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Objectives . This study was conducted to determine the fre-
quency and significance of Coxsackie B virus-specific immuno-
globulin-M (IgM) in patients with idiopathic dilated cardiosnyop .
athy and compare them with the frequency in both unmatched
and matched control subjects .

Background. The principal evidence supporting a pathoetio-
logic role for Coxsackie B viruses in hurflart dilated cardiomyop-
athy is derived from retrospective serologic studies . These studies
have evaluated patients with end-stage disease and have failed to
recognize the importance of assessing both matched and un-
matched control subjects .

Methods. In this prospective case-control study, we assessed
sera for Coxsackie B virus-specific IgM (serotypes BI to B5) from
114 patients with dilated cardlonayopathy at diagnosis or referral
to our center, 94 healthy unmatched control subjects, 41 healthy
matched control subjects from the same general practitioner and
32 members of the patients' own households .

Results. A higher frequency of positive Coxsackie B virus IgM
was observed in patients with dilated cardiomyopathy than in
unmatched control subjects (33% vs . 5% ; p = 3 x IV). In

Enteroviruses and particularly Coxsackie B viruses are
believed to be important in the pathogenesis of idiopathic
dilated cardiomyopathy (1) . Although there are considerable
experimental data supporting this hypothesis (2-4), the
evidence in humans is controversial (5-7) . The principal
supporting evidence remains the finding of raised titers of
neutralizing antibodies against Coxsackie B virus in patients
with dilated cardiomyopathy compared with control subjects
(8-11) . Enteroviruses are ubiquitous, easily spread from
person to person and by adulthood most people have devel-
oped neutralizing antibodies against a range of different
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patients with dilated cardiomyopathy, the response was mollo-
typic (84%), commonly against serotypes B2 and B5, and was not
associated with any clinical or histologic feature . The frequency of
positive virus-specilic IgM was similar in patients with dilated
cardiomyopathy and their 41 matched community control subjects
(46% vs. 27% ; p = 0 .11) and 32 household contacts (37% vs .
28%; p = 0 .59). Control subjects who tested positive for virus-
specific IgM tended more commonly to be seropositive than did
control seronegative subjects (community control subjects 37%
vs. 18%, p = 032; household contacts 42% vs. 20qq p := 0 .36)
and had an identical serotypic response in 4 (33%) of 12 cases .

Conclusions . The frequency of Coxsackie B virus IgM w2ks
higher in patients with dilated cardiomyopathy than in unmatched
control subjects but was similar in patients and control subjects
who shared the same environment, indicating local spread of
infection . The reason for the association between Coxsackie B
virus IgM and dilated cardiomyopathy and its relevance to
pathogenesis remain to be established .

(I A on Coll Cardiol 1994 ;23:593-8)

enteroviruses (12), making interpretation of these results
problematic . In an attempt to identify recent Coxsackie B
virus infection, Muir et al . (13) assessed Coxsackie B virus-
specific immunoglobulin-M (IgM) and showed that there was
a higher frequency of virus-specific 1gM in patients receiving
a cardiac transplant for end-stage dilated cardiomyopathy
compared with healthy unmatched blood donors (28 [33%] of
86 vs. 10 [129] of 84, respectively, p < 0 .005). The aim of
the present study was to assess the frequency of IgM
antibodies against Coxsackie B virus in a consecutive series
of patients with dilated cardiomyopathy at diagnosis or
presentation to our center and compare this with the fre-
quency in healthy unmatched and matched control subjects
taken from patients' own environment .

Methods
Patients with dilated cardiomyopathy . Serum was avail-

able from 114 patients' with dilated cardiomyopathy (mean
age 44 years, range 12 to 74, 87 male). Sera were obtained
either at the time of diagnosis or when patients were referred
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to our center and were collected in every month of the year
from 1990 to 1992 . The clinical diagnosis of dilated cardio-
myopathy was made according to World Health Organiza-
tion criteria (14) . All patients underwent selective coronary
arteriography and right ventricular endomyocardial biopsy .
Histologic assessment was performed by an experienced
histopathologist (M.J.D.) using the Dallas criteria (15) . Pa-
tients with features of myocarditis on endomyocardial histo-
logic examination were excluded from the study . Classifica-
tion using the New York Heart Association functional class
showed 47 patients were in class 1, 20 in class 11, 32 in class
HI and 15 in class IV . Patients had been symptomatic for
35 ± 46 months, 66 (58%) gave a history of clinical deterio-
ration and 31{27%) of an acute viral illness within 6 months
of the onset of symptoms.

Control subjects. Sera were obtained from 94 unmatched
control subjects (mean age 39 years, range 13 to 69, 48 male) .
Subjects were contacted as part of our screening program for
dilated cardiomyopathy but were not geographically or tem-
porally matched to patients with dilated cardiomyopathy . All
unmatched control subjects were asymptomatic, had normal
screening investigations and provided sera from every
month between 1990 and 1992 . To assess the importance of
the patients' local environment on the frequency of positive
enteroviral serology, sera were also obtained from two
matched control groups and were collected within 2 weeks of
the patients' sera. These groups consisted of 41 "general
practitioner control subjects" (healthy individuals obtained
by selecting for all patients the next patient on their general
practitioner's list who was of the same gender and within 5
years of the patients' age) and 32 "household contacts"
(members of the patients' own households ; 27 spouses, 4
parents and I child) .

Co .sackie B virus-specific IgM . Sera were assessed for
Coxsackie B virus IgM without knowledge of clinical infor-
mation using a reverse radioimmunoassay procedure similar
to that described by Torfason et al . (16) . Briefly, polystyrene
beads were coated with rabbit anti-human IgM (specific for
heavy chains) then incubated with patient serum . After
washing, the presence of Coxsackie B virus 1gM on the
beads was indicated by their ability to bind viral antigen that
had been metabolically labeled with 35S-methionine. The
radioactivity bound to the beads was counted in a beta
counter and the results obtained compared with those of
known control sera .

Preparation of labeled antigen. Coxsackievirus types B I
to B5 were prepared in Vero cells and stored at -70°C . Vero
cell monolayers were inoculated with 0 .5 ml of stock Cox .
sackie B virus . After 1 .5 h absorption, the cells were washed
3 times with methionine-free Eagle's MEM supplemented
with 500 units per ml of penicillin and 200 jig per ml of
streptomycin, and re-fed with the same medium containing
75 uCi/ml of sulfur-35 (35S)-methionine (Amersham) . Gross
viral cytopathology developed within 24 h, but the cultures
were not harvested until 48 h ; they were subjected to three
cycles of freezing and thawing and the cell debris was
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removed by centrifuging for 10 m at 2,600 rpm (MSE
Centaur centrifuge) . The labeled virus supernatant was
layered onto 1 .8 ml of ultrapure (Gibco BRL) cesium chlo-
ride dissolved in Tris buffer (0 .005 mol/liter) with a density
1 .4 g/ml and centrifuged for 3 h at 40,000 rpm (Beckman
SW50 rotor) . Nine 0 .5-ml fractions were collected and tested
for trichloroacetic acid-precipitable radioactivity, the high-
est number of counts per minute usually being found in
fractions 3 and 4. These fractions were pooled and dialyzed
overnight against phosphate buffered saline solution then
heated for 30 On at 57°C to destroy infectivity, stored at
-70*C and used subsequently as antigen .

Reverse radii mmunoassay technique . The beads (6.5-mm
etched polystyrene beads, Northumbria Biologicals, Ltd .,
UK) were coated overnight with rabbit anti-human 1gM
antibody that was specific for heavy chains (Dako A426) .
About 200 of these beads were added to a solution containing
112 pl of the antibody in 30 ml of I M hydrochloride and left
at 4°C overnight . They were then "blocked" by rinsing three
times with phosphate buffered saline 1% bovine serum
albumin and soaked overnight in 100 ml of the same buffer.
The serum specimens to be tested were diluted (1 :40) in
phosphate buffered saline solution containing 0 .5% bovine
serum albumin, 0.1% Tween 20 and 0 .02% sodium azide ;
200 Al was then incubated at 37°C for 4 h with one of the
dried coated beads . These beads were then washed three
times using the Abbot Qwik-Wash machine and incubated
overnight at room temperature with 200 jul of the labeled
virus antigen after this had been diluted in the same solution
as just described but using 20% fetal bovine serum . The next
day, the beads were washed three times, dried at 37°C and
then placed into clean scintillation tubes to which was added
the 1 .5-ml liquid scintillator NE 260 (Nuclear Enterprises)
before counting. Positive sera were retested against an
antigen prepared from uninfected cells and were all found to
be negative .

Interpretation of results. The specificity of the Coxsackie
B virus IgM test was evaluated for each coxsackievirus
antigen using known positive and negative sera supplied by
the Enterovirus Reference Laboratory, Public Health Lab-
oratory, West Park Hospital, Epsom, England . The results
obtained for known positive sera for Coxsackie B2 and B5
virus (each reacting more strongly with one serotype) and
five known negative sera is shown in Figure IA . For each
antigen, stronger reactions were detected with positive sera
known to show a degree of specificity for the homologous
serotype and weaker reactions (cross reactions) with heter-
ologous serotypes . No reactivity was detected with any of
the negative sera. Because of variability in the radiolabeling
process, large batches of sera ( ;2t 150) were assayed at a time
using each of the five prepared Coxsackie B virus antigens .
The cutoff level between a positive and negative result was
determined for each antigen by two experienced indepen-
dent observers who constructed a frequency histogram of
the number of specimens falling within each of a series of
ranges of progressively increasing radioactivity counts (Fig .
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Figure 1 . Reverse radioimmunoassay for the detection of Coxsackie
B virus-specific immunoglobulin-M (see text) . c .p .m. = counts per
minute ; Cx13 I and Cx132 = Coxsackie virus B I and B2, respectively ;
neg = negative .

113). The substantial peak observed at lower counts was
taken to represent sera negative for Coxsackie B virus 1gM,
whereas higher readings falling outside this distribution were
considered to be positive . Figure IC shows a comparison of
the readings obtained on a single batch of sera against two
different Coxsackie B virus antigens (for example, B1 and
B2). This allowed the ready identification of sera giving
type-specific (monotypic) or type-common (heterotypic) re-
sults .

Statistical wethods. Sample size calculations were based
on a prevalence of 12% and 33%, respectively, of Coxsackie
B virus IgM in control subjects and patients with dilated
cardiomyopathy (13) . For patients and unmatched control
subjects, a standard computation showed that assessment of
a total of 200 serum samples gave a power of 0 .95 to detect
a statistically significant difference between these groups .
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The sample size for a matched case-control study is more
difficult to determine prospectively . Using the same assump-
tions and a correlation coefficient for infection of 0 .l be-
tween patients and control subjects, a sample size of 41
(general practitioner control subjects) and 32 (household
contacts) had power of 0.8 to detect an odds ratio of 5 .0 and
6.5, respectively . The clinical results were analyzed with the
Student t test for numeric data or chi-square test for com-
parison of frequencies . The frequency of positive Coxsackie
33 virus IgNI results in patients with dilated cardiomyopathy
and control subjects was compared using the chi-square test .
The relative risk of the association be~ween disease and
Coxsackie B virus 1gM was given by the odds ratio and the
confidence interval for this value calculated from the bino-
mial distribution . Seasonal variation in the frequency of
positive Coxsackie 13 virus 1gM results throughout the year
was assessed by contingency analysis of the relative propor-
tion of positive results in each of the four seasons . A p value
< 0.05 was considered statistically significant .

Results
Coxsackie B virus IgM . Patients with dilated cardiomy-

opathy . Thirty-eight (33%) of 114 patients with dilated car-
diomyopathy tested positive for Coxsackie B virus IgM at
diagnosis . No differences were observed between patients
with and without positive virus-specific 1gM with respect to
age (42 ± 16 vs . 44 ± 13 years, p = 0 .45). New York Heart
Association functional class (class I or 11 in 22, class III or
IV in 16 vs . class I or II in 45, class III or IV in 31, p = 0 .95),
duration of symptoms (31 ± 40 vs . 36 ± 48 months, p =
0.69), clinical deterioration (24 [63%] vs . 42 [55%], p = 0.55)
or acute viral illness at disease onset (8 [21%] vs . 23 [30%],
p = 0.41) . Patients whose sera produced high radioactivity
counts by radioimmunoassay (>10,000 cpm) had no distin-
guishing clinical characteristics. Monotypic responses pre-
dominated (n = 32 [84%]) and were most commonly against
serotypes B2 and B5 (Table 1) . Positive Coxsackie B virus
1gM results were seen throughout the year (Fig . 2) and
showed a nonsignificant increase in the proportion of posi-
tive results during summer/autumn compared with the rest of
the year (38% vs . 29%, p = 0.39). During 1990 to 1992, no
major outbreak of Coxsackie B virus infection was ob-
served .

Patients with dilated cardiomyopathy and control sub-
jects . A higher frequency of positive Coxsackie B virus 1gM
was observed in patients with dilated cardiomyopathy com-
pared with healthy unmatched control subjects (38 [33%] vs .
5 [5%], p < 0.001) (Fig . 3A). However, a similar frequency
of positive Coxsackie B virus IgM was observed in patients
with dilated cardiomyopathy and their 41 matched commu-
nity control subjects (19 [46%] vs. 11 [27%], odds ratio 3 .0
[95% confidence infe-val 0 .91 to 12 .76], p = 0.11) (Fig. 3B)
and 32 household contacts (12 [37%] vs . 9 [28%], odds ratio
1 .5 (95% confidence interval 0 .44 to 8 .1 5, p = 0 .59) (Fig . 3C) .
Sera with high radioactivity counts (> 10,000 cpm) were
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Table 1 . Serotypic Responses Observed in Patients With Dilated Cardiomyopathy and Control Subjects With Positive Coxsackie B Virus

IgM Serology

Patient Group

Dilated cardiomyopathy
Dilated cardiomyopathy
GP control subjects
Dilated cardiomyopathy
Household contacts

GP = general practitioner ; IgM = immunoglobulin M .

equally common in patients with dilated cardiomyopathy
and control subjects . The serotypic responses in patients
with dilated cardiomyopathy and their matched control
subjects is shown in Table L Monotypic responses predom-
inated both in general practitioner control subjects and in
household contacts (73% and 78%, respectively), with sero-
types B3 and B1 being the most common in general practi-
tioner control subjects and household contacts, respectively .
These findings did not differ significantly from those ob-
served in patients with dilated cardiomyopathy. Control
subjects for patients who tested positive for virus-specific
IgM more commonly were seropositive than were patients
who tested IgM negative (community control subjects 37%
vs. 18%, p = 0 .32; household contacts 42% vs . 20%, p = 0.36)
and often had identical serotypic response (4 (33%] of 12) .

Discussion
The pathogenesis of dilated cardiomyopathy is heteroge-

neous (17) and likely to include viral infection, autoimmunity
and genetic factors . Although enteroviruses, particularly
Coxsackie B virus, are believed to be of pathogenic impor-
tance, there has been a consistent failure to isolate virus

Figure 2. Frequency of positive Coxsackie B virus (CBV)
immunoglobulin-M (IgM) in patients with dilated cardiomyopathy
from January (J) to December (D) . Numbers above the bars indicate
number of positive samples ; numbers in parentheses below the bars
indicate total number of samples assessed in each month .

(8) (6) (11) (10) (19) (5) (11) (10) (7) (5) (17) (5)

Serotypic Response
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from or detect viral antigens within the myocardium of
patients with dilated cardiomyopathy . The principal support-
ing evidence remains the finding of high titers of neutralizing
antibodies against Coxsackie B virus in patients with dilated
cardiomyopathy (8-11) or a higher positive rate for virus-
specific IgM at heart transplantation compared with that in
healthy blood donors (13) . The frequency and significance of
Coxsackie B virus IgM in patients earlier in the natural
history of dilated cardiomyopathy than previously thought
and the importance of the patients' environment have not
previously been addressed .

In this study, we confirm the increased frequency of
Coxsackie B virus IgM in patients with dilated cardiomyop-
athy compared with that in unmatched control subjects (13) .
Patients in our study had recently had their condition diag-
nosed or were newly referred and demonstrated that the
association between Coxsackie B virus IgM and dilated
cardiomyopathy is present earlier in the natural history of
the disease than previously assessed . Although we recognize
that serum was not always available at the patients' primary
diagnosis, there was no difference in the duration of symp-
toms between patients with a first diagnosis at our center and
those referred from another center, and the serum nonavail-
ability is unlikely to have influenced the overall results . The
finding of Coxsackie B virus IgM in 5% of healthy un-
matched control subjects is in agreement with previous
studies (18-20) conducted in the absence of a major outbreak
of Coxsackie B virus infection and probably reflects natural
background infection within the community . In this study,
we have shown for the first time a high and similar frequency
of positive Coxsackie B virus IgM in matched control
subjects taken at the same time and from the same environ-
ment as the patients . This finding together with the trend
toward an increased frequency of positive virus-specific IgM
in control subjects of seropositive compared with seronega-
tive patients (often with an identical serotypic response) is
highly suggestive of cross infection within the environment
of the patient.

Matching control subjects . The higher frequency of Cox-
sackie B virus IgM in patients with dilated cardiomyopathy
than in healthy unmatched control subjects demonstrates a
clear association between Coxsackie B virus IgM and dilated
cardiomyopathy and is not invalidated by the similar fre-

No. BI B2 B3 B4 B5 Multitypic

38 4 9 3 6 10 6
19 2 4 2 4 3 4
I I I 1 3 2 1 3
12 I 3 I 2 2 3
9 3 1 1 1 1 2
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Figure 3. Frequency of positive Coxsackie B virus
(CBS') immunoglobulin-M (IgM) in patients with di-
lated cardiomyopathy (DCM), unmatched control
subjects and two groups of matched control subjects .
GP = general practitioner .

U

20

quency of virus-specific IgM in patients and environmental
control subjects. Failure to appreciate the importance of the
matching of control groups has led to major difficulties in
interpreting the results of serologic studies not only in dilated
cardiomyopathy, but also in other conditions in which
enteroviral pathogenesis is suspected . Initial reports of a
higher positive rate of Coxsackie B virus IgM in patients
with insulin-dependent diabetes mellitus (19) and postviral
fatigue syndrome (21) than in unmatched control subjects
supported a pathogenic role for enteroviruses in these con-
ditions. However, subsequent studies (20,22) in which
matched environmental control subjects were assessed dem-
onstrated a similar high frequency of virus-specific 1gM in
patients and control subjects and has been interpreted as not
supporting enteroviral pathogenesis .

Pathogenic importance. The demonstration of an associ-
ation between Coxsackie B virus 1gM and dilated cardiomy-
opathy does not prove causation but simply reflects expo-
sure to the virus. For instance, such an association may arise
because of coincidental acute Coxsackie B virus infection if
it were to cause a patient with dilated cardiomyopathy and
stable symptoms to show deterioration and to present to the
hospital, thereby biasing the patient cohort in toward posi-
tive Coxsackie B virus IgM . This is unlikely in the present
study because a similar proportion of patients with and
without serum for positive Coxsackie B virus 1gM experi-
enced worsening of symptoms before inclusion in the study .
One causal explanation for the association between Cox-
sackie B virus IgM and dilated cardiomyopathy concerns
recurrent acute Coxsackie B virus infection . Experimental
models have recently shown that acute Coxsackie B virus
infection may trigger cardiac autoimmunity resulting in
chronic myocarditis (23,24) and that recurrent infection
promotes this immunopathology (25). Although several
markers of autoimmunity have been identified in human
dilated cardiomyopathy (26,27), the relation between auto-
immunity and Coxsackie B virus infection is unknown and at
present we can only speculate as to why some individuals
but not others develop virus-induced myocarditis and dilated
cardiomyopathy .
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Another causal explanation for the association between
Coxsackie B virus-specific IgM and dilated card5myopathy
concerns persistent infection . Persistent enteroviral infec-
tion remains a major hypothesis for the pathogenesis of
dilated cardiomyopathy . The recent finding of enteroviral
genome within the myocardium of a significant proportion of
patients with dilated cardiomyopathy provided the first
direct evidence for this (28), but other subsequent studies
(5,29,30) have provided conflicting results . Persistent entero-
viral-specific IgM has been reported in seven patients with
dilated cardiomyopathy and has been taken to indicate
chronic enteroviral infection (13) . However, the small num-
ber of patients and difficulty in distinguishing between per-
sistent and recurrent infection using the enzyme-linked
immunosorbent assay (ELISA) technique (31) make inter-
pretation of these results difficult . In the present study, the
serologic findings in the environmentally matched patients
and control subjects suggest that the presence of Coxsackie
B virus IgNI in patients with dilated cardiomyopathy was the
result of local cross infection and not due to persistent
infection in patients with dilated cardiomyopathy . We are
currently assessing Coxsackie B virus IgM in sequential
serum samples from patients with dilated cardiomyopathy .

Conclusions . In this study, we have confirmed the asso-
ciation between Coxsackie B virus-specific IgM and dilated
cardiomyopathy . The reason for this finding and its impor-
tance with regard to pathogenesis remain to be established .
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