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Summary. The potential role of antecedent viral infec-
tion in the pathogenesis of Type 1 (insulin-depend-
ent) diabetes was investigated by measuring antibody
titres to several viruses in serum obtained at the time
of diagnosis of diabetes. An outbreak of Coxsackie
B4 infection followed by a wave of Coxsackie B3 and
B 5 infections occurred in Seattle during the time viral
serology was obtained in the diabetic patients. Anti-
body titres to Cocksackie B5 and Influenza A and B
viruses were comparable in diabetics and matched
control subjects, but antibody titres to Cocksackie B3
and B4 were lower in the diabetics and a low antibody
titre to Coxsackie B3/B4 was associated with a signi-
ficantly increased relative risk of diabetes.
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Coxsackie B viral infections have been implicated as
apossible important cause of Type 1 (insulin-depend-
ent) diabetes [1-5]. To investigate the potential rela-
tionship of antecedent Coxsackie B viral infection
and the onset of Type 1 diabetes, we analyzed anti-
body titres to Coxsackie B3, B4, and B5 in serum ob-
tained from Type 1 diabetic patients at the time of di-
agnosis, and from matched non-diabetic subjects. In
addition, we monitored the relative prevalence of
Coxsackie B viral infections in the greater Seattle
Area during the period viral serology was obtained in
the diabetics and observed an outbreak of Coxsackie
B4 infections followed by a wave of Coxsackie B3
and BS.
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Methods

Subjects

Two groups of subjects were evaluated. Thirty-three newly diag-
nosed Type 1 diabetic patients, who presented from March 1976 to
June 1978 in ketoacidosis or with a short duration of classic diabet-
ic symptoms, participated in the study. Serum was obtained within
1 week of diagnosis (mean = 3.3 days) in 30 of the patients, within 2
weeks in one and within 4 weeks in two patients. Two hundred and
fifty families, totalling over 800 non-diabetic individuals, who par-
ticipated in a viral surveillance project from October 1975 to May
1979, were also studied. Blood was drawn from these individuals
every 4 months and combined nose and throat swabs were obtained
for viral cultures every 2 weeks and at the time of illness.

Procedures

Coxsackie B3, B4, B5 and Influenza A and B antibody titres were
determined by standard neutralizing and complement fixing tech-
niques, the titre being expressed as the reciprocal of the highest di-
lution showing the complete reaction [6]. Sera with known concen-
trations of antibody were included with each assay and their titres
did not vary more than twofold between and within the assays.
Coxsackie viruses from the nose/throat cultures were isolated on
primary monkey kidney cells [6]. Islet cell cytoplasmic antibodies
were measured by indirect immunofluorescence [6]. Typing for
HLA-A and B antigens was performed using the standard NTH
two-stage microcytotoxicity assay [7].

Data Analysis

To compare antibody titres in diabetic patients with titres in non-
diabetic subjects, matched control subjects were selected from the
viral surveillance population. For every diabetic patient all possible
controls were identified who matched the patient by sex and age
(within 6 months), and who had blood drawn within 2 months of
the patient. When more than one match was available, the control
was selected by a random draw from the pool of matching subjects.
This procedure yielded 33 matched pairs corresponding in sex, age,
and time of blood drawing for antibody determinations.

To compare the antibody titres of diabetic patients and control
subjects, the titres were divided into three groups: a ‘zero titre’
group in which no antibody was observed at a dilution of 1:4, a ‘low
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Fig. 1. Antibody titres (mean = SEM) for Coxsackie B3, B4, BS
(n = 33) and Influenza A and B (n = 16) in Diabetic ZZZ2 and
matched control subjects

titre’ group in which the antibody titre was 4-32, and a ‘high titre’
group in which the titre was 64-256.

The data were analyzed using the standard method of logistic
regression [8, 9]. We tested the null hypothesis that the risk of being
diabetic does not depend upon the particular class of antibody re-
sponse (‘zero’, ‘low’ or ‘high’) to the viruses.

Results

Thirty-four non-diabetic individuals from the sur-
veillance study had Coxsackie B viruses isolated from
their combined nose/throat swab cultures. All “he
culture-substantiated Coxsackie B4 infections oc-
curred between December 1975 and December 1976,
and all Coxsackie B5 infections between November
1976 and October 1977. Coxsackie B3 infections were
largely coincident with the Coxsackie B5 infections.
Serology from the entire surveillance population con-
firmed the outbreak.

The diabetic patients demonstrated several char-
acteristics typical of Type 1 diabetes. There was a pre-
dominance of males (22/33) and the average age at
onset of diabetes was 11 years. Islet cell antibodies
were detected in the sera of 69% of the patients, with
titres ranging from 1:2 to 1:32. Thirty of the 33 dia-
betics were HLA typed and the prevalence of HLA
B8 and B18 was increased, although total numbers
were small.

During the time Coxsackie B4 virus was isolated
from the surveillance population (December 1975 to
December 1976), only two of the newly diagnosed di-
abetic patients had Coxsackie B4 antibody titres
> 32, compared with eight diabetics whose disease
presented later. This non-uniform distribution of di-
abetic patients with higher B4 titres was highly signif-
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Table 1. Coxsackie B3 and B4 antibody titres in newly diagnosed
diabetic and control subjects

B4 antibody B3 antibody
titre group titre group

‘zero’ ‘Tow’ ‘high’ total
‘zero’ 14/ 8 1/5 3/3 18/16
‘Tow’ 5/ 2 2/1 3/1 10/ 4
‘high’ 4/ 17 11 0/5 5/13
total 23/17 4/7 6/9 33/33

Number of diabetic/control subjects with Coxsackie B3 and B4
antibody titres in respective groups (‘zero’, ‘low’, ‘high’). See text
for definition of groups

Table 2. Relationship of level of Coxsackie antibody titre to signifi-
cantly increased risk of having Type 1 diabetes in 33 cases and their
matched controls

Variable entering X2 Degrees p
the equation associated  of

with freedom

variable
Coxsackie B4 11.94 2 <0.005
Coxsackie B3 7.57 2 0.01 <p <0.025
Coxsackie B3 X 14.93 4 <0.005
Coxsackiec B4
Coxsackie B5 4.80 2 0.05<p<0.10

Analysis was by hierarchical logit regression with the variables
entering the equation in the order shown

icant (p < 0.005, Z = -2.84) when the first 15 months
of the study were compared with the later 15 months.
A similar number of diabetics presented in each time
period: 18 and 15 cases respectively.

The average viral antibody titres in the control and
diabetic subjects are shown in Figure 1. The two
groups of subjects had similar titres to Coxsackie B5
and Influenza A and B (available for Influenza in 16
out of 33). Coxsackie B3 and Coxsackie B4 titres
were lower in the diabetic patients. Table 1 shows the
number of diabetic and non-diabetic subjects with
‘zero’, ‘low’ and ‘high’ antibody titres to Coxsackie
B3 and B4 and the statistical analysis is summarized
in Table 2. The most significant association or risk
was with Jow titres to Coxsackie B4, followed by low
or zero titres to Coxsackie B 3 and then the interaction
between Coxsackie B3 and B4 (Table 2). No signifi-
cant risk was associated with Coxsackie B5. We also
examined whether age, HLA type, date of onset of di-
abetes, or islet cell antibody titre might be related to
the subset of diabetic patients with low antibody re-
sponses to Coxsackie B3 and B4. No such associa-
tion was found, nor was any geographical clustering
of the diabetes observed.
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Discussion

A large number of observations in both animals and
man suggest a viral aetiology for at least some cases of
Type 1 diabetes [10]. We hypothesize that the differ-
ences in antibody titres between diabetic and control
subjects may be due to an impaired immune response
to Coxsackie B3 and B4, but other mechanisms must
also be considered. A non-specific immuno-suppres-
sive effect of their acute diabetic episode is not alikely
explanation since the diabetic patients had normal
antibody levels to Coxsackie B 5 and Influenza A and
B; and serum specimens obtained 2, 4, and § weeks
post-diagnosis did not show a rise in antibody titres
when the patient’s diabetes. was controlled (data not
shown).

Besides an impairment in immune responsive-
ness, the other major explanation which must be con-
sidered for the differences between diabetic and con-
trol subjects is the possibility of different Coxsackie
B3 and/or B4 infection rates in the two populations.
As is true for all serological studies, it is impossible to
prove that infection rates were equivalent in the two
groups. Differences in geographical location might
suggest differences in exposure and therefore infec-
tion rates. However, the outbreak of Coxsackie B3
and B4 was not confined to a small geographical area
but was generalized for the community and conse-
quently probably included the diabetic patients. Also,
we know from the viral surveillance study that, even
in families without isolation of Coxsackie B3 or B4
viruses from their nose and throat cultures, the preva-
lence of Coxsackie B3 and B4 infections during the
time of our study was 21% and 25% respectively as de-
monstrated by a fourfold rise in antibody titre. In ad-
dition, since for Coxsackie B 4 the highest risk is asso-
ciated with a ‘low’ titre rather than a ‘zero’ titre, it is
clear that differences in infection rate per se cannot
account for our observations. In fact, the infection
rates for Coxsackie B4 as indicated by presence of an-
tibody were similar for diabetic and control subjects
(45% and 52% respectively, Table 2). Thus most of the
evidence suggests that the Coxsackie infection rates
were likely to have been similar in diabetic and con-
trol subjects.

The findings reported here suggest that an im-
paired immune response may be aetiologically im-
portant in Type 1 diabetes. The conflict between our
data and the elevated or more prevalent Coxsackie
B4 titres in newly diagnosed cases reported by Gam-
ble et al. [3, 5}is more apparent than real. They, like us,
noted that during the fall, when Coxsackie B4 was
probably more prevalent, a larger percentage of new-
ly-presenting diabetic patients were negative for B4
antibody than at other times [5, personal communica-
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tion]. In both Gamble’s study [5, personal communi-
cation] and a report by Andersen et al [11], there was a
tendency for the younger patients to have a lower pre-
valence of Coxsackie B4 titres than non-diabetic sub-
jects. The newly diagnosed diabetics in our study,
mean age 11 years, were more comparable to the
younger than the older patients in each of these re-
ports [5, 11]. It is reasonable to treat our results with
circumspection in view of the small numbers but tak-
en together with the other reports the data are highly
suggestive.

It is possible to speculate that individuals with an
impaired humoral immune response to Coxsackie B3
and B4 are at increased risk of developing diabetes
when exposed to these viruses. They would therefore
present with diabetes at times when these viruses are
prevalent, but would exhibit low antibody titres com-
pared with controls. This proposed mechanism can,
however, be applicable only to a proportion of diabet-
ic patients, since many diabetics have normal anti-
body responses to Coxsackie B3 and B4[3, 5, 12-14].
Since many different viruses could cause diabetes,
similar studies performed during outbreaks of other
viruses may reveal deficient immune response to
these viruses. Possibly , the deficient antibody re-
sponse results in a more severe viral infection with
greater resultant pancreatic B cell involvement, de-
struction, and diabetes than occurs in individuals
with normal immune responses. Proof of this hypo-
thesis will require the demonstration of an impaired
antibody response in diabetic patients known to be in-
fected.
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