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ABSTRACT

The class I and class Il Human Leucocyte Antigens (HLA) are an integral part of the host adaptive immune
system against viral infections. The characterization of HLA allele frequency in the population can play an
important role in determining whether HLA antigens contribute to viral susceptibility. In this regard, glo-
bal efforts are currently underway to study possible correlations between HLA alleles with the occurrence
and severity of SARS-CoV-2 infection. Specifically, this study examined the possible association between
specific HLA alleles and susceptibility to SARS-CoV-2 in a population from the United Arab Emirates
(UAE). The frequencies of HLA class I (HLA-A, -B, and -C) and HLA class II alleles (HLA-DRB1 and -
DQB1); defined using Next Generation Sequencing (NGS); from 115 UAE nationals with mild, moderate,
and severe SARS-CoV-2 infection are presented here. HLA alleles and supertypes were compared between
hospitalized and non-hospitalized subjects. Statistical significance was observed between certain HLA
alleles and supertypes and the severity of the infection. Specifically, alleles HLA-B*51:01 and HLA-
A*26:01 showed a negative association (suggestive of protection), whilst genotypes HLA-A*03:01, HLA-
DRB1*15:01, and supertype B44 showed a positive association (suggestive of predisposition) to COVID-
19 severity. The results support the potential use of HLA testing to differentiate between patients who
require specific clinical management strategies.
© 2021 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.

1. Introduction

host response against viral infections [1]. In this regard, studies
have shown that specific HLA alleles and HLA haplotypes play a

The Human Leucocyte Antigens (HLA) class I (HLA-A, HLA-B,
and HLA-C) and class II (HLA-DRB1, HLA-DRA1, HLA-DQB1, HLA-
DQA1, HLA-DPB1, and HLA-DPA1) genes of the Major Histocompat-
ibility Complex (MHC) are important elements of the immune sys-
tem. Proteins encoded by these genes play a role in initiating the
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Science and Technology, PO Box 127788, Abu Dhabi, United Arab Emirates.
E-mail address: habiba.alsafar@ku.ac.ae (H.S. Alsafar).
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role in the severity as well as the progression of several autoim-
mune diseases [2] as well as viral diseases, including Human
Immunodeficiency Virus (HIV) [3-7], hepatitis B [8,9], hepatitis C
[10-12] and influenza [13-15].

Moreover, HLA class I and class Il homozygosity or heterozygos-
ity appear to play a role in viral disease susceptibility. In geneti-
cally isolated populations, homozygosity has been shown to lead
to greater susceptibility to infection, whereas heterozygosity can
increase resistance to infection [16,17]. The highly polymorphic

0198-8859/© 2021 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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nature of the HLA class I and HLA class Il genes encode diverse pro-
tein variants that control the adaptive immune system. HLA class [
molecules have two linked polypeptide chains, o and B-2
microglobulin. A peptide-binding groove exists between the o1
and o2 domains. The peptide-binding groove of the class I mole-
cule accommodates peptides of 8 to 10 amino acids in length.
When a virus infects a host cell, its proteins are degraded into
small peptides. These viral peptides then bind to the binding
groove of these HLA class I molecules and are exposed on the sur-
face of the cell. The presence of those viral antigens is then recog-
nized by leukocytes, and a cascade of immune response events is
initiated to eliminate the virus [18]. HLA class Il molecules have
two polypeptides chains, an o and a B chain. The peptide-binding
groove of HLA class II is made up of the a1 and B1 domains. It
can accommodate up to 12 to 24 amino acids where the peptide
binds in an extended conformation, with about a third of the pep-
tide being approachable by the CD8 + T-cells [1].

Although limited, information on the association between HLA
and COVID19 is gradually accumulating. Insights can also be
gleaned from previous reports on the closely related SARS-CoV
and MERS-CoV [18] strains of coronavirus. To date, HLA-B is the
most polymorphic class I gene, followed by HLA-A and HLA-C
[19]. Polymorphic sites situated in locations that encode the
peptide-binding groove, which interacts with T-cell receptors,
impacts the binding specificity of amino acids in the binding
groove [1]. The frequencies of HLA variants differ between popula-
tions as a result of historical migrations leading to admixture and
different selection pressures of past epidemics [1]. These factors,
among others, have contributed to the selection of the HLA alleles
with antigen peptide-binding properties for specific viral peptides.
Previous research describing antigen presentation of SARS-CoV has
revealed that several HLA variants contribute to the susceptibility
of the infection. These HLA variants have included HLA-B*46:01,
HLA-B*07:03, HLA-DRB1712:02 [20], and HLA-C*08:01, whereas
HLA-DRB1*03:01, HLA-C*15:02, and HLA-A*02:01 alleles were found
to be protective against infection [18].

Genome sequencing of SARS-CoV-2 and SARS-CoV isolates has
shown a high degree of homology at the nucleotide level between
the two viruses, but there is a noticeable difference at the protein
level [21]. Protein sequence alignment analysis revealed that there
are two proteins; encoded by orf8 and orf10 in SARS-CoV-2; that
have no homologous proteins in SARS-CoV, which may contribute
to the differences in the HLA response to SARS-CoV and SARS-CoV-
2 [21].

The highly infectious nature of SARS-CoV-2 and its rapid spread
warrants the study of factors that contributed to the differences
observed in the susceptibility and severity of SARS-CoV-2 among
individuals. Severity risk factors include age, cardiovascular dis-
ease, and metabolic disorders comorbidity [22]. However, the role
of genetic variations in individuals that account for the different
clinical manifestations of the disease remains elusive [23]. Epi-
demiological studies have shown that while most cases of
COVID-19 are mild in nature, the disease appears to be highly fatal
in severe cases. A fatality rate of around 26% among hospitalized
patients and 37% among those who have needed invasive mechan-
ical ventilation has been reported in the United Kingdom [24].
Studies have shown that HLA class I genes or those that are in link-
age disequilibrium with HLA class I genes might have an impact on
the pathogenesis of the severe acute respiratory syndrome (SARS)
in 2003 [20] and SARS-CoV-2 in 2019 [25-27]. Furthermore, our
research has implicated HLA-B*35 and HLA-C*07, as well as the 2-
locus haplotype: HLA -C*04-B*35 to SARS-CoV-2 infection in a
mixed population that resides in the UAE.

The latest research points to genetic variants that contribute to
immunity factors may also be playing a role in the manifestation of
the observed variable clinical outcomes [28]. Knowledge of genetic
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biomarkers, including HLA, could assist in prioritizing public health
intervention for vulnerable individuals in addition to providing
individualized therapeutic targets [28]. Using Next Generation
Sequencing (NGS) based HLA typing, this study investigated a pos-
sible correlation between the occurrence and severity of COVID-19
and certain HLA alleles and haplotypes in 115 COVID-19 patients
from the UAE.

2. Materials and methods
2.1. Enrolment and sample collection

Blood samples of 115 unrelated patients with COVID-19 were
collected during their COVID-19 case review at the Sheikh Khalifa
Medical Centre (SKMC), Abu Dhabi, UAE. All 115 patients were
nationals of the UAE. Information about the study was provided
to potential participants. Those who agreed to be part of the study
provided their written consent on forms that were approved by the
Abu Dhabi Health COVID-19 Research Ethics Committee (DOH/
DQD/2020/538). Reciprocal approval was also granted by the
Dubai Scientific Research Ethics Committee (DSREC-04/2020_09)
and SEHA Research Ethics Committee (SEHA-IRB-005). Samples
from minors (age < 18 years) were collected after obtaining signed
assent forms from their parents. Blood was collected by an experi-
enced phlebotomy nurse. A total of 2 ml of blood was collected
from the cubital vein in an ethylenediaminetetraacetic acid (EDTA)
tube. Samples were stored in a sealed biohazard bag and trans-
ported at 4 °C to the testing laboratories at Khalifa University,
using a cool transport container.

2.2. Demographic data collection

Demographic data, including age, gender, and medical history
(Table 1), were obtained with the aid of questionnaires. Clinical
assessments of the participants provided by the healthcare provi-
ders included the determination of the level of severity (mild, mod-
erate, and severe) and diagnosis of pneumonia which was
confirmed using a chest x-ray. The group of participants that pre-
sented with mild or no disease symptoms did not require hospital-
ization (n = 82). The patients from the moderate group exhibited
symptoms such as fever, cough, and pneumonia, which required
hospitalization (n = 12). The severe group presented with critical
clinical features such as high temperature, cough, pneumonia,
shortness of breath, and required intensive care (n = 21).

2.3. DNA extraction and HLA sequencing

DNA was extracted from the EDTA tubes using the MagPurix
system (Zinexts, Taiwan) as per the recommendations by the man-
ufacturer. The quantity of the genomic DNA was determined by the
dsDNA broad range fluorescence-based quantitation method (Den-
ovix, Wilmington, USA). HLA genotyping was performed using the
Holotype HLA 96/11 library kit (Omixon, Budapest, Hungary)

Table 1
Demographic data of the COVID-19 Abu Dhabi cohort, United Arab Emirates.
Mild Moderate and severe
(n=82) (n=33)
Age mean in years 34+ 14 58 +15
Gender
Female - count (percentage) 27 (32.9%) 9 (27.2%)
Male- count (percentage) 55 (67%) 24 (72.7%)
Clinical outcome
Pneumonia - count (percentage) 18 (22.2 %) 33 (100 %)
Death - count 0 (0%) 10 (30.3 %)
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according to the manufacturer’s protocol. The first step involved
amplification of HLA class I and HLA class II loci by long-range
Polymerase Chain Reaction (PCR). The PCR products of each indi-
vidual were subsequently pooled for cleanup. The third step was
the library preparation phase, which involved fragmentation, end
repair, and ligation with indexed adaptors. Libraries were then
combined into a single pooled library, and size selection was car-
ried out using AMPure XP beads (Beckman Coulter, Massachusetts,
USA). Quantification of the single pooled library was performed on
the Viia 7 real-time PCR instrument (Applied Biosystems, Foster
City, USA) using KAPA library quantification ROX low kit (Kappa
Biosystems, Wilmington, USA). The final pooled library was then
loaded onto the Illumina Miseq system (Illumina, San Diego,
USA). FASTQ sequencing files were uploaded into the HLA Twin
Software v4.2.0 (Omixon, Budapest, Hungary) for analysis. The
software runs two independent computational algorithms to pro-
vide high confidence allele calling.

2.4. Statistical analysis

The samples were genotyped at a resolution of up to 4-fields
using NGS. However, due to the sample size, the results in the sec-
ond field resolution (subtype) were used for analysis and reported
to minimize the number of tests, as analysis with high resolution
would have generated too many unique 3-field allele assignments.
Further, restricting the analysis to 2-field resolution allowed com-
parisons with published results.

The cohort was divided into two groups, hospitalized (patients
with moderate to severe conditions) and non-hospitalized (pa-
tients who were asymptotic or had very mild symptoms).

Rare and very rare alleles were checked using the rare allele
detector server (score < 4) available at (http://www.allelefrequen-
cies.net), which detects rare and very rare alleles based on the
established common and well-documented alleles in world popu-
lations [29].

Expected heterozygosity (He) and inbreeding coefficient (F;s) for
each locus were determined using GenePop (stand-alone version
4.7.0 with the default settings) [31]. Hardy Weinberg Equilibrium
test (HWE) was obtained using Genepop and Pypop [30] (the
Guo and Thompson Hardy Weinberg test) [32]. Hardy-Weinberg
equilibrium (HWE) was further tested using Genepop when
H1 = excess heterozygosity and when H1 = defect heterozygosity
using  default  settings (Markov  chain  parameters:
dememorization = 10,000, batches = 20, iterations per
batch = 5000).

Based on the proposed approach for analyzing immunogenetic
data in case-control studies by Hollenbach, et al. [33], the Bridging
ImmunoGenomic Data-Analysis Workflow Gaps (BIGDAWG) R
package was used for case-control association analyses of individ-
ual HLA loci and amino acid level analysis [34].

HLA allelic association analyses was estimated using chi-square
testing. Calculations of odds ratio (95% confidence interval), and P-
values were performed using the R epicalc package implemented
in BIGDAWG. The BIGDAWG software was designed for the analy-
sis of highly polymorphic HLA data. The software combines rare
alleles for multi-locus analyses with expected counts less than five
(or degree of freedom do not allow for a test) into a common class
(binning) for each locus and performs a goodness-of-fit test.

The corrected P values (P.) for multiple comparisons were cal-
culated using the Bonferroni method. The significance threshold
(P =0.05) was divided by the number of tested alleles after binning
by BIGDAWG for the allelic association analysis (5 for HLA-A, 3 for
HLA-C, 4 for HLA-B, 5 for HLA-DRB1, and 8 for HLA-DQB1), and the
number of supertypes groups for the supertype association analy-
sis (7 for HLA-A, 3 for HLA-C and 8 for HLA-B including the unclas-
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sified group). All associations reported herein are based on the
corrected P-value.

2.5. In silico prediction of HLA class I binding affinity to viral peptides

In order to perform in silico peptide binding prediction for the
complete SARS-CoV-2 proteome (9,744 amino acids), we obtained
FASTA-formatted protein sequence data from the National Center
of Biotechnology Information (NCBI) database (https://www.ncbi.
nlm.nih.gov/genome/browse#!/overview/Sars-cov-2). Specifically,
the following 11 protein viral products were retrieved: ORFlab
(YP_009724389.1), surface glycoprotein (S) (YP_009724390.1),
ORF3a (YP_009724391.1), envelope (E) (YP_009724392.1), mem-
brane glycoprotein (M) (YP_009724393.1), ORF6
(YP_009724394.1), ORF7a (YP_009724395.1), ORF7b
(YP_009725318.1), ORF8 (YP_009724396.1), nucleocapsid (N)
(YP_009724397.2), and ORF10 (YP_009725255.1). Those sequences
were k-meirzed to 8-, 9-, 10-, 11- and 12-mers and uploaded into
the NetMHCpan v4.1 server [35].

3. Results

The Abu Dhabi COVID-19 cohort in this study consisted of 115
UAE nationals infected with SARS-CoV-2. The age of the patients
ranged from 16 to 80 years. Around seventy-one percent of the
cohort were asymptomatic, while 28.6% had a moderate or severe
infection. In total, 51 patients developed pneumonia: 18 out of 82
mild cases and 33 out of 33 moderate and severe cases. A summary
of the demographics of the cohort can be found in Table 1. The cor-
relation between age and COVID-19 severity was examined to
assess the effect of age as a confounding factor in the study (see
Fig. 1).

Table 2 lists the HLA class I (HLA-A, -B, -C) and class I (HLA-
DRB1, -DQBT1) allele counts of the non-hospitalized (n = 82) com-
pared to the hospitalized (n = 33) group.

In total, we identified 40 HLA-A alleles, 32 HLA-C alleles, 38 HLA-
B alleles, 41 HLA-DRB1 alleles, and 17 HLA-DQBI1 alleles. However,
due to low counts of some alleles, 35 alleles of HLA-A, 29 of HLA-
C, 34 of HLA-B, 36 of HLA-DRB1, and nine of HLA-DQB1 were com-
bined (binned) into 5 common groups (HLA-A binned, HLA-C
binned, HLA-B binned, HLA-DRB1 binned, and HLA-DQB1 binned)

severe . e o o o o o o 00 o0 00 o0

Correlation Coefficient (r) = 0.6313

Moderate o eeoee ° ° o0 .
Mild ©00000000000000 © 000 0000 000 © 000 O oo o
T T T T T T T
20 30 40 50 60 70 80
Age

Fig. 1. A moderately positive correlation between Covid-19 severity and age in 115
UAE national patients with SARS-Cov-2 infection. Each point in the graph
represents one individual. Four patients, 2 with mild, 1 with moderate, and 1 with
severe symptoms, were excluded from the analysis due to the lack of necessary data
(Age or date of birth).
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Table 2

HLA Class I and class II allele count and statistical association in non-hospitalized and hospitalized SARS-CoV2 infected patients.
HLA Allele Non-hospitalized Hospitalized OR P-value 95% Cl Effect SB WB

(n=82) (n=33) (<50 nM) (<500 nM)

HLA-A*02:01 8 11 2.28 0.0929 (0.77-7.01) 243 728
HLA-A*03:01 2 10 8.75 0.0015 (1.73-84.34) Risk 249 729
HLA-A*24:02 9 2 0.31 0.1200 (0.03-1.57) 328 964
HLA-A*26:01 13 0 0.00 0.0019 (0.00-0.44) Protective 347 986
HLA-C*04:01 9 8 1.92 0.2035 (0.60-6.01) 248 752
HLA-C*06:02 20 8 0.76 0.5551 (0.27-2.00) 239 726
HLA-B*08:01 3 7 3.31 0.0787 (0.71-20.62) 220 722
HLA-B*50:01 9 6 0.85 0.7707 (0.23-2.88) 193 621
HLA-B*51:01 31 0 0.00 <0.0001 (0.00-0.10) Protective 205 652
HLA-DRB1*03:01 16 7 0.86 0.7502 (0.28-2.39)
HLA-DRB1*07:01 16 7 0.86 0.7502 (0.28-2.39)
HLA-DRB1*11:01 11 3 0.52 0.3229 (0.09-2.09)
HLA-DRB1*15:01 2 8 9.22 0.0012 (1.72-91.09) Risk
HLA-DQB1*02:01 20 3 0.31 0.0611 (0.06-1.15)
HLA-DQB1*02:02 13 5 0.91 0.8657 (0.24-2.95)
HLA-DQB1*03:01 16 7 1.05 0.9140 (0.34-2.97)
HLA-DQB1*03:02 12 2 0.37 0.1911 (0.04-1.78)
HLA-DQB1*04:02 8 6 1.91 0.2502 (0.51-6.72)
HLA-DQB1*05:01 6 7 3.11 0.0442 (0.83-11.87)
HLA-DQB1*05:02 14 5 0.84 0.7463 (0.22-2.67)

Alleles that showed statistical significance (corrected P-value < 0.05) are denoted in bold. OR: odds ratio, CI: confidence interval.

by BIGDAWG prior to computing the 2 statistic. This resulted in a
total of 5 alleles for HLA-A, 3 for HLA-C, 4 for HLA-B, 5 for HLA-DRBI,
and 8 for HLA-DQBI.

Statistical analysis incorporating the binned groups resulted in
some significant allele associations between the hospitalized and
non-hospitalized groups (Table 2). From class I, HLA-A*03:01
(P = 0.0015) was observed more frequently in the hospitalized
groups while HLA-A*26:01 (P = 0.0019) and HLA-B*51:01
(P < 0.0001) genotypes were common among non-hospitalized
patients and absent in the hospitalized group, indicating a possible
protective effect. From class II, HLA-DRB1*15:01 (P = 0.0021) was
significantly higher in the non-hospitalized group.

Analysis for strong binding (SB) and weak binding (WB) of
SARS-CoV-2 peptide binding affinity for each HLA class I allele
are presented in Table 2. Strong binders (SB) are defined as having
a percentile binding affinity rank (%rank) < 0.5, while weak binders
(WB) are defined as having a %Rank < 2%. The total number of dif-
ferent peptides recognized as SB or WB for each HLA allele was
then calculated to identify the HLA allele with the greater number
of possible strong and weak viral peptide recognition. However,
when the predicted peptide binding results were compared to
the genotypic data of this study cohort, no direct correlation to
severity was found (Table 2).

The extreme polymorphism of HLA alleles results in a vast
diversity of peptide-binding HLA specificities and low population
coverage for any given peptide-binding HLA specificity [36]. Sev-
eral researchers have found that aggregating HLA alleles into
supertypes is useful in studies of disease association [36,37], and
in designing specific cytotoxic T-lymphocyte (CTL) vaccine candi-
dates for SARS [38]. This increases the power of the studies by
grouping large numbers of rare alleles according to their functional
relevance [37]. In this regard, the differences between the hospital-
ized and the non-hospitalized group based on HLA class I super-
types were estimated.

To test for HLA supertype association, the revised and updated
classification of HLA class I supertypes for locus A and B described
by Sidney, et al. [36], which covers most of the HLA class I poly-
morphism, was used. Only those subtypes [36] that were identified
based on the stringency of selection (i.e. reference panel) were con-
sidered in the analysis. Unlike HLA class I, class Il supertypes have
been less extensively studied due to the complexity of their struc-

ture. In this regard, this paper only discusses class I supertype
associations.

After correcting for multiple comparison, the results of this
study showed that supertype B44 (including HLA-B*18:01, -
B*40:02, -B*41:01, -B*44:02, -B*44:03, B*45:01, -B*50:01) is signifi-
cantly associated to SARS-CoV-2 severity (see Fig. 2).

In the current study, an overall higher than expected level of
homozygosity for HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-DQBI1
was observed in the 115 infected patients after applying the
Hardy-Weinberg test using PyPop (Table 3). Further, we compared
the heterozygosity level between hospitalized and non-
hospitalized patients and found that HLA-A and HLA-B loci showed
a statistically significant association with severity (Fig. 3). Others
have highlighted associations between homozygosity of HLA class
[ alleles with age at death in COVID-19 patients [39].

The inbreeding coefficient (F;s) for the cohort ranged from 0.19
to 0.35 for the Weir, and Cockerham estimates and from 0.12 to
0.37 with Robertson and Hill estimates, where an estimate up to
0.1 demonstrates a low degree of inbreeding and a zero represents
individuals with arbitrarily remote common ancestors (Table 4).

Locus level association analysis results showed that HLA-A
(P < 0.001) and HLA-B (P < 0.001) are significantly associated with
COVID-19 severity (Table 5).

From the amino acid position association analysis, multiple
positions from locus HLA-A and HLA-B were found in a significant
association with the disease (P < 0.001) while HLA-C had one posi-
tion, namely position.121, that was marginally significant. From
class II locus, two positions from HLA-DRB1 [position.13
(P = 0.007), position.72 (P = 0.0012)] and one position from HLA-
DQBI1 [position.57 (P = 0.028)] were associated with the disease.
Table 6 summarizes all amino acid associations.

4. Discussion

Since the outbreak of SARS-CoV-2 in 2019, HLA variability anal-
ysis has been the focus of many groups to identify possible genetic
variations that contribute to the severity and progression of the
disease [25-27]. However, most of these findings do not align, mak-
ing it difficult to draw any conclusions about the role of HLA in
COVID-19 infection. In this regard, it is important to consider the
fact that different allele frequencies observed in association with
COVID-19 might vary between racial backgrounds [25-28]. Thus,
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Fig. 2. The association of HLA-B supertypes on the severity of SARS-CoV-2 infection in the current cohort. The dots represent uncorrected P-values and the dotted line
represents the P-corrected treshhold (Pcr = 0.006). Only B44 supertypes are associated with SARS-CoV-2 infection.

Table 3

Hardy-Weinberg test for heterozygote deficiency and excess for each HLA locus in COVID-19 group using Genepop.

Fis estimation

Locus P-value S.E. W&C R&H

HLA-A 0.0000 0.0000 0.1935 0.1159
HLA-B 0.0000 0.0000 0.2450 0.1621
HLA-C 0.0000 0.0000 0.2234 0.2690
HLA-DRB1 0.0000 0.0000 0.3505 0.3725
HLA-DQB1 0.0001 0.0001 0.3024 0.2826

Hardy Weinberg test when H1 = heterozygote deficit

Fis estimation

Locus P-value S.E. W&C R&H

HLA-A 0.9997 0.0003 0.1935 0.1159
HLA-B 1.0000 0.0000 0.2450 0.1621
HLA-C 1.0000 0.0000 0.2234 0.2690
HLA-DRB1 1.0000 0.0000 0.3505 0.3725
HLA-DQB1 1.0000 0.0000 0.3024 0.2826

Hardy Weinberg test when H1 = heterozygote excess

Fjs estimation

Locus P-value S.E. W&C R&H

HLA-A 0.0017 0.0017 0.1935 0.1159
HLA-B 0.0000 0.0000 0.2450 0.1621
HLA-C 0.0000 0.0000 0.2234 0.2690
HLA-DRB1 0.0000 0.0000 0.3505 0.3725
HLA-DQB1 0.0029 0.0005 0.3024 0.2826

Fis estimation: inbreeding coefficient. S.E.: standard error, R&H: Robertson & Hill value, W&C: Weir & Cockerham value.

bioinformatics models such as peptide binding prediction could
potentially be used to obtain more conclusive findings [27,40].

The present study was subject to multiple methodological lim-
itations, including sample size, uneven age distribution, and exist-
ing comorbidities in some of the patients. Due to the limited
sample size, adjustment for age between hospitalized and the
non-hospitalized group was not possible. Furthermore, haplotype
frequency calculation resulted in many single count haplotypes
due to the small sample size. Thus, risk haplotypes could not be
discussed. The UAE population has been shown to be admixed
[41]. However, controlling for population stratification was not
done in this study due to the small sample size.

Nevertheless, HLA allelic associations must be analyzed with
caution due to the number of alleles under investigation, as there
is a high risk of obtaining a significant allele by chance. Therefore,

adjustment for multiple comparisons is necessary. Most HLA allelic
associations lost significance after statistical correction for multi-
ple testing in this study. Similarly, a large study on 835 patients
from Italy and 775 patients from Spain revealed no significant
allele associations with either COVID-19 disease occurrence or
severity after statistical adjustment [42]. A study by Littera, et al.
[43] on 182 Sardinian COVID-19 patients showed no substantial
differences in HLA alleles between subjects and the control group
[37]. Conversely, in this study, several interesting and clinically rel-
evant observations can be made from the statistical comparison
between the hospitalized and non-hospitalized groups.

Among the most frequent alleles (subtype) in this cohort is HLA-
B*35 (13%) (Including HLA-B*35:01/02/03/05/08/36) and HLA-C*07
(Including HLA-C*07:01/02/10/18/23/29/31) (30%). Similarly, in a
recent report to characterize the COVID-19 disease in the UAE,
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Fig. 3. The association of heterozygosity level in HLA loci to the severity of COVID-19. heterozygosity is defined as having the same 2-field allele in a specific locus and was

tested using Pypop.

Table 4

Guo and Thompson Hardy-Weinberg test of 115 COVID-19 patients using PyPop.
Locus Observed Heterozygotes Expected Heterozygotes Observed Homozygotes Expected Homozygotes P-value
HLA-A 49 101 59 6.65 0.0000*
HLA-C 83 103 29 8.62 0.0000*
HLA-B 44 91 53 6 0.0000*
HLA-DRB1 82 109 35 8.18 0.0000*
HLA-DQB1 69 90 31 10 0.0000*

Table 5 Bioinformatic peptide-binding models of HLA class I have been

Summarized locus association testing results obtained using BIGDAWG software. Loci
denoted in bold are significant after correcting for multiple comparisons.

Locus X2 P-value Significance
HLA-A 22.73 <0.001 S

HLA-C 1.77 0.413 NS

HLA-B 33.82 <0.001 S

HLA-DRB1 11.00 0.027 NS
HLA-DQB1 9.96 0.191 NS

NS: Not significant, S: Significant

our group observed higher than expected frequencies of HLA-B*35
and HLA-C*07 in infected patients with ethnic backgrounds from
South Asia. The same allele, HLA-B*35, has been identified in other
viral respiratory diseases, including influenza A (H3N2) in North-
east India [15] and the development of isolated pulmonary hyper-
tension in patients with scleroderma in Europeans [44].

Additionally, more than half of the HLA-B*35 carriers (60%) in
the current cohort carried this allele in the haplotype HLA-B*35 ~
C*04 (6%). In a study by our group, the same haplotype was the
most frequent in a multiethnic cohort and was observed in 11
out of the 15 nationalities (Tay et al., 2021 submitted).

To increase the power and confidence of HLA viral association
studies, it is important to combine HLA typing with case-control
studies and T cell binding assays in addition to systematic predic-
tion of the peptide-binding groove of different alleles [27,40]. On
this basis, genotypic data from this study were compared with the-
oretical viral peptide-binding predictions using in silico analysis
methods.

successfully employed in multiple SARS-CoV-2 studies
[26,39,45,46]. Unfortunately, HLA class Il peptide binding predic-
tion models still have problems, and that is why they have not
been discussed in this study [27].

In theory, those who present alleles that are predicted to have a
high affinity to bind to viral peptides would only develop mild
symptoms of the disease, as their HLA molecules will be more effi-
cient in presenting the peptides to the immune system.

Greater susceptibility to severe SARS-CoV-2 infection was
observed in subjects who carried the class I allele HLA-B*51:01
(P < 0.0001). Interestingly, HLA-B*51:01 is the second common
HLA-B allele in the general population of Abu Dhabi with a fre-
quency as high as 13.5% after HLA-B*50:01 [19]. However, no
patient from the hospitalized group carried this allele, whilst it
was frequent in the non-hospitalized cohort. Nevertheless, our
SARS-CoV-2 peptide binding prediction showed that HLA-B*51:01
binding capacity is limited to 205 for SB and 652 for WB.

Although some studies have shown a link between the peptide
binding affinity and the severity of the disease [26,39,46,47], this
study did not reveal a clear link between the degree of affinity
between individual HLA molecules and the evolution of the disease
in this study. Similarly, other reports did not confirm a link
between in silico peptide binding prediction and genotypic data
of patients [45].

NetMHCpan 4.1 server [35] is a validated algorithm for T-cell
epitope prediction and has been recently updated. A combination
of binding affinity thresholds that offers the best precision and
specificity was used [35,48]. However, it is important to acknowl-
edge the limitation of this computational method. The peptide
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Table 6
Summarized significant amino acid position association analysis results obtained using BIGDAWG.

Locus Position X2 P-value Locus Position X2 P-value
A Position.9 12.67 0.005 B Position.12 11.22 0.001
A Position.65 5.54 0.019 B Position.24 35.94 <0.001
A Position.70 4.52 0.034 B Position.37 11.38 0.001
A Position.74 6.58 0.010 B Position.46 11.38 0.001
A Position.76 18.79 <0.001 B Position.67 9.26 0.002
A Position.77 18.42 <0.001 B Position.70 10.88 0.001
A Position.79 14.68 <0.001 B Position.71 10.88 0.001
A Position.80 14.68 <0.001 B Position.72 31.33 <0.001
A Position.81 14.68 <0.001 B Position.86 11.18 0.001
A Position.82 14.68 <0.001 B Position.93 38.77 <0.001
A Position.83 14.68 <0.001 B Position.94 38.77 <0.001
A Position.97 2342 <0.001 B Position.108 18.62 <0.001
A Position.105 7.93 0.005 B Position.126 6.77 0.009
A Position.107 6.58 0.010 B Position.144 15.64 <0.001
A Position.109 9.09 0.003 B Position.165 4.77 0.029
A Position.114 32.77 <0.001 B Position.169 27.32 <0.001
A Position.143 6.48 0.011 B Position.176 15.04 0.001
A Position.145 30.79 <0.001 B Position.184 21.57 <0.001
A Position.146 6.48 0.011 B Position.190 9.90 0.002
A Position.152 14.03 <0.001 B Position.193 9.90 0.002
A Position.176 17.83 <0.001 DRB1 Position.13 14.00 0.007
C Position.121 6.21 0.045 DRB1 Position.72 10.88 0.012
B Position.9 8.82 0.012 DQB1 Position.57 9.13 0.028
B Position.11 6.26 0.012

Loci denoted in bold are significant associations after correcting for multiple comparisons.

binding recognition is complex and is affected by many factors,
including the relative expression of individual viral proteins [48].
Furthermore, there is currently limited data on experimentally
determined SARS-CoV-2 immunogenic T-cell epitope and peptide
HLA restriction [48], and our analysis relied on the available infor-
mation in published literature.

[turrieta-Zuazo, et al. [27] suggested that the degree of HLA
homozygosity could play a role in the severity of the SARS-CoV-2
infection as their results showed a higher percentage of HLA
homozygosity in Spanish patients with severe infection in loci A
and C when compared to moderate and mild patients [27]. This
is based on the evidence that individuals with heterozygosity at
certain HLA loci may have better resistance to infectious diseases
when compared to the corresponding homozygotes [49]. A study
of 6,311 HIV-1 infected individuals reported better resistance of
HLA-B heterozygosity against HIV-1 [17]. The study suggested that
heterozygosity in HLA alleles increases the probability of carrying
the most protective HLA alleles [5]. Similarly, a statistically signif-
icant association between COVID-19 severity and homozygosity at
HLA-A and HLA-B (Fig. 3) was observed in this study.

In conclusion, the present study investigated the association of
HLA allele and haplotype variations in Emirati patients with
respect to COVID-19 severity. Alleles HLA-B*51:01, HLA-A*26:01
were significantly higher in the non-hospitalized patients, suggest-
ing a protective association, whilst genotypes HLA-A*03:01, HLA-
DRB1715:01, and supertype B44 showed a significant correlation
with disease severity. Overall, we could not establish a clear link
between in silico peptide binding prediction of HLA class I and clin-
ical outcome. Suffice to say, many other genetic and epigenetic fac-
tors independent of the HLA could play a role in the
immunopathogenesis of SARS-CoV-2. Despite some shortcomings,
this study contributes to the global effort to understand the
immunological pathway of SARS-CoV-2 severity and occurrence.
Further investigation with a larger cohort and diverse populations
is necessary to clarify the role of HLA in SARS-CoV-2 infection. This
will further assist in developing specific vaccination and personal-
izing treatments.
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