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Summary. Genetic, immunological and viral factors have been 
implicated in pathogenesis of Type 1 diabetes mellitus. The 
development of  Type I diabetes in two siblings of  patients 
with Type I diabetes studied as part of  a large epidemiological 
study, is described. One case, a 13-year-old male not sharing 
either HLA haplotype with his diabetic sister, had virtually 
normal glucose tolerance 80 days before symptomatic presen- 
tation. He showed serological evidence of  infection by Cox- 
sackie CB4 (at diagnosis) and influenza A virus (soon after di- 
agnosis). The other case, a 15-year-old male, had impaired 
glucose tolerance for over 500 days (i. e., since the diagnosis of  

diabetes in his HLA-identical brother) before symptomatic 
presentation which was not associated with serological evi- 
dence of acute viral infection. The former case was negative 
for islet cell antibody (cytoplasmic) when first seen though 
positive at diagnosis, while the latter was positive throughout. 
These two cases suggest contrasting interactions of  the main 
pathogenetic factors associated with Type 1 diabetes. 
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To s tudy  the deve lopm e n t  o f  Type 1 ( insul in-dependent)  
diabetes  mellitus and  examine  putat ive  aet iological  fac- 
tors, we have un te r taken  a large, fami ly-based  study. 
This involves longi tudinal  fo l low-up  o f  siblings o f  new 
cases o f  Type 1 diabetes  who  are at  increased risk for  
deve lop ing  the disease [1]. In  this report ,  we present  da- 
ta on  two contras t ing cases where  Type 1 diabetes has 
deve loped  in siblings o f  patients s tudied bo th  before  
and  at diagnosis.  

Subject and Methods 

Subjects 
All cases of Type 1 diabetes (and their families) presenting at Chil- 
dren's Hospital from i February 1979 onwards are eligible for partici- 
pation in our study. In addition, we have, for comparison, recruited a 
number of single and multiple-case families where the index diabetic 
child was diagnosed at Children's Hospital of Pittsburgh before this 
date. To date, three individuals recruited into this study have subse- 
quently developed Type I diabetes. The first case, not reported here, is 
a 31-year-old parent, while the other two patients are white boys, aged 
13 (patient t) and 15 years (patient 2). 

On recruitment and after obtaining informed consent, we obtain 
blood from all new cases and their first degree relatives for the follow- 
ing determinations: viral serology (on two occasions during admis- 
sion), HLA typing (A, B, C and, recently, DR loci), glycosylated hae- 

moglobin (HbA0, serum autoantibodies and immunoglobulins. In 
addition, the parents (aged < 30 years) and siblings undergo a 4-h oral 
glucose tolerance test with measurements of plasma glucose, insulin, 
growth hormone and glucagon [2]. Those with impaired glucose toler- 
ance [3] have a repeat test 3-6 months later. All siblings, however, are 
seen annually when further serum is obtained for storage and fasting 
blood glucose estimation. 

Immunology 
HLA typing was performed using Terasaki microtitre trays (Universi- 
ty of California, Los Angeles, California, USA) and the standard 
Amos procedure [4]. Immunoglobulin concentrations were deter- 
mined using the Beckman ICS Analyzer (Beckman Instruments, Full- 
erton, California, USA). Autoantibodies were determined by indirect 
immunofluorescence on unfixed tissue (adrenal, gastric parietal, and 
smooth muscle), or Bouin's fixed tissue (pancreatic islet cell cytoplas- 
mic), and by passive haemagglutination for thyroid microsomes. 

Virology 
The procedure of Schmidt [5] was modified for the determination of 
neutralizing antibody titres of single or paired sera against Coxsackie 
B prototype strains B1-B6. Haemagglutination-inhibition tests were 
run against influenza A/Brazil/11/78 (H1N1), A/Bangkok/I/79 
(H3N2) and B/Hong Kong/5/72 strains. In addition, immunofluo- 
rescent tests for human IgG serum antibodies to each of the Coxsack- 
ie B strains were performed [6]. (Fuller details available from RWA). 
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Table 1. Family histories and HLA types 

Patient 1 Patient 2 

Family history Father, diagnosed Brother, diagnosed 
17 years previously 17 months 
at age 15 years previously 
Sister, diagnosed at age 6years 
6 years previously 
at age 8 years 

HLA type of A33/34 B14 DR1 A1 B8 DR4 
patient A9 B8 DR3 A2 B15 CW3 DR4 

HLA type of Sister Brother 
other family A 30/31 B13 DR7 AI B8 DR4 
members with A10 B7 DR8 A2 B15 CW3 DR4 
Type 1 diabetes 

Father 
A9 B8 DR3 
A10 B7 DR8 

Metabolic Studies 

The oral glucose tolerance test was performed as previously described 
[21. At each sampling, plasma was also analyzed for insulin and 
growth hormone using a modification of the method of Herbert et al. 
[7], and for glucagon [8]. HbA1 was determined on the - 30 rain sam- 
ple and is expressed as a percentage of total haemoglobin as mea- 
sured by microcolumn chromatography (Isolab, Akron, Ohio, USA) 
in a water bath at 22 ~ Coefficients of variation for HbA~ are 2% in- 
tra-assay and 6% interassay. C-peptide was measured using the Novo 
C-peptide kit (Novo Research Institute, Bagsvaerd, Denmark) at di- 
agnosis of Type 1 diabetes and at subsequent clinic visits. 

Results 

Family History 

Patient I has both a father and sister with Type 1 diabe- 
tes diagnosed many years previously, while patient 2 
has a brother whose Type 1 diabetes was diagnosed 
only 17 months earlier (Table 1). The sharing of HLA 
haplotypes between the patients in these families also 
differs (Table 1). Patient 2 is HLA identical to his dia- 
betic brother, while patient 1 is totally HLA non-identi- 
cal to his diabetic sister. 

Clinical Presentation and Metabolic Data 

no signs of weight loss or active infection. He had gly- 
cosuria but no ketonuria or biochemical acidosis. Blood 
glucose was 15.3mmol/1 on a random sample with 
HbA1 of 9.4% (normal range 4.9%-7.4%). Full blood 
count was normal except for a mild lymphocytosis. The 
C-peptide concentration was 0.23pmol/ml. Eight 
months later the fasting serum C-peptide concentration 
was 0.1 pmol/ml, and doubled after stimulation by a 
meal. 

Patient 2: Seventeen months before diagnosis of Type 1 
diabetes (i. e., at the time of his brother's diagnosis), pat- 
ient 2 showed impaired glucose tolerance (Table 2). This 
was associated with normal plasma insulin concentra- 
tions for his age, but a delayed peak at 2 h and sustained 
elevations of plasma insulin. Plasma glucagon concen- 
trations were high and showed late suppression. 
Growth hormone suppressed normally. Three months 
later there was further impairment of glucose tolerance 
with lower plasma insulin concentrations and a para- 
doxical rise of plasma glucagon. Growth hormone was 
again normally suppressed. 

He presented with a 1-week history of increased 
appetite and a 4-day history of polyuria. During this pe- 
riod glycosuria varied from 0% to 5%, with no ketonu- 
ria. He also gave a history of midmorning hunger for 
2 years, a I kg weight loss over the previous month, and 
an influenza-like illness 2 weeks before admission. 

On admission, he was marginally underweight for 
his height with a blood glucose of 6.1 mmol/1 (fasting) 
and 12.6 mmol/14 h post-prandial. His full blood count 
was normal. A C-peptide level 1 month after admission 
was 0.04 pmol/ml. 

Immunology 

Patient 1 was negative for all five autoantibodies when 
first seen, though at diagnosis 10weeks later he was 
positive for islet cell (cytoplasmic) and smooth muscle 
antibodies. Immunoglobulins were normal throughout. 

Patient 2 was positive for islet cell (cytoplasmic) an- 
tibodies and had a raised serum IgG concentration 
(3 080 mmol/1) when first seen. He remained islet-cell- 
antibody-positive throughout follow-up, while his im- 
munoglobulins returned to normal within 1 month. 

Patient 1: Ten weeks before diagnosis patient 1 under- 
went an oral glucose tolerance test (Table 2). Although 
classed as normal [3] the fasting, 30 and 60 rain plasma 
glucose values were above our mean+  2 SD for simi- 
larly aged siblings [2]. Basal concentrations of growth 
hormone and glucagon were normal but there was no 
glucagon suppression by glucose. 

At presentation he gave a 2-day history of polyuria 
and mild hyperphagia during which he had 2%-5% gly- 
cosuria with no ketones. Six days before admission he 
had suffered abdominal cramps, diarrhoea and head- 
ache. On admission he has not acutely ill and there were 

Virology 

Four serum specimens were analyzed from patient 1 
(Table 3). He had had a significant neutralizing anti- 
body conversion against Coxsackie B4 and possibly B3 
viruses by the time of diagnosis. Indirect immunofluo- 
rescence test results on the first two sera available paral- 
leled the neutralizing antibody results, i. e. IgG antibody 
against CB4 and CB3 rose from 1/2 to 1/32 and from 
1/2 to 1/8, respectively. Tests on serum taken at diagno- 
sis and on day 31 post-diagnosis showed a significant 
eightfold rise in influenza A antibody titre (Table 3). 
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Table 2. Plasma glucose, insulin, growth hormone and glucagon concentrations during oral glucose tolerance testing 
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Oral glucose tolerance test 

Time of sampling (rain) -30 0 15 30 60 120 180 240 

Patient 1 (80 days before diagnosis) 
Glucose (mmol/l) 6.5 5.9 9.2 11.8 8.5 7.9 3.4 - 
Insulin (mU/1) 12 7 15 33 24 18 10 - 
Growth hormone (nmol/1) 56 42 33 42 38 52 381 - 
Glucagon (pmol/1) 28 31 25 34 31 23 25 - 

Patient 2 (502 days before diagnosis) 
Glucose (retool/l) 5.0 5.5 6.0 10.1 12.8 10.2 6.7 3.5 
Insulin (rnU/1) 18 18 25 54 57 66 49 23 
Growth hormone (nmol/l) 19 940 846 517 80 38 320 987 
Glucagon (pmol/1) 163 186 191 135 158 163 69 238 

Patient 2 (399 days before diagnosis) 
Glucose (mmol/1) 5.1 5.4 9.6 10.4 14.0 12.5 7.7 3.7 
Insulin (mU/1) 10 10 15 30 38 33 38 15 
Growth hormone (nmol/1) - 324 207 89 28 19 9 461 
Glucagon (pmol/1) 197 166 191 239 163 153 158 194 

Table 3. Significant Coxsackie virus type B (CB) and influenza type A 
serological responses 

Virus antibody titres 1 

Coxsackie Serotypes 2 Influenza 
virus type 3 

Patient 1 CB3 CB4 A/Bang- 
kok/ I /79  

80 days before diagnosis 10 10 10 
At diagnosis 20 80 10 
30 days after diagnosis 10 80 80 
234 days after diagnosis 10 80 80 

Patient 2 CB2 CB4 A 
502 days before diagnosis 40 10 80 
97 days before diagnosis 20 10 20 
Diagnosis 10 10 40 
25 days after diagnosis 10 10 10 

Antibody titres expressed as reciprocal of twofold dilution series be- 
ginning at 1/10; 2 Neutralizing antibody; 3 Haemagglutination-inhi- 
bition 

Two other members of the family showed similar evi- 
dence of an influenza A infection at this time. 

Four sera were also tested from patient 2 (Table 3) 
and showed evidence of past influenza A (and B, not 
shown) infections. There was no serological evidence 
for current Coxsackie B virus infection at diagnosis al- 
though neutralizing antibody present in the first serum 
available showed a previous B2 infection to have oc- 
curred. By immunofluorescence testing, his first serum 
sample showed the presence of viral IgG antibody to 
Coxsackie B3 and a rise in IgG antibody titre to Cox- 
sackie B2 from ~< 1 : 4 to 1 : 16 between days 502 and 97 
before diagnosis. Patient 2's diabetic brother, at his own 
diagnosis, showed evidence of a past Coxsackie B4 in- 
fection followed shortly by a B5 infection (eightfold rise 
in neutralizing titres) and high titres to influenza A and 
B at diagnosis. 

Discussion 

These two case histories demonstrate contrasting pat- 
terns of development of Type 1 diabetes. In patient 2, an 
HLA-identical sibling of the index case, Type 1 diabetes 
was preceded by a 17-month period of impaired glucose 
tolerance documented from the time of the diagnosis of 
his brother's diabetes and only equivocal evidence of vi- 
ral infection. In contrast patient 1, a non-HLA-identical 
sibling of a diabetic child diagnosed many years previ- 
ously, presented with good evidence of both Coxsackie 
B4 and influenza infection at or soon after diagnosis. 
He had normal glucose tolerance only 2 months previ- 
ously. Furthermore, while patient I was negative for is- 
let cell (cytoplasmic) antibody until diagnosis, patient 2 
was persistently islet-cell-antibody-positive since he 
was first seen. This suggests that in one case (patient 2) 
the pathogenetic mechanism may have been one of pro- 
longed autoimmune-associated deterioration of islet B- 
cell function, as recently suggested by Gorsuch et al. [9] 
in a genetically high risk sibling. Such siblings are re- 
ported in some studies to have glucose tolerance abnor- 
malities [10, 11]. The other case (patient 1) may have de- 
veloped Type I diabetes in association with an acute 
viral infection but with a less clear genetic and autoim- 
mune background. 

It should be noted that these two cases may not be 
completely different. For example, the impaired glu- 
cose tolerance and autoimmune process in patient2 
might have been precipitated by a viral infection 
17 months or more before the development of sympto- 
matic diabetes. In addition, some of the prediagnosis 
plasma glucose values of patient 1 could be considered 
by other criteria to be abnormal [2]. 

The difficulty in interpretation of these viral and 
metabolic studies underscores the complexities of in- 
vestigating the aetiology of Type 1 diabetes. The viral 
data from patient I suggest that viral infection (possibly 
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multiple) may be involved. However, the role of the islet 
cell autoantibodies must still be in question because in 
both cases islet cell destruction may have already start- 
ed by the time that the islet cell antibodies were detect- 
ed, and thus be the result of such destruction and not its 
cause [12]. More intensive and frequent testing (includ- 
ing viral isolation studies at diagnosis) of many high 
risk individuals (e. g., siblings) will be needed to resolve 
these problems. 
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