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Summary. The HLA status of South African black Type 1 (in- 
sulin-dependent) diabetic patients with age of onset under 35 
years was compared with that of healthy black control sub- 
jects. HLA-A, B and C antigens were determined in 94 pat- 
ients and 995 control subjects, while DR typing was carried 
out on 56 patients and 195 control subjects. There was a signif- 
icant increase in the frequency of DR4 in patients as com- 
pared with control subjects (p<0.01; relative risk 3.4). 
DR3/DR4 heterozygosity was associated with a greater rela- 
tive risk for developing Type 1 diabetes mellitus (3.7) than the 

presence of DR3 alone (relative risk 1.6). A significant nega- 
tive association was observed between the presence of BW42 
and Type 1 diabetes in this population sample (p < 0.04; rela- 
tive risk 0.3). A similar trend was observed with regard to 
DR2, the corrected p value just attaining statistical signifi- 
cance (p< 0.05; relative risk 0.1). 
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The association between Type 1 (insulin-dependent) 
diabetes mellitus and the HLA system has been docu- 
mented in many studies involving different populat ion 
groups. H L A  antigens associated with Type I diabetes 
in White Caucasoids include CW3, CW4, B8, B15, 
DW3, DW4, DR3 and DR4 [1]. In the Japanese, the dis- 
ease has been associated with H L A - D Y T  and BW54 [2, 
3] while in South African Indians an association with 
B8 has been shown [4]. Other studies have shown a rela- 
t ionship with DR3 and DR4 in American blacks [5] and 
with either B8 or B14, which are cross-reacting antigens, 
in South African blacks [6]. It is thus evident that there 
are differences in the specific allelic associations among 
various ethnic groups. 

There is little information on the relationship be- 
tween Type 1 diabetes mellitus and antigens at the D lo- 
cus of  the HLA systems in populat ions other than Cau- 
casoids. Therefore a group of  South African blacks with 
the disease was studied to evaluate the frequencies of  
HLA-A, B, C and the recently-discovered serologically- 
detected D R  antigens, which appear  to be controlled by 
genes located at the same locus as the H L A  D W  anti- 
gens [7] 

Patients and methods 

All the patients and control subjects were blacks of Zulu descent. 
HLA-A, B, and C antigens were determined in 94 patients with Type 1 
diabetes and 995 control subjects, whilst HLA-DR antigens were de- 

termined in 56 patients with Type i diabetes and 195 controls. Classi- 
fication of patients as having Type 1 diabetes was based on the revised 
criteria recommended by the National Diabetes Data Group and the 
WHO: all had always been dependent on insulin for control of symp- 
toms and prevention of basal ketosis [8, 9]. 

A total of 180 antisera were used in a two-stage microlympho- 
cytotoxicity test to determine HLA-A, -B, and -C specificities. Lym- 
phocytes were isolated on a Ficoll-Hypaque density gradient [10]. 
HLA-DR specificities were determined in an extended incubation 
microlymphocytotoxicity test, using T-cell-depleted, B-cell-enriched 
lymphocytes. The frequency differences between the patients and 
Controls were tested for significance by means of the chi-squared test 
(without Yates' correction). The resulting probabilities were multi- 
plied by the number of specificities tested in order to determine the 
corrected value [11]. 

Relative risk was calculated according to the method of Woolf 
[121. 

Results 

At the A and C loci there was no difference in the fre- 
quency of  any of  the antigens between patients and con- 
trol subjects. The lower frequency of  A30 in patients 
(23.4% versus 38.4%) was not significant after correct- 
ing for the number  of  antigens being tested (Table 1). 

The frequency of  B14 was increased in patients as 
compared  with control subjects (12.8% versus 5.2%), 
but  this was not significant after correcting the p value 
(Table 2). Similarly the frequency of B8, although in- 
creased in patients (22.3% versus 12.8%), did not attain 
significance level after correction for the number  of  an- 
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Table 1. Percentage frequencies of HLA-A and -B antigens in pat- 
ients and control subjects 

HLA antigen Percentage frequency in 

Control subjects 
(n=995) 

Diabetic patients 
(n=94) 

A1 6.5 7.5 
A2 21.1 25.5 
A3 12.5 13.8 
Al l  0.1 0 
AW23 17.5 24.5 
AW24 5.1 4.3 
A25 14.3 8.5 
A26 9.2 7.5 
A28 20.6 23.4 
A29 18.1 18.1 
AW30 a 38.4 23.4 
AW31 7.1 8.5 
AW32 2.3 6.4 
AW33 1.6 1.1 
One antigen 25.5 27.7 

B5 1.3 0 
B7 19.9 18.1 
B8 b 12.8 22.3 
B14 5.2 12.8 
BS/B14 o, d 17.7 34.0 
B13 4.1 5.3 
BI5 5.0 6.4 
B16 3.1 1.1 
B17 38.6 36.2 
B18 4.2 6.4 
BW21 1.2 1.1 
BW22 0.1 0 
B27 0.4 0 
BW35 6.2 3.2 
B37 0 0 
BW40 0.8 0 
BW41 2.1 9.6 
BW42 24.8 9.6 
BW44 16.0 11.7 
BW45 7.7 9.6 
BW53 1.3 1.1 
BW 19.1 14.9 
One Antigen 36.1 30.9 

rr 0.5 

rr 2.7 
rr 2.4 

rr 0.3 

a p uncorrected<0.005; b p uncorrected<0.05; c p uncorrected 
< 0.001 ; 0 p corrected < 0.04; n '=  relative risk 

tigens tested (Table 1). Since HLA-B8 and -B14 form 
part of a cross-reacting group of antigens, the presence 
of either of these antigens in the patients was compared 
with that in the control subjects. The difference is highly 
significant (34% versus 17.7%, p <  0.04, relative risk 2.4; 
Table 1). 

There was a lower frequency of HLA-BW42 in pat- 
ients as compared with control subjects (9.6% versus 
24.8%, relative risk 0.3), the difference being significant 
even after correction for the number of antigens tested 
(Table 1). 

At the DR locus, Type 1 diabetes mellitus in the 
black patients was associated with a significant increase 
in the frequency of DR4 (32.1% versus 12.3%; relative 
risk 3.4) even after correcting the p value (Table 2). The 
frequency of DR2 is lower in patients than in control 

Table 2. Percentage frequencies of DR antigen in patients and control 
subjects 

HLA antigen Percentage frequency in 

Control subjects Diabetic patients 
(n = 195) (n = 56) 

DRI 2.6 7.l 
DR2 a 21.0 3.6 rr 0.1 
DR3 34.4 42.9 rr 1.3 
DR4 b 12.3 32.1 rr 3.4 
DR5 33.9 17.9 
DR6 15.9 10.7 
DR7 12.3 23.2 
DR8 1.0 3.6 
DR9 0.5 1.8 
DR10 2.6 1.8 
One antigen 63.6 55.4 

DR3/DR4 2.5 8.9 rr 3.7 
DR3/any other antigen 14.3 16.2 
DR3/DR blank 21.4 16.2 
DR4/any other antigen 8.9 4.6 
DR4/DR blank 12.5 5.5 

a pcorrected<0.05; b pcorrected<0.01; rr relative risk 

Table 3 Linkage disequilibrium between HLA-B locus antigens and 
HLA-DR locus antigens 

Control subjects Diabetic patients 

Haplotype AX103 A/SE Haplotype AX103 A/SE 
frequency frequency 
X103 XIO 3 

DR3 BW42 72 51 3.4 a 3.1 18 0.7 c 
DR2 B7 48 35 2.7 b 8 6 0.6 ~ 
DR3 B8 34 21 1.7 c 65 37 1.2 ~ 
DR5 B7 34 13 0.8 c 53 45 1.9 c 
DR5 B17 15 27 1.2 c 50 36 1.4 c 

A/SE = delta/standard error. 
a p<0.01; b p<0.05; c not significant 

subjects (3.6% versus 21%), the difference just attaining 
a level of statistical significance after correction for the 
number of antigens being tested (Table 2). The frequen- 
cy of DR3 is only slightly higher in patients than in con- 
trol subjects, there being no significant difference. 

HLA-DR3 and DR4 were found together in 8.9% of 
patients and in only 2.5% of control subjects (relative 
risk 3.7; Table 2). Thus the relative risk of DR3/DR4 
heterozygosity was much greater than that for DR3 
alone (relative risk 1.3) but only slightly higher than that 
for DR4 alone (relative risk 3.4). 

The occurrence of specific DR antigens together 
with certain B locus antigens in the same haplotype is' 
shown in Table 3. Whereas there are significant linkage 
disequilibra between DR2 and B7 (A x1000 = 35, 
p <  0.05 and between DR3 and BW42 (Ax 1000=51; 
p <  0.01) in control subjects, these phenomena are not 
seen in the patients (Ax1000=18,  p>0.05 and 
A x 1000=6, p >  0.05 respectively; Table 3). The HLA- 
DR3/B8 haplotype is present in a greater proportion of 
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diabetic patients (6.5%) than control subjects (3.4%) but 
there is no significant linkage disequilibrium in either 
group (Table 3). 

Discussion 

In white Caucasoids two distinct forms of Type 1 diabe- 
tes have been recognised and these may be distinguish- 
able on the basis of HLA studies [13]. There is an auto- 
immune variety which is associated with DR3 and DW3 
and less strongly with B8 [13]. The other type has an ear- 
lier age of onset and tends to be associated with DR4 
and DW4, but less strongly with B15 and CW3 [1]. 

The present study has demonstrated a significant 
association between Type 1 diabetes in South African 
blacks and the presence of HLA-DR4. Such an associa- 
tion has been observed in virtually all the ethnic groups 
studied thus far [14]: However, an association with DR3 
could not be shown among the Zulu patients here, un- 
like the findings in European Caucasoids [1] and Amer- 
ican blacks [5]. It is possible though that such a relation- 
ship is still present but masked by the relatively small 
sample size. 

The presence of DR3/DR4 heterozygosity in South 
African blacks was associated with a much greater sus- 
ceptibility to Type 1 diabetes than that associated with 
possession of DR3 alone, but in comparison with DR4 
alone, DR3/DR4 did not greatly increase the risk. In 
white Caucasoids, however, the relative risk associated 
with possession of both DR3 and DR4 has been found 
to be much greater than that associated with DR3 alone 
or DR4 alone [1]. Studies in white Caucasoids have es- 
tablished a negative correlation between Type 1 diabe- 
tes and the presence of DR2. Such a trend was also ob- 
served among the South African blacks with Type 1 
diabetes, the corrected p value being significant at the 
0.05 level. In addition, there was a significant negative 
correlation with BW42 in these patients. It is difficult to 
gauge the significance of such findings at present, since 
a decreased frequency of an antigen as opposed to an 
increased frequency requires a much larger sample size 
to become evident [15]. The negative correlation be- 
tween B7 and Type I diabetes shown in white Cauca- 
soids [1] was not seen in the black patients described 
here, nor has it been observed in American blacks [5]. 

Previously it had been shown that there was a close 
correlation between Type 1 diabetes in South African 
blacks of Zulu origin and the presence of either B8 or 
B14, which are cross-reacting antigens, thus raising the 
possibility that the same susceptibility gene might be as- 
sociated with either of these antigens in this population 
group [6]. The findings in this study, which was ex- 
tended to involve a larger number of patients, con- 
firmed such a relationship. 

The black patients with Type 1 diabetes did not 
show any increase in the frequencies of CW3, B15, and 
B18 as has been found in European Caucasoids, nor of 

BW54 and B12 as observed in Japanese [1-3]. Studies in 
American blacks or Nigerians have not shown any sig- 
nificant association at the B locus [15-17]. Patel et al. 
did find an increased frequency of B8 in the former, but 
the corrected p value was not significant [18], as has 
been the case with the black patients reported in this 
study. 

In a study on a small number of Nigerians with 
Type 1 diabetes none of the patients had A30, whereas it 
was present in 15% of the 226 controls [17]. Such a trend 
has also been observed in this study done on patients 
who are ethnically related to Africans in the rest of Afri- 
ca [191. 

Linkage disequilibrium between antigens of the B 
locus and those of the DR locus was observed in this 
study, but the degree to which this phenomenon oc- 
curred was different in control subjects and patients. 
DR2 and B7 were found together far more frequently in 
the former. However, the frequency of B7 if present 
alone does not differ much between patients and con- 
trol subjects, thereby supporting the well-known con- 
clusion that the relationship between Type 1 diabetes 
and the HLA system is stronger at the D locus than the 
B locus [1]. 

Linkage disequilibrium involving the DR3 - B8 
haplotype, which has been a constant finding in white 
Caucasoids [1], was not a significant finding in the black 
patients studied here. However, a significant association 
was seen between DR3 and BW42 in the black control 
subjects, whilst the frequency of this haplotype was 
much lower in the patients. 
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