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Abstract:
Objective: To determine the antigen and haplotype frequencies of human leukocyte antigen-A (HLA-A), -B, -DRB1, 

and -DQB1 in southern Thailand.

Material and Methods: We retrospectively analyzed HLA typing data from patients treated at Songklanagarind Hospital 

between September 2004 and May 2023. In total, 629 patients with HLA-A and -B typing results were included, and 

HLA-DRB1 and -DQB1 data were available for 529 patients. Haplotype frequencies were determined in 55 patients with 

complete four-locus HLA typing data from at least two family members.

Results: A total of 66 unique HLA antigens were identified across four loci (16 HLA-A, 30 HLA-B, 13 HLA-DR, and 

7 HLA-DQ). The most common HLA-A antigens were A24 (25.4%), A11 (24.3%), and A2 (18.8%). The most common 

HLA-B antigens were B75 (11.6%), B35 (8.4%), and B58 (8.4%). For HLA class II, the highest frequencies of HLA-DR 

antigens were found in DR15 (23.6%), DR12 (18.4%), and DR7 (10.9%). HLA-DQ5 (33.9%), DQ7 (21.6%), and DQ6 

(14.3%) were the most frequently detected HLA-DQ antigens. The most prevalent four-loci haplotype was A33-B44-

DR7-DQ2 (4.6%).

Conclusion: This study provides valuable insights into the HLA antigens and haplotype frequencies in southern Thailand. 

These findings serve as a foundational basis for future studies on disease associations, support transplantation 

services, and contribute to personalized medicine.
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Introduction
 Human leukocyte antigens (HLA) are a highly poly-

morphic family of proteins that play an essential role in both 

cellular and humoral immune responses. The HLA genes, 

located on chromosome 6p21.3, are inherited as haplotypes. 

The HLA molecules are classified into two main types: 

class I antigens (HLA-A, -B, and-C) that are expressed 

on nucleated cells and platelets, and class II antigens 

(HLA-DR, -DQ, and -DP) that are expressed on antigen-

presenting cells such as B lymphocytes, monocytes, 

macrophages, dendritic cells, and early hematopoietic 

cells. The HLA alleles are grouped into serotype-specific 

subtypes; for example, HLA-B75 (including HLA-B*15:02 

allele and HLA-B*15:21) is an HLA-B serotype. HLAs 

are strongly associated with transplantation outcomes1, 

autoimmune diseases, and drug hypersensitivity reactions2. 

 HLA matching is necessary for successful kidney 

and hematopoietic stem cell transplantation (HSCT). Kidney 

transplantation is the primary treatment option for end-stage 

renal disease and is associated with improved quality of 

life and survival time3,4. In Thailand, the minimum resolution 

of HLA class I and class II typing required for kidney 

transplantation and allogeneic HSCT from matched sibling 

donors is an allele group or two-digit level resolution5–7. 

Kidney recipients undergo low-intermediate resolution 

(two- to four-digit level) HLA-A, -B, and -DR gene 

typing, with lymphocyte cross-matching against matching 

donors7. HLA disparity between the recipient and donor can 

lead to sensitization, increased rejection risk, and have a 

negative impact on graft survival1,4,8–10. In contrast to kidney 

transplantation, HSCT relies almost exclusively on identical 

HLA gene matching. In HSCT cases, matched sibling donors 

are the preferred source of allogeneic stem cells, but only 

approximately 30% of patients have an HLA-identical sibling 

donor available11. Therefore, finding an HLA-identical or 

near-identical unrelated donor is essential for successful 

engraftment and reducing the risk of graft-versus-host 

disease after transplantation1,11,12. 

 Understanding HLA frequencies is essential for 

the study of HLA associations with and susceptibility to 

various immune disorders. For example, HLA-B27 is 

associated with ankylosing spondylitis and HLA-B35 with 

subacute thyroiditis13–15. HLA markers also play a role 

in drug hypersensitivity reactions, particularly in Asian 

populations. For example, HLA-B75 is associated with 

an increased risk of carbamazepine-induced severe 

cutaneous adverse reactions (SCARs)16–18, HLA-B*58:01 

with allopurinol-induced SCARs19, and HLA-B*13:01 with 

dapsone-induced drug hypersensitivity syndrome20,21. 

Understanding HLA antigens and haplotype frequencies is 

essential for developing effective organ and stem cell donor 

recruitment strategies. This allows for an estimation of the 

probability of identifying a matched unrelated donor within 

a specific population.

 Therefore, in this study, we aimed to determine the 

antigen and haplotype frequencies of HLA-A, -B, -DR, 

and -DQ in the southern Thai population. The secondary 

objective was to compare HLA antigen frequencies between 

the upper and lower southern Thai populations and to 

compare the obtained HLA frequencies with those in the 

Thai Stem Cell Donor Registry (TSCDR)22.

Material and Methods
 Population and data collection

 Unrelated patients who underwent HLA-A and 

HLA-B genotype testing at Songklanagarind Hospital, 

Prince of Songkla University, Thailand, between September 

2004 and May 2023, were included in this retrospective 

study. Patient characteristics (sex, age, HLA typing 

indication, and hometown) were collected from the Hospital 

Information System. The patients’ hometowns were 

assigned based on their home address and the patients 
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were categorized into two groups: lower southern Thailand 

(Songkhla, Yala, Pattani, Narathiwat, Satun, Phatthalung, 

and Trang provinces) and upper southern Thailand (Nakhon 

Si Thammarat, Surat Thani, Krabi, Phuket, Phang Nga, 

Ranong, Chumphon, and Prachuap Khiri Khan provinces). 

Patients whose addresses were outside southern Thailand 

were excluded from the study.

 The HLA typing results and test indications were 

retrieved from the laboratory records of the Blood Bank 

and Transfusion Medicine Unit, Department of Pathology, 

Faculty of Medicine, Prince of Songkla University. In total, 

629 patients with HLA-A and HLA-B typing results were 

included in the HLA class I frequency calculation. Among 

these 629 cases, 529 with HLA-DRB1 and HLA-DQB1 

genotypes were included in the HLA class II frequency 

calculations. 

 For the HLA haplotype assessments, we included 

only patients who were tested for both class I and class II 

HLAs and had two or more family members genotyped for 

HLA-A, -B, -DRB1, and -DQB1. Families with unknown 

haplotypes were excluded from the analysis. Haplotype 

frequencies were determined based on the total haplotype 

of the patients. The study protocol was approved by the 

Human Research Ethics Committee of the Faculty of 

Medicine, Prince of Songkla University (REC. 65-136-5-1).

	 HLA	typing	and	serotype	definition

 HLA typing of class I (HLA-A and HLA-B) and class 

II (HLA-DRB1 and HLA-DQB1) genes was performed by 

sequence-specific oligonucleotide probes, using INNO-

LiPA® kits (Fujirebio Europe, Ghent, Belgium), according 

to the manufacturer’s instructions. All DNA-based typing 

results were available at low-intermediate resolution and 

were converted to allele groups or serologically defined split 

antigens based on the allelic sequences of the HLA system 

obtained from the IPD-IMGT/HLA database (available 

from www.ebi.ac.uk/ipd/imgt/hla/; accessed on January 

5, 2024)23. Patients with a single HLA allele at any locus 

were considered homozygous and counted twice. The HLA 

serotype definitions were reassigned and updated based 

on the IPD-IMGT/HLA database version 3.54 (2023-10)23.

 HLA antigen frequencies, haplotype frequencies, 

and statistical analysis 

 The categorical patient characteristics are shown as 

frequencies and percentages. Ages are shown as medians 

and ranges. Antigen frequencies were based on direct 

countings and were calculated as follows:

 
% antigen frequency = 

total count of antigen of interest

                                       total count of antigens (2N)

  In patients for whom the HLA genotypes for all four 

HLA loci were available, the HLA haplotype was assigned 

based on the HLA typing results of their family members. 

HLA haplotype frequencies were calculated as follows:

 
% haplotype frequency = 

total count of haplotype of interest

                                           total count of haplotypes (2N) 

 The HLA frequencies of the upper southern 

Thai population were compared with those of the lower 

southern Thai population. The overall HLA frequencies in 

this study were compared to the HLA frequencies of the 

TSCDR (n=16,807)22. The HLA-A, -B, and -DR antigen 

frequencies in the TSCDR dataset were based on stem 

cell donors in central Thailand22,24. Statical differences in 

antigen frequencies between populations were determined 

by the chi-square test using MedCalc® Statistical Software 

version 22.021 (MedCalc Software Ltd, Ostend, Belgium). 

p-values of less than 0.0001 were considered statistically 

significant. Scatter plots were generated using R software (R 

Foundation, Austria, available from https://www.r-project.

org/). As the TSCDR dataset contained only three HLA 

loci, a statistical comparison of the haplotype frequencies 

was not performed.
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Results
 Demographic data

 Of the 629 participants, most (59.5%) were male, 

with ages ranging from 2 months to 77 years (median, 27 

years) (Table 1). Age distribution analysis showed that the 

largest number of patients were in the less than 20-year-

old age group (41.7%), followed by the 21–40-year-old 

group (31.3%). HSCT was the indication for HLA typing in 

55.5% of patients, while kidney transplantation accounted 

for the remaining 44.5% of patients. Notably, 71.5% of the 

patients originated from lower southern Thailand.

 Class I and class II HLA antigen frequencies 

 A total of 66 HLA serotype groups were identified, 

comprising 16 HLA-A, 30 HLA-B, 13 HLA-DR, and 7 HLA-

DQ antigens. The most prevalent HLA-A antigens were 

A24 (25.4%), A11 (24.3%), A2 (18.8%), and A33 (15.5%). 

The most common HLA-B antigens were B75 (11.6%), B35 

(8.4%), B58 (8.4%), and B46 (7.2%) (Table 2). 

 The most common HLA-DR antigens for HLA class 

II were DR15 (23.6%), DR12 (18.4%), DR7 (10.9%), and 

DR4 (8.2%). Among the seven HLA-DQs identified, the 

most common were DQ5 (33.9%) and DQ7 (21.6%). DQ4 

and DQ8 were the least prevalent, with 4.1% and 3.8%, 

respectively (Table 3).

 HLA frequency comparisons

 A comparison of antigen frequencies between lower 

and upper southern Thailand revealed frequency differences 

(Figure 1, Supplementary Table 1); however, the differences 

were not statistically significant. A comparison of the HLA 

frequencies observed in this study with those in the TSCDR 

dataset revealed statistically significant HLA-A (n=5), 

HLA-B (n=6), and HLA-DR (n=2) frequency differences 

between the two datasets (Figure 2, Supplementary Table 

2-4). The southern Thai population exhibited higher antigen 

frequencies of A3, A24, A34, A66, B18, B35, B52, B71, B75, 

B77, and DR15 compared to the TSCDR. In contrast, the 

A2, B46, B60, and DR9 frequencies in the southern Thai 

population were lower than those in the TSCDR.

 HLA haplotype frequencies 

 Among the 529 patients tested for HLA-A, -B, 

-DRB1, and -DQB1, 269 patients had at least two family 

members with four-loci HLA typing results available, while 

HLA haplotypes were unknown in 214 families. As a result, 

four-loci HLA haplotypes were assigned to 55 patients, and 

86 different HLA haplotypes were identified. Only seven 

haplotypes were observed with a frequency of >2% (Table 

Table 1 Study patient characteristics (N=629)

Variable Number (%)

Sex
   Male
   Female

374 (59.5)
255 (40.5)

Median age, years (range)

Age group 
   Less than 20 years
   21-40 years
   41-60 years
   60-80 years

27 (2 months–
    77 years)

261 (41.5)
197 (31.3)
167 (26.6)
4 (0.6)

Indication for HLA typing
   Kidney transplantation
   Hematopoietic stem cell transplantation

280 (44.5)
349 (55.5)

Hometown
   Lower southern Thailand
      Songkhla 
      Yala 
      Pattani 
      Narathiwat 
      Satun 
      Phatthalung
      Trang 
   Upper southern Thailand
      Nakhon Si Thammarat
      Surat Thani
      Krabi
      Phuket
      Phang Nga
      Chumphon 
      Prachuap Khiri Khan

450 (71.5)
   179 (28.5) 
   45 (7.1)
   47 (7.5)
   38 (6.0) 
   24 (3.8)
   69 (11.0) 
   48 (7.6)
179 (28.5)
   91 (14.5)
   19 (3.0)
   31 (4.9)
   13 (2.1)
   13 (2.1)
   9 (1.4)
   3 (0.5)

HLA=human leukocyte antigen
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4, Supplementary Table 5). A33-B44-DR7-DQ2 was the 

most common four-loci HLA haplotype. The most common 

two-loci HLA haplotypes were A33-B58 for HLA class 

I, and HLA-DR12-DQ7 for HLA class II. The haplotype 

frequencies are listed in Supplementary Table 5.

Table 2 HLA class I antigen frequencies of the study (N=629; 2N=1,258)

HLA-A Count Antigen frequency (%) HLA-B Count Antigen frequency (%)

1
2
3
11
23
24
26
29
30
31
32
33
34
66
68
74

45
236
27
306
2
320
17
5
19
15
5
195
38
2
21
5

3.6
18.8
2.2
24.3
0.2
25.4
1.4
0.4
1.5
1.2
0.4
15.5
3.0
0.2
1.7
0.4

7
8
13
18
27
35
37
38
39
41
44
46
48
50
51
52
53
54
55
56
57
58
60
61
62
63
71
75
76
77

34
4
89
89
43
106
13
44
22
4
72
90
8
2
66
55
1
12
16
13
25
105
58
35
63
5
6
146
6
26

2.7
0.3
7.1
7.1
3.4
8.4
1.0
3.5
1.8
0.3
5.7
7.2
0.6
0.2
5.3
4.4
0.1
1.0
1.3
1.0
2.0
8.4
4.6
2.8
5.0
0.4
0.5
11.6
0.5
2.1

Total 1,258 Total 1,258

HLA=human leukocyte antigen
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Table 3 HLA class II antigen frequencies of the study (N=529; 2N=1,058)

HLA-DR Count Antigen frequency (%) HLA-DQ Count Antigen frequency (%)

1
4
7
8
9
10
11
12
13
14
15
16
17

9
87
115
18
68
27
52
195
48
75
250
58
56

0.9
8.2
10.9
1.7
6.4
2.6
4.9
18.4
4.5
7.1
23.6
5.5
5.3

2
4
5
6
7
8
9

148
43
359
151
229
40
88

14.0
4.1
33.9
14.3
21.6
3.8
8.3

Total 1,058 Total 1,058

HLA=human leukocyte antigen

Table 4  HLA class I and II haplotypes with frequency of 

 more than 2% (2N=110) 

Haplotype Count Haplotype 
frequency 
(%)

Four-loci haplotype
   A33-B44-DR7-DQ2
   A33-B58-DR13-DQ6
   A1-B57-DR7-DQ9
   A2-B46-DR9-DQ9
   A24-B18-DR12-DQ7
   A24-B35-DR12-DQ7
   A33-B58-DR17-DQ2

5
3
3
3
3
3
3

4.6
2.7
2.7
2.7
2.7
2.7
2.7

Two-loci HLA class I haplotype
   A33-B58 
   A33-B44
   A11-B13
   A11-B75
   A2-B46
   A1-B57
   A24-B35
   A24-B46
   A11-B46
   A11-B62
   A24-B18

7
6
6
5
4
4
4
4
3
3
3

6.4
5.5
5.5
4.6
3.6
3.6
3.6
3.6
2.7
2.7
2.7

Haplotype Count Haplotype 
frequency 
(%)

Two-loci HLA class II haplotype
   DR12-DQ7
   DR15-DQ5
   DR9-DQ9
   DR7-DQ2
   DR4-DQ4
   DR14-DQ5
   DR17-DQ2
   DR15-DQ6
   DR13-DQ6
   DR16-DQ5
   DR7-DQ9
   DR11-DQ7
   DR15-DQ7

16
12
10
9
7
7
7
7
5
4
4
3
3

14.6
10.9
9.1
8.2
6.4
6.4
6.4
6.4
4.6
3.6
3.6
2.7
2.7

HLA=human leukocyte antigen

Table 4 (continued)
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HLA=human leukocyte antigen

Figure 1  Comparison of HLA antigen frequencies between the upper and lower southern Thai populations. The HLA-A 

 (A), HLA-B (B), HLA-DR (C), and HLA-DQ (D) antigen frequencies were compared with x=y line (red line). 

 The x axis represents the antigen frequencies of the lower Southern Thai population. The y axis represents 

 the antigen frequencies of the upper Southern Thai population. 
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HLA=human leukocyte antigen, TSCDR=Thai Stem Cell Donor Registry

Figure 2 Comparison of HLA antigen frequencies between the study population and the Thai Stem Cell Donor Registry 

 (TSCDR) dataset. The HLA-A (A), HLA-B (B), and HLA-DR (C) antigen frequencies were compared with 

 a x=y line (red line). The x axis represents the antigen frequencies of the TSCDR. The y axis represents the 

 antigen frequencies of this study. (D) Represents HLA antigens with significant differences (p-value<0.0001) between 

 the two datasets. The populations with higher antigen frequencies are highlighted in bold. 
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Discussion
 This study retrospectively analyzed the frequencies 

of HLA class I (HLA-A and HLA-B) and class II (HLA-DR 

and HLA-DQ) antigens and haplotypes in a southern Thai 

patient population. Our data revealed a predominance of 

males and a younger age group, reflecting the focus of 

our setting as a referral center for pediatric hematopoietic 

transplantation. The HLA antigen profiles exhibited mixed 

similarities between the Thai and Malaysian populations22,24-28. 

Considering that most of the patients originated from the 

lower southern region, this study offers valuable information 

on HLA antigens in this specific population group.

 The majority of the HLA antigen frequencies observed 

in the study of southern Thai patients were consistent with 

those observed in previous studies performed in other 

regions of Thailand (central, northeastern, and northern 

regions), which were tested using serological and molecular 

methods25,26,28. In the present study, the most common 

antigens were HLA-A24, B75, DR15, and DQ5. For HLA-A, 

A24 was the most common, followed by A11 and A2, findings 

which are consistent with data from a southern Thai-Muslim 

population studied in Nakhon Si Thammarat province28 

and the Malaysian Marrow Donor Registry27. While these 

alleles were also prominent in the TSCDR (primarily the 

central Thailand population) and a northeastern Thailand 

study, their frequencies differed between populations22,25. 

Notably, HLA-B46 and B60 (commonly attributed to 

alleles HLA-B*46:01 and HLA-B*40:01, respectively) 

were prevalent in the TSCDR but were less common in 

southern Thailand. In contrast, the B77 (assigned from allele 

HLA-B*15:13), B35, and B18 frequencies were higher than 

those in the TSCDR and as reported in a previous study 

also relatively more common in Malaysian populations27. 

For HLA class II, the antigen frequencies were largely 

concordant with TSCDR, with significant differences only 

observed for DR9 and DR15. 

 Based on the larger and broader HLA frequency 

data, it may be more appropriate to suggest which 

populations have a higher likelihood of carrying specific 

HLA antigens or haplotypes. However, recruiting perfectly 

matched unrelated donors for HSCT remains difficult. Even 

the most common haplotypes identified in this study, A33-

B44-DR7-DQ2, had a frequency of <5%. In the context of 

kidney transplantation in Thailand, factors influencing the 

transplantation score include the ABO blood group, HLA 

mismatches, donor-specific anti-HLA antibodies, waiting 

time, and age5,29. Understanding HLA frequencies can help 

identify donors with potentially favorable transplant scores 

and improve our understanding of antibody-mediated 

rejection, which is often caused by anti-HLA antibodies. 

Acute antibody-mediated rejection remains a significant 

challenge in kidney transplantation, affecting 20-50% of 

cases, while chronic rejection occurs in 50-80%4,30.

 Interestingly, our study found that some of the 

common HLA-B antigens are clinically important markers. 

HLA-B75 (primarily HLA-B*15:02 and HLA-B*15:21) was 

the most common antigen in the southern Thai population, 

a marker which has been associated with an increased risk 

of carbamazepine-induced SCARs16–18. This significantly 

higher frequency of the HLA-B75 marker observed in this 

study indicated a particularly higher risk in the population31, 

and further studies are required to elucidate the clinical 

implications of this HLA marker. Other HLA markers linked 

to SCARs, including HLA-B13 and HLA-B58, were also 

prevalent in the southern Thai cohort, mirroring other 

observations across Thailand26. HLA-B*13:01 (identified by 

the HLA-B13 serotype) has been reported to increase the 

risk of dapsone-induced DRESS20,21 and cotrimoxazole-

induced SCARs32–34. However, HLA-B*13:01 screening 

before dapsone prescriptions had not been implemented 

as a national policy in Thailand at the time of these earlier 

studies. A case report in 2024 also described a non-leprosy 
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patient with dapsone-induced hypersensitivity in southern 
Thailand which could have been prevented by HLA-B*13:01 
screening35. Importantly, HLA-B*58:01 (identified by the B58 
serotype) is a well-established risk factor for allopurinol-
induced SCARs19. These findings highlight the importance 
of HLA screening for improving drug safety in populations. 
In addition, this study found that HLA antigens were 
associated with certain common autoimmune diseases. 
HLA-B35, which is associated with subacute thyroiditis14,15, 
was found to be relatively more common in the southern 
Thai population than in other Thai populations. Further 
investigations into the potential environmental and genetic 
factors that contribute to the prevalence of these diseases 

in this specific population are required.

 As this was a retrospective study that analyzed 

a hospital cohort, three main limitations were identified. 

First, the patients’ origins were determined by their home 

addresses that were logged in the hospital information 

system, which may not accurately reflect the geographic 

origin of their ancestry. Second, this study employed 

low-to-intermediate-resolution HLA typing, which is 

commonly used for kidney transplant candidates, kidney 

donors, HSCT patients, and their sibling donors, thus 

these results may not directly translate to the probability 

of finding a matched unrelated donor for HSCT in a stem 

cell registry, which typically requires high-resolution HLA 
typing (four-digit level). To predict the matching probability, 
further calculations to determine allele frequencies within 

the serotype groups may be required. Finally, owing to 

the limited data availability, the analysis of HLA haplotype 
frequencies was severely restricted. The number of 
cases eligible for HLA haplotype analysis (55 out of 529) 

was limited because of the limited HLA typing results 

in the patients’ family members and unassignable HLA 
haplotypes. In addition, the comparison of HLA haplotype 
frequencies across populations was constrained by the 

lack of complete HLA haplotype data for both the Thai and 
Malaysian populations. Theoretically, further analyses of 

other Southeast Asian populations could provide valuable 
insights into the anthropological aspects of HLA distribution 
in the region.

Conclusion
 In this study, we determined the frequency of HLA 
antigens and haplotypes in southern Thai patients. The 
observed antigen frequencies were consistent with previous 
findings in larger Thai populations, and we found that the 
observed antigen frequencies were somewhat comparable 
to those in the Malaysian populations. The study findings 
serve as an updated population-specific resource for HLA 
typing in transplantation and pharmacogenetic services.
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Supplementary Table 1 Antigen frequencies of HLA-A, -B, -DR, -DQ in the patients from lower southern Thailand 

 and upper southern Thailand

HLA Lower southern Thailand Upper southern Thailand p-value

count % count %

HLA-A (n=629)
   1
   2
   3
   11
   23
   24
   26
   29
   30
   31
   32
   33
   34
   66
   68
   74

32
161
17
215
2
237
12
5
16
14
4
136
30
1
14
4

3.56
17.89
1.89
23.89
0.22
26.33
1.33
0.56
1.78
1.56
0.44
15.11
3.33
0.11
1.56
0.44

13
75
10
91
0
83
5
0
3
1
1
59
8
1
7
1

3.63
20.95
2.79
25.42
0.00
23.18
1.40
0.00
0.84
0.28
0.28
16.48
2.23
0.28
1.96
0.28

p=0.9519
p=0.2099
p=0.3205
p=0.5684
p=0.3746
p=0.2472
p=0.9227
p=0.1561
p=0.2179
p=0.0596
p=0.6830
p=0.5448
p=0.3036
p=0.4940
p=0.6179
p=0.6830

HLA-B (n=629)
   7
   8
   13
   18
   27
   35
   37
   38
   39
   41
   44
   46
   48
   50
   51
   52
   53
   54
   55
   56
   57
   58
   60
   61
   62
   63
   71
   75
   76
   77

30
2
67
62
32
75
9
31
16
2
58
58
5
1
46
41
1
8
7
8
19
69
42
29
51
5
5
101
3
17

3.33
0.22
7.44
6.89
3.56
8.33
1.00
3.44
1.78
0.22
6.44
6.44
0.56
0.11
5.11
4.56
0.11
0.89
0.78
0.89
2.11
7.67
4.67
3.22
5.67
0.56
0.56
11.22
0.33
1.89

4
2
22
27
11
31
4
13
6
2
14
32
3
1
20
14
0
4
9
5
6
36
16
6
12
0
1
45
3
9

1.12
0.56
6.15
7.54
3.07
8.66
1.12
3.63
1.68
0.56
3.91
8.94
0.84
0.28
5.59
3.91
0.00
1.12
2.51
1.40
1.68
10.06
4.47
1.68
3.35
0.00
0.28
12.57
0.84
2.51

p=0.0292
p=0.3331
p=0.4208
p=0.6851
p=0.6663
p=0.8493
p=0.8495
p=0.8685
p=0.9029
p=0.3331
p=0.0814
p=0.1235
p=0.5742
p=0.4940
p=0.7306
p=0.6112
p=0.5303
p=0.7053
p=0.0135
p=0.4202
p=0.6221
p=0.1669
p=0.8788
p=0.1341
p=0.0889
p=0.1561
p=0.5171
p=0.5001
p=0.2354
p=0.4857
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HLA Lower southern Thailand Upper southern Thailand p-value

count % count %

HLA-DR (n=529)
   1
   4
   7
   8
   9
   10
   11
   12
   13
   14
   15
   16
   17

5
62
83
7
45
20
44
143
28
49
182
38
38

0.67
8.33
11.16
0.94
6.05
2.69
5.91
19.22
3.76
6.59
24.46
5.11
5.11

4
25
32
11
23
7
8
52
20
26
68
20
18

1.27
7.96
10.19
3.50
7.32
2.23
2.55
16.56
6.37
8.28
21.66
6.37
5.73

p=0.3311
p=0.8414
p=0.6435
p=0.0033
p=0.4418
p=0.6649
p=0.0209
p=0.3082
p=0.0624
p=0.3281
p=0.3276
p=0.4111
p=0.6809

HLA-DQ (n=529)
   2
   4
   5
   6
   7
   8
   9

107
30
251
92
175
26
63

14.38
4.03
33.74
12.37
23.52
3.49
8.47

41
13
108
59
54
14
25

13.06
4.14
34.39
18.79
17.20
4.46
7.96

p=0.5719
p=0.9340
p=0.8384
p=0.0064
p=0.0226
p=0.4499
p=0.7839

Supplementary Table 2 HLA-A antigen frequencies in this study compared to the Thai Stem Cell Donor Registry

HLA-A Present study (N=629) TSCDR (N=16,807) p-value

1
2
3
11
23
24
26
29
30
31
32
33
34
66
68
74

3.58%
18.76%
2.15%
24.32%
0.16%
25.44%
1.35%
0.40%
1.51%
1.19%
0.40%
15.50%
3.02%
0.16%
1.67%
0.40%

2.20%
29.24%
0.90%
27.70%
0.10%
17.34%
1.90%
0.60%
2.00%
1.34%
0.50%
13.80%
0.90%
0.01%
0.84%
0.60%

p=0.0012
p<0.0001
p<0.0001
p=0.0084
p=0.5131
p<0.0001
p=0.1585
p=0.3643
p=0.2209
p=0.6490
p=0.6203
p=0.0867
p<0.0001
p<0.0001
p=0.0019
p=0.3643

TSCDR=Thai Stem Cell Donor Registry 

Supplementary Table 1 (continued)
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Supplementary Table 3 HLA-B antigen frequencies in this study compared to the Thai Stem Cell Donor Registry

HLA-B  Present	study	(N=629)  TSCDR	(N=16,807)  p-value 

7
8
13
18
27
35
37
38
39
41
44
46
48
50
51
52
53
54
55
56
57
58
60
61
62
63
71
75
76
77

2.70%
0.32%
7.07%
7.07%
3.42%
8.43%
1.03%
3.50%
1.75%
0.32%
5.72%
7.15%
0.64%
0.16%
5.25%
4.37%
0.08%
0.95%
1.27%
1.03%
1.99%
8.35%
4.61%
2.78%
5.01%
0.40%
0.48%
11.61%
0.48%
2.07%

2.70%
0.10%
7.90%
3.90%
3.30%
4.50%
0.60%
4.10%
2.70%
0.10%
4.50%
13.20%
0.90%
0.10%
5.20%
2.30%
0.02%
1.40%
2.20%
1.40%
1.30%
8.50%
10.40%
2.70%
5.00%
0.20%
0.00%
7.70%
0.40%
0.60%

p=1.0000
p=0.0196
p=0.2831
p<0.0001
p=0.8152
p<0.0001
p=0.0556
p=0.2908
p=0.0400
p=0.0196
p=0.0414
p<0.0001
p=0.3352
p=0.5131
p=0.9375
p<0.0001
p=0.1605
p=0.1798
p=0.0261
p=0.2705
p=0.0356
p=0.8514
p<0.0001
p=0.8636
p=0.9873
p=0.1256
p<0.0001
p<0.0001
p=0.6601
p<0.0001

TSCDR=Thai Stem Cell Donor Registry 

Supplementary Table 4 HLA-DQ antigen frequencies in this study compared to the Thai Stem Cell Donor Registry

HLA-DR Present study (N=529) TSCDR (N=16,807) p-value

1
4
7
8
9
10
11
12
13
14
15
16
17

0.85%
8.22%
10.87%
1.70%
6.43%
2.55%
4.91%
18.43%
4.54%
7.09%
23.63%
5.48%
5.29%

0.50%
11.40%
8.20%
4.20%
11.50%
1.70%
5.70%
16.90%
3.60%
7.60%
17.50%
4.70%
6.50%

p=0.1158
p=0.0013
p=0.0019
p=0.0001
p<0.0001
p=0.0366
p=0.2742
p=0.1915
p=0.1074
p=0.5373
p<0.0001
p=0.2390
p=0.1150

TSCDR=Thai Stem Cell Donor Registry
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Supplementary Table 5 Haplotype frequencies (N=55; 

   2N=110)

Haplotype Count %

A33-B44-DR7-DQ2
A33-B58-DR13-DQ6
A1-B57-DR7-DQ9
A2-B46-DR9-DQ9
A24-B18-DR12-DQ7
A24-B35-DR12-DQ7
A33-B58-DR17-DQ2
A2-B13-DR15-DQ5
A11-B13-DR16-DQ5
A11-B35-DR13-DQ6
A3-B35-DR17-DQ2
A11-B46-DR9-DQ9
A11-B75-DR12-DQ7
A24-B60-DR15-DQ5
A34-B75-DR15-DQ6
A1-B57-DR10-DQ5
A2-B41-DR17-DQ2
A2-B46-DR14-DQ5
A2-B55-DR17-DQ2
A3-B7-DR15-DQ6
A11-B7-DR4-DQ4
A11-B7-DR10-DQ5
A11-B13-DR14-DQ5
A11-B13-DR15-DQ6
A11-B18-DR15-DQ5
A11-B54-DR14-DQ5
A11-B56-DR12-DQ5
A24-B13-DR15-DQ6
A24-B27-DR1-DQ5
A24-B27-DR11-DQ6
A24-B35-DR7-DQ2
A24-B38-DR15-DQ5
A24-B46-DR14-DQ5
A24-B48-DR15-DQ5
A24-B51-DR4-DQ4
A24-B54-DR14-DQ5
A24-B58-DR4-DQ4
A26-B44-DR7-DQ2
A26-B54-DR4-DQ4
A30-B13-DR7-DQ2
A31-B51-DR15-DQ5
A33-B44-DR11-DQ2
A33-B58-DR4-DQ4

5
3
3
3
3
3
3
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

4.55
2.73
2.73
2.73
2.73
2.73
2.73
1.82
1.82
1.82
1.82
1.82
1.82
1.82
1.82
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91

Supplementary Table 5 (continued)

Haplotype Count %

A34-B38-DR15-DQ5
A34-B51-DR15-DQ6
A2-B41-DR17-DQ6
A2-B55-DR15-DQ7
A2-B60-DR12-DQ7
A2-B60-DR16-DQ5
A2-B61-DR12-DQ7
A2-B75-DR11-DQ5
A2-B75-DR14-DQ5
A2-B77-DR12-DQ7
A2-B77-DR12-DQ8
A11-B13-DR11-DQ7
A11-B13-DR12-DQ7
A11-B18-DR4-DQ7
A11-B27-DR9-DQ9
A11-B39-DR12-DQ7
A11-B46-DR4-DQ8
A11-B61-DR11-DQ7
A11-B62-DR7-DQ2
A11-B62-DR15-DQ5
A11-B62-DR16-DQ5
A11-B71-DR14-DQ7
A11-B75-DR4-DQ4
A11-B75-DR8-DQ7
A11-B75-DR15-DQ6
A24-B7-DR15-DQ7
A24-B46-DR9-DQ9
A24-B46-DR11-DQ7
A24-B46-DR12-DQ7
A24-B51-DR4-DQ8
A24-B55-DR9-DQ9
A24-B57-DR7-DQ9
A24-B62-DR4-DQ4
A24-B62-DR15-DQ5
A24-B75-DR11-DQ5
A24-B75-DR12-DQ7
A24-B76-DR15-DQ7
A24-B77-DR15-DQ5
A26-B51-DR12-DQ7
A33-B60-DR8-DQ8
A33-B61-DR9-DQ9
A33-B75-DR14-DQ5
A34-B13-DR9-DQ9

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91


