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Abstract

Aims: To further understand clinical and biochemical features, and HLA-DRB1 genotypes, in 

new cases of diabetes in Sudanese children and adolescents.

Methods: Demographic characteristics, clinical information, and biochemical parameters (blood 

glucose, HbA1c, C-peptide, autoantibodies against glutamic acid decarboxylase 65 [GADA] and 

insulinoma-associated protein-2 [IA-2A], and HLA-DRB1) were assessed in 99 individuals <18 

years (y), recently (<18 months) clinically diagnosed with T1D. HLA-DRB1 genotypes for 56 of 
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these Arab individuals with T1D were compared to a mixed control group of 198 healthy Arab 

(75%) and African (25%) individuals without T1D.

Results: Mean±SD age at diagnosis was 10.1±4.3y (range 0.7–17.6y) with mode at 9–12y. A 

female preponderance was observed. Fifty-two individuals (55.3%) presented in diabetic 

ketoacidosis (DKA). Mean±SD serum fasting C-peptide values were 0.22±0.25 nmol/L 

(0.66±0.74 ng/mL). 31.3% were autoantibody negative, 53.4% were GADA positive, 27.2% were 

IA-2A positive, with 12.1% positive for both autoantibodies. Association analysis compared to 

198 controls of similar ethnic origin revealed strong locus association with HLA-DRB1 (p<2.4 × 

10−14). Five HLA-DRB1 alleles exhibited significant T1D association: three alleles (DRB1*03:01, 
DRB1*04:02, and DRB1*04:05) were positively associated, while three (DRB1*10:01, 

DRB1*15:02, and DRB1*15:03) were protective. DRB1*03:01 had the strongest association 

(odds ratio=5.04, p=1.7×10−10).

Conclusions: Young Sudanese individuals with T1D generally have similar characteristics to 

reported European-origin T1D populations. However, they have higher rates of DKA and slightly 

lower autoantibody rates than reported European-origin populations, and a particularly strong 

association with HLA-DRB1*03:01.

Keywords

childhood diabetes; Sudan; HLA; autoantibodies; C-peptide

1. Introduction

Diabetes with onset in childhood is predominantly type 1 diabetes (T1D), but various other 

forms can occur in this age group (1). T1D incidence varies widely across the world; rates 

are much higher in European- and some Arab-origin populations in comparison to 

populations from other regions (2). Some of this variance appears to be due to different 

frequencies of predisposing HLA alleles (1, 3), although and unfortunately, only limited data 

are available from some populations, including those in Africa. Islet autoantibody positivity 

rates, as reflected by autoantibodies against beta cell antigens such as glutamic acid 

decarboxylase 65 (GADA) and Insulinoma-Associated Antigen-2 (IA-2A), are generally 

elevated in high-incidence countries, but have been reported as substantially lower in 

clinically diagnosed T1D individuals in nations such as Pakistan and Bangladesh (4, 5). 

Even in European populations, substantial heterogeneity in autoantibodies and disease 

phenotypes has been recently reported (6, 7).

Sudan is a lower-middle income country in northern Africa with a population of 40.5 million 

in 2017 (8). Due to its geographic position, this country has substantial Arab- and African-

populations (9). A study published in 2015 demonstrated a moderate T1D incidence (10.1 

per 100,000 population per year in 0.5–19 year age range) in Sudan (10). Type 2 diabetes 

(T2D) has also been reported in Sudanese children and adolescents (11). Given this series of 

unknowns regarding the pathogenesis and phenotypes of diabetes in Sudan, especially with a 

contemporaneous mindset, we conducted a study of 99 new or recent-onset individuals of 

T1D (duration <18 months) in children and adolescents <18 years of age in Khartoum, 
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Sudan for the purpose of investigating demographic, clinical, and biochemical features, as 

well as HLA-DRB1 alleles.

2. Methods

2.1 Study site

The study was conducted at the Paediatric and Endocrinology Department units at the 

University of Khartoum and Sudan Childhood Diabetes Center (SCDC) in Khartoum, Sudan 

(12), where enrolled T1D individuals received care with the support from the Life for a 

Child Program (13) and other sources. This study was approved by relevant Ethics 

Committees in Sudan, the United States of America, Australia, and was performed in 

accordance with the Declaration of Helsinki. Written informed consent was obtained for all 

individuals as per Ethics Committee requirements prior to enrollment in the study.

2.2 Study participants

During the study period from April 2013 to August 2016, approximately 132 young people 

<18 years of age were diagnosed with diabetes (defined according to standard World Health 

Organization (WHO) criteria (14). Determination of the type of diabetes was made by the 

local investigators according to available clinical features and history, using international 

recommendations (1). T1D diagnosis required classic symptoms with immediate sustained 

need for insulin therapy, without features suggesting T2D, monogenic diabetes, maturity-

onset diabetes of the young, or secondary causes of diabetes – individuals with other forms 

of diabetes were excluded from the study. Individuals with T1D who presented in Khartoum 

but were to be followed-up in regional centres were also excluded, and a few individuals 

declined consent. After these exclusions, a total of 102 T1D individuals <18 years of age at 

diagnosis were enrolled. Three individuals provided consent, but subsequently requested that 

certain study information be excluded, precluding further analysis. Of the 99 individuals 

diagnosed from April 2013 to August 2016, five (5.1%) were assessed within the first week 

of diagnosis, 23 (23.2%) from one week to one month, 63 (63.6%) within one to six months, 

while the remaining 8 (8.1%) were assessed from six to 18 months following diagnosis. This 

series was not consecutive, but rather one of an opportunistic sampling. Of the 99 T1D 

individuals, 71 were of Arab ethnicity, 25 of African ethnicity, with ethnic information 

unavailable for three individuals.

A set of 206 unrelated, non-diabetic control individuals were collected for the HLA 

genotyping studies. Controls were required to be non-diabetic, unrelated to each other or to 

any cases, and have both parents born in Sudan. Detailed ancestry information was not 

collected for each of the control individuals; however, their ethnicity distribution was 

broadly similar to that of the T1D individuals, i.e., ~75% Arab and ~25% African.

2.3 Demographic data

Date of birth, sex, ethnic group (Arab or African), city, and province of residence at 

diagnosis, date of diagnosis, as well as distance from and travel time to the centre, were 

recorded.
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2.4 Clinical parameters

The presence of polyuria, polydipsia, weight loss, malnutrition, and ketoacidosis at the time 

of diagnosis were recorded. Ketoacidosis was defined as per the local clinical definition as 

the presence of clinical features (tachypnoea, dehydration, confusion, or coma) in 

combination with marked ketonuria (“Moderate” or higher on dipstick) and elevated blood 

glucose levels (>11 mmol/L (200 mg/dL)). Facilities for blood gas analysis or ketonemia 

were cost-prohibitive and therefore, not available. The following information pertaining to 

diabetes care was also recorded for each individual: date of insulin commencement, number 

of insulin injections per day, type of insulin used, insulin storage method at home, use of 

oral hypoglycemic agents, and other medications or treatments. History of other medical 

conditions and family history were also recorded. Body weight and height were measured by 

electronic scales and stadiometer, respectively, with individuals wearing no shoes and 

lightweight clothing. Body Mass Index (BMI) was calculated, and BMI SD scores (SDS) 

were calculated using the WHO standards for those <5 years of age (15) and for those 5–19 

years of age (16), with an SDS of ≥2.0 being regarded as overweight and ≥3.0 as obese.

2.5 Sample collection

Sample collection for HLA genotyping was performed as described previously (17). Briefly, 

approximately 200μl of peripheral blood from each patient was preserved by mixing with 

DNAgard® blood (BioMatrica, San Diego, CA), followed by drying for storage and 

shipment for analysis. For unrelated controls without diabetes, approximately 1 mL of saliva 

was mixed with 0.5 mL DNAgard® saliva stabilizing reagent (BioMatrica, San Diego, CA) 

for storage and subsequent shipment for analysis.

2.6 Biochemical parameters and serology

Blood glucose was measured using a Mindray BA-88A analyser (Darnstadt, Germany). 

HbA1c was determined by nephelometry using a MISPA-I2 meter (Agappe Diagnostics Ltd. 

Cochin, Kerala, India). Fasting C-peptide, GADA, and IA-2A were measured by ELISA in 

Khartoum, using commercially available ELISA kits manufactured by (for C-Peptide) 

Mercodia (Uppsala, Sweden), and (for GADA and IA-2A) IBL (Hamburg, Germany). 

GADA and IA-2 autoantibodies were considered positive if levels were ≥30 IU/mL based on 

the standard curve, according to manufacturer’s recommendation. Similar ELISA formats 

have been challenged in Islet Autoantibody Standardization Programs with comparable 

sensitivity and specificity to radioimmunoassays(18).

2.7 HLA-DRB1 genotyping

Dried blood from patient samples were reconstituted in 200 μl water, with DNA extracted 

from patient blood and control saliva samples using QIAamp® blood kits (Qiagen, Hilden, 

Germany). High-resolution HLA-DRB1 genotyping was performed at the Children’s 

Hospital Oakland Research Institute in California, USA using two platforms: a 454 GS 

Junior System (Roche, Basel, Switzerland) and on the MiSeq® instrument (Illumina, San 

Diego, CA).

For the Roche 454 platform, exon 2 of the DRB1 gene was amplified; amplicons were 

purified with AMPure beads (Becton Dickinson, Franklin Lakes, USA), quantified using the 
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Quant-iT PicoGreen dsDNA reagent (Life Technologies, Foster City, USA), mixed with 

capture beads, amplified in an emulsion PCR, and pyrosequenced on the 454 GS Junior 

instrument. DRB1 genotype calls were assigned with a combination of two customized 

software packages: Assign™ ATF (Conexio Genomics, Freemantle, Australia) and Sequence 

COmpilation and REarrangement (SCORE™) software (Graz, Austria) (19).

For the Illumina platform, a two-step amplification strategy was used to amplify exon 2 of 

DRB1, with first-round primers containing the same locus-specific sequence as that used for 

the 454-based genotyping. Amplicons were sequenced on an Illumina MiSeq instrument. 

Genotype calls were assigned using HLA Twin™ software, version 2.1 (Omixon, Budapest, 

Hungary).

Of the original 99 T1D and 206 control individuals, 25 T1D and 133 control individuals 

were genotyped with both methods. Of the total 308 samples, 275 (76 T1D individuals and 

198 controls) produced high-confidence, good quality DRB1 allele calls. Of the 76 T1D 

individuals, 56 reported Arab ancestry. Allele calls were reported at two-field (peptide) 

resolution. All calls were concordant at the two-field level between platforms.

2.8 Statistical analyses

The demographic and clinical data were assessed using Microsoft Excel (Microsoft 

Corporation, Redmond, USA). The data were assessed for bimodality using likelihood ratio 

tests for nested finite mixture models. Models were fitted using an Expectation-

Maximization algorithm implemented in R 3.3.1 (R Core Team, Vienna, Austria) and with 

the package ‘mixtools’ (20). Significance was assessed using Wilks’ chi-square 

approximation and by parametric bootstrap with 1,000 samples. To assess sensitivity to 

distributional assumptions, the analysis was performed in triplicate, assuming mixtures of 

Normal, LogNormal, and Gamma populations in turn.

BIGDAWG (21) version 2.3.6 was used perform locus-level (kx2) chi-squared (χ2) tests of 

heterogeneity and allele-level (2×2) χ2 tests of association between 56 Arab individuals with 

T1D and 198 control individuals at the HLA-DRB1 locus, at two-field (peptide) level. 

DRB1 genotype data for 17 African individuals with T1D and 3 individuals of unknown 

ethnicity were not analyzed. BIGDAWG v2.3.6 combines the set of alleles with expected 

counts < 5 in either individuals or controls that represent less than 20% of contingency table 

cells into a common “binned” category for analysis (22), as the χ2 test is invalid when >20% 

of contingency table cells have expected values < 5(23). As BIGDAWG analysis assumes 

that case and control individuals belong to the same population, only the 57 Arab individuals 

with T1D were compared to controls (Table 2); however, because ethnicity (Arab or African) 

of the controls was unknown, we performed additional association analyses in which 

149/198 (75%) of controls were selected randomly 50,000 times and analyzed with the 56 

Arab individuals with T1D.

PyPop (v0.8.0) (24) was used to test Hardy-Weinberg equilibrium (HWE) proportions of 

HLA-DRB1 genotypes in individuals with T1D and controls. Locus-level HWE deviations 

were tested using Guo and Thompson’s exact method (25). Chen’s method (26, 27) was 
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used to identify individual genotypes deviating significantly from HWE, with a threshold for 

significance of 0.05.

3. Results

3.1 Demographic data

Forty-two (42.4%) individuals were male and 57 (57.6%) were female. All were Sudanese 

(born in Sudan of Sudanese parents), with ethnic group information provided for 96/99 of 

the T1D individuals examined: 26.0% identified themselves as belonging to African ethnic 

groups while 74.0% identified with Arab or Arab-African mix ethnic groups. There was no 

discernible seasonal pattern in disease incidence (data not shown). The mean±SD age of 

diagnosis of T1D was 10.1±4.3 years (range 0.7 – 17.6 years). The median age at diagnosis 

was 10.3 years, with a mode of onset at 9–12 years (Figure 1). Fifteen individuals (15.2%) 

were diagnosed at 0–4 years, 33 (33.3%) at 5–9 years, 38 (38.4%) at 10–14 years, and 13 

(13.1%) at 15–19 years. Travel information was provided for 78/99 individuals with T1D: 13 

(16.7%) travelled <10km to access care, 41 (52.6%) travelled 10–50 km, 7 (9.0%) travelled 

50–200 km, and 17 (21.8%) travelled >200km.

3.2 Clinical parameters

Clinical features were recorded for 94/99 T1D individuals. The main symptoms preceding 

diagnosis were polyuria (n=90, 95.7%), polydipsia (n=87, 92.6%) and weight loss (n=69, 

73.4%). Fifty-two (55.3%) presented in DKA. Mean BMI SDS was −0.9±2.6 (range −16.8 

to 4.1), based on data for 88 individuals. Seven individuals were overweight at diagnosis. All 

had fasting serum C-peptide ≤0.8 ng/mL (≤0.26 nmol/L), two presented in DKA and three 

of these had one positive autoantibody. One subject was obese at diagnosis, a boy aged 7 

who was GADA positive, and had a C-peptide of 0.66 ng/mL (0.22 nmol/mL) with no DKA. 

Three individuals had a BMI SDS of <-5.0. Two of these were positive for at least one 

autoantibody while two presented in DKA and one with malnutrition.

The mean±SD blood glucose (n=77) at diagnosis was 20.2±6.9 mmol/L (364±124 mg/dL), 

with a range of 11.0–38.9 mmol/L (198–700 mg/dL). The mean±SD HbA1c (n=63) was 

10.9±2.7% (95.3±29.5 mmol/mol), with a range of 5.0–16.0% (31.1–151 mmol/mol). Nine 

T1D individuals (9.1%) had other medical conditions (n=82): three with tonsillitis, one each 

with anaemia, coeliac disease, neurological disability, epilepsy, nephritis, and an allergy. 

Family history was available for 95 of the T1D individuals: five (5.1%) had a brother with 

T1D; 1 (1.0%) had a father with T1D.

Insulin therapy information was available for 97/99 T1D individuals: 80 (82.5%) started on 

insulin on the same day as diagnosis, 11 (11.3%) started within 1 week, 3 (3.1%) started 

within 1 month, and 3 (3.1%) started within 2 months. For n=84 T1D individuals, 60 

(71.4%) were able to store insulin in a refrigerator at home, with the remaining 24 (28.6%) 

using a refrigerator outside of the home, ice, or an evaporative cooling device (28).
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3.3 C-peptide

Table 1 shows C-peptide results and relationship with autoantibody status. The mean±SD 

fasting serum C-peptide was 0.66±0.74 ng/mL (0.22±0.25 nmol/L). Sixty-eight (68.7%) 

T1D individuals had a fasting C-peptide value of <0.8 ng/mL (<0.26 nmol/L), 30 (30.3%) 

had a C-peptide value between 0.8-<3.1 ng/mL (0.26–1.03 nmol/L), and 1 (1.0%) had a C-

peptide value >3.1 ng/mL (>1.03 nmol/L). The single individual with a raised C-peptide was 

a boy, aged 17.6 years at diagnosis, no DKA on presentation, while positive for both IA-2A 

and GADA, and fasting serum C-peptide level of 6.0 ng/mL (2.0 nmol/L).

3.4 Autoantibody results

Twenty-seven (27.2%) individuals were IA-2A positive, 53 (53.5%) were GADA positive, 

and 12 (12.1%) were positive for both, resulting in 69 (69.7%) who were positive for at least 

one autoantibody (Table 1). Amongst seropositive individuals, the mean±SD titres were 

240.2±198.1 IU/mL for GADA autoantibodies and 146.9±275.8 IU/mL for IA-2A. 

Supplementary Table 1 shows the age of diagnosis, HLA alleles, BMI SDS, DKA status, C-

peptide, and other data on all autoantibody negative subjects.

3.5 Relationship of DKA status to C-peptide and autoantibodies.

With respect to C-peptide, of the 52 individuals who presented in DKA, 38 (73.1%) had a 

low C-peptide (<0.8 ng/mL (<0.26 nmol/L), and 14 (26.9%) had a C-peptide in the normal 

range (0.8–3.1 ng/mL (0.26–1.03 nmol/L).

With respect to autoantibodies, of these 52 individuals who presented in DKA, 29 (55.8%) 

were positive for GADA, 13 (25.0%) for IA2, 8 (15.4%) had both autoantibodies, and 17 

(32.7%) were autoantibody negative.

3.6 HLA results

High-confidence, good quality HLA-DRB1 genotypes were generated from 76 T1D and 198 

control individuals; however, because of the mixed ethnicity of the whole population, only 

the larger, Arab group of individuals (n=56) is shown in the disease association analysis 

(Table 2). The African subgroup of patients was too small for meaningful analysis. DRB1 
genotype proportions of both the study and the control individuals comported to HWE 

expectations. As expected, the DRB1 locus was significantly associated with T1D (p = 2.42 

× 10−14). Three alleles, DRB1*03:01, DRB1*04:02, and DRB1*04:05, were positively 

associated with T1D, with the greatest risk conferred by the DRB1*03:01 allele (Odds Ratio 

[OR] = 5.04, p = 1.7 × 10−10). In European populations, DRB1*03:01 and DRB1*04 alleles 

(except DRB1*04:03) are predisposing and are part of the high-risk heterozygous genotype 

“DR3/DR4” (29). In the Sudanese individuals reported here, DRB1*04:02 (OR = 4.58, p = 

1.4 × 10−2) and DRB1*04:05 (OR = 3.25, p = 8.0 × 10−4) were significantly predisposing. 

DRB1*04:01 and DRB1*04:03 did not exhibit significant association, and the frequency of 

DRB1*04:04 was too low to be included in the final analysis. Four alleles, including 

DRB1*10:01, DRB1*13:02, DRB1*15:02, and DRB1*15:03, show significant T1D 

protection (OR= 0.23, 0.35, 0.14, and 0.00, respectively). However, the result for 

DRB1*13:02 may be spurious, since it did not remain significant in the resampling analysis. 

(Supplementary Table 2).
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A summary of the resampling analyses are included in Supplementary Table 2, and p-values 

and ORs for each allele in each replicate are available from the authors upon request. In all 

50,000 analyses, the associations for the DRB1*03:01, DRB1*04:02, DRB1*04:05, 

DRB1*10:01, DRB1*15:02 and DRB1*15:03 alleles are consistent with those reported in 

Table 2. However, the p-values for the DRB1*13:02 allele in the resampling analyses ranged 

from 0.006 to 0.451, with a mean 0.050 (Supplementary Table 2). Almost half (46.4%) of 

the p-values for DRB1*13:02 were not-significant at the 0.05 level, and 37.5% of the 

resampling analyses had p-values < 4.09E-02. DRB1*13:02 was not associated with T1D in 

a large fraction of replicates, and initial findings were not validated by resampling analysis, 

therefore we do not interpret these data as supporting an association between DRB1*1302 
and T1D.

3.7 Ethnicity aside from HLA

The rate of autoantibody negativity, the mean C-peptide, and the percent who had DKA 

were all very similar between the 71 individuals of Arab ethnic groups and the 25 from 

African groups (Supplementary Table 4).

4. Discussion

This study investigated the clinical, biochemical, and genetic characteristics of recent-onset 

clinical-diagnosed T1D in children and youth in Sudan. In comparison to European-origin 

populations, the rate of DKA at onset was high, autoantibody-negative forms (based on 

testing for two autoantibodies) were more common, and there was a particularly strong 

association with HLA-DRB1*03:01.

The highest rates of T1D globally occur in Nordic countries (2, 30). However, of the ten 

countries with the highest T1D incidence, three are now high-income Arab-nations: Kuwait 

(ranked third at incidence of 41.7 per 100,000 children <15 years of age/year), Saudi Arabia 

(ranked fifth, incidence of 31.4), and Qatar (ranked eighth, incidence of 28.4) (30). The most 

recent study from Sudan has data from 2015 and found an incidence of 10.1/100,000 

population per year for the 0.5–19 year age group (10). Data from countries in sub-Saharan 

Africa are much more limited; however, incidences appear to be substantially lower (2, 31). 

Sudan’s population is around 70% Arab and 30% African in origin (9), similar to the 

distribution of individuals enrolled in this study, suggesting that T1D incidence does not 

differ markedly between Arab and African groups in Sudan.

The patterns for clinical presentation and age of T1D onset in this study were similar to 

those of European populations (3). Such populations sometimes show a slight male 

preponderance (1). In this study, a female preponderance (male:female ratio = 0.74) was 

observed, however the Khartoum State study of Saad et al. (10) did not find a gender 

difference.

The observed rate of DKA at diagnosis of 55.3% is high by international standards (32). 

However, Elamin et al. (33) reported a rate of 81.2% also in Khartoum, and high rates have 

been seen in other African studies (31). DKA is a dangerous condition and can be fatal (32, 

34) or have long-term sequelae (32). In the current study, high rates of DKA could be 
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explained, at least in part, by lack of recognition of T1D symptoms before onset of DKA 

due to limited health services outside the capital, with many families travelling long 

distances to access care.

Most fasting serum C-peptide values were low, consistent with the diagnosis of T1D. The 

rate of autoantibody positivity was lower than that seen in populations of European-ancestry 

in Finland and the United States (3, 35, 36); however, zinc transporter-8 autoantibodies 

(ZnT8A) and insulin autoantibodies (IAA) were not assessed. Even in European T1D 

populations, autoantibody-negative rates (for up to five autoantibodies) range up to 7.9% 

(36). In comparison to Finnish data, GADA positivity was lower (54.4% versus 67.0%), and 

IA-2A positivity much lower (29.4% versus 76.0%). Two older studies on T1D 

autoantibodies in Sudanese individuals only evaluated islet-cell antibodies (ICA), with 

reported positivity rates of 41.7% (37) and 63% (33). A recent study (38) of 81 newly-

diagnosed T1D individuals <19 y of age, also from Khartoum, found GADA positivity of 

77.5%, IAA of 36.3%, and ZnT8A of 16.3%. IA-2A was not measured.

Analysis of HLA data is complex due to the highly polymorphic nature of the HLA loci. The 

number of HLA alleles is large, and their individual frequencies are generally low. In 

addition, HLA frequencies and haplotype combinations vary largely among populations. 

However, most of the T1D risk effects of HLA-DRB1 alleles in this dataset are consistent 

with reports from other populations in that DRB1*03:01 and DRB1*04 alleles, with the 

exception of the T1D-protective DRB1*04:03 allele, are predisposing for T1D. Indeed, the 

DRB1*03:01 allele appears to have a particularly strong predisposing effect here, as it does 

in Somalia and Pakistan, where nearly all T1D risk is attributable to DRB1*03:01 (4, 29, 39, 

40). In Europeans, risk from DRB1*04:05 is higher than that from DRB1*03:01, exhibiting 

ORs as high as 11.37 (29). Our data are also consistent with a very early Sudanese study by 

Magzoub et al. (41), which showed associations with T1D for DR3, DR4, and DRw6 
(Dw18).

T1D protection conferred by DRB1*15:xx alleles (sometimes referred to as “DR2”) is 

apparent in this Sudanese population, which represents a unique opportunity to observe 

effects of DRB1*15:02 and DRB1*15:03 alleles in the same sample set. In populations of 

European ancestry, the common DR2 allele is DRB1*15:01, which is also highly protective 

for T1D, but too rare to assess in our Sudanese cohort. Overall, T1D protection from 

DRB1*15:xx alleles appears to be quite consistent among populations. DRB1*10:01 is not 

generally associated with T1D but showed marginal significance for T1D protection in these 

data. The observed DRB1*13:02 protective effect was not replicated in the resampling 

analyses. Unlike the other T1D-associated alleles observed in these data, which are found 

only in one or a few haplotypic combinations, DRB1*13:02 can be found in numerous DR-

DQ haplotypes, especially in non-European populations. These DRB1*13:02 haplotypes can 

have either predisposing or protective T1D associations (39). The true effects of 

DRB1*10:01 and DRB1*13:02 will become more clear with both replication studies and 

genotyping of additional loci, particularly HLA-DQA1 and HLA-DQB1.

Although few reports are available on the HLA genetics of T1D susceptibility in African 

populations, comparison of our Sudanese data with a recent study from Ethiopia (42) 
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underscores the fact that geographical proximity does not necessarily correlate with genetic 

risk factors. Individuals in the Ethiopian study were from the Amhara ethnic group, recruited 

in or near Gondar, which is only 765km from Khartoum, Sudan. The Amhara speak a 

Semitic language and have many western-Eurasian features; however, the low-resolution 

genotyping data from the Amhara do not show the unusually strong effect of DRB1*03:01. 

In the Ethiopian data, the magnitude of risk conferred by DRB1*03:01 and DRB1*04:xx 
were similar, with the DRB1*04:xx effect being slightly stronger.

The current study has a few limitations. The ethnic distribution of the source population in 

and around Khartoum may not be reflective of the whole country; however, the ethnic 

distribution of our sample set was consistent with previous reports. In addition, although 

both T1D individuals and control individuals demonstrated HWE, separate analysis of Arab 

and African T1D and control subsets would be preferable if resources were available. To at 

least partially address the uncertainty in the ethnic composition of the control individuals, 

we applied a resampling approach confirming the initial associations for all alleles except 

DRB1*13:02. The series was not a consecutive enrolment and, therefore, may not fully 

represent the whole clinic population. Funding constraints limited the number of 

autoantibodies that could be measured, and limited the HLA analysis to DRB1. It is possible 

that one or more autoantibody-negative individuals has MODY or T2D. Monogenic diabetes 

(43) does occur in Sudan; cases of TRMA (thiamine-resistant megaloblastic anaemia) 

syndrome have been reported (44), and other genetically-confirmed types have been 

observed at the Sudanese Childhood Diabetes Centre (SCDC) (unpublished observations). 

T2D has also been reported in children and adolescents in Sudan (11).

Measurement of ZnT8A and IAA, with the latter requiring blood sampling prior to initiation 

of exogenous insulin therapy, may reveal more autoantibody-positive cases (1,3, 38), and 

further genetic studies could uncover other gene associations, both within and outside HLA. 

Fasting serum C-peptide was also only measured on a single occasion.

In conclusion, the clinical, biochemical, and genetic characteristics of T1D in youth in this 

Sudanese study population were generally similar to those seen in European populations, 

with some differences in HLA. Further work is needed in Sudan to reduce the rate of DKA, 

and also to determine current nationwide T1D incidence and prevalence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
The age of onset of T1D in young people <18 years of age in Sudan.
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Table 2:

Case–control association analyses for DRB1 alleles in Arab T1D individuals and controls

DRB1 Allele Control Frequency (n) Patient Frequency (n) OR (95% CI) p-value Significance

01:02 0.033 (13) 0.018 (2) 0.54 (0.06–2.42) 4.09 × 10−01 NS

03:01 0.086 (34) 0.321 (36) 5.04 (2.86–8.86) 1.70 × 10−10 *

04:01 0.01 (4) 0.027 (3) 2.7 (0.39–16.16) 1.81 × 10−01 NS

04:02 0.01 (4) 0.045 (5) 4.58 (0.96–23.4) 1.44 × 10−02 *

04:03 0.028 (11) 0.018 (2) 0.64 (0.07–2.98) 5.57 × 10−01 NS

04:05 0.045 (18) 0.134 (15) 3.25 (1.46–7.08) 7.96 × 10−04 *

07:01 0.073 (29) 0.098 (11) 1.38 (0.6–2.96) 3.86 × 10−01 NS

08:04 0.109 (43) 0.107 (12) 0.99 (0.46–1.99) 9.65 × 10−01 NS

10:01 0.073 (29) 0.018 (2) 0.23 (0.03–0.94) 3.07 × 10−02 *

11:01 0.058 (23) 0.054 (6) 0.92 (0.3–2.4) 8.56 × 10−01 NS

11:02 0.02 (8) 0 (0) 0 (0–2.07) 1.29 × 10−01 NS

11:04 0.033 (13) 0.018 (2) 0.54 (0.06–2.42) 4.09 × 10−01 NS

13:01 0.073 (29) 0.027 (3) 0.35 (0.07–1.16) 7.40 × 10−02 NS

13:02 0.096 (38) 0.036 (4) 0.35 (0.09–1) 4.09 × 10−02 †

13:03 0.04 (16) 0.018 (2) 0.43 (0.05–1.88) 2.54 × 10−01 NS

15:02 0.061 (24) 0.009 (1) 0.14 (0–0.88) 2.56 × 10−02 *

15:03 0.078 (31) 0 (0) 0 (0–0.42) 2.25 × 10−03 *

binned 0.073 (29) 0.054 (6) 0.72 (0.24–1.82) 4.68 × 10−01 NS

TOTAL 1 (396) 1 (112)

n: Number of observations of each allele; OR: Odds Ratio; CI: Confidence Interval; NS: Not Significant;

*:
Significant;

†:
Significance is questionable given the results of the resampling analyses; Binned: Alleles with low expected counts in subjects or controls were 

combined into a common category for analysis in BIGDAWG’s “non-strict binning” mode (Supplementary Table 3).
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