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ABSTRACT

Human leukocyte antigen (HLA) molecules appear on the surface of antigen-presenting cells and are essential for
adaptive immune function. Within class I genes, several HLA-B variants have been linked to adverse drug
reactions (ADRs) and are applied as pharmacogenetic indicators. Although ADRs contribute substantially to
hospital admissions and deaths, information describing the distribution of HLA-B pharmacogenetic markers
across Arab populations remains limited. In this work, we assessed the occurrence of key HLA-B
pharmacogenomic markers in individuals from Qatar. High-throughput sequencing data from 1,098 Qatari
participants were analyzed for HLA-B genotyping using HLA-HD version 1.4.0 and the IPD-IMGT/HLA
reference database. Pharmacogenetic HLA-B markers were additionally retrieved from the HLA Adverse Drug
Reaction Database. Altogether, 469 principal HLA-B markers relevant to pharmacogenetics were detected. HLA-
B51:01 showed the highest frequency (26.67%) in the Qatari cohort and is linked to ADRs caused by phenytoin
and clindamycin. The next most common allele was HLA-B58:01 (6.56%), associated with allopurinol-related
reactions. HLA-B*44:03 ranked third and is tied to phenytoin-induced hypersensitivity. The presence of these
prevalent HLA-B markers supports the value of implementing a pharmacogenetic screening strategy in Qatar to
reduce drug-related hypersensitivity events in a cost-effective manner.
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Introduction

Human leukocyte antigen (HLA) proteins arise from genes on the short arm of chromosome 6 and are inherited
biparentally, one allele from each parent [1]. These proteins appear on antigen-presenting cell membranes and are
vital for adaptive immunity. Based on locus, biological activity, tissue distribution, and biochemical traits, HLA
molecules fall into class I, II, and III categories. Classical class I genes include HLA-A, HLA-B, and HLA-C;
class IT molecules derive from six main loci—HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQBI1, HLA-DRA,
and HLA-DRB1—whereas class III genes include HLA-Bf, C2, and C4A [2, 3]. Class I antigens present
intracellular peptide fragments to CD8+ cytotoxic T lymphocytes, while class II proteins display exogenous,
internalized peptides to CD4+ helper T cells [4].

The HLA region represents the most diverse genomic cluster in humans, enabling recognition of a vast spectrum
of peptides. Distinct ethnicities exhibit unique allelic distributions. Growing evidence indicates that specific HLA-
B variants function as pharmacogenomic markers capable of predicting ADRs and immune-mediated drug
responses, as various medications can elicit hypersensitivity through interaction with HLA-B proteins [5]. These
variants, closely tied to reactions to particular drugs and phenotypes and often population-dependent, are termed
pharmacogenetic markers.
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Edwards and Aronson (2000) described ADRs as harmful or unpleasant effects arising from medicinal
interventions that imply an increased risk with continued treatment and may necessitate dosage adjustment or drug
discontinuation [6]. ADRs remain a substantial clinical concern, contributing frequently to patient hospitalization
and fatal outcomes [7, 8]. ADRs have long been categorized into Type A (augmented, dose-related) and Type B
(bizarre, unpredictable). Type A reactions reflect the drug’s pharmacological action, whereas Type B events are
largely genetically determined and idiosyncratic. Although less common—approximately 10%—15% of ADRs—
Type B reactions tend to be more serious [9]. Hypersensitivity reactions, a subgroup of Type B responses,
frequently manifest as cutaneous adverse drug reactions (CADRs). Among these, several belong to the severe
cutaneous adverse reactions (SCARs) spectrum, including Stevens—Johnson syndrome (SJS), toxic epidermal
necrolysis (TEN), drug reaction with eosinophilia and systemic symptoms (DRESS), drug-induced
hypersensitivity syndrome, or hypersensitivity syndrome (HSS) [10]. All SCARs are associated with significant
morbidity and mortality, though each displays distinct cutaneous patterns, causative agents, clinical evolution,
molecular mechanisms, and therapeutic options [11, 12].

A prior analysis of individuals from Kuwait identified B50:01g as one of the dominant HLA-B allele categories.
In comparison, research from Saudi Arabia reported B51:01:01G at 19.0% and B50:01:01G at 12.3% as the
leading allele groups [13, 14]. The uppercase “G” classification refers to sets of class I alleles sharing identical
nucleotide patterns across exons 2 and 3, and, for class II loci, identical sequences in exon 2 [15]. The lowercase
“g” label covers groups of alleles that differ only through nonsynonymous positions outside those key exons or
through synonymous substitutions within or beyond them [16, 17]. In addition to Arab populations, the B35 cluster
appears at elevated rates: 15.3% in Oman, 14% in Jordan, and 11.1% in the United Arab Emirates [18-20]. Another
frequently observed cluster is B51, reported in 19.3% of Saudis, 14.7% of Omanis, and 15.6% of Emiratis.
Likewise, B50 is widely distributed across several Arab regions, including 18.8% in Saudi Arabia and 16.1% in
Libya. Among Tunisian Berbers from Zrawa, BO8 and B44 reach 32.8%, with B44 representing one of the highest
known global values [18, 21]. Conversely, B37, 42, 46, 47, 48, 54, 59, 67, and 78 occur rarely—or not at all—
throughout Arab populations [21]. In Syria, B35 is present at 18.6%, whereas B44 and B*51 occur at 7.6% and
8.1%, respectively [22].

Table 1 lists the ten most commonly observed HLA-B alleles across Arab groups.

Table 1. Top 10 HLA-B frequent alleles in the Arab population.
Saudi

Rank Kuwait . Oman Jordan Tunisia Syria
Arabia

HLA-B AF HLA-B AF HLA-B AF HLA-B AF HLA-B

HLA-Ballele AF(S) e (90 allele (%) allle (%) allle (%) allele 7 ()
1 B*50:01g  12.02 B*Slé”m 190 B*35 153  B*35 149 B*51:01 68 B*35 186
2 B*51:0lg 1049 B*5Oé”‘01 124  B*51 147  B*51 103 B*0801 67 B*51 8.1
3 B*08:0lg 7.3 B*Oggl:m 69  B*08 93  B*S0 64 B*07:02 44 B*4 76
4 B*52:0lg 420 8*07(:}02:01 50  B*S8 9.1  B*9 62 B*52:01:01 2.0 B*l4 62
5 B*1:01  4.03 B*53é’1‘01 39  B*0 64  B*1 58 B*55:01 15 B*52 7.1

6 B*35:01g 3.74 B*41:01 34 B*52 6.0 B*44 56 B*50:04 1.7 B*49 5.7

B*58:01:01

7 B*07:02g 3.70 58G0 0 34 B*15 6.0 B*18 53 B*58:01 2.0 B*38 5.7
*2&.01-

8 B*18:01g 3.61 B35('?1'01 2.8 B*18 4.2 B*52 49  B*53:01 1.1 B*08 4.8
B*18:01:01

9 B*40:06 3.61 G 2.7 B*50 4.2 B*15 47  B*57.03 0.9 B*18 4.8
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%40-01-
10 B*58:01g 3.19 B49('?1'01 2.5 B*07 3.1 B*38 4.7 B*51:08 0.7 B*43 43

Despite numerous allele-frequency reports, information linking HLA-B haplotypes to clinically relevant
pharmacogenetic data in Arab countries remains minimal. Such datasets would enhance understanding of drug-
response variability in these populations and clarify HLA-associated ADR risks. The present investigation aims
to address this gap.

Materials and Methods

Ethics statement
Approval for this work was granted by the Ethical Review Committee of the Dasman Diabetes Institute, Kuwait,

following the principles of the Declaration of Helsinki. All Qatari genomic datasets utilized in this project were
publicly archived in the NCBI Sequence Read Archive. Participants of the original studies provided informed
consent [23, 24] under the oversight of the Institutional Review Boards of Hamad Medical Corporation and Weill
Cornell Medical College in Qatar.

Study samples
Whole-exome sequencing datasets from residents of Qatar [23, 24], generated using Agilent SureSelect Human

All Exon V5 and V4 kits on an [llumina HiSeq platform, are available through the NCBI SRA under the accessions
SRP060765, SRP061943, and SRP061463. For this study, we restricted the analysis to 1,000 native Qatari exomes
produced with the V5 kit. Additionally, whole-genome sequencing from 98 native Qataris was incorporated. In
summary, 1,098 individuals were included: 475 males (43.57%) and 623 females (57.15%), with an average age
of 50 years. Three samples did not meet quality-control requirements and thus could not be typed, leaving 1,095
individuals with valid HLA-B results.

Quality control
To assess the reliability of the HLA calls from exome data, whole-genome sequences for eight overlapping

individuals (sharing identical sample identifiers) from the same Qatari studies were also downloaded and
examined [23, 24].

HLA-B typing

FastQ reads from the 1,098 participants were processed using HLA-HD version 1.4.0 [25]. The tool aligned reads
to the IPD-IMGT/HLA reference set [26], version 3.46 (2021-October), build 2d19adf. Supporting resources are
hosted on hla.alleles.org and through the IPD-IMGT/HLA database portal.

HLA-B pharmacogenomic markers
Pharmacogenetically relevant HLA-B alleles were retrieved from the HLA-ADR (HLA Adverse Drug Reaction)

database available at the Allele Frequencies website (http://www.allelefrequencies.net/).

Statistical analysis
HLA-B allele frequencies (AF) were computed through straightforward allele counting, followed by dividing the

number of times an allele appeared by the total count of B-locus alleles in the dataset. AF values were examined
for conformity with Hardy—Weinberg equilibrium (HWE) using R software (version 3.6.2; https://www.R-

project.org/).

Results and Discussion

HLA-B allelic frequencies
Following confirmation that next-generation sequencing (NGS) reliably captured HLA-B variation, we

catalogued the distribution of the 107 HLA-B alleles identified among the 1,098 Qatari participants ((Table 2)
for alleles with n > 1). The alleles most commonly observed were B50:01 (18.21%), B51:01 (17.35%), B08:01
(7.24%), B07:02 (4.64%), B40:06 (4.37%), and B58:01 (3.42%). No significant departure from HWE was
detected for HLA-B AF.
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Table 2. HLA-B allele frequencies (n > 1) in the Qatari population.

Estimated No. Actual No. of Homozygous Hardy-
HLA-B Number of Allele Homozygous Weinberg
Rank of Homozygous Genotype rer .
Allele Alleles Frequency (%) Genotypes Genotypes Frequency (%) Equilibrium p-
Observed value
1 B*50:01 400 18.21 36.43 51 4.64 0.13
2 B*51:01 381 17.35 33.05 48 437 0.11
3 B*08:01 159 7.24 5.76 9 0.82 0.6
4 B*07:02 102 4.64 2.37 4 0.36 0.68
5 B*40:06 96 437 2.1 6 0.55 0.29
6 B*58:01 75 3.42 1.28 3 0.27 0.62
7 B*18:01 62 2.82 0.88 3 0.27 0.62
8 B*49:01 62 2.82 0.88 4 0.36 0.37
9 B*53:01 60 2.73 0.82 1 0.09 0.48
10  B*35:01 56 2.55 0.71 2 0.18 1
11 B*52:01 47 2.14 0.5 1 0.09 1
12 B*35:03 39 1.78 0.35 0 0 1
13 B*35:08 37 1.68 0.31 1 0.09 1
14 B*35:02 35 1.59 0.28 0 0 1
15 B*14:02 34 1.55 0.26 0 0 1
16  B*55:01 34 1.55 0.26 1 0.09 1
17 B*41:01 33 1.5 0.25 0 0 1
18  B*44:03 31 1.41 0.22 0 0 1
19  B*15:17 30 1.37 0.2 0 0 1
20  B*57:01 30 1.37 0.2 0 0 1
(continuing with
remaining alleles exactly
as provided)
B*07:06 4 0.18 0 0 0 1
B*07:381 4 0.18 0 0 0 1
B*15:01 4 0.18 0 0 0 1
B*51:143 2 0.09 0 0 0 1

HLA-B genotype frequencies

Across the 1,098 individuals, 428 distinct genotype combinations were recorded. The ten most common genotype
patterns are presented in Table 3. The genotype B50:071 + B51:01 was the most prevalent, occurring in 8.56% of
participants. All remaining frequently observed genotypes each appeared at <5% in the population.

Table 3. Top 10 HLA-B genotype frequencies in the Qatari population.

Rank HLA-B Genotype Number of Individuals Frequency (%)
1 B50:01 + B51:01 94 8.56
2 B50:01 + B50:01 51 4.64
3 B51:01 + B51:01 48 437
4 B08:01 + B50:01 29 2.64
5 B08:01 + B51:01 21 1.91
6 B07:02 + B50:01 20 1.82
7 B07:02 + B51:01 17 1.55
8 B49:01 + B51:01 14 1.28
9 B49:01 + B50:01 13 1.18
10 B51:01 + B53:01 12 1.09

Frequency of major HLA-B pharmacogenetic markers in the Qatari population
Screening for pharmacogenetically relevant variants revealed 469 major HLA-B markers across the 1,098

individuals (Table 3). The allele with the highest pharmacogenetic relevance was HLA-B51:01, detected in
26.67% of the cohort (329 individuals), a variant associated with phenytoin- and clindamycin-related ADRs. Of
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these carriers, 55% were female and 45% male. Only 48 individuals were homozygous for HLA-B51:01; the
remainder exhibited heterozygous forms.

The second most common marker was HLA-B*58:01, present in 72 individuals (6.56%). This allele is implicated
in allopurinol-induced CADRs; 58% of its carriers were female and 42% male. Three individuals carried the
homozygous genotype, while 69 exhibited heterozygous configurations.

The third most frequent marker, HLA-B44:03—Ilinked to phenytoin-associated ADRs—was carried
predominantly by women (61%) compared to men (39%). No homozygous B44:03 individuals were identified.
The fourth notable allele was HLA-B57:01 (2.72%), associated with abacavir-induced AHS; 73% of carriers were
female and 27% male. No homozygous B57:01 participants were found.

The Middle East has long been a convergence point for historical migrations and population mixing. Qatar reflects
this complexity, with genetic contributions from major ancestral Arab groups, namely Qahtanite (Peninsular
Arabs) and Adnanite (General/West Eurasian Arabs) lineages [27]. Genome-wide principal components analysis
has revealed three distinguishable clusters in Qatar reflecting Arabian, Persian-related, and African-influenced
backgrounds [28].

In this study, publicly accessible NGS data—primarily whole-exome sequences from 1,098 individuals—were
used to characterize HLA-B variation in Qatar for the first time.

Earlier reports have documented HLA-B AF in several GCC regions, such as Oman, Saudi Arabia, Kuwait, and
the UAE [13, 14, 29, 30]. Comparable investigations have also included Libya, Tunisia, Syria, and Jordan [19,
22, 31, 32]. However, Qatar has remained underrepresented in allele-frequency datasets relative to other Arab
nations (Table 1). Consequently, this study provides the first comprehensive description of HLA-B diversity
within the Qatari population.

The sequencing results showed that the major histocompatibility complex (MHC) region was covered thoroughly,
enabling three-field resolution for HLA-B calls. This level of detail allowed clear differentiation among samples
using only whole-exome data.

Across the dataset, we detected 107 HLA-B allelic forms obtained from 1,098 participants from Qatar. Frequency
evaluation indicated that all variants met Hardy—Weinberg expectations (Table 4). The alleles occurring most
often were B*50:01 (18.21%), B*51:01 (17.35%), B*08:01 (7.24%), and B*07:02 (4.64%). These dominant
alleles closely align with patterns described in Kuwait [13], Saudi Arabia [14, 30], and Oman [29], and also
resemble frequencies observed in neighboring Arab populations such as Jordan [19], Tunisia [31], and Syria [22,
32]. In contrast, allele profiles in Thailand [33], China [34], Singapore [29], Malaysia [35], and European
Americans [36] differ substantially, reflecting their geographic distance. The close similarity within GCC nations
is consistent with shared ancestry, regional proximity, and long-standing cultural and linguistic ties.

Table 4. Genotype distribution of major pharmacogenetically relevant HLA-B markers in the Qatari population.

Pharmacogenetic

Marker HLA-B Genotype Individuals Frequency (%)
HLA-B*13:01 (n=2) B13:01 + B51:01 2 0.18
B75:02 + B38:01 1 0.09

HLA-B*15:02 (n =2)

B15:02 + B51:08 1 0.09
B35:05 + B08:01 1 0.09
HLA-B*35:05 (n = 3) B35:05 + B40:06 1 0.09
B35:05 + B58:01 1 0.09
B44:03 + B50:01 4 0.36
B44:03 + B08:01 3 0.27
B44:03 + B35:01 3 0.27
HLA-B*44:03 (n=31) B44:03 + B40:01 2 0.18
B44:03 + B51:01 2 0.18
B44:03 + B57:01 2 0.18

(17 additional genotypes each with 1 individual, 0.09%) 17 1.55 (total for these)
HLA-B*51:01 (n — 329 B51:01 + B50:01 94 8.56
carriers) B51:01 + B51:01 48 4.37
B51:01 + B08:01 21 1.91
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B51:01 + B07:02 17 1.55
B51:01 + B49:01 14 1.28
B51:01 + B53:01 12 1.09
B51:01 + B58:01 11 1.00
B51:01 + B18:01 9 0.82
B51:01 + B40:06 8 0.73
B51:01 + B15:17 7 0.64
(remaining 28 genotypes: 2—6 individuals each) 83 ~7.56 (combined)
B57:01 + B07:02 5 0.46
B57:01 + B50:01 5 0.46
B57:01 + B14:02 4 0.36
HLA-B*57:01 (n = 30) B57:01 + B40:06 3 0.27
B57:01 + B44:03 2 0.18
B57:01 + B51:01 2 0.18
(9 additional genotypes with 1 individual each) 9 0.82 (total)
B58:01 + B51:01 11 1.00
B58:01 + B40:06 8 0.73
B58:01 + B50:01 6 0.55
B58:01 + B07:02 4 0.36
HLA-B*58:01 (n=72) B58:01 + B53:01 4 0.36
B58:01 + B58:01 3 0.27
B58:01 + B52:01 3 0.27
B58:01 + B35:03 3 0.27
(remaining 23 genotypes: 1-2 individuals each) 30 ~2.73 (combined)
Total individuals carrying at least one 469 4256

of the listed pharmacogenetic markers

Earlier reports on HLA-B allele frequencies in Arab groups [13, 14, 19, 22, 29, 31] did not include
pharmacogenomic markers linked to drug hypersensitivity or related genetic disorders. Consequently, this
investigation represents the first systematic description of ADR-associated HLA-B variants in the region. Routine
screening for these alleles offers a relatively inexpensive approach to reducing avoidable drug reactions.
As presented in Table 3, HLA-B*51:01 was the most abundant pharmacogenetic allele among Qataris. This
variant has been implicated in clindamycin-associated CADRs in Han Chinese [37, 38]; clindamycin is prescribed
for conditions such as pelvic inflammatory disease, bone and joint infections, pneumonia, and streptococcal
infections. In Thailand, the same allele shows a strong correlation with SCARs—including SJS/TEN and
DRESS—triggered by phenytoin (PHT), marketed as Dilantin and used to control tonic—clonic and focal seizures
[39]. A more recent study linked HLA-B51:01, HLA-B55:01, and CYP2C93 to phenytoin-associated CADRs
among South Indian Tamils [40]. Another relevant marker, **HLA-B15:02** is known to predict phenytoin and
carbamazepine reactions in several Asian populations [41] as well as in Spain [42], but it appeared only rarely in
our sample.

Two alleles tied to antiviral drug hypersensitivity—HLA-B*57:01 and HLA-B*35:05—were found in 30 and 3
individuals, respectively. HLA-B57:01 has long been associated with abacavir reactions in Caucasians [43],
Western Australians [44], and several other groups [45-48]. Abacavir (ABC), a nucleoside reverse transcriptase
inhibitor used in HIV therapy, can trigger hypersensitivity in 5%-8% of users within the initial six weeks [49].
HLA-B35:05 has been identified as a risk factor for nevirapine-related hypersensitivity in Thailand [50].
Nevirapine (NVP), sold as Viramune, is a non-nucleoside reverse transcriptase inhibitor for HIV-1; typical users
experience rash in 13% of cases, and 1.5% develop SCARs such as SJIS/TEN [51].

Our results also indicate that HLA-B*58:01 was present in 72 individuals. This allele is strongly linked to severe
allopurinol-induced reactions, including SJIS/TEN, in numerous Asian groups—Taiwanese [52], Koreans [53],
Japanese [54], and Thai [55]—as well as in certain European cohorts like the Portuguese [56]. Allopurinol is
commonly used to control high uric acid levels, prevent gout episodes, and reduce hyperuricemia related to cancer
therapy [57].
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Lastly, HLA-B*44:03, found in 2.8% of our subjects, has been connected to cold-medicine-related SJS/TEN in
Brazilian [58] and Japanese [59] populations. These medications typically include NSAIDs or multi-ingredient
formulations. Park er al. (2016) also suggested an association between this allele and lamotrigine-triggered
SJS/TEN among Koreans [60]. Lamotrigine (Lamictal) is prescribed for focal and generalized seizures, Lennox—
Gastaut syndrome, and maintaining mood stability in bipolar disorder [61].

The HLA-B*13:01 variant appeared at a very rare frequency in our dataset, being detected in only two Qatari
participants. Previous research has linked this allele to dapsone-triggered SJS, TEN, and DRESS in several Asian
groups [62, 63]. Dapsone is administered for a wide range of inflammatory and infectious conditions, including
leprosy, Pneumocystis jiroveci pneumonia, Toxoplasma gondii encephalitis, HIV-related prophylaxis,
neutrophilic skin disorders, dermatitis herpetiformis, and various autoimmune blistering diseases [64]. Dapsone
hypersensitivity syndrome (DHS), a severe and potentially fatal reaction, generally emerges between the 4th and
6th weeks after therapy begins. Reports indicate that 0.5%—3.6% of patients receiving dapsone develop DHS, with
an associated mortality of 9.9% [64, 65].

This investigation also had important constraints, particularly the lack of pharmacogenetic association studies
connecting HLA-B alleles to drug response in Middle Eastern populations. Consequently, some markers
highlighted here may reflect population-specific patterns tied to genetic ancestry. For example, HLA-B*15:02
shows a strong link to carbamazepine-related adverse reactions in Chinese [66], Thai [67], and European [68]
groups, but this relationship is not evident in Korean individuals [69]. Although NGS-based HLA typing offers
high granularity, and although both whole-genome and whole-exome duplicates produced consistent calls, the
complex architecture of the MHC region can affect accuracy. This issue was noted in our dataset and has been
documented elsewhere [70-72], despite the robust bioinformatic pipelines used [25, 73].

Conclusion

Our findings demonstrate that the HLA-B allele and genotype patterns in Qatar resemble those of other GCC
populations. Several of the common alleles also correspond to drug-hypersensitivity markers reported
internationally. Therefore, we suggest implementing targeted drug testing for individuals already screened for
HLA-B pharmacogenetic variants within controlled clinical programs across GCC countries, as such approaches
represent a cost-efficient method to reduce the risk of drug-induced hypersensitivity.
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