT protocol (Life Technologies). A reverse transcription (RT)-
PCR of a house keeping gene (GAPDH) was employed to verify
the integrity of total RNA extracted from endomyocardial biopsy
specimens.

For detection of enteroviral genomic nucleic acid of the
RNA virus, one-step RT-PCR (Titan One Tube RT-PCR
System, Roche Diagnostics) was carried out. Ten microliters of
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extracted RNA and modified oligonucleotides of previously pub-
lished primers [52] that recognize the conserved 5�-region of the
enteroviruses (5�-CGGTACCTTTGTGCGCCTGTTTTA-3� and
5�-CGGACACCCAAAGTAGTCGGTTCC-3�) was used. There-
after, a Southern blot hybridization was performed using a PCR-
generated digoxigenin-labeled DNA probe amplified by means of
enterovirus-specific primers (5�-CCCCGGACTGAGTATCAATA-3�
and 5�-CAGTTAGGATTAGCGGCATTC-3�) and DIG-11-dUTP
(Roche Diagnostics). To increase the sensitivity and confirm the
specificity of the PCR product an antibody conjugate (anti-DIG-
AP; Roche Diagnostics) was added, and the reaction visualized
with the aid of CSPD (Perkin Elmer-Applied Biosystems) via
chemiluminescence. Using this Southern blot assay on PCR prod-
ucts, a sensitivity of 0.023 plaque-performing units (pfu)/ml for
coxsackievirus (CV) B3 (total RNA isolated from CVB3-infected
HeLa cells) was reached. The primers BG 1 and BG 2 bind com-
pletely to sequences of human enteroviruses, including CVs of
group B. For diagnosis of human viral heart disease, these primers
are suitable because CVB3 is the most common viral agent in
myocarditis and IDC. The species human enterovirus (HEV)-A, -C
and -D showed single nucleotide differences in sequence analysis
with the primers BG 1, enterovirus (EV) 3 and EV 4.

Detection of adenovirus and PVB19 DNA in endomyocardial
biopsy specimens: DNA template preparation

Genomic and viral DNA was extracted from frozen myocardial
tissue samples of the patients and the control group (1–2 mm3, and
weighing �1.5–2 mg) using the QIAamp Tissue protocol (Qiagen),
and purified DNA was eluted in 50 ll AE-buffer. A one-step PCR
of a house keeping gene (human b-actin) was carried out to verify
the integrity of total DNA extracted from the endomyocardial
biopsy samples. Primers corresponding to sequences in the b-actin
gene were used as positive controls for the isolation of intact
DNA (b-A432–20: 5�-GTGGGGCGCCCCAGGCACCA-3�) and
(b-A433–24: 5�-CTCCTTAATGTCACGCACGATTTC-3�, 540 bp).

PVB19 PCR

A two-step amplification method for detection of PVB19 DNA was
performed using published previously primers [44]. The first round
primers, PVB19/3: 5�-AGCATGTGGAGTGAGGGGGC-3� and
PVB19/4: 5�-AAAGCATCAGGAGCTATACTTCC-3�, produced
a 290-bp fragment. This was then amplified using nested primers
PVB19/1: 5�-CTAACTCTGTAACTTGTAC-3� and PVB19/2:
5�-AAATATCTCCATGGGGTTGAG-3� to produce a 173-bp frag-
ment. Each PCR was performed in a final volume of 50 ll, con-
taining 10 mM TRIS-HCl (pH 8.3), 2.5 mM MgCl2, 50 mM KCl,
200 lM deoxyribonucleoside triphosphate (dNTP), 0.1 lM of each
primer, 2.0 U Amplitaq DNA polymerase (Perkin Elmer-Applied
Biosystems) and either 5 ll of the appropriate DNA sample or
sterile distilled water. An initial denaturation step at 94�C for 5 min
was followed by 38 cycles at 94�C (50 s), 55�C (50 s) and 72�C
(1 min) on a GeneAmp PCR system 9700 (Perkin Elmer-Applied
Biosystems). For the secondary amplification, 10 ll of the primary
reaction was subjected to a further 38 cycles of PCR amplification
as described above. The products from each reaction were analyzed
by electrophoresis in a 2% agarose gel containing 0.5 lg/ml ethi-
dium bromide. The DNA product was visualized by UV translu-
mination. The sensitivity of the PVB19 PCR assay permitted
reliable detection of 20 genome copies/run of the plasmid Parvo-
784 bp we designed for Light Cycler PCR.

Sequence analysis

The parvovirus amplimers of 11 positive virus isolates were
re-amplified, the PCR products purified according to the manu-
facturer�s instructions using a PCR purification kit (Qiagen), and

resuspended in 30 ll distilled diethylpyrocarbonate-treated water.
Sequence analysis was performed on the purified PCR fragments
using either the sense primer PVB19/1 or the antisense primer PVB
19/2, AmpliTaq DNA polymerase, Big Dye terminator sequencing
kit (Perkin Elmer-Applied Biosystems) and an ABI PRISM 310
genetic analyzer (Perkin Elmer-Applied Biosystems).

Adenovirus PCR

The adenovirus-specific primers utilized in the experiments were
designed by Pauschinger et al. [37] for the amplification of all
adenovirus subtypes for which sequence data were available in the
National Center for Biotechnology Information GenBank. Ade-
novirus type 2 DNA, isolated from infected A 549 cells was used as
positive virus control for PCR analysis after nucleic acid extraction.
The first step-PCR amplification was performed with primers
ADH-01: 5�-ACTACAAYATTGGCTACCAGG-3� and ADH-02:
5�-CAAAACATAAGAAGKGTGGGC-3�, which target a
sequence of 440 bp from the hexon gene and ADH-11:
5�-AACTTCCAGCCCATGAGCMG-3� as well as ADH-12:
5�-CTCAAAAGTCATGTCBAGCGC-3�, which amplify a 330-bp
fragment. The PCR reagent mixture is described above, and the
concentration of primers was 0.4 lM. For the detection of ade-
novirus, 5 ll of DNA was subjected to PCR. Both PCR steps were
performed with an initial denaturation step at 94�C for 5 min,
followed by 38 cycles in the first and 30 cycles in the second round
PCR at 94�C (45 s), 64�C (45 s) and 72�C (45 s), respectively. Fi-
nally, 10 ll of the first PCR product was amplified using the inner
primers. The visualization of the DNA product was performed by
UV translumination. The detection limit of the adenovirus-specific
PCR was 10-2 pfu/ml for adenovirus type 2 isolated from A549
cells. In the present study, we confirmed successful amplification of
the adenovirus serotypes 2, 5 and 8.

Serological investigations

Neither the viral antibody titers nor the viremic status of the pa-
tients were determined, since patients with evidence of acute virus
infection or histologically proven myocarditis were excluded, and
only patients with IDC known to be a chronic cardiac muscle
disease were investigated in this study. Thus, acute serological
markers such as IgM antibodies against enterovirus, adenovirus or
PVB19 could not be expected.

Statistical analysis

Continuous data are given as mean ± SD and categorical data as
relative frequencies (percentage). Comparisons between groups
were made using unpaired Student�s t-test for continuous data or
Mann-Whitney test, if the results were not normally distributed,
and chi-square or Fisher exact test, where appropriate, for cate-
gorical variables. Baseline and follow-up data within groups were
compared with each other by means of the paired Student�s t-test.
The survival curves of the patients were tested by Kaplan-Meier
analysis, and the log-rank test was used for differences between
groups. Statistical significance was defined by a P value of less than
0.05.

Results

Detection of viral genomes in the myocardium

A total of 52 patients (44 men, 8 women; mean age± SD
50.1±10.7 years; range 23–69 years) diagnosed with
IDC after excluding myocarditis, were enrolled into the
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study. On the basis of the viral genomes detected in the
endomyocardial biopsy samples by PCR analysis, the
patients were divided into five groups. Enterovirus ge-
nomes were detected in 14 of the 52 patients (27%; mean
age ± SD 55.2±9.4 years) and adenovirus in 2 (4%;
60.5±4.9 years). Fourteen of the 52 patients (27%;

50.9±11.6 years) were positive for PVB19 only (Fig. 1),
and in 8 patients (15%; 47.0±13.5 years) both entero-
viral RNA and PVB19 DNA were detected in the en-
domyocardial biopsy specimens. In the sequence analysis
of 11 of the 14 PVB19-positive isolates, changes in the
third nucleotide were seen in 7 cases (Fig. 2), which do
not result in differences in the amino acid sequence.

In another 14 of the 52 patients (27%; 44.4±
10.6 years) neither enterovirus or adenovirus genomes
nor PVB19 genomic DNA were found. This group was
thus classified as virus negative.

In 4 of the 10 (40%) control patients with normal
LVEF, who underwent coronary artery bypass surgery,
we found PVB19 gene copies showing less then 50 cop-
ies/lg total DNA (data not shown). However, neither
enterovirus nor adenovirus genomes were detected in the
myocardial tissue samples from these control subjects.

Clinical data

With respect to the age- and sex-matched data, no
significant difference was observed between the groups
(Table 1). Further, there was no significant difference
between patient groups regarding the clinical parame-
ters of NYHA functional class and medication for
chronic heart failure, including angiotensin-converting
inhibitors, diuretics, digitalis and b-blocker. Interest-

Fig. 1 PCR detection of PVB19 DNA sequence in endomyocardial
biopsy samples. Products were detected by ethidium bromide
staining in 2% agarose gel. Presence of bands at 173 bp represents
PCR amplification of PVB19 DNA in the patient sample number
805/99 and in a PVB19-positive control. A Phi X 174 HaeIII
fragment as size marker is shown in the first lane and a negative
patient sample in the last lane. (PVB19 parvovirus B19, bp base
pairs, LVEMB left ventricular endomyocardial biopsy)

Fig. 2 The PVB19 isolates
obtained from 11
endomyocardial biopsy samples
were sequenced for 173 bp,
corresponding to the PCR
product with PVB19/1 and
PVB19/2 (primer sequences at
both ends excluded). The
sequence of human PVB19
DNA (gb/M13178.1/
PVBAUA) is indicated at the
top, and the differences are
highlighted
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ingly, the group positive for the presence of enterovirus
and PVB19 DNA and the virus-negative group con-
sisted of younger patients. The duration of symptoms
varied widely within the groups, but the differences
of the data between the groups were not statistically
significant.

Echocardiograpic and hemodynamic findings

No significant difference was observed on comparing
LVEF and LVEDD, as measured by echocardiography,
among the groups. Moreover, comparison of the other
hemodynamic parameters, which were assessed
invasively, between the groups was not statistically
significant (Table 1).

Histomorphometry and Immunohistology

There was no significant difference between the virus-
positive groups and the group negative for virus ge-
nomes with respect to the myocyte diameter or the
volume fraction of interstitial fibrosis. In addition, there
was no significant difference regarding the numbers of T
cells, macrophages or activated lymphocyte per high
power field between the patient groups. The semi-
quantitative evaluation of the expression of the MHC
class I and II antigens showed no significant difference.

Follow-up: mortality and NYHA functional class

The mean follow-up period (± SD) in all patients was
21.1±9.5 months (range 6–46 months) and was not
significantly different between the individual groups. Six
patients died during the follow-up period: one patient
from the enterovirus-positive group (7%) after 1 month;
one from the enterovirus plus PVB19-positive group
(12.5%) after 10 months; two from the PVB19-positive
group (14%) after 1 and 28 months, respectively; two
from the virus-negative group (14%) after 4 and
5 months, respectively. The differences between the
groups, as calculated by Kaplan-Meier analysis, were not
statistically significant (log-rank test, P=0.80). Patients
positive for enterovirus and enterovirus plus PVB19
experienced a significant improvement in NYHA func-
tional class during the follow-up period (NYHA class
2.6±0.5 vs 1.9±0.6, P<0.01, and 2.6±0.8 vs 1.3±0.8,
P<0.05, respectively). No significant functional im-
provement was observed in the adenovirus- and PVB 19-
positive groups (NYHA class 2.5±0.7 vs 2.0±0.0, ns,
and 2.6±0.9 vs 2.1±0.4, ns, respectively) or the virus-
negative group (NYHA class 2.5±0.7 vs 2.2±0.9, ns).

Echocardiographic course

All patients showed an improvement in the echocar-
diographic LVEF value during the follow-up period.

Table 1 Clinical, echocardiographic and hemodynamic baseline
characteristics of the patients. Values are given as mean ± SD or as
relative frequencies (percentage), respectively. (pos. positive, neg.
negative, ACE-I angiotensin-converting enzyme inhibitor, Angio
angiographic,BSA body surface area, Echo echocardiographic,

LVEDD left ventricular end-diastolic diameter, LVEF left ven-
tricular ejection fraction, NYHA New York Heart Association,
PAP pulmonary artery pressure, PCWP pulmonary-capillary
wedge pressure)

Enterovirus
pos. (n=14, 27%)

Adenovirus
pos. (n=2, 4%)

Parvovirus
B19 pos. (n=14, 27%)

Enterovirus and
Parvovirus B19
pos. (n=8, 15%)

Virus neg.
(n=14, 27%)

Age (years) 55.2±9.4* 60.5±4.9 50.9±11.6� 47.0±13.5 44.4±10.6*/�

Male (%) 11 (79) 1 (50) 12 (86) 7 (88) 13 (93)
Duration of
symptoms (months)

6.9±9.1 21.0±21.2 4.7±6.9 9.0±8.9 5.6±4.1

NYHA functional class
I (%) 0 (0) 0 (0) 1 (7) 1 (12.5) 1 (7)
II (%) 5 (36) 1 (50) 5 (36) 1 (12.5) 6 (43)
III (%) 13 (64) 1 (50) 6 (43) 2 (75) 7 (50)
IV (%) 0 (0) 0 (0) 2 (14) 0 (0) 0 (0)
Medication
ACE-I (%) 14 (100) 2 (100) 14 (100) 8 (100) 13 (93)
Diuretics (%) 11 (79) 1 (50) 13 (93) 7 (88) 10 (71)
Digitalis (%) 11 (79) 2 (100) 11 (79) 4 (50) 9 (64)
b-Blocker (%) 10 (71) 1 (50) 9 (64) 7 (88) 11 (79)
Echocardiographic
and hemodynamic data

Echo LVEF (%) 26.8±9.1� 24.5±9.2 28.2±7.9 34.5±10.6� 28.4±11.7
Echo LVEDD (mm) 67.4±9.8 68.1±7.1 64.9±7.0 64.1±4.6 69.7±8.1
Angio LVEF (%) 34.1±11.7 32.0±4.2 34.3±10.7 38.8±13.3 36.9±15.0
Mean PCWP
at rest (mmHg)

18.3±9.6 10.5±6.4 14.0±6.5 16.6±7.8 20.0±11.0

Cardiac index
(l/min/m2 BSA)

2.6±0.7 (n=10) 2.0 (n=1) 2.8±0.6 (n=9) 3.1±1.0 (n=6) 2.6±0.8 (n=11)

*P<0.01; �P=0.07; �P=0.086
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The difference between the LVEF 1 at baseline and the
final LVEF 2 value for the enterovirus- and the
enterovirus plus PVB19-positive group (26.8±9.4 vs
40.2±9.0%, P<0.001, and 35.9±10.7 vs 53.0±8.9%,
P<0.01, respectively) compared to the changes in the
adenovirus-positive (24.5±9.2% vs 44.5±6.4%, ns) and
the PVB19-positive group (29.3±8.1 vs 39.8±15.3%,
P=0.05) was highly significant. The difference between
LVEF 1 (39.6±12.3%) and LVEF 2 (34.5±11.4%) in
the virus-negative group was not significant. The mean
increase in the LVEF value (LVEF 2)LVEF 1) in the
enterovirus- and the enterovirus plus PVB19-positive
patients was significantly greater than in the virus-neg-
ative group (13.4±10.8% vs 4.9±9.3%, P<0.05, and
17.1±10.1% vs 4.9±9.3%, P<0.05, respectively). In
contrast, there was no difference between the PV B19-
positive patients and the virus-negative patients regard-
ing the changes in the LVEF during the follow-up period
(10.6±17.0% vs 4.9±9.3%, ns).

Concerning the LVEDD, only the enterovirus plus
PVB19-positive patients showed a significant improve-
ment in this value during follow-up (63.4±4.5 mm vs
55.6±5.2 mm, P<0.01). In the other groups, the mean
decrease of LVEDD (LVEDD 2)LVEDD 1) during
follow-up was not significant. The mean difference be-
tween LVEDD 2 and LVEDD 1 in the enterovirus plus
PVB19-positive group was significantly greater in com-
parison to the corresponding values of the PVB19-po-
sitive group ()7.8±5.8 vs )0.4±4.8, P<0.01). The
mean decrease in LVEDD in the remaining patient
groups was not significant.

Discussion

In the present study, we demonstrated the presence of
PVB19 DNA in endomyocardial biopsy tissue obtained
from adult patients with IDC. The prevalence of parv-
oviral genome in myocardial tissue was 42%, and thus
was equal to that observed for enteroviral genomes,
which are known to be the most common viral patho-
gens associated with IDC with a prevalence rate of
10–67% [4, 18, 19, 25, 26, 37, 39, 48, 49].

The prevalence of 42% obtained for the detection of
enteroviral RNA in IDC patients in our study is some-
what high, and may be due to factors such as the het-
erogenic nature of the patient groups, the different
primers used and the varying conditions, under which
RT-PCR was performed [19, 25, 26, 37, 39, 48].

In 15% of the cases both enteroviral and parvoviral
genomes were detected in myocardial tissue. The
prevalence of adenoviral genomes in only 4% of the
cases in our study, including the adenovirus serotypes
2, 5 and 8, was markedly lower than that obtained by
Pauschinger et al. [37], who found adenovirus DNA in
endomyocardial biopsy samples in 12 of 94 (13%) pa-
tients with IDC using the nested PCR technique. In
another even larger study consisting of 860 patients
with IDC, adenovirus DNA was detected in 6% of the

cases [36]. In contrast, in a smaller study including 16
patients with IDC no adenoviral genome was detected
in the endomyocardial specimens by Grumbach et al.
also using PCR [19]. This discrepancy may be due to
the different patient selection criteria, the size of the
study group, the different detection techniques, and,
possibly, the various adenovirus serotypes found in our
and the other studies [19, 36, 37]. Interestingly, no viral
genome was detected in only about a quarter of the
patients (27%) with IDC.

The detection of PVB19 genome in 40% of the con-
trol patients with normal LVEF undergoing coronary
artery bypass surgery possibly indicates a comparable
prevalence rate of PVB19 genome in patients with IDC
and control subjects with significant coronary artery
disease, but normal LVEF. However, due to the small
control group, further investigation including a greater
number of patients with other heart disease or healthy
individuals is needed to confirm this observation.

The investigation presented here demonstrates the
detection of PVB19 DNA in myocardial tissue obtained
from IDC patients using PCR. This technique is both
highly specific and sensitive, but is liable to false-positive
results due to contamination problems [23]. One way of
demonstrating the lack of contamination here was
detection of nucleotide variability in the VP1 region of
the genome by sequence analysis of 11 myocardial
probes positive for PVB19. Another procedure under-
taken involved performing repeated PCR on all positive
PVB19 DNA results. Thus, we could prove as far as
possible that, despite the relatively high percentage of
positive PCR results for PVB19, our endomyocardial
specimens were free of any contamination.

Our findings demonstrate that PVB19 is not only
associated with fetal myocarditis [2, 10, 32, 34, 40],
myocarditis [8, 17, 30, 43, 46] and cardiac allograft
rejection in children [46], or with myocarditis following
adult heart transplantation [21] and myocarditis of
immunocompetent adults [29], but can also be fre-
quently detected in the myocardium of adult patients
with IDC.

Of central importance is the clinical significance of
the detection of parvoviral genomes in endomyocardial
biopsies from patients with IDC. The three main
questions to be asked are: (1) does the virus hibernate
in the myocardium after infection, as in other organs
without any pathogenetic impact, (2) does it undergo
constant replication and, if so, does this continuous
virus replication in cardiac tissue affect myocardial
contractility, and (3) is any myocardial disease such as
IDC prone to PVB19, hibernating or as an epiphe-
nomenon?

It has been established that the presence of the
erythrocyte-P antigen, serving as a virus receptor, facil-
itates infection of tissue cells with PVB19 [12, 13]. Since
myocardial cells also contain this antigen receptor pro-
tein [42] and PVB19 has been found to infect intracardial
endothelial cells in myocarditis [29], it is conceivable that
infection of the myocardium with PVB19 may cause
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direct damage to the heart [29]. Although the initial
acute myocarditis may be potentially fatal in both chil-
dren and adults [17, 30, 43], according to published re-
ports, a PVB19-associated myocarditis tends to have a
more favorable outcome in the majority of pediatric
cases [8, 21, 24, 35, 45, 46]. In our study, the percentage
mortality in the group positive for PVB19 did not sig-
nificantly differ from that in the other groups during
long-term follow-up.

Following the initial infection of the myocardium, it
might be that PVB19 is still detectable, but undergoes
little or no replication, and thus possibly causes minimal
or no further damage to the myocardial tissue during the
stage of the chronic cardiac muscle disease associated
with dilated cardiomyopathy. In some patients, a
spontaneous elimination of the virus may occur. How-
ever, to prove this hypothesis serial endomyocardial
biopsy samples would be required.

The significant improvement in the clinical and he-
modynamic parameters in the two groups of patients
positive for enterovirus only or enterovirus plus PVB19,
as compared to the virus-negative group during follow-
up, suggests that enterovirus-associated IDC may have a
more favorable prognosis [18]. This may be an indicator
of a possible elimination of the enterovirus, at least in
some patients, which was, however, not investigated by a
second endomyocardial biopsy during the follow-up
period. Valuable information would be obtained by
studying the difference between latent persistence of the
enterovirus and active virus replication to explain the
lack of improvement or even a deterioration in clinical
symptoms of some patients with enterovirus-associated
dilated cardiomyopathy [22, 38].

In conclusion, in myocardial tissue of patients with
IDC, the prevalence rate of PVB19 genome of 42% is
comparable to that of enterovirus RNA in IDC. PVB19-
associated dilated cardiomyopathy tends to have a ra-
ther favorable prognosis and did not differ in survival
from other virus-positive or virus-negative patients. Due
to the low patient numbers, it is impossible to assess
definitely the prognostic value of myocardial PVB19 in
IDC, particularly since PVB19 genome was also found
quite frequently in a small control group with normal
LVEF. Finally, the significance of PVB19 in the patho-
genesis of IDC still remains unclear and will be the issue
of further investigation.
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