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Abstract

Enteroviruses have been considered to be a possible cause of
idiopathic dilated cardiomyopathy. We used a polymerase
chain reaction methodology for the identification of enteroviral
RNAin an attempt to provide evidence of a role for enterovi-
ruses in the pathogenesis of idiopathic dilated cardiomyopathy.
The methodology was shown to identify a wide variety of entero-
viruses with a sensitivity up to 0.1-1 plaque-forming units/
gram of tissue. 5 of 11 cases (45%) of idiopathic dilated cardio-
myopathy, as well as 9 of 24 cases (38%) of a wide variety of
other cardiac conditions (including normal heart), were posi-
tive for enteroviral nucleic acid sequences; all eight control
cases of breast carcinoma tested were negative. These results
suggest that both the normal and abnormal heart may represent
a site of latent or low-grade persistent enteroviral infection, and
that the mere presence of enteroviral nucleic acid sequences is
not specifically associated with idiopathic dilated cardiomyopa-
thy. (J. Clin. Invest. 1992. 90:156-159.) Key words: polymer-
ase chain reaction * coxsackievirus * thyrology * idiopathic di-
lated cardiomyopathy * enterovirus

Introduction

Idiopathic dilated cardiomyopathy (IDC)' is a pathologic pro-

cess characterized grossly by dilatation of the ventricles and
histologically by marked myocyte hypertrophy with myocytes
containing large bizarre nuclei, extensive interstitial fibrosis,
focal replacement fibrosis, and endocardial thickening ( 1, 2).
It is an end-stage process and, by definition, has no known
etiology. However, many investigators favor the possibility that
IDC most often results as a sequela to acute viral myocarditis,
either caused by persistence of virus or as a result of an autoim-
mune phenomenon secondary to previous exposure to virus.
Evidence in favor of this hypothesis includes the presence of
foci of inflammatory cells in IDC, the difficulty in both the
clinical and pathologic distinction between IDC and acute
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myocarditis, and data obtained from murine models of myo-
carditis (1, 3-7).

Since enteroviruses are thought to be the most common
cause of acute myocarditis, several groups have sought evi-
dence of these viruses in IDC. Two groups have obtained evi-
dence of enterovirus in IDC using slot-blot and in situ hybrid-
ization (8-10). Recently, we and others have examined heart
samples from patients with IDC using PCR(polymerase chain
reaction) ( 1 1, 12). Jin et al. identified enteroviral RNAin 5 of
48 patients with clinically suspected myocarditis or IDC, in-
cluding 3 of 20 patients with congestive or dilated cardiomyopa-
thy (1 1). In our previous study, we were unable to identify
viral sequences in 11 cases of IDC examined ( 12). One possible
explanation for our negative findings is the fact that we used a
combination of primers and probe specific for coxsackievirus
B3, chosen because B3 has been most closely linked to acute
myocarditis ( 13).

Recently, Chapman et al. reported use of a set of PCR
primers and probes from the highly conserved 5 ' nontrans-
lated region of enteroviral RNAthat have been shown to iden-
tify a wide range of enteroviruses ( 14). In the current report,
we have used these oligonucleotides to identify enteroviral
RNAsequences from a wide range of myocardial specimens.

Methods

Case selection. Samples were studied from one animal model, viral-in-
fected cell lysates, and tissues obtained from human hearts. In the ani-
mal model (specimens donated by Charles J. Gauntt, PhD, San An-
tonio, TX), adolescent CD-I mice were killed 3 d after inoculation
with the virus ( 15 ). The hearts were removed, washed in Dulbecco's
PBS, flash frozen in liquid nitrogen, and stored at -20'C until use. The
strain of coxsackievirus B3 inoculated, CVB3m, was derived from the
experimental passage of the Nancy strain by E. D. Kilbourne and J. F.
Woodruff at Cornell University Medical College, NewYork, NY. For
production of infected cell lysates, cultured HeLa cells were challenged
with 100-200 plaque-forming units of echoviruses 2, 4, 6, or 22, or
coxsackieviruses A2 1 or B4.

The human specimens studied consisted of portions of tissue taken
at the time of heart or heart-lung allograft transplantation. The investi-
gation was performed after approval by the HumanSubjects Commit-
tee at Stanford University. The specimens were obtained fresh and
frozen at -20'C until use. There were 11 cases of IDC. The duration of
symptoms were 1 mo, 1 mo, 2 mo, 2 mo, 7 mo, 8 mo, 12 mo, 36 mo, 56
mo, and 168 mo in the 10 cases in which this information was avail-
able. All of the cases had the classic histologic features of IDC outlined
in the introduction; in none of these cases was there significant inflam-
mation to suggest a diagnosis of myocarditis. In addition, there were
nine cases of coronary artery disease, six cases of explanted heart taken
at the time of heart-lung transplantation for lung disease, four cases of
allograft rejection, one case obtained from a presumably normal donor
heart, one case of valvular disease, one case of congenital heart disease,
one case of cardiac hypertrophy, and one case of fibroelastosis. All of
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the human heart specimens had been found to be negative for coxsack-
ievirus B3, using a highly sensitive PCRanalysis specific for that sero-
type, as previously reported (12). In addition, eight specimens from
patients with breast carcinomas and nine specimens from patients with
gastric carcinomas were studied as negative controls.

Oligonucleotides. All oligonucleotides were purchased from
Operon Technologies Inc., Alameda, CA. The oligonucleotides used
for the panenterovirus PCRstudies were the El and E2 primers and E3
probe reported by Chapman et al. (14). They are derived from se-
quences from the highly conserved 5 ' nontranslated region of the en-
terovirus genome. The oligonucleotides used for the control actin stud-
ies were those previously reported by Ben-Ezra et al. ( 16).

PCRprocedures. RNAwas extracted from specimens by standard
methods ( 17). Two micrograms of purified cellular RNAwere con-
verted to single-stranded cDNAusing the El and E2 oligonucleotide,
Moloney-MLV reverse transcriptase (Bethesda Research Laboratories,
Gaithersburg, MD) and reaction conditions as described previously
( 18 ). The methods for the panenterovirus PCRstudies were those pre-
viously reported by Chapman et al. ( 14). At least four "blank" (water
substituted for template) negative controls were included in each run.

After PCRwas performed, 20 zd of the reaction product was run on
an agarose gel. The results of the actin PCRstudies were evaluated by
ultraviolet light illumination of the ethidium bromide-stained gel. The
reaction products from the panenterovirus PCR were analyzed by
Southern blot hybridization using the E3 oligonucleotide probe end
radiolabeled with a[32P]adenosine triphosphate using hybridization
and wash conditions described previously ( 19).

Results

We first sought to verify the sensitivity and specificity of the
panenteroviral PCRprimers and probe. As illustrated in Fig. 1,
PCRperformed using the panenteroviral primers and probe
detected a strong signal at the expected 196 bp in RNAex-
tracted from tissue obtained from the coxsackievirus B3-in-
fected CD-l mouse model. Serial dilution studies revealed an
observable signal down to 106 dilution. Because there were
about 1 X 105 to 1 X 107 plaque-forming units of virus per
gram of tissue in CD-1 murine hearts 3 d after inoculation
(12), these studies establish the sensitivity of the technique at
- 0. 1-10 plaque-forming units of virus per gram of tissue.

To verify the specificity of the technique, PCRanalyses
were performed on RNAextracted from infected cell lysates of
HeLa cells challenged with a variety of enteroviruses, including
echoviruses 2, 4, 6, and 22, and coxsackieviruses A21, B4. As
seen in Fig. 2, all of the virally infected specimens were positive
using the panenteroviral primers, with the exception of echo-
virus 22. These findings are similar to the results of Chapman
et al., who were able to amplify cDNAfrom 41 out of 42 differ-
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Figure 1. Results of
Southern blot hybrid-
ization of the products
of enteroviral PCRin
serial dilution studies of
coxsackievirus B3-in-
fected heart tissue. C is
a water negative control.
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Figure 2. Results of
Southern blot hybrid-
ization of the products
of enteroviral PCRon
six different cell lysates
infected with coxsackie-
virus (CV) B4 and A2 1,
and echovirus (EV) 2,
4, 6, and 22.

ent enterovirus serotypes, with the lone exception being echo-
virus 22, a serotype thought to be atypical of the enteroviral
genomic paradigm ( 14, 20).

1 1 cases of IDC and 24 myocardial specimens with a wide
variety of other diagnoses were studied by PCRusing the pan-
enteroviral primers and probe; all of the specimens were shown
to have adequate amounts of amplifiable RNAby PCRanaly-
ses with actin primers (Fig. 3). Overall, 14 of the 35 specimens
(20%) were positive for enteroviral nucleic acid sequences (Ta-
ble I and Fig. 3). 5 of 11 (44%) of the IDC cases and 9 of 24
(38%) of the other cases were positive. There was no correla-
tion between diagnosis and positivity, as cases of coronary ar-
tery disease, rejection, fibroelastosis, explanted hearts at the
time of heart-lung transplantation for lung disease, and even a
donor heart were positive. In addition, there was no correlation
between diagnosis and intensity of the hybridization signal.
The eight cases of breast carcinoma and nine cases of gastric
carcinoma were all negative for enteroviral nucleic acid se-
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Figure 3. Results of Southern blot hybridization of the products of
enteroviral PCRon 10 cardiac specimens. A composite autoradio-
gram from two separate experiments is shown. Lanes 1-5 represent
cases of IDC. Lanes 6, 7, and 10 are cases of coronary artery disease,
lane 8 is a case of cardiac hypertrophy and lane 9 is a case of an ex-
planted heart taken at the time of heart-lung transplantation for lung
disease. Shown at the bottom of the figure is a picture of an ethidium
bromide-stained gel after electrophoresis of the products of PCRfor
actin RNAperformed on the same cases; all samples show a band at
154 bp, indicating sufficient extracted RNA.
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Table I. Specimens Positivefor Enteroviral NucleicAcid Sequences

Diagnosis

Idiopathic dilated cardiomyopathy
Other diagnoses

Coronary artery disease
Recipient heart taken at time of

heart-lung transplantation for
lung disease

Allograft rejection
Normal donor heart
Valvular disease
Congenital heart disease
Cardiac hypertrophy
Fibroelastosis

Total

5/11 (45%)
9/24 (38%)
3/9 (33%)

3/6 (50%)
1/4 (25%)
1/1 (100%)
0/1 (0%)
0/1 (0%)
0/1 (0%)
1/1 (100%)

14/35 (40%)

quences (data not shown). In addition, the "blank" negative
control samples were always negative.

Discussion

Using PCRmethodology, we have identified enterovirus nu-
cleic acid sequences in 45% of IDC cases. These findings are
similar to the findings in the slot-blot studies and in situ hybrid-
ization studies of Bowles et al., who found virus-specific RNA
sequences in tissue from approximately one-third to 40% of
patients with IDC (8-10). Although it was first believed that
the methodology of Bowles was specific for coxsackievirus B
sequences, it is now generally acknowledged that the studies
using a genomic cDNAprobe derived from the coxsackievirus
B2 genome detect a wide range of enteroviruses because of the
extensive homology between the viruses within the family. Sim-
ilarly, using a PCRmethodology, Jin et al. found evidence of
enterovirus nucleic acid sequences in cardiac tissue from 3 out
of 20 patients with IDC ( 11).

In the current study, we analyzed tissues from 24 patients in
whoma viral infection was considered unlikely, and found a
rate of positivity for enteroviral nucleic acid sequences similar
to that found in IDC. Although Jin's study included few cases
in which myocarditis or IDC had not been clinically suspected
( 11), our findings are in contrast to the previous studies by
Kandolf and Archard, who found a very low incidence of posi-
tivity in controls (8-10). The differences may be caused by
true differences in the incidence rates in the populations stud-
ied, or alternatively, may be caused by the exquisite sensitivity
of PCRas compared to the other techniques. Since some of the
positive results were obtained in patients with known cardiac
muscle abnormalities, it is possible that these abnormalities
may predispose to enterovirus infection. However, positive re-
sults were also obtained in patients who had presumably nor-
mal hearts (e.g., a donor heart). Therefore, it is unlikely that
the mere presence of enterovirus can be equated with disease. It
is possible that an enterovirus causes an initial infection, either
symptomatic or asymptomatic, and then persists in the hearts
of some patients, either in a latent form or as a subclinical
persistent infection. Although latent infection is not a well-re-

cognized characteristic of enteroviruses, the natural history of
enterovirus infection in man is still not completely understood;
PCRtechnology, with its ability to detect extremely low levels
of virus, should aid in elucidating the pathophysiology of these
viruses.

Wecannot rule out the possibility that the enterovirus (or
enteroviruses) identified in the cases of IDC is distinct and
differs in pathogenicity from another enterovirus (or enterovi-
ruses) accounting for the positive signals in the non-IDC cases.
This hypothesis might explain differences in disease manifesta-
tions among the various positive cases. However, the 11 cases
of IDC reported here were previously studied by a sensitive and
specific PCRmethodology for evidence of coxsackievirus B3,
the virus suspected to be the most frequent cause of acute viral
myocarditis, and no evidence of this virus was found in any of
the cases (12). In addition, if this hypothesis is true, one still
might expect the enterovirus positivity rate to be higher in the
IDC group than in the non-IDC cases. Tracy et al. have out-
lined a strategy combining a universal enterovirus primer set
with specific probes and high-criterion hybridization analysis
after amplification to examine the genomic identity of closely
related enteroviruses (12). This approach could specifically
identify the immunotypes of the viruses in the positive cases,
allowing one to determine whether a distinct type of enterovi-
rus is present in the IDC group, as opposed to the other entero-
virus positive cases.

It must also be kept in mind that the cases of IDC studied
here represent end-stage IDC. It would also be of interest to
study acute myocarditis or early stage IDC to determine
whether a higher prevalence of positivity might be found
within these populations. This evidence may still raise the possi-
bility of a specific relationship between enterovirus and IDC.
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