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Abstract
Objective—To investigate whether viral infection acts as a trigger factor for the development of
dilated cardiomyopathy in genetically predisposed individuals with a family history of disease.
Setting—Patients attending the cardiomyopathy unit in a cardiac tertiary referral centre.
Design—Nested polymerase chain reaction (nPCR) was used to determine whether enteroviral,
adenoviral, or cytomegaloviral nucleic acids were detectable in the myocardium of 19 asympto-
matic relatives of patients with dilated cardiomyopathy; all these relatives had echocardiographic
abnormalities thought to represent early disease. Explanted hearts from patients with end stage
dilated cardiomyopathy were also studied and were compared with 25 controls (ischaemic heart
disease (21), valvar heart disease (2), hypertrophic cardiomyopathy (1), restrictive cardiomyopa-
thy (1)). Myocardial tissue from two fatal cases of culture positive coxsackie myocarditis was used
as a positive control.
Results—No viral nucleic acid was detected in any group other than in those with myocarditis.
Spiking of random wells with purified recombinant viral nucleic acids confirmed the sensitivity
and reproducibility of the assays.
Conclusions—Myocardial viral infection is not detectable in relatives of patients with dilated
cardiomyopathy who are suspected of having early disease. There is no evidence that viruses act
as a trigger factor for initiating the dilated cardiomyopathy in these patients.
(Heart 2001;86:687–692)
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Dilated cardiomyopathy has an annual inci-
dence of 5–8/100 000 and a prevalence of
40/100 000.1 It accounts for up to 50% of indi-
cations for heart transplantation. At the time of
diagnosis, the disease is often advanced, with
up to 90% of patients being in New York Heart
Association (NYHA) class III/IV heart failure.2

Partly because of this, the pathogenesis is
poorly understood. There has been much
interest in viruses as possible causative agents
in dilated cardiomyopathy, especially enterovi-
ruses and more recently adenoviruses.3–19

The mechanism whereby a common viral
infection might cause cardiac disease in a select
population is unknown. Studies in mice have
shown that not all strains of coxsackie viruses
are cardiovirulent.20 Alternatively, host factors
may determine susceptibility, as shown by the
variable susceptibility of specific murine
strains.21 In prospective studies in man it has
been found that dilated cardiomyopathy may
be familial in up to 50% of cases. While various
mutations involving cytoskeletal or nuclear
envelope proteins have been identified as being
aetiological, in the majority of cases the cause
remains unknown and viral infection in geneti-
cally predisposed individuals cannot be ex-
cluded. Furthermore, there is evidence of
inflammatory mechanisms in the pathogenesis
of familial disease, including an HLA associ-
ation22 and the presence of circulating organ
and disease specific cardiac antibodies.23

If infection initiates disease, the timing of the
investigation may be critical, as ongoing
damage may not depend on the persistence of
virus. However, early investigation is often not

feasible, especially when the condition is
advanced at the time of presentation. Prospec-
tive family studies in which asymptomatic rela-
tives are evaluated provide a unique oppor-
tunity to study early disease. In such studies
10% of relatives are found to have left
ventricular enlargement, defined as a left
ventricular diastolic diameter of more than
112% of that predicted for age and body
surface area by Henry’s formula,24 with pre-
served systolic function. The hypothesis that
left ventricular enlargement may represent an
early stage of dilated cardiomyopathy was
borne out by a follow up study by Baig and
colleagues,25 in which 30% of these patients
developed symptomatic dilated cardiomyopa-
thy over a three year period. If viral infection
causes familial dilated cardiomyopathy through
a mechanism of genetic predisposition, this
should be detectable in relatives with left
ventricular enlargement.

Our aim in this study was to determine
whether enteroviral, adenoviral, and human
cytomegalovirus infection initiates dilated car-
diomyopathy in genetically predisposed indi-
viduals and whether these agents persist to the
time of transplantation.

Methods
PATIENTS STUDIED

Early disease
We studied right ventricular biopsies from 19
patients with left ventricular enlargement who
had a family member with dilated cardiomy-
opathy.26 Evaluation of asymptomatic relatives
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was done with local ethics committee approval
and has been described in detail elsewhere.25

Left ventricular enlargement was defined as
an unexplained left ventricular end diastolic
dimension (LVEDD) of more than 112% of
predicted values in the presence of a shortening
fraction of more than 25%. Predicted left ven-
tricular end diastolic dimension (LVEDDc)
was calculated using Henry’s formula24:
LVEDDc = [45.3 × BSA0.3]− [0.03Age] − 7.2,
where BSA = body surface area (m2) and age is
in years. The measured LVEDD was then
expressed as a percentage according to the
ratio: LVEDD% = LVEDD/LVEDDc.

Exclusion criteria were the same as for the
patients with dilated cardiomyopathy. Progno-
sis varied between the families. None of these
19 patients came from families in which
premature conduction disease, clinical skeletal
myopathy, non-compaction, or sensory neural
deafness was a recognised manifestation of the
phenotype. The genetic aetiology was un-
known in these patients.

End stage dilated cardiomyopathy
Explanted hearts from 24 patients with end
stage dilated cardiomyopathy—21 with ischae-
mic heart disease, two with valvar disease, one
with hypertrophic cardiomyopathy, and one
with restrictive cardiomyopathy—were studied
for the presence of viral nucleic acids. Dilated
cardiomyopathy was defined according to World
Health Organization criteria,26 excluding pa-
tients with coronary artery disease, hyper-
tension, valvar heart disease, or a regular alcohol
intake of more than 21 units/week in men and
more than 14 units/week in women.

The hearts were obtained from consecutive
transplants performed over a period of three
years. Pedigree information was not available in
these patients. The inclusion of the end stage
dilated cardiomyopathy explants in this study
served to broaden the message of the presence
or absence of viral infection in both early and
late stages of the disease. We only included
hearts collected immediately after transplanta-
tion and we did not use any hearts that had
been investigated before.7

Patients with myocarditis
Two cases of coxsackie virus B3 (CVB3)
culture positive myocarditis—a 10 day old
infant and a 6 month old infant—who had died
of myocardial dysfunction were included as
positive controls.

PROCEDURES

Myocardial biopsy
A programme to perform endomyocardial bi-
opsy as part of the evaluation of relatives with
left ventricular enlargement received local ethics
committee approval. Following informed con-
sent, patients and relatives had a fluoroscopically
guided right ventricular biopsy through the right
internal jugular vein. For polymerase chain
reaction (PCR) studies, the tissue obtained was
snap frozen immediately in liquid nitrogen.
Specimens for histological analysis were stored
in formalin or snap frozen in OCT (Merck,
Leicester, UK) in a cryo mould.

Immunohistochemistry
Cryostat sections (4 µm) were first fixed in
acetone and then incubated with mouse
monoclonal antibodies to CD3. AYnity puri-
fied biotinylated goat antibodies to mouse
immunoglobulin G (Southern Biotechnology,
Birmingham, Alabama, USA) were then ap-
plied, followed by fluorescein isothiocyanate
conjugated streptavidin. A nuclear stain (propi-
deum iodide) was added. The number of CD3
positive cells present in the tissue per unit area
was counted with a Zeiss Aioplan photomicro-
scope with ultraviolet epi-illuminator. For
biopsies, the whole of the tissue area was
counted. For samples taken from explanted
hearts, randomly selected fields (square mi-
crons in area) were counted until a stable
number of CD3 positive cells per field was
obtained.

Extraction of nucleic acids and PCR
amplification
Using sterile cutting equipment, 2–3 mm2

samples were cut from the left ventricle and the
septum of explanted hearts immediately after
transplantation and frozen at −80°C. Tissue
obtained from suspected cases of myocarditis
was processed in a separate facility. To extract
RNA, the frozen samples were homogenised on
ice in Trizol (Gibco-BRL, Paisley, UK) using
RNAse-free disposable pestles, and processed
according to manufacturer’s instructions. RNA
extraction from biopsied material was carried
out using Glassmax RNA isolation kit (Gibco-
BRL). DNAzol (Gibco-BRL) was used for
DNA extraction from cardiac tissue.

Reverse transcription (RT) was carried out
using the superscript-II kit and random
hexamers (Gibco-BRL). After cDNA synthe-
sis, the superscript was inactivated and the
RNA template treated with 1 µl of Escherichia
coli RNAse H. Nested PCR was carried out
using taq polymerase (Gibco-BRL) in a hot
start reaction. A 2 µl sample of product from
the first round of amplification was used as a
template for the nested reaction. The primers
used for PCR detected a wide spectrum of
coxsackie B virus serotypes,9 including B2, B3,
B5, B11, and B30. Primer sequences and the
reaction conditions are shown in table 1. Sam-
ples found positive in the nPCR reaction were
subjected to sequencing using Big Dye Tm
Terminator cycle sequencing kit (PE Applied
Biosystem, Warrington, UK) on ABI PRISM
automated sequencing system. Amplification
of cytomegalovirus and adenovirus sequences
was carried out separately as nested PCR
reactions, using the primers and conditions
described in table 1. The primer sets used for
adenovirus nested PCR27 were specific for 18
diVerent serotypes of the virus, and those used
for cytomegalovirus nested PCR were de-
signed to amplify sequences from the UL83
region of the genome (accession No x17403).

The positive controls used for the enterovi-
rus PCR included RNA extracted from culture
grown CVB3 as well as from CVB3 infected
murine hearts. The latter was a generous gift
from Professor Bernhard Maisch (department
of internal medicine-cardiology, University of
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Marburg, Marburg, Germany), donated as
part of a collaborative international study on
standardisation of enteroviral nucleic acid
detection strategies. A third positive control
used was a dilution of a plasmid (pBlue Script)
containing the complete cDNA sequence for
CVB3. The plasmid was donated by Dr R
Kandolf (department of pathology, University
of Tubingen, Tubingen, Germany) and was
used at dilutions containing 5 and 0.5 copy
numbers of viral nucleic acid per reaction tube.
Positive controls were the AD169 strain of
cytomegalovirus and adenovirus dl309, cul-
tured in human embryo lung fibroblasts
(HELF). Amplification of the recombinant
ppUL83 gene of cytomegalovirus from
pMV100 vector construct at 100 and 10 gene
copies per reaction, and of the adenovirus vec-
tor pJM1728 at 10 and 5 gene copies per
reaction was also done. All positive samples
were handled in a separate laboratory, but
amplified alongside the human hearts in the
same thermocycler.

Negative controls included RNA and DNA
extracted from uninfected HELF, as well as
murine hearts and reaction tubes containing no
nucleic acids. The myoglobin gene was used as
the housekeeping gene to assess the success of
the nucleic acid extraction and reverse tran-
scription. Primers used for amplification were
derived from exons 1 and 3 of the gene.29

Results
The mean (SD) age of asymptomatic relatives
undergoing biopsy was 29.7 (13.7) years.
Eleven were male and eight female. Twelve of
the relatives were from 10 families that fulfilled
WHO criteria for familial disease, and seven
were non-familial by these criteria. Left
ventricular end diastolic dimension was 62

(2.8) mm, representing 117.5 (4.4)% of that
predicted by the formula of Henry and
colleagues,25 and fractional shortening was
31.1 (4.9)%. Histopathological examination of
the biopsy samples showed features consistent
with dilated cardiomyopathy in five cases. With
less than 14 CD3 positive cells/mm2 tissue,
there was no evidence of myocarditis in any of
the familial samples examined.

We studied 49 patients who received heart
transplants at St George’s Hospital: 24 cases of
dilated cardiomyopathy, 21 of ischaemic heart
disease, two of valvar disease, one with restric-
tive cardiomyopathy, and one with hyper-
trophic cardiomyopathy. The mean (SD) age of
the patients with dilated cardiomyopathy was
41.2 (8.1) years, and of the controls, 50.1 (5.7)
years. There were no diVerences between
patients and controls with respect to NYHA
class (median 3), left ventricular end diastolic
dimension (71 mm v 73 mm), or fractional
shortening (12.2% v 12.4%). There was no
evidence of myocarditis in any of the dilated
cardiomyopathy samples examined.

Nested enteroviral RT-PCR was performed
on left ventricular and septal tissue obtained
from the explanted hearts and on 19 biopsies
obtained from patients with familial early
dilated cardiomyopathy. None of the samples
was found to carry viral sequences (fig 1A).
Sequences consistent with the presence of
CVB3 were identified in neonatal heart tissues
obtained from two cases of culture positive,
enterovirus associated deaths. In all 98 explant
samples and 19 biopsies studied, a positive
myoglobin RT-PCR confirmed the presence of
intact RNA and verified that successful reverse
transcriptions had taken place (fig 1B).

As the abundance of the myoglobin gene is
very high compared with the lower copy

Table 1 Primer sequences and reaction conditions used for amplification of viral and myoglobin sequences (Y = C + T)

Sequence amplified Primer sequence Annealing temp MgCl2 (mM) No of cycles Amplicon (bp)

Enterovirus 5' UTR First round PCR 50°C 2.0 30 228
Nucleotide positions 417–645
5'-GGTGYGAAGAGYCTAYTGAG
5'-CACYGGATGGCYATTCCA

Nested reaction 52°C 1.8 25 146
Nucleotide positions 456–602
5'-CCCCTGAATGCGGCTAAT
5'-ATTGTCACCATAAGCAGCCA

HCMV UL83 region First round PCR 57°C 1.5 40 449
Nucleotide positions 120032–120489
5'-TCTCGCGTATGGCTTG
5'-GTCAGCGTTCGTGTTTCC

Nested reaction 55°C 1.5 30 233
Nucleotide positions 120144–120377
5'-TGAGGTAAAAGCCACATCCAG
5'-GACCAGTACGTCAAGGTGTAC

Adenovirus hexon region First round PCR 60°C 2.0 40 300
Nucleotide positions 18858–19158
5'-GCCGCAGTGGTCTTACATGCACATC
5'-CAGCACGCCGCGGATGTCAAAGT

Nested reaction 60°C 2.0 30 142
Nucleotide positions 18937–19079
5'-GCCACCGAGACGTACTTCAGCCTG
5'-TTGTACGAGTACGCGGTATCCTCGCGGTC

Myoglobin exons 1 and 3 Amplification from DNA 55°C 1.5 35 439
5'-AACATGACAGGTCCTCTTGG
5'-CATGGCGCAGTCTGAA

Amplification from cDNA 55°C 1.5 40 299
5'TTGGCAGGAAGTCCTCATCA
5'-AGCTCCAGGGCCTTGTTCAT

bp, base pair; HCMV UL83, human cytomegalovirus unique long; PCR, polymerase chain reaction.
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numbers of viral nucleic acids that may be
present in cardiac tissue, the sensitivity of the
nested RT-PCR was tested with selected
positive controls. This was done to ensure that
the negative findings were not caused by low
detection sensitivities. Routine controls in-
cluded cell culture grown CVB3 as well as an
infected murine heart. These were tested at
limiting dilutions such that positive findings
were only obtained after a nested reaction (fig
1A). In addition, a plasmid construct contain-
ing CVB3 cDNA at 5 and 0.5 copy numbers
per reaction tube was included as control. The
sample containing 5 copies of CVB3 cDNA was
consistently positive but that with 0.5 copies
produced sporadic positives. Detection of such
low copy numbers of the plasmid also con-
firmed that treatment of cDNA samples with
RNAse H following complementary strand
synthesis did not aVect the sensitivity of the
PCR reactions. Negative control samples in-
cluded uninfected mouse hearts processed
alongside the human tissue. To check for
contamination of the reagents and compliance
with clean procedures, negative controls con-
taining water instead of RNA were also
included in each run. The assays were consist-
ently sensitive and no contamination occurred
during the period of this study.

DNA samples obtained from the explanted
hearts and early dilated cardiomyopathy biop-
sies were tested in nPCR for the presence of
adenoviral and cytomegalovirus sequences.
Multiplex procedures were avoided. No viral
nucleic acids were detected in the 117 samples
analysed (fig 2A). The presence of intact DNA
was confirmed by successful amplification of
the myoglobin gene in all the samples tested
(fig 2C). Positive controls included cell culture
grown virus used at dilutions such that positive
signals were only seen after the second round of
amplification. To assess the sensitivity of the
cytomegalovirus nPCR, we used a plasmid
(pMV100) constructed in our laboratories,
carrying the coding sequence for the ppUL83

protein of cytomegalovirus.27 Ten copies of the
plasmid construct were consistently detectable
when used as a spike in nRCR assays (fig 2B).
An adenovirus plasmid vector, pJM17,28 was
used as spike to assess sensitivity of the adeno-
virus nPCR. Dilutions of the construct were
tested and found to be consistently reactive at 5
copies per reaction (fig 2A).

Discussion
Our aim in this study was to investigate viruses
as trigger mechanisms for initiating dilated
cardiomyopathy in predisposed individuals,
and to look for the sustained presence of these
agents in late disease. No evidence was found
that patients harboured enteroviral, adenoviral,
or cytomegaloviral nucleic acids in the myocar-
dium at either early or late stages of the disease.
The studies performed allowed repeatable
amplification of small copy numbers of viral
RNA or DNA, ensuring consistent sensitivity
of the assays.

Prospective cardiovascular evaluation of over
700 asymptomatic first degree relatives from
over 180 families at our institution has shown
asymptomatic left ventricular enlargement in
approximately 15% of cases. A significant pro-
portion of these progress to overt dilated
cardiomyopathy during follow up. As suscepti-
bility to cardiotropic viral infection and subse-
quent immunological responses may be geneti-
cally determined, this provided a unique

Figure 1 (A) Nested enteroviral reverse transcription
polymerase chain reaction (PCR), performed on left
ventricular and septal tissue obtained from explanted hearts
and biopsies taken from patients with familial early dilated
cardiomyopathy. Representative data are shown in lanes 9
to 14. Other lanes are: culture grown coxsackie virus B3
(CVB3; lane 2), CVB3 infected mouse heart (lane 3), 5
and 0.5 copies of pBlue script plasmid carrying CVB3
cDNA (lanes 4 and 5, respectively), and CVB3 infected
human hearts (lanes 15 and 16); molecular weight markers
are shown in the first and last lanes; reagent contamination
controls from first and second rounds of PCR amplification
are shown in lanes 7 and 8, respectively; an uninfected
mouse heart used as negative control is shown in lane 6.
(B) Amplification of the myoglobin housekeeping gene
following reverse transcription. The order of samples as for
panel (A).

146

Enterovirus

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16A

299

Myoglobin cDNA

B

Figure 2 (A) Nested polymerase chain reaction (PCR)
amplification of adenovirus, performed on left ventricular
and septal tissue obtained from explanted hearts and
biopsies taken from patients with familial early dilated
cardiomyopathy. Representative data are shown in lanes
8–13. Other lanes are: molecular weight markers in the first
and last lanes; culture grown adenovirus (lane 2), 10 and 5
copies of plasmid pJM17 carrying adenovirus sequences
used for sensitivity assessments (lanes 3 and 4,
respectively), uninfected mouse heart (lane 5), reagent
contamination controls for first and second round of PCR
amplification (lanes 6 and 7, respectively). (B) Nested
PCR amplification of human cytomegalovirus (HCMV).
The order of presentation of samples is as for panel (A).
Culture grown HCMV is shown in lane 2. The sensitivity
controls used were 100 and 10 copies of the plasmid
pMV100 carrying HCMV sequences (lanes 3 and 4,
respectively). (C) Amplification of the myoglobin gene from
DNA. Cardiac samples are shown in wells 8 to 13.
Adenovirus and HCMV cell cultures are shown in wells 2
and 3, respectively. Uninfected murine heart is shown in
well 6 and the reagent negative control in well 7. No
samples were loaded in wells 4 and 5.

142

Adenovirus

1 2 3 4 5 6 7 8 9 10 11 12 13A

233

HCMV

B

439

Myoglobin DNA

C
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opportunity to study the relevance of infection
in early disease. Immunohistochemical investi-
gations in patients identified as having familial
predilated cardiomyopathy were consistent
with the presence of low grade inflammation.
However, no viral nucleic acids were found in
the myocardium. In addition, no data were
available suggesting that any of these patients
had, in the past, experienced an infection that
might have triggered the myocardial inflamma-
tion. As with all infection related cases, the
study would have been more informative if
patients with end stage disease had been com-
pared with their immediate relatives, but this is
diYcult to justify on ethical grounds.

The mechanisms whereby viruses, and in
particular enteroviruses, may cause myocyte
damage leading to dilated cardiomyopathy
have been investigated,30–32 but there is disa-
greement about the chronic presence of viral
nucleic acids in the myocardium.

In meta-analyses of the reported cases,
excluding studies without controls, enteroviral
RNA in dilated cardiomyopathy was found in
12 studies,12 13 17 and adenoviral DNA in one.14

Among negative studies, in nine there were
either no enteroviruses or equal proportions of
cases and controls were infected.11 15 17 Where
sequence analysis has been carried out, one
group found that amplification products from
all patients carried the same sequence,33 while
others found that individual patients carried
unique sequences.11–13 18 Such sequence com-
parisons have been verified as reliable means
for ruling out contamination with laboratory
control viruses.18 However, there is a possi-
bility, albeit small, that in laboratories working
with multiple variants of enteroviruses, con-
taminants may be genotypically diVerent.

Negative studies have traditionally relied on
the amplification of a housekeeping gene for
control. This strategy does not exclude low
sensitivity of PCR reactions. Consistent ampli-
fication of small copy numbers of viral nucleic
acids in the present study confirms the
sensitivity of the assays and validates the nega-
tive findings. This is in agreement with the data
reported by Muir and colleagues,9 who found
no association between enteroviruses and end
stage dilated cardiomyopathy using an assay
with a detection sensitivity of 10–100 copy
numbers of viral RNA. Despite such sensitivi-
ties, consideration must be given to sampling
errors that may occur. If the infected region of
the heart is limited to a small area, large num-
bers of samples may need to be analysed to
verify negative results.

In addition to technical diYculties, clinical
considerations may influence results. A major
determinant of whether viral persistence can be
detected may be the time in the course of the
disease at which the investigation is performed.
In animal models of viral myocarditis, virus
becomes progressively less detectable as disease
advances.34 In man, Why and colleagues found
that virus positive cases of dilated cardiomyopa-
thy were of shorter disease duration than
negative ones.19 This may partly explain the dis-
crepancy between this study of explanted hearts
in end stage dilated cardiomyopathy and work

published by others showing the presence of
adenoviral and enteroviral genome in individu-
als undergoing biopsy following a diagnosis of
idiopathic left ventricular dysfunction.14

CONCLUSIONS

Using highly sensitive PCR procedures, no
viral nucleic acids were detected in patients
with either early or end stage dilated cardiomy-
opathy. Although the results obtained from this
study may suggest that viruses do not play a
pathological role in the initiation of disease in
predisposed individuals with familial dilated
cardiomyopathy, the hypothesis of a minor role
of viral infection in chronic idiopathic and
familial dilated cardiomyopathy may not be
completely ruled out.

British Heart Foundation grant CH/92013 supported this work.
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IMAGES IN CARDIOLOGY

Post-infarction left ventricular pseudoaneurysm in
a patient with Kawasaki’s disease

The patient was a fit 14 year old boy with no
known previous medical illness. He developed
chest pains and shortness of breath while play-
ing soccer but only sought treatment 18 hours
later. His ECG showed Q waves in the
anteroseptal leads with ST segment depres-
sions in the lateral leads. Auscultation of the
precordium revealed a pansystolic murmur. He
subsequently underwent coronary angio-
graphy, which showed a large aneurysm of the
proximal left anterior descending coronary
artery (LAD) with TIMI 0 antegrade flow
(below). There were multiple saccular aneu-
rysms over the proximal and distal right coron-
ary artery (top right). Left ventriculography
showed a hypokinetic anterolateral wall with a
large left ventricular pseudoaneurysm (bottom
right). The patient underwent successful
coronary artery bypass surgery with a left

internal mammary artery to the LAD and the
pseudoaneurysm was excised and repaired.
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