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Tests for immunoglobulin M (IgM) antibody to group B coxsackieviruses were
performed on sera from 259 patients with a clinical diagnosis of pericarditis,
myocarditis, or pleurodynia on whom there were no definitive serological or virus
isolation findings to establish a viral etiology, and on 259 "control" patients with
clinical diagnoses of viral or mycoplasmal pneumonia or pneumonitis. IgM
antibodies to coxsackievirus types Bi, B3, B4, B5, and B6 were detected by a
micro-immunodiffusion technique, and antibodies to virus type B2 were detected
by reduction of neutralizing antibodies with ethanethiol. Of the patients with
pericarditis, myocarditis, or pleurodynia, 27% (70) had IgM antibody to group B
coxsackieviruses, as compared with 8% in the control group. On retrospective
review of the clinical diagnosis, some of the patients in the control group with
IgM antibody were found to have had additional clinical findings which could be
attributed to a coxsackievirus infection. Coxsackievirus IgM antibody was
demonstrable in 30% of 113 patients in the study group for whom virus isolation
had been attempted with negative results. The presence of coxsackievirus IgM is
discussed in relation to the time of serum collection, age of the patients, and
month of onset of illness.

The ability of group B coxsackieviruses to
produce pericarditis or myocarditis in man,
particularly in infants, is well recognized, (1, 3,
8, 9, 17, 18, 28). However, a clear-cut laboratory
diagnosis of group B coxsackievirus infection,
based upon virus isolation or demonstration of a
significant rise in antibody titer during the
course of illness, can be established only infre-
quently in sporadic cases of pericarditis or
myocarditis (2, 10, 11, 27). In cases of pleuro-
dynia, recovery of coxsackievirus or significant
rises in antibody titer, or both, are more fre-
quently demonstrable, but there is still a fairly
high proportion of sporadic cases in which there
are no positive laboratory findings. For exam-
ple, in 1970, the period covered by this report,
specimens were submitted to this laboratory on
more than 250 patients with a clinical diagnosis
of pericarditis, myocarditis, or pleurodynia; a
group B coxsackievirus was isolated from two
patients with chest pain compatible with a
clinical diagnosis of pleurodynia, and one pa-
tient with a clinical diagnosis of pericarditis

showed fourfold or greater rises in neutralizing
antibody titer to three types of group B coxsack-
ievirus.

It has been speculated that pericarditis, myo-
carditis, or pleurodynia may occur relatively
late in the course of coxsackievirus infections, at
a time when antibody levels are already ele-
vated and virus is no longer being shed or is
combined with antibody.

Previous studies from this laboratory have
shown that immunoglobulin (Ig) M antibody to
group B coxsackievirus types 1, 3, 4, 5, and 6
and group A, type 9 can be demonstrated by
immunodiffusion tests (24-26). IgM antibody
reacts type-specifically with the intact virion of
coxsackieviruses and forms an immunoprecipi-
tate distinct from that produced by IgG anti-
body and empty capsids. It has also been shown
that the initial antibody response to group B
coxsackievirus infections consists of the produc-
tion of IgM antibody, which is gradually re-
placed in 4 to 6 weeks by IgG (26). The
possibility was considered that detection of IgM
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antibody might be used to demonstrate current
or recent group B coxsackievirus infections in
patients with a clinical diagnosis of pericarditis,
myocarditis, or pleurodynia who had no other
laboratory findings to implicate coxsack-
ieviruses or other viruses as the etiological
agent. This report describes the occurrence of
IgM antibodies to group B coxsackieviruses in
sera submitted to this laboratory from patients
with a clinical diagnosis of pericarditis, myocar-
ditis, or pleurodynia, and in a control group of
patients with clinical diagnoses of viral or
mycoplasmal pneumonia.

MATERIALS AND METHODS
Sera examined. Tests were performed on sera

routinely submitted to this laboratory for diagnosis of
viral infection. Paired or single sera were tested from
259 patients with clinical diagnoses of pericarditis
(148 cases), myocarditis (92 cases) or pleurodynia (19
cases) and on 259 patients with a clinical diagnosis of
viral or mycoplasmal pneumonia. The sera were
selected on the basis of a computer printout which
listed all patients with these diagnoses (based on
clinical findings given on the laboratory request form)
and with an onset of illness during 1970. The study
group included all myocarditis, pericarditis, or pleu-
rodynia patients from whom sera were available in
1970 and the control group was selected to include an
equal number of paired and single serum specimens
from pneumonia patients during the same period,
matching by sex. In each group 121 patients had
paired serum specimens and 138 had only a single
specimen. There were 145 males and 114 females in
each group. Equal numbers of specimens from the
study group and the control group were tested for IgM
antibody in each run, and the individuals performing
the tests were unaware of the group to which the
patient belonged.

Immunodiffusion tests. Antigens for group B cox-
sackievirus types 1, 3, 4, 5, and 6 were prepared from
infected HeLa cell culture fluids concentrated 300-
fold by high-speed centrifugation. Satisfactory anti-
gens for demonstration of IgM antibody required
starting material with an infectivity titer of at least
1056 mean tissue culture dose per ml. Tests were
conducted by a micro-method previously described
(24). The gel consisted of 0.8% agarose in 0.01 M
tris(hydroxymethyl)aminomethane buffer, 0.1 M
NaCl, 0.001 M ethylenediaminetetraacetic acid and
0.05% sodium azide; it had a pH of 7.6. Sera were
examined undiluted and unheated for the presence of
precipitating antibodies.

Demonstration of IgM antibody to coxsackie-
virus type B2. Because it has not been possible to
differentiate between IgM and IgG antibodies to
coxsackievirus type B2 in immunodiffusion reactions
(24, 25), treatment of sera with the sulfhydryl reduc-
ing agent ethanethiol (15) was used to demonstrate
IgM antibodies to this virus type. A 1:4 dilution of
test serum was mixed with an equal volume of 0.06 M
ethanethiol, incubated at room temperature for 3 h
and then heated at 56 C for 30 min to inactivate the

serum and vaporize the sulfhydryl reagent. The
treated serum was tested in a micro-metabolic-inhibi-
tion system (21) in parallel with untreated serum
(inactivated at 56 C for 30 min), and a fourfold or
greater reduction in neutralizing antibody titer of the
ethanethiol-treated portion was considered to suggest
the presence of IgM antibody. Reproducibility of a
significant titer decrease in another run was regarded
as a valid demonstration of IgM antibody to coxsack-
ievirus type B2.

Virus isolation attempts. Attempts to isolate
coxsackieviruses from clinical specimens were made
by inoculation of test material into primary or second-
ary rhesus monkey kidney cell cultures and human
fetal diploid cell cultures by procedures described
elsewhere (21).

RESULTS
Occurrence of IgM antibody to group B

coxsackieviruses. Of the patients in the peri-
carditis, myocarditis, and pleurodynia group,
27% had IgM antibody to group B coxsack-
ieviruses as compared with 8% in the control
group (Table 1). There was little difference
between males and females in the percentage
showing IgM antibody in either group. Table 2
shows the occurrence of IgM antibody by clini-
cal syndrome. A higher proportion of patients in
the pleurodynia group had IgM antibody than
in the pericarditis or myocarditis groups, but
there was a total of only 19 pleurodynia pa-
tients.

After testing was completed, it was found
that when specimen submission slips on the
control patients with coxsackievirus IgM anti-
body were reexamined in detail, six of the
patients in the pneumonia group had clinical
evidence of cardiac or central nervous system
involvement suggestive of a coxsackievirus in-
fection. The additional findings in these pa-
tients included clinical signs of heart failure,
pericarditis, and encephalitis.
Type specificity of group B coxsackievirus

IgM antibody. In 1970 there were no recognized
outbreaks of group B coxsackievirus infections
in California, and virus isolations were made
only from sporadic cases, usually with clinical
signs of aseptic meningitis, scattered through-
out the state. The virus types most frequently
recovered were Bi, B2, and B4. The type
specificity of the IgM antibody to group B
coxsackieviruses demonstrated in the study and
control groups is shown in Table 3. As previ-
ously noted (25, 26), some individuals were
found to have IgM antibody to more than one
group B coxsackievirus type. In both groups the
greatest number of patients showed IgM anti-
body for coxsackievirus type B4, followed by
types B1 and B2.
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TABLE 1. Occurrence of IgM antibody to group B
coxsackieviruses in patients with pericarditis,

myocarditis, or pleurodynia and in patients in the
control group

IgM antibody to

No. group B
Group tested coxsackievirus

No. %

Pericarditis, myocarditis, 259 70 27
pleurodynia

Males 145 41 28
Females 114 29 25

Controla 259 21 8
Males 145 11 8
Females 114 10 9

a Patients with a clinical diagnosis of viral or
mycoplasmal pneumonia.

TABLE 2. Occurrence of IgM antibody to group B
coxsackieviruses in various clinical syndromes

IgM antibody to

No.of groupB
Clinical diagnosis patients coxsackieviruses

No. %

Study group
Pericarditis 148 40 27
Myocarditis 92 23 25
Pleurodynia 19 7 37
Totals 259 70 27

Control group (pneu- 259 21 8
monia)

Relationship between time of specimen col-
lection and presence of IgM antibody to
group B coxsackieviruses in patients with
pericarditis, myocarditis, or pleurodynia.
Table 4 shows the occurrence of IgM antibody
to group B coxsackieviruses by time interval
after onset for patients in both the study and
control groups. In neither group was IgM dem-
onstrated in specimens collected later than 42
days after onset. Table 5 compares the number
of patients in the study group with paired serum
specimens and with single specimens who
showed IgM antibody to group B coxsack-
ieviruses, and it relates the presence of IgM
antibody to the time of specimen collection. A
larger proportion of patients with paired serum

specimens showed IgM antibody than did those
with a single specimen. Five of the patients
showed IgM antibody only in the convalescent-
phase serum, and these were all patients from
whom the acute-phase serum was collected
within the first 3 days after onset of illness.
Seven of the patients had IgM antibody only in

the acute-phase specimen, and there was wide
variation in the collection times of the convales-
cent-phase sera from these patients in which
IgM antibody was no longer demonstrable.
None of the three convalescent-phase sera col-
lected later than 42 days after onset had demon-
strable IgM antibody, and all of the single
serum specimens which contained IgM anti-
body were collected less than 36 days after onset
of illness.
Virus isolation attempts on pericarditis,

myocarditis, or pleurodynia patients. Efforts
to recover a coxsackievirus from patients in the
study group are summarized in Table 6. It is
seen that virus isolation attempts were per-
formed in 113 of the cases, none of which yielded
a virus. Approximately equal numbers of pa-
tients without isolation attempts and with neg-
ative results had IgM antibody to group B
coxsackieviruses. For the patients with negative
results, most of the specimens tested were fecal
specimens, and approximately one-half of the
isolation attempts were made on specimens
collected within the first week after onset of
illness. Thus, negative virus isolation results
were obtained despite the fact that appropriate
specimens collected at suitable times were ex-
amined. This is in marked contrast to the
experience in this laboratory with cases of
aseptic meningitis due to coxsackieviruses in
which the virus is readily recovered from stools
and spinal fluid in a high proportion of cases.
However, 30% of the pericarditis, myocarditis,
or pleurodynia patients with negative isolation
results possessed IgM antibody for group B
coxsackieviruses.
Place of residence and months of onset for

patients in study and control groups. Approx-
imately 70% of the patients in both the study
group and the control group were from eight
counties in the San Francisco Bay area. The
remainder of the patients in each group were
distributed throughout 16 other counties in
California. Of the patients who had IgM anti-
body to group B coxsackieviruses, 42 of 70 in the
study group and 10 of 21 in the control group
were from the San Francisco Bay area.

Table 7 shows the month of onset of illness for
patients in the study group and the control
group and the occurrence of IgM antibody by
month of onset. The number of pericarditis,
myocarditis, or pleurodynia patients was high
in January, decreased during the spring and
summer months, and increased in the autumn
and early winter months. For the most part, the
occurrence of IgM in the study group followed
this same pattern. The demonstration of IgM
antibody in the control group was also more
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TABLE 3. Type specificity of group B coxsackievirus IgM antibody detected in patients with pericarditis,
myocarditis, or pleurodynia and in control group

No. of patients with coxsackievirus IgM antibody to

Group No. positive/ Virus
no. tested type 1 type 2 types 3 types 4 types 5 types

only

Pericarditis, myocarditis, pleuro- 70/259 56 11 1 1 1
dynia Bi 8 7 1 1

B2 6 5
B3 3 1 1 1
B4 36 8 1 1
B5 1 1 1 1 1
136 2 1 1 1

Control (pneumonia) 21/259la 3
131 3
132 2
B3 1
B4 14 2
B5 1
B6 1

TABLE 4. Occurrence ofIgM antibody to group B coxsackieviruses by time interval after onset in patients with
pericarditis, myocarditis, or pleurodynia and in control group of patients with pneumonia

Pericarditis, myocarditis, Pneumonia patients
Days after pleurodynia patients

onset ~No. of sera gM±- No. of sera 1M+ M-onset |
tested Ig' + IgM _ tested IgM +

| l

1-3 86 26 60 65 4 61
4-7 80 17 63 80 7 73
8-14 49 10 39 84 7 77
15-21 72 21 51 84 9 75
22-28 36 12 24 36 3 33
29-35 27 12 15 15 0 15
36-42 5 1 4 7 0 7
43-49 6 0 6 6 0 6
50> 19 0 19 3 0 3
Total sera 380 99 281 380 30 350
Total patients 259 70 189 259 21 238

TABLE 5. Time of specimen collection for patients with pericarditis, myocarditis, or pleurodynia showing IgM
antibody to group B coxsackieviruses

Serum No. of No. of Days after onset
specimens patients patients
examined positive 1-3 4-7 8-14 15-21 22-28 29-35 36-42 >43

Paired 121 41 (34%)
First serum
IgM + 17 8 6 3 2
IgM - 5

Second serum
1gM + 3 14 9 7 1
1gM - 2 1 1 3

Single 138 29 (21%)
IgM + 9 9 1 4 1 5

Totals 259 70
IgM + 26 17 10 21 12 12 1 0
IgM - 5 0 0 2 1 0 1 3
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TABLE 6. Results of virus isolation attempts on
pericarditis, myocarditis, or pleurodynia patients

sAll patients |Patients with IgM
Isolation results Allpatent antibody to group B

coxsackieviruses (70)

Not done 146 36
Negative 113 34
Specimen tested

Fecal 108 32
Pericardial

fluid 4 2
Autopsy tissue 1 0

Days after onset
specimen
collected

1-3 18 7
4-6 35 11
7-10 40 10
>10 20 6

frequent in cases occurring during the months of
August to November. Over the past years the
recovery of coxsackieviruses from clinical mate-
rials in this laboratory has also shown a seasonal
pattern, with the greatest number of virus
isolations being made in late summer and the
autumn months.
Relationship between age and occurrence

of IgM antibody to group B coxsackieviruses.
Table 8 shows the ages of patients in the study
and control groups and the occurrence of IgM
coxsackievirus antibody in each age group.
There was a greater number of control patients
than study patients in children through 10 years
of age, but only one of 30 control patients
showed IgM antibody as compared with three
of 12 in the study group. In the age group from
11 through 20 years there were roughly compar-
able numbers of patients in each group, and
similar numbers showed IgM antibody to group
B coxsackieviruses. Of particular interest is the
greater number of pericarditis, myocarditis, or

pleurodynia patients in the 21- through 60-year
age groups showing IgM antibody to group B
coxsackieviruses as compared with control pa-
tients in the same age groups.

DISCUSSION

The detection of IgM antibody to group B
coxsackieviruses provided evidence of a current
or recent infection in just over one-fourth (27%)
of a group of 259 patients with clinical diagnoses
of pericarditis, myocarditis, or pleurodynia for
whom there were no other laboratory findings to
confirm a viral infection. This would appear to
offer a promising approach for further investiga-
tions on the possible role of coxsackieviruses in

other clinical syndromes suspected to be of viral
etiology.

It is noteworthy that, although group B cox-
sackieviruses are the principal agents suspected
in virtually all of the cases of pericarditis or
myocarditis on whom clinical specimens are
submitted to our laboratory for virological stud-
ies, nearly three-fourths of the cases in the
present study failed to show evidence of a
current or recent coxsackievirus infection. It
should be emphasized, however, that clinical
diagnoses in this study were taken from labora-
tory request forms and accompanying corre-
spondence and were not further substantiated.
IgM antibody for coxsackievirus types Bi, B3,

B4, B5, and B6 can be demonstrated relatively
simply by micro-immunodiffusion techniques
which lend themselves to large-scale studies.
However, antigens used for detection of IgM
antibody must be prepared from infected tissue
culture fluids with high infectivity titers, since
it is the intact virion with which the IgM
antibody reacts (22, 26). Demonstration of IgM
antibody for coxsackievirus type B2 is more
complex, since it is based upon dissociating the
IgM antibody with a sulfhydryl reducing agent
and then assaying for neutralizing antibodies.
However, the use of a micro-colorimetric neu-
tralization test (21) greatly facilitates this pro-
cedure.
The fact that IgM antibody to group B

coxsackieviruses was found in a relatively high
proportion of patients from whom it was im-
possible to recover virus would be in keeping
with the view that pericarditis and myocarditis
are likely to be late events in the course of cox-
sackievirus infections, at a time when virus
excretion has ceased or virus is masked by anti-
body. The possibility also exists that coxsackie-
virus infections complicated by pericarditis,
myocarditis, or pleurodynia may result in a pro-
longed production of IgM antibody. Prolonged
rubella IgM antibody production has been noted
in rubella infections complicated by thrombo-
cytopenic purpura or carpal-tunnel compres-
sion (7), and prolonged persistence of IgM anti-
body to measles virus has been found in some
patients with subacute sclerosing panencepha-
litis (5) and multiple sclerosis (14).

Several other investigations have suggested
the association of group B coxsackieviruses with
a high proportion of sporadic pericarditis or
myocarditis cases (2, 11, 20, 27), but in each of
these studies there were very few cases in which
virus was isolated or significant increases in
antibody titer could be demonstrated. Instead,
the possible association of coxsackieviruses was
based, in most cases, upon the presence of
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TABLE 7. Month of onset of illness for patients with pericarditis, myocarditis, or pleurodynia and of control
group

Patient group

Month of onset Pericarditis, myocarditis, pleurodynia Pneumonia, pneumonitis, mycoplasma
(1970) Patients with IgM Patients with IgM

All patients antibody to group B All patients antibody to group B
coxsackieviruses coxsackieviruses

January 38 11 17 1
February 14 3 14 0
March 16 0 10 0
April 12 4 8 1
May 13 1 5 2
June 13 4 6 0
July 17 6 26 1
August 13 8 32 4
September 30 10 40 2
October 34 8 34 7
November 33 10 37 3
December 26 5 30 0
Totals 259 70 259 21

TABLE 8. Age of pericarditis, myocarditis, or pleurodynia patients and of control group

Patient group

Age range Pericarditis, myocarditis, pleurodynia Pneumonia, pneumonitis, myocoplasma
(years) Patients with IgM Patients with IgM

All patients antibody to group B All patients antibody to group B
coxsackieviruses coxsackieviruses

<1 6 0 9 0
1-10 12 3 34 1

11-.20 23 10 25 9
21-30 59 15 45 5
31-40 52 24 47 1
41-50 39 6 37 1
51-60 45 7 36 1
61-70 16 4 18 3
>70 7 1 8 0

Totals 259 70 259 21

moderate to high levels of neutralizing antibody
to a coxsackievirus type or upon the demonstra-
tion of a fourfold or greater decline in antibody
titer over a period of time following illness, both
of which are of speculative value for establish-
ing a temporal relationship between infection
and illness. Moderate to high levels of neutraliz-
ing antibody to one or more group B coxsack-
ievirus types from past, frequently subclinical,
infections are often encountered in the normal
population and in individuals with other ill-
nesses unrelated to a coxsackievirus infection
(13, 19). Further, the decay of neutralizing
antibodies to enteroviruses occurs at such varia-
ble rates (4, 12, 23) that the demonstration of a
declining titer may be coincidental, the anti-
body having been elicited by a long-past infec-

tion not associated with the patient's present
illness. Thus the diagnostic significance of sta-
tionary or declining levels of neutralizing anti-
body to coxsackieviruses in patients with car-
diac disease is highly equivocal, especially in
the absence of comparative data on antibody
levels in a control group.

In the present study on IgM antibody to
coxsackieviruses, the spectrum of patients
available for study did not permit an exact
matching with respect to age and dates of onset
in the study and control groups; however, the
two groups were not greatly disparate and the
likelihood of finding coxsackievirus IgM anti-
body would appear to have been weighted in
favor of the control group, since it contained a
greater number of patients in childhood age
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groups in which enterovirus infections most
frequently occur and a greater number of pa-
tients with onsets in months in which coxsack-
ievirus infections are most prevalent. However,
there were over three times as many patients in
the study group showing coxsackievirus IgM
antibody as were seen in the control group.

The finding of IgM antibody to group B
coxsackieviruses in 21 patients (8%) in the
control group may in part represent a back-
ground level of unrelated recent coxsackievirus
infections occurring in patients with respiratory
disease, but in six of these patients (included in
the controls on the basis of a clinical diagnosis of
pneumonia) additional clinical findings of car-

diac or central nervous system signs might be
considered equally suggestive of a coxsackie-
virus infection. Although a control group of
pneumonia patients was the best available to
us and was used on the basis that coxsackie-
viruses have not been frequently implicated as

etiological agents of lower respiratory tract dis-
ease, such an association may occasionally oc-

cur (6, 16). Also, overlapping symptoms such
as cough and chest pain may occur in pleuro-
dynia or pneumonia, and in the absence of more
precise clinical records and X-ray findings al-
lowance should be made in our findings for
possible inaccuracies in the clinical diagnosis.
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