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Abstract

Background The clinical manifestations of coronavirus disease (COVID-19) can vary widely, ranging from
asymptomatic to severe, and may be influenced by the host genetic background. The aim of the present study was
to determine the frequencies of HLA-DRB1*11 and HLA-DRB1*12 allele polymorphisms and their associations with
COVID-19.

Methods In this cross-sectional study, 198 subjects were enrolled, including 150 COVID-19 positive cases and 48
subjects who tested negative for COVID-19. Participants were recruited from the emergency, intensive care, and
infectious diseases departments of the Bogodogo Centre University Hospital (CHU-B) or the routine laboratory of
Centre de Recherche Biomoléculaire Pietro Annigoni (CERBA). Genomic DNA was extracted from nasopharyngeal
swabs samples and multiplex PCR-SSP was used to detect the HLA-DRB1*11 and HLA-DRB1*12 alleles. The study was
approved by CERS (N2 2021-02-033).

Results The positive cases were categorized into 38 asymptomatic (CC+), 60 symptomatic (NC+), and 52 severe
cases (SC+). Females were more frequent in the overall study population (53.0%, 105/198) as well as in the negative
group'’s CC- (68.75%, 33/48) and SC+ (57.69%, 30/52 negative groups, whereas males were more frequent in the CC+
(63.16%, 24/38) and NC+ (53.33%, 32/60) groups. The highest mean age was observed in the SC+group. A frequency
of 19.19% (38/198) and 14.65% (29/198) was found for the HLA-DRB1*11 and HLA-DRB1*12 alleles, respectively.
Individuals carrying the HLA-DRB1*11 allele had an approximately sixfold higher risk of asymptomatic SARS-CoV-2
infection (OR=5.72 [1.683-19.442], p=0.005) based on the association analysis.

Conclusions Altogether, the present study reports high frequency of HLA-DRB1*11 and HLA-DRB1*12 alleles within a
population from Ouagadougou, Burkina Faso. The results suggest that individuals carrying the HLA-DRB1*17 allele are
more susceptible to COVID-19 infection but may not display symptoms.
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Background

In December 2019, a group of pneumonia patients in
Wuhan, China, were discovered to have a new disease
now known as COVID-19, caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1].
This disease was declared a global pandemic on March
11th, 2020, by the World Health Organization (WHO)
[2]. From the outset, the pandemic has impacted the
world in several ways with devastating consequences on
public health, resulting in a significant loss of life across
the world, particularly among vulnerable populations.
According to recent estimates from the World Health
Organization (WHO), as of September 6, 2023, there
have been 770,437,327 confirmed cases of COVID-19
reported worldwide, with 6,956,900 recorded deaths
[3]. In addition, the pandemic has led to the closure of
various activities with significant financial losses, wide-
spread unemployment, and a sharp decline in productiv-
ity. Africa was originally predicted to be the hardest hit
continent due to limited resources and fragile health sys-
tems. Surprisingly, however, the continent was the least
affected, although the reasons for this remain unclear.

Research has been conducted to understand why the
African continent was less affected by SARS-CoV-2. The
literature suggests that certain human host genes, such as
CCR5, DC-SIGN, APOBEC, HLA, ACE, GSTM, GSTT,
KIR, etc., may influence the onset and progression of viral
infections [4-7]. In addition, polymorphisms in genes
including ACE-2, TMPRSS2, vitamin D receptor, vitamin
D binding protein, CD147, 78 kDa glucose-regulated pro-
tein, dipeptidyl peptidase-4 (DPP4), neuropilin-1, heme
oxygenase, apolipoprotein L1, vitamin K epoxide reduc-
tase complex 1 (VKORC1) have been associated with the
modulation of asymptomatic, symptomatic and severe
forms of COVID-19 [8].

A genome-wide study has associated specific regions
and polymorphisms of immunoregulatory genes, such
as those within the HLA system, with the severity of
COVID-19 [9]. The HLA system, located on the short
arm of chromosome 6, is a complex of more than 200
genes, including more than 40 that encode leukocyte
antigens [10]. The HLA genes involved in the immune
response are divided into three classes, I, II, and III, and
play a critical role in regulating the immune response
to foreign antigens and in distinguishing between self
and non-self [11]. Previous studies have shown that
individuals with severe COVID-19 have lower expres-
sion of HLA-DR [12]. In addition, individuals with
HLA-DRBI*11 and HLA-DRBI*15 were found to have
a reduced risk of developing severe forms of coronavi-
rus disease [13]. While numerous studies have identified
specific HLA alleles that confer protection against SARS-
CoV-2 infection, many of these studies were conducted
in areas with high rates of COVID-19 and significant
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mortality. Therefore, it remains unclear whether these
findings extend to regions such as sub-Saharan Africa. To
address this knowledge gap, the present study aimed to
investigate whether HLA-DRBI1*11 and HLA-DRBI1*12
polymorphisms are associated with COVID-19 patho-
genesis in Burkina Faso.

Results

Socio-demographic characteristics of the study population
and COVID-19 status

The study included a population of 198 individuals cate-
gorized into four groups, including 48 (24.2%) COVID-19
negative cases (CC-) and 150 positive cases, including 38
(19.2%) asymptomatic positive cases (CC+), 60 (30.3%)
symptomatic positive cases (NC+), and 52 (26.3%) severe
positive cases (SC+).

Females represented the majority of the study popula-
tion (53.0%, 105/198), including the CC- (68.75%, 33/48)
and SC+ (57.69%, 30/52) groups, whereas males pre-
dominated in the CC+ (63.16%, 24/38) and NC+ (53.33%,
32/60) groups. The mean age of controls was 24.60+17.91
years, while the mean age of cases was 30.21+11.41 years
for CC+, 45.72+21.78 years for NC+, and 57.06+£16.57
years for SC+. The most represented age groups were
16-35 years (63.2% of CC+) and 36—64 years (46.2% of
SC+), according to data categorization by age (Table 1).

Allelic and genotypic frequencies of HLA-DRB1 in the study
population

The HLA-DRB1*11 and HLA-DRB1*12 alleles were iden-
tified in the study population by PCR-SSP (supplemen-
tary file 1). The frequency of the HLA-DRB11*1 allele
was 19.19% (38/198), and the frequency of the HLA-
DRBI1*12 allele was 14.65% (29/198). Within the differ-
ent groups, the frequency of the HLA-DRBI1*11 allele
ranged from 8.33% (4/48) in the CC- group to 34.21%
(13/38) in the CC+group, 20% (12/60) in the NC+group,
and 17.31% (9/52) in the SC+group. The HLA-DRB1*12
allele frequency ranged from 6.25% (3/48) in the CC-
group to 21.05% (8/38) in the CC+group, 17.31% (9/52)
in the SC+group, and 15.00% (9/60) in the NC+group
(Table 2). The HLA-DRBI*11/12 genotype was found in
6.1% (12/198) of the individuals in the present study, with
the highest frequency (11.54%; 6/52) in the SC+group
(Table 3). The heterozygotes represented 21.72% (43/198)
of the study population.

Correlation between HLA-DRB1 alleles and genotypes and
SARS-CoV-2 infection

Table 2 shows a comparison of the allelic profiles between
positive cases (CC+, NC+and SC+) and negative cases
(CC-). The frequency of the HLA-DRBI1*11 allele was
significantly higher in CC+cases (34.21%, 13/38) than
in CC- (8.33%, 4/48) with p=0.005 and OR=5.72
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Table 1 Sociodemographic characteristics of the study population and COVID-19 status
Variables N Percentage (%)
Status CC- 48 24.2

CC+. 38 19.2

NC+. 60 303

SC+. 52 253
Gender F 93 530

H 105 47.0
Age group <5 years 6 30

6to 15 years 12 6.1

16 to 35 years old 74 374

36a64 68 343

>65 years 38 19.2
Total 198 100
Legend: CC: Negative cases; CC+: asymptomatic positive case; NC+: symptomatic positive case; SC+: severe positive cases
Table 2 Distribution of HLA-DRB1 alleles in the study population
Clinical status HLA-DRB1*11 HLA-DRB1*12

n (%) p-value OR 95% ClI n (%) p-value OR 95% CI

CC-(n=48)* 4(833) 3(6.25)
CC+ (n=398) 13(34.21) 0.005 5.72 [1.683-19.442] 8(21.05) 0.054 4.00 [0.981-16.302]
SC+ (n=52) 9(17.31) 0.240 2302 [0.659-8.040] 9(17.31) 0.089 3.140 [0.796-12.378]
NC+ (n=60) 12 (20.00) 0.108 2.75 [0.826-9.160] 9(15.00) 0.150 2.65 [0675-10.383]
Total (n=198) 38(19.19) 29 (14.65)

Legend: *: Group compared with other groups with significant p-value in bold:Legend: CC: Negative cases; CC+: asymptomatic positive case; NC+: symptomatic positive case; SC+:

severe positive cases

Table 3 Distribution of HLA-DRB1*11/12 genotypes in the study population

Clinical status Genotypes HLA-DRB1*11/12

+/+ +/- -1+ -/- p-value OR 95% Cl
CC-(n=48) 2(4.2) 2(4.2) 12.1) 43 (89.6) 0.651° 1.971 [0.312-
12.444]
CC+ (n=38) 3(7.9) 10 (26.3) 5(13.2) 20(52.6) 0.725° 1.533 [0.307-7.665]
SC+ (n=52) 6(11.5) 3(5.8) 3(5.8) 40 (76.9) 0.728¢ 1.522 [0356-6.513]
NC+ (n=60) 1(1.7) 11(18.3) 8(13.3) 40 (66.7) 0.296¢ 0.198 [0.020-1.975]
Total (n=198) 12(6.1) 26 (13.1) 17 (8.6) 143 (72.2) 0.048° 7.695 [0.895-
66.189]

Legend: CC: Negative cases; CC+: asymptomatic positive case; NC+: symptomatic positive case; SC+: severe positive cases. Comparison for HLA-DRB1*11/12 genotype +/+°: CC- vs.

CC+;P: CC- vs. (SC+ & NCH); & CC+vs. SC+; % CC+vs. NC+; & SC+vs. NC+.

[1.683-19.442], whereas no significant difference was
found in the HLA-DRB1*12 allele (p=0.054).

There was no statistical difference between negative
CC- cases and NC+and SC+cases or between CC+cases
and NC+and SC+cases for both HLA-DRBI*11 and
HLA-DRBI*12 alleles (p>0.05). However, the HLA-
DRBI*11/12 genotype was significantly higher in
SC+cases (11.54%, 6/52) than in the NC+group (1.67%,
1/60) with p=0.048 and OR=7.70 [0.895-66.189].

Discussion

The worldwide impact of the COVID-19 pandemic has
been significant, with an estimated 770,437,327 con-
firmed cases and 6,956,900 deaths as of September 6,
2023 [3]. The disease progression and susceptibility to
SARS-CoV-2 are influenced by both environmental and

genetic factors [14], and several genetic and epidemio-
logic studies have suggested the involvement of HLA
system genes in COVID-19 development [9]. In this
cross-sectional study, we investigated the potential role
of HLA-DRB1*11 and HLA-DRBI*12 alleles in individu-
als tested for SARS-CoV-2 infection.

Although studies have reported male sex as a major
risk factor for the severity of COVID-19 in Asian [15]
and European [16] populations, the present study found
a higher proportion of females (57.69%, 30/52) in the
SC+group. This difference may be due to the fact that
biological sex affects the aging of the immune system,
with women having stronger immunity to viral infections
[17]. However, comorbidities may have played a role in
the higher proportion of severe cases among women in
the present study. In addition, it should be noted that the
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rate of SARS-CoV-2 infection also varies with age [17]
and that male predominated in the CC+and NC+groups
in the present study.

The severity of COVID-19 is known to increase with
age, with patients older than 60 years having the highest
percentage of patients with poor prognosis and admis-
sion to intensive care [18]. In the present study, the age
groups 36—64 years (24/52) and over 64 years (21/52)
accounted for 86.54% (45/52) of SC+patients, with the
highest mean age (57.06 years). Several studies have
shown that the immune system weakens with age, expos-
ing the elderly to a more severe form of disease caused by
coronaviruses [19, 20].

The elderly population is often affected by comorbidi-
ties such as hypertension, cardiovascular disease, and
diabetes, which can increase the severity of COVID-
19 even in younger individuals [18]. The present study
focused on individuals who had been exposed to SARS-
CoV-2 infected individuals. Analysis of two HLA-DRBI
alleles revealed that HLA-DRBI*11 was more com-
mon, with a frequency of 19.19%, compared with HLA-
DRBI1*12, which had a frequency of 14.65%. These
findings are consistent with data from the Allele Fre-
quency Net Database (AFND), which shows a higher
prevalence of HLA-DRBI1*11 (17%) compared to HLA-
DRBI1*12 (1%) in the Mossi ethnic group, the largest eth-
nic group in Burkina Faso [21]. However, other studies by
Zouré et al. [22] and Lallogo et al. [23] reported a higher
frequency of HLA-DRBI*12 than HLA-DRB1*11 in indi-
viduals at risk for breast cancer and HIV serodiscordant
couples in Burkina Faso, respectively. This may be due
to differences in the study populations. Previous studies
have suggested that HLA-DRB1*11 may provide protec-
tion against severe forms of COVID-19 [13] and since the
present study mainly included non-severe cases, it is pos-
sible that the prevalence of HLA-DRBI1*11 was higher in
this population.

SARS-CoV-2 has affected countries worldwide with
varying rates of infection, ranging from a few cases to
thousands reported daily (20). The outcomes of infec-
tion have also varied, ranging from asymptomatic cases
to severe complications and even death. Studies have
shown that individuals of African American descent are
more susceptible to COVID-19 complications, highlight-
ing the role of the immune system in responding to the
virus [24]. To investigate susceptibility to infection, stud-
ies have examined the association of certain HLA poly-
morphisms with disease [13, 24—29]. The present study
investigated the association between HLA-DRBI*11
and HLA-DRBI*12 alleles and the risk of SARS-CoV-2
infection. The results of the present study suggest that
among individuals who had been in contact with infected
individuals but remained asymptomatic, those carry-
ing the HLA-DRB1*11 allele had approximately a 6-fold
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higher risk of testing positive for SARS-CoV-2 (p=0.005;
OR=5.72 [1.683-19.442]). Therefore, the HLA-DRB1*11
allele would not provide protection against infection but
rather against the development of symptoms within our
study population. This is consistent with a meta-analysis
by Zorana et al. [30], showing that the HLA-DRBI1*11
allele is associated with a reduced risk of severe symp-
toms requiring hospitalization or intensive care. HLA-
DRB1*11 was also found to be independently associated
with COVID-19(+) and a 40% decrease in the probabil-
ity of COVID-19(+) in kidney transplant recipients [31].
In a recent case reports study, HLA-DRBI*11:01 was
speculated to be involved in the pathogenesis of Graves’
disease following SARS-CoV-2 vaccination [32]. How-
ever, patients with HLA-DRB1*11/12 genotypes had an
approximately 8-fold risk of developing severe forms
of COVID-19 (p=0.048; OR=7.70 [0.895-66.189]).
In a study conducted in Japan, HLA-DRB1*12:01 and
DRBI1*12:02 were exclusively found in direct antiglobulin
test (DAT)-positive COVID-19 patients [26]. Polymor-
phisms in the HLA system contribute to the selection of
antigenic peptides for presentation to T cells, resulting in
different immune responses among individuals. Due to
the large diversity of haplotype combinations in the HLA
system, further investigation of other HLA-DRBI alleles
is needed to confirm these findings.

While there is no conclusive evidence of a clear associ-
ation between haplotypes containing the HLA-DRB1*12
allele and susceptibility to coronavirus disease, several
studies have indicated that it is comparatively less preva-
lent in infected populations compared to control groups
[26, 33]. It is noteworthy that the small sample size is
one of the limitations of our study. Additionally, only two
HLA system polymorphisms were investigated. How-
ever, the study provides a significant insight into HLA-
DRBI1*11 and HLA-DRBI*12 alleles in the context of
SARS-CoV-2 infection in Burkina Faso.

Conclusion

The present study reports a high frequency of the HLA-
DRB1*11 allele compared to HLA-DRB1*12 in the study
population. The results suggest that carrying the HLA-
DRB1*11 allele increases the risk of asymptomatic SARS-
CoV-2 infection. Although the sample size may limit the
ability to draw definitive conclusions about the various
allelic combinations of the HLA class II system, further
analysis may provide interesting insights.

Materials and methods

Study population

This was a cross-sectional study of 198 individuals, all
recruited from either the Emergency, Intensive Care
and Infectious Diseases Departments of CHU de Bogo-
dogo or the routine laboratory of CERBA. The study
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population was divided into four different groups based
on clinical and biological status, namely negative cases
(CC-), asymptomatic positive cases (CC+), symptomatic
positive cases (NC+), and severe positive cases (SC+).
The CC- subgroup consisted of individuals who
tested negative for COVID-19 by PCR, while those
without clinical symptoms who tested positive were
included in the CC+subgroup. The NC+subgroup
consisted of individuals with symptoms such as fever,
cough and difficulty breathing who tested positive
for SARS-CoV-2 nucleic acids by PCR. The SC+sub-
group consisted of symptomatic patients positive for
SARS-CoV-2 nucleic acids by PCR with at least one of
the severity factors, such as increased respiratory rate
(>30/min), drop in blood pressure (SBP<90 mmHg
AND/OR DBP <60 mmHg), impaired consciousness,
state of shock, require oxygen supplementation at a
rate exceeding 5 L/min to maintain arterial oxygen sat-
uration (SpO,) between 90% and 95%, cardiac rhythm
disturbances with hemodynamic consequences,
according to the COVID-19 case definition in Burkina
Faso. All patients with COVID-19 severe cases were
hospitalized in the intensive care unit (ICU).

Sampling

The samples were collected randomly during the
period August 2020-August 2021 to form the four
different groups. Collection of SARS-CoV-2 infected
respiratory epithelial cells was performed by naso-
pharyngeal swabbing. Participants were seated in an
examination chair with a headrest or on an exami-
nation bed in a semi-seated position with their head
supported avoiding triggering the head-back reflex
when inserting the swab. After obtaining the sample,
the swab was placed in a tube and the distal part was
broken off. The tube was then carefully resealed and
decontaminated with virucide before being placed in a
transport bag.

DNA extraction

Genomic DNA was extracted from nasopharyngeal
swabs of individuals using the KingFisher automated
extractor (Thermo Fisher Scientific, Waltham, WA,
USA) and the MagMax kit according to the manufac-
turer’s protocol. The extracted DNA was then stored
at -20 °C until used for PCR amplification of the target
alleles.

Table 4 Sequence-specific primers for HLA-DRB] alleles
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PCR-SSP amplification

To detect the presence of HLA-DRBI1*11 and HLA-
DRBI1*12 alleles, PCR-SSP was performed using
the sequence-specific primers (Table 4) originally
described by Ma et al. [31] with a slight modification.
Due to the large number and variability of HLA alleles,
the amplification reaction included a primer pair
designed to target the human growth factor (HGF)
housekeeping gene. This served as a control to verify
the PCR in the event that the sample did not contain
any of the alleles of interest.

The PCR of a sample was considered valid only if an
amplification band for the HGF gene was observed.
If the HGF gene amplification control band (432 bp)
was not present, the PCR result for that sample was
considered invalid. The presence of 176 and 244 bp
bands indicated amplification of the HLA-DRBI1*11
and HLA-DRBI1*12 alleles, respectively. A multiplex
PCR was performed using the GeneAmp PCR System
9700 (Applied Biosystem, Foster City, USA) to simul-
taneously target both alleles and the internal control,
the HGF gene. The total reaction volume of 25 pL con-
sisted of 7 pL molecular biology water; 10 pL 2X mix
(Emerald Amp GT PCR Master Mix); 0.5 pL of each
primer pair at a concentration of 0.2 uM; and 5 pL of
each DNA extract at 10 ng/pL.

Electrophoresis of PCR products

PCR products were subjected to nondenaturing elec-
trophoresis on a 2% agarose gel with 0.1% ethidium
bromide in 1X Tris-borate-EDTA (TBE) buffer at 100
millivolts for 45 min. The GeneFlash gel documenta-
tion system (Syngene, Bio-Imaging, UK) was used to
visualize samples under ultraviolet light, and fragment
size was determined using a 100-bp DNA ladder.

Statistical analysis

The collected data were entered into Microsoft Excel
2019 spreadsheets and subsequently analyzed using
R version 4.0.2 and SPSS version 20. The frequen-
cies of HLA-DRBI1*11 and 12 alleles were calculated
by direct counting, and comparisons were made
between the different groups. Statistical significance
was determined to use either the chi-squared test or
Fisher’s exact test, as appropriate for small numbers.
A p-value of less than 0.05 was considered statistically
significant.

Primer sequences Size (bp)
Alleles 5'-sequence 3’-sequence
DRB1*11 5'GTTTCTTGGAGTACTCTACGTC3' 5'CTGGCTGTTCCAGTACTCCT3' 176
DRBT1*12 5ACTCTACGGGTGAGTGTT3' 5ACTGTGAAGCTCTCCACAG3' 244
HGF 5'CAGTGCCTTCCCAACCATTCCCTTA3' S'ATCCACTCACGGATTTCTGTTGTGTTTC3 432
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Abbreviations

ACE Angiotensin Converting Enzyme

APOBEC Apolipoprotein B mRNA Editing Catalytic Polypeptide-like
CC- Negative Contact Cases

CC+ Positive Contact cases

CCR5 CC chemokine receptor 5

CERBA Center for Biomolecular Research Pietro Annigoni
CHU University Hospital Center

COVID-19 Coronavirus disease of 2019

DC-SIGN Dendritic Cell-Specific ICAM-Grabbing Non-integrin
DRSC Direction Régionale de la Santé du Centre

GSTM Glutathione S-Transferase Mu

GSTT Glutathione S-Transferase Theta

HGF Human Growth Factor

HLA Human Leukocyte Antigen

KIR Killer immunoglobulin-like receptor

LABIOGENE  Laboratoire de Biologie Moléculaire et de Génétique
LAMO Laboratory of Morphology and Organogenesis

NC+ New Cases

PCR-SSP Polymerase Chain Reaction With Sequence-Specific Primers
SARS-CoV-2  Severe Acute Respiratory Syndrome Coronavirus 2

SC+ Severe Cases

TMPRSS2 Transmembrane Serine Protease 2
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