
Heart 1996;76:243-249

Serological and molecular evidence of enterovirus
infection in patients with end-stage dilated
cardiomyopathy

P Muir, F Nicholson, S J Illavia, T S McNeil, J F Ajetunmobi, H Dunn, W G Starkey,
K N Reetoo, N R B Cary, J Parameshwar, J E Banatvala

Department of
Virology, Division of
Microbiology, United
Medical and Dental
Schools of Guy's and
St Thomas' Hospitals,
London
P Muir
F Nicholson
S J Illavia
T S McNeil
J F Ajetunmobi
H Dunn
W G Starkey
K N Reetoo
J E Banatvala
Department of
Histopathology,
Papworth Hospital,
Papworth Everard,
Cambridge
N R B Cary
Transplant Unit,
Papworth Hospital,
Papworth Everard,
Cambridge
J Parameshwar
Correspondence to:
Dr P Muir, Department of
Virology, United Medical
and Dental Schools of Guy's
and St Thomas' Hospitals,
Lambeth Palace Road,
London SEI 7EH.

Accepted for publication
22 April 1996

Abstract
Objective-To study the relative diagnos-
tic value of enterovirus-specific molecu-
lar biological and serological assays in
patients with end-stage dilated cardiomy-
opathy, and to investigate the possible
role of other cardiotropic viruses in
dilated cardiomyopathy.
Design-Analysis of recipient myocardial
tissue and serum from patients with
dilated cardiomyopathy and controls
undergoing cardiac transplantation for
end-stage cardiac disease.
Setting-University virology department
and transplantation unit.
Methods-Reverse transcriptase-poly-
merase chain reaction and nucleotide
sequence analysis ofmyocardial RNA and
DNA; enterovirus-specific in situ hybridi-
sation; enterovirus-specific immunoglob-
ulinM detection.
Results-Enterovirus RNA was detected
in myocardial tissue from only a small
proportion of (five of 75) hearts. However,
although enterovirus-specific immuno-
globulin M responses were detected in 22
(28%) of 39 controls patients, a signifi-
cantly higher prevalence was observed
among patients with dilated cardiomy-
opathy (22 (56%) of 39 patients;
P < 0.005). All enteroviruses detected in
myocardium showed greatest nucleotide
sequence homology with coxsackievirus
type B3. Detection of enterovirus RNA
in myocardium by the polymerase chain
reaction and by in situ hybridisation
gave comparable results. Other poten-
tially cardiotropic virus genomes,
including human cytomegalovirus,
influenzaviruses, and coronaviruses were
not detected in myocardium.
Conclusion-This study found that
enterovirus-specific immunoglobulin M
responses provided the strongest evidence
of enterovirus involvement in patients
with end-stage dilated cardiomyopathy.
However, the high background prevalence
of these responses limits their diagnostic
value. The finding that enteroviruses
detected in myocardium were coxsack-
ievirus type B3 accords with recent find-
ings in patients with acute myocarditis,
and indicates that this serotype is the
major cardiotropic human enterovirus.

(Heart 1996;76:243-249)
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Although it is now well established that
enteroviruses, particularly group B coxsack-
ieviruses, are the commonest viral cause of
acute myocarditis,' their role in dilated car-
diomyopathy is controversial. Serological
studies showed that, compared with controls,
patients with dilated cardiomyopathy had sig-
nificantly higher enterovirus neutralising anti-
body titres than controls,2 and a higher
incidence of enterovirus-specific immunoglob-
ulin M responses34 which persisted for many
months or years in some patients,3 suggesting
a persisting antigenic stimulus.

Although infectious virus or viral antigens
cannot be detected in the myocardium of
patients with dilated cardiomyopathy, molecu-
lar biological techniques have been used suc-
cessfully to detect enterovirus RNA in such
tissue. In studies using RNA hybridisation,
enterovirus RNA was found in biopsies from
30-41% of patients with dilated cardiomyopa-
thy and in explanted recipient myocardium
from 16-29% of patients with end-stage
dilated cardiomyopathy undergoing cardiac
transplantation, but only rarely in control or
comparison group patients.7 The results of
some studies employing reverse transcription-
polymerase chain reaction (PCR) support this
association8-'0 whereas others do not, either
failing to detect enterovirus RNA in patients
with dilated cardiomyopathy, or finding
enterovirus RNA in similar proportions of
patients and controls (reviewed by Muir'1).

These investigations, however, used a wide
range of techniques, often of undefined sensi-
tivity and specificity, which measure different
biological indices of enterovirus infection. In
addition, the classification and stage of dilated
cardiomyopathy in the study population may
have been variable, and control or comparison
groups were selected from different clinical
categories. The extent to which these factors
are responsible for discrepancies in the
observed association between enterovirus
infection and dilated cardiomyopathy is
unknown. Furthermore few studies used a
range of different molecular biological and
serological investigations to study the same
patients and controls.
We therefore studied a single group of

patients with dilated cardiomyopathy and
patients with other cardiological disease serv-
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ing as controls, using enterovirus-specific
immunoglobulin M serology, reverse tran-
scriptase-PCR, and in situ hybridisation assays
to determine the relative diagnostic value of
these assays in patients with dilated cardiomy-
opathy. Where enteroviruses were detected by
reverse transcriptase-PCR, we determined the
nucleotide sequence of representative PCR
products derived from three non-overlapping
regions of the viral genome in order to identify
the enterovirus serotype detected and to
exclude cross contamination with viral RNA
or complementary DNA from other clinical
samples, PCR reactions, or laboratory-propa-
gated enterovirus strains or complementary
DNA clones.
The primary site of enterovirus replication

is the mucosal tissue of the gastrointestinal
tract, and acute infection is frequently accom-
panied by viral shedding in throat secretions
and stools. Because we previously showed that
a high proportion of patients with dilated car-
diomyopathy had persistent enterovirus-spe-
cific immunoglobulin A responses,' we also
attempted to determine whether enteroviruses
persisted in intestinal mucosal tissue by exam-
ining stools for the presence of infectious
enteroviruses and enteroviral RNA.

Because other viruses may also induce acute
myocarditis, we also examined by PCR a num-
ber of heart samples for the presence of other
potentially cardiotropic viruses such as human
cytomegalovirus,"2 influenzaviruses,"3 and
human coronaviruses."415

Patients and methods
PATIENTS AND SPECIMENS
Patients with end-stage cardiac or respiratory
failure undergoing heart or combined heart/
lung transplantation at Papworth Hospital
were included in the study. Serum was col-
lected at the time of transplantation from 118
patients. The cause of heart failure was gener-
ally already established at the time of trans-
plantation, and was confirmed by pathological
examination of the excised heart and/or lung.
Dilated cardiomyopathy was diagnosed in
accordance with WHO/ISFC criteria'6 in 39
patients (33%). The remaining 79 (67%) had
other myocardial or pulmonary disease,
including ischaemic heart disease (55
patients), cystic fibrosis (seven patients),
Eisenmenger's complex (three patients), pri-
mary pulmonary hypertension (six patients),
and other heart-lung disease (eight patients).
Portions of excised recipient ventricular
myocardium from 75 patients were snap-
frozen in liquid nitrogen in theatre, and stored
at - 70°C for PCR studies. Twenty four of
these patients had dilated cardiomyopathy,
and 51 had other diseases. Specimens of for-
malin-fixed paraffin-embedded myocardium
from 22 patients (10 with dilated cardiomy-
opathy) were studied by in situ hybridisation.
Stools were collected from an additional 44
transplant candidates attending the
Transplantation Outpatient Clinic, Papworth
Hospital before transplantation, and sera were
collected from 38 of these patients.

ENTEROVIRUS-SPECIFIC IGM SEROLOGY
Enterovirus-specific immunoglobulin M was
detected in serum samples by immunoglobulin
M-capture enzyme-linked immunosorbent
assay (ELISA) using antigens prepared from
coxsackievirus types B1-5 as described previ-
ously.' This assay detects immunoglobulin M
responses induced by group B coxsackievirus
and by other enterovirus infections.

VIRUSES
Coxsackievirus type B3, Nancy strain, was a
gift from R Kandolf, Tubingen, and was prop-
agated and titrated in Vero cells. Cyto-
megalovirus strain Adi 69 and nine clinical
isolates of influenzavirus A were obtained from
the Virus Diagnostic Laboratory within this
department. Influenzavirus types B and C and
human coronaviruses types 229E and OC43
were obtained from the American Types and
Cultures Collection. These virus stocks were
used as positive controls for PCR assays.

PRIMERS
Polymerase chain reaction primers for ampli-
fication of two distinct regions of the 5' non-
translated region and part of the viral
polypeptide-2 capsid-coding region of the
enterovirus genome have been described pre-
viously. 17-19 Primers for amplification of
cytomegalovirus DNA were described by
Darlington et al.20 Primers for amplification of
influenzavirus RNA were designed to amplify
regions of the non-structural gene segment of
influenzavirus types A, B, and C, which are
conserved between strains within each
serotype. Primers were designed using pub-
lished virus gene sequences. Primers for
detection of influenzavirus types A and B were
used in a single multiplex PCR. Primers for
detection of human coronaviruses were
designed to amplify part of the 3' non-trans-
lated region of the nucleocapsid gene, which
is common to all viral mRNA species as well
as viral genomic RNA, based on published
nucleocapsid gene sequences of human coro-
navirus strains 229E and OC43, and were
also used in a single multiplex PCR. All
primers used are shown in table 1. Optimal
primer sequences were predicted using
OLIGO 4 0 (National Biosciences). Primers
were synthesised by R & D Systems (Europe)
or Pharmacia Biotech.

POLYMERASE CHAIN REACTION ASSAYS
Total RNA was extracted from 100 Ml of virus
stock or stool filtrate, or from about 100 mg
portions of cryopreserved myocardium using
RNAzol B (Cinna Biotecx, Houston, Texas)
as described previously,'7 and tested for the
presence of enterovirus, influenzavirus, and
human coronavirus RNA by reverse transcrip-
tase-PCR. Nested and semi-nested reverse
transcriptase-PCR assays for detection of
enterovirus RNA have been described previ-
ously.'8'9 All myocardial samples were exam-
ined using both primer sets which amplify
regions of the 5' non-translated region of the
enterovirus genome. Those in which
enterovirus RNA was detected by one or both
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Table 1 Primers for polymerase chain reaction amplification of viral nucleic acid

Nucleotide
positions Nucleotide
of target Primer positions

Target sequence sequence* designation Primer sequence (5' to 3)t ofprimer

Enterovirus 5'NTR 417-645 EVUI GGTGYGAAGAGYCTAYTGAG 417-436
EVD1 CACYGGRTGGCYAATCCA 645-628
EVU2 CCCCTGAATGCGGCTAAT 456-473
EVD2 ATTGTCACCATAAGCAGCCA 602-583

Enterovirus 5'NTR 63-377 EVD3 CAGGCCGCCAACG 375-363
EVU3 CGGTACCTTTGTGCGCCTGT 63-82
EVD4 GGCAGGCCGCCAACG 377-363
EVU5 CCCCGGACTGAGTATC 180-195
EVD5 AGTGCTGAGCGAAACAC 299-283

Enterovirus VP2 1177-1485 EVU6 SCDGGDTGGTGGTGGAA 1177-1190
EVD6 YACYCCCATRCCRGCATT 1485-1467
EVU7 TGGRCARAAYATGCARTAYCACTAC 1225-1249

Cytomegalovirus Ad169 81558-81707 gBl GTCGACGGTGGAGATACTGCTGAGG 81558-81583
gB2 GAGGACAACGAAATCCTGTTGGGCA 81707-81683

Influenzavirus A 130-266 IFAUI GACTTCGCCGAGATCAGA 130-147
nonstructural gene IFADI GGTCATI-l-AAGTGCCTCATC 266-246
Influenzavirus B 274-468 IFBUI GAGAGAAAAGCAATTGGGGTAAA 274-296
nonstructural gene IFBD1 ATCGACA'l--'CCGGCTCTT 468-449
Influenzavirus C 322-572 IFCU1 ACATAGCACCAATTGGGCAAA 322-342
nonstructural gene IFCD1 GGCCACTTGT'TAGCGATGAG 572-552
Human coronavirus 229E 1453-1628 HCV 229EU1 ATGATCCCTTGTI'-GGCTTGA 1453-1463
Nucleocapsid gene 3'NTR HCV 229ED1 CTCTTCCATTGTTGGCTCGTC 1628-1609
Human coronavirus OC43 1544-1773 HCV OC43U1 TGTCGGCATCTGGTGGTAA 1544-1742
Nucleocapsid gene 3'NTR HCV OC43D1 ACTGGGTGGTAACTTAACATG 1773-1752

*Nucleotide base positions based on those of published sequences (see text).
tRedundant base codes: Y = C or T; R = A or G; S = C or G; D = A, G or T.
NTR, non-translated region; VP, viral polypeptide.

of these primer sets were examined further
using primers to amplify part of the viral
polypeptide-2 capsid-coding region of the
genome. Reverse transcriptase-PCR assays for
detection of influenzavirus and human coron-

avirus RNA employed the same reagents and
methods, but used annealing temperatures,
cycle numbers, and magnesium ion concentra-
tions optimised for each primer pair as shown
in table 2. Both upstream and downstream
primers were included in reverse transcription
reactions for influenzavirus PCR assays to
allow detection ofboth viral genomic and mes-
sage sense RNA. Total DNA was extracted
from about 100 mg portions of myocardium
and tested for the presence of cytomegalovirus
DNA by PCR as described elsewhere.20
Enterovirus RNA was extracted from stool
samples and analysed by reverse transcriptase-

PCR using primers EVU2 and EVD2 (table 1)
followed by Southern blot hybridisation as

described previously.'7 Precautions were

adopted to avoid false positive results caused
by PCR contamination, as described previ-
ously.'7

SOUTHERN BLOT HYBRIDISATION
Southern blot hybridisation was used to con-

firm the identity of cytomegalovirus, influen-
zavirus, and human coronavirus PCR
products. Southern blotting was performed as

described previously,'7 and hybridisation was

performed using digoxygenin-1 1-deoxy-uri-
dine triphosphate-labelled PCR products
derived from reference virus strains as hybridi-
sation probes and a digoxygenin detection kit
(Boehringer Mannheim) according to the
manufacturer's protocol.

Table 2 Primers and polymerase chain reaction amplification conditions for detection ofviral nucleic acids

First PCR NestedPCR

Reverse Primers MgC12 Annealing Ptimers MgCl2 Annealing
transcription (size of concen- tempera- Cycle (size of concen- tempera- Cycle

Target primer product) tration ture number product) tration ture number

Enterovirus
5NTR EVU1 and EVD1 2-0mM 50 C 30 EVD2 and 1-8 mM 52 C 25
nt 417-645 EVD1 (299 bp) EVD2 (147 bp)
Enterovirus
5NTR EVU3 and EVD4 2-0 mM 58 C 40 EVU5 and 2-4 mM 49 C 15
nt 63-377 EVD3 (315 bp) EVD5 (120 bp)
Enterovirus
VP2 capsid EVU6 and EVD6 2-6mM 55 C 40 EVU7 and 1-4 mM 50 C 15
nt 1177-1485 EVD6 (309 bp) EVD6 (261 bp)
HCMV
glycoprotein - gBl and gB2 2-0 mM 55 C 40 - - - -
B gene (117 bp)
Influenzavirus
A and B IFAU1 and IFADI IFAU1 and
nonstructural IFADl (137 bp) 1-2 mM 51 C 40
genes IFBU1 and IFBDl IFBU1 and

IFBD1 (195 bp)
Influenzavirus C IFCU1 andIFCD1 IFCU1 and 1-2mM 51 C 40 - - - -
nonstructural gene IFCD1 (251 bp)
Human
coronavirus strains 229EU1 and 229ED1 229EU1 and
229EandOC43 229ED1 (176bp) 1-0 mM 51 C 40
nucleocapsid genes OC43U1 and OC43D1 OC43U1 and

OC43D1 (230 bp)

bp, base pairs; mM, millimolar; NTR, non-translated region; VP, viral polypeptide.
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Table 3 Results of virus serology and polymerase chain reaction in patients with dilated cardiomyopathy and controls

Enterovirus PCR
Influenzavinrs Human

Enterovirus- EVUWIDI1 EVD31U31 HCMV A, B and coronavirus 229E
Patient group specific 1gM U21D2 D41U51DS PCR C PCR and OC43 PCR

DCM 23/43 (53-5%) 1/25 (4%) 1/24 (4-2%) 0/9 0/8 0/8
Controls 23/79 (29%) 4/51 (7 8%) 4/51 (7-8%) 0/13 0/14 0/14
P value P < 0-02 NS NS NS NS NS

DCM, dilated cardiomyopathy; IgM, immunoglobulin M; PCR, polymerase chain reaction.

POLYMERASE CHAIN REACTION SENSITIVITY
DETERMINATIONS
The sensitivity of PCR assays was determined
by analysis of limiting dilutions of synthetic
DNA or RNA targets. Cytomegalovirus DNA
PCR targets were generated by PCR amplifica-
tion of cytomegalovirus strain Adi69 DNA
and quantified by ultraviolet spectrophotome-
try. RNA virus PCR targets were obtained by
cloning PCR products derived from amplifica-
tion of RNA prepared from virus stocks into a
transcription vector using the pGEM-T Vector
System II (Promega UK) according to manu-
facturer's protocol. Synthetic RNA transcripts
were generated using T7 or SP6 RNA poly-
merase (Promega UK), treated with DNase to
remove vector DNA, purified by extraction
with RNAzol B, and quantified by ultraviolet
spectrophotometry.

NUCLEOTIDE SEQUENCE ANALYSIS
The nucleotide sequence of biotinylated nested
PCR products generated using primers EVU2
and EVD2 was determined by direct solid-
phase sequencing as described previously.'9
Other enterovirus PCR products to be
sequenced were cloned in pGEM-T vector,
and sequenced using fluorescein-labelled T7 or
SP6 RNA polymerase promoter-specific
sequencing primers with an Autoread sequenc-
ing kit and ALF DNA sequencer (Pharmacia).
Nucleotide sequences were compared with
published sequences of standard enterovirus
strains using DNASIS to determine the
serotypic identity of enteroviruses detected.

IN SITU HYBRIDISATION
Replicate sections of formalin-fixed recipient

myocardium (5 pm thick) were examined for
the presence of enterovirus RNA by in situ
hybridisation using digoxygenin-labelled
enterovirus-specific and control probes as
described previously.'9

VIRUS ISOLATION
Enterovirus isolation from stool samples was
attempted by inoculation of stool filtrate into
Vero, monkey kidney, and human embryo
fibroblast cell cultures, which were observed
for cytopathic effect for two, three, and four
weeks respectively before being regarded as
negative.

Results
ENTEROVIRUS-SPECIFIC IGM RESPONSES
Enterovirus-specific immunoglobulin M was
detected in 22 (56%) of 39 patients with
dilated cardiomyopathy taken at or around
the time of transplantation, but in only 22
(28%) of 79 patients with other diagnoses
(table 3). There was a statistically significant
difference in prevalence of enterovirus-spe-
cific immunoglobulin M between patients
with dilated cardiomyopathy and controls
(P < 0005; X2 with Yates's correction). Most
immunoglobulin M responses were multi-
typic, that is, reactive with antigens derived
from multiple group B coxsackievirus
serotypes. There was no difference in the level
of enterovirus-specific immunoglobulin M as
determined from net optical density values
between immunoglobulin M positive patients
with dilated cardiomyopathy and immuno-
globulin M positive patients with other diag-
noses (not shown).

zvI5------ > < sVD5 ---2
CVB3 ///C/C#CAGOCAATAGA-CTGCTCACGCGGTTGAAGGAGAAAGCGTTCGTTATCCGGCCAACTACTTCGAAAAACCTAGTAACACCGTG-AAGTCGAGCT CC/ /C//

1
2
3 A..G.........
4 ................. ....................G__> ....<--------- M2

CVB3 TA/TCCTAACTGCGGAGCACACACCCCAAGCCAGAGGGCAGTGTGTCGTACGGGCAACTCTGCAGCGGAACCGACTACTTTGGGTGTCCGTGTTTCATTTTATT-AAT/ //////
1 ........ . . . . . . . ....... T .. . . . . . . . . . . . . . . . . . . . .

2
3
4 ............ .. .. . . .. . .. . .. .

IVU7--------------- >

CVB3 C CTAGGCCGAACTGGGT.IACCGATCATGTGCAGTGCARTGCTCTAGTTCCACGGATGCTTGCTAGTAGTGTGTGTAC'GGAAGCTGAGATGGGTTGCGCAACGCTAACA

2
3

................................................G

................................................

......................T.........................TA

< VD6
CVB3 ACACCCCATCCAGTGCAGAATTGCTGGGGGGCGATACGGCAAAAGAGTTTGCGGACAAACCGGTCGCATCCGGG-TCCAACAAGTTGGTACAGAGGGTGGTGTATAAWAK.TGOT

2.GC.
4

Figure 1 Alignment of nucleotide sequences of enterovirus polymerase chain reaction products derivedfrom myocardium offour patients (patients 1-4; see
table 4) with the published coxsackievirus type B3 sequence. Primer recognition sequences are shown in boldface. A dot (.) indicates an identical base to
that of coxsackievirus type B3. A dash (-) indicates a relative deletion.
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L~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~. ..

......detect.as.fe 10.setc.NA

Enterovirus Enterovirus Enterovirus-
Patient Patient group 13CR in situ hybridisation specific IgM

1 Control + + +
2 Control + +
3 Control + ± +
4 DCM +-
5 Control - -+
6 DCM - +
7 DCM --
8 Control --
9 Control - +

10 Control - -

1 1 DCM - - +
12 DCM - - +
13 DCM - - +
14 DCM - + +
15 Control - -

16 Control - - +
17 DCM - -

18 DCM - - +
19 DCM - -

20 Control - +
21 Control --
22 Control --

DCM, dilated cardiomyopathy; IgM, immunoglobulin M; PCR, polymerase chain reaction.

detected by reverse transcriptase-PCR using
primers EVUI/EVD 1 and nested primers
EVU2IEVD2 in myocardium from one
(4-2%) of 24 patients with dilated cardiomy-
opathy, and in four (7-8%) of 51 patients with
other disease (not significant; x2 analysis)
(table 3). There was insufficient material from
one enterovirus-positive sample for further
analysis. A second PCR assay using primers
EVD3/EVU3/EVD4 and nested primers
EVU5/EVD5 was used as a confirmatory
assay to test the remaining 74 samples. There
was 100% concordance between results of
these two assays. The third primer set which
amplifies within the viral polypeptide-2 cap-
sid-coding region also detected enterovirus
RNA in all four samples found positive with
the first two PCR assays. Nucleotide sequence
analysis of PCR products indicated that all
enteroviruses sequences detected were
unique, and therefore extremely unlikely to
represent PCR contamination, but all shared
their greatest genetic homology with coxsack-
ievirus B3 (fig 1). There was no discernible
correlation between detection of enterovirus
RNA and the presence of enterovirus-specific
immunoglobulin M; only two of the five
patients in whom enterovirus RNA was
detected in myocardium had detectable
enterovirus-specific immunoglobulin M
responses at the time of transplantation.
Cytomegalovirus, influenzaviruses, and
human coronaviruses were not detected in
myocardial tissue from patients with dilated
cardiomyopathy or from controls (table 3).

IN SITU HYBRIDISATION
To assess the relation between results of
reverse transcriptase PCR and in situ hybridis-
ation, selected PCR positive and negative and
patients with dilated cardiomyopathy and
controls were studied blind by in situ hybridi-
sation. Enterovirus RNA was detected by in
situ hybridisation in myocardium from two of
10 patients with dilated cardiomyopathy and
five of 12 patients from the comparison
group. The results of enterovirus PCR, in situ
hybridisation, and immunoglobulin M serol-
ogy for these patients is shown in table 4.
Results of in situ hybridisation for patients 6
and 9 are also shown in fig 2. Agreement
between results of enterovirus PCR and in
situ hybridisation was 77%; with a chance
corrected measure of agreement (Kc coeffi-
cient) of 0-74, indicating substantial agree-
ment.2' There was no correlation between
results of in situ hybridisation and patient
group or enterovirus-specific immunoglobulin
M status.

DETECTION OF ENTEROVIRUSES IN STOOL
SAMPLES

ture in stool samples from 44 cardiac trans-
plant candidates or by reverse
transcriptase-PCR in 16 patients. Eighteen of
these patients had dilated cardiomyopathy, of
whom eight (44%) had enterovirus-specific
immunoglobulin M responses. The remaining
26 had other diagnoses, and five (19%) of
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these patients had enterovirus-specific
immunoglobulin M responses.

Discussion
We used a range of serological and molecular
diagnostic techniques to investigate the associa-
tion of enterovirus infection with dilated car-
diomyopathy. Enterovirus RNA was detected
by reverse transcriptase-PCR in myocardium in
only a small proportion of patients in this study
(6 7%), there being no difference between
patients with dilated cardiomyopathy and the
comparison group. However, the most striking
finding was the significant difference in the
prevalence of enterovirus-specific immunoglob-
ulin M responses between patients with dilated
cardiomyopathy and controls at cardiac trans-
plantation. Although this assay provided the
strongest evidence of association, immunoglob-
ulin M responses were detected relatively fre-
quently in controls. This probably reflects the
ubiquity of these viruses, which circulate
among the general population with a wide
range in seasonal prevalence. In addition,
immunoglobulin M responses may frequently
be detectable for six months or longer after
acute infection.22 This limits the utility of
enterovirus-specific immunoglobulin M testing
for the diagnosis of enterovirus-induced heart
disease. There was no correlation between the
presence of enterovirus-specific immunoglobu-
lin M and the presence of enterovirus RNA in
myocardium, indicating that these are indepen-
dent markers of enterovirus infection.
A significantly higher prevalence of

enterovirus-specific immunoglobulin M
responses in patients with dilated cardiomyopa-
thy than in healthy persons has previously been
reported.3 4 We previously showed that
immunoglobulin M responses frequently per-
sisted for many months or years in patients with
dilated cardiomyopathy.3 The mechanism
underlying persistence of enterovirus-specific
immunoglobulin M responses in the absence of
detectable viral antigens in myocardium
remains to be determined. Possible explana-
tions include the persistence of enteroviruses in
a replicative form at other anatomical sites.
Although we examined stools for enteroviruses,
none was detected. Liljeqvist et at2' also failed
to detect enteroviruses in stools by culture after
acidification to dissociate antibody-complexed
virus. While this suggests that enteroviruses do
not persist in the gastrointestinal tract of
patients with dilated cardiomyopathy, examina-
tion of mucosal tissue obtained post mortem
would be helpful in excluding this. Enterovirus
persistence has been reported at other anatomi-
cal sites, and skeletal muscle, lymph nodes, and
leucocytes should also be investigated.
Alternatively, immune responses may persist
beyond clearance of virus infection, as has been
demonstrated in mice experimentally infected
with lymphocytic choriomeningitis virus.24
Ongoing antigenic stimulation may result from
persistence of immune complexes, molecular
mimicry, or the induction of idiotype-anti-idio-
type responses.

Discrepancies in the rates of enterovirus

RNA detection in patients with dilated car-
diomyopathy and controls reported in previ-
ous studies may be due to differences in
patient demography, stage of disease, or a dif-
ference in the sensitivity, specificity, or relia-
bility of detection methods. However, we have
shown that our assays can not only detect a
wide range of enterovirus serotypes in clinical
specimens,'7 18 including myocardial tissue
from patients with acute myocarditis,'9 but
also that our assays are able to detect as few as
10-100 genome copies. The low rate of
enterovirus RNA detection in myocardium of
patients with dilated cardiomyopathy reported
here is therefore unlikely to be due to insensi-
tivity of our PCR assays, and is more likely
due to the fact that, unlike most other studies,
all patients studied here were undergoing
transplantation for end-stage disease, by which
stage enterovirus-infected myocytes may have
been eliminated. A lower enterovirus RNA
detection rate has previously been reported in
patients with end-stage dilated cardiomyopa-
thy than in those with earlier stages of dis-
ease,6 7although in those studies the detection
rate was higher than we found in this study.
Alternatively, enterovirus-induced dilated car-
diomyopathy may have a different clinical
course from other causes of dilated cardiomy-
opathy,2526 and may be under-represented
among those requiring transplantation.
To compare the diagnostic potential of

PCR and in situ hybridisation, we studied
myocardium from selected patients by both
techniques. Although the numbers studied
were small, there was substantial agreement,
indicating that these different detection meth-
ods provide comparable results. Some discrep-
ancies were observed, but this may have been
due to differing assay sensitivity or specificity,
sampling errors resulting from uneven distribu-
tion of virus infected cells in myocardium, or
differences in the integrity ofRNA in cryopre-
served tissue used for PCR and formalin-fixed
paraffin embedded tissue used for in situ
hybridisation.

Nucleotide sequence analysis showed that
viruses detected in myocardium were coxsack-
ievirus type B3, a finding that we and others
have previously reported in patients with
myocarditis and dilated cardiomyopathy.90I9
If the predominance of coxsackievirus type B3
among patients with myocarditis and dilated
cardiomyopathy is confirmed by further study
in larger numbers, this may provide the impe-
tus for development of a coxsackievirus type
B3 vaccine to protect against this commonest
viral agent of myocardial disease. Further
study should therefore focus upon this
enterovirus serotype to elucidate the molecular
basis of cardiotropism and pathogenesis.2728

Although only a few hearts were examined,
cytomegalovirus, influenzavirus, and human
coronavirus genomes were not detected by
PCR in myocardial tissue from either patient
group. These PCR assays were found to be
sensitive in limiting dilution assays, but we
were not able to evaluate the sensitivity and
specificity of these assays for the detection of
viral nucleic acid in myocardial tissue. Our
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negative findings must therefore be interpreted
with caution. Patients at earlier stages of dis-
ease should also be investigated. Other poten-
tially cardiotropic viruses that might also be
considered include the adenoviruses, which
have recently been shown to be an important
cause of acute myocarditis and cardiomyopa-
thy in childhood.29
Our results indicate that it may be difficult

to establish a virological diagnosis in patients
with end-stage dilated cardiomyopathy by the
currently available techniques. Endomyo-
cardial biopsies from patients with recent
onset disease are likely to be more useful.
However, this requires invasive sampling pro-
cedures as well as considerable molecular bio-
logical expertise, and may be subject to
sampling error because of focal distribution of
enterovirus-infected myocytes. More specific
serological assays are therefore desirable. A
coxsackievirus type B3-specific immunoassay
may provide a more specific marker of
enterovirus-induced heart disease.
Our serological results support the accumu-

lated data from numerous studies that used
different molecular and serological techniques.
This suggests that enterovirus infection is
involved in the pathogenesis of dilated car-
diomyopathy. Further study is required to
define the true incidence of enterovirus-
induced dilated cardiomyopathy and to under-
stand its pathogenesis. There is also a need for
further evaluation, standardisation, and qual-
ity assurance of methods for enterovirus diag-
nosis in patients with dilated cardiomyopathy,
particularly PCR methods, which continue to
give rise to conflicting data from different labo-
ratories. This should involve wider use of con-
firmatory assays with alternative primers, and
nucleotide sequencing to confirm PCR speci-
ficity. A commercial enterovirus PCR test
(Roche Diagnostic Systems) which has been
validated for the detection of enterovirus RNA
in cerebrospinal fluid from patients with infec-
tions of the central nervous system30 may
improve standardisation, if its performance on
testing myocardial tissue is found to be satis-
factory.
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