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Abstract

Background COVID-19is a respiratory disease caused by a novel coronavirus called as Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2). Detected for the first time in December 2019 in Wuhan and it has quickly
spread all over the world in a couple of months and becoming a world pandemic. Symptoms of the disease and
clinical outcomes are very different in infected people. These differences highlight the paramount need to study and
understand the human genetic variation that occurring viral infections. Human leukocyte antigen (HLA) is an impor-
tant component of the viral antigen presentation pathway, and it plays an essential role in conferring differential viral
susceptibility and severity of diseases. HLA alleles have been involved in the immune response to viral diseases such
as SARS-CoV-2.

Main body of the abstract Herein, we sought to evaluate this hypothesis by summarizing the association between
HLA class I and class Il alleles with COVID-19 susceptibility and/or severity reported in previous studies among dif-
ferent populations (Chinese, Italian, Iranian, Japanese, Spanish, etc.). The findings of all selected articles showed that
several alleles have been found associated with COVID-19 susceptibility and severity. Even results across articles have
been inconsistent and, in some cases, conflicting, highlighting that the association between the HLA system and the
COVID-19 outcome might be ethnic-dependent, there were some alleles in common between some populations
such as HLA-DRB1*15 and HLA-A*30:02.

Conclusion These contradictory findings warrant further large, and reproducible studies to decipher any possible
genetic predisposition underlying susceptibility to SARS-COV-2 and disease progression and host immune response.

Keywords Association, HLA alleles, COVID-19 severity, COVID-19 susceptibility

Introduction

December 2019 marked the highly transmissible pan-
demic that caused considerable morbidity and mortal-
ity and drastically changed people’s everyday life. The
pandemic caused by the novel coronavirus, SARS-
COV-2, began in Wuhan, Hubei Province in China. It
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described among COVID-19 patients within different
populations, which ranges from asymptomatic or mildly
symptomatic infections to severe pneumonia, respiratory
failure, multi-organ failure and death, is one of its charac-
teristics that continues to surprise us [2, 3]. Furthermore,
advanced age, comorbidities such as hypertension, car-
diovascular disease, diabetes and also obesity have been
identified as clinical risk factors for severe COVID-19
disease [1].

Although differences in infection susceptibility and
severity between populations are difficult to explain,
genetic and environmental factors play a crucial role in
virus pathogenesis. A variety of research are being con-
ducted on human genetic elements that may contrib-
ute to the noticed diversified disease severity, to better
perceive how the clinical course may be influenced by
patient’s genetics and to identify which aspects could
be related to SARS-COV-2 clinical variability [4]. One
of the genetic elements that may be responsible for the
variations in virus susceptibility and severity is the poly-
morphism in the HLA system. This latter, is widely used
as a strategy in the investigation for the etiology of infec-
tious diseases and autoimmune disorders [4], and have
been suggested as potential genetic host factors that
affect individual immune response to SARS-CoV-2. HLA
genetic variants have been shown to influence the clinical
course of patients infected with several RNA viruses such
as influenza virus H1IN1, Hantavirus, SARS-CoV-1 and
many other viruses [1, 5].

An individual’s ability to mount an effective immune
response to viral infection is completely reliant upon
their inherited complement of human leukocyte antigens
that controls our adaptive immunity by presenting patho-
genic peptides to CD8+ T lymphocytes through class I
HLA and to CD4+ T lymphocytes through class Il HLA
as opposed to the case for many bacterial and parasitic
infections. The HLA type of the patient is likely to be a
major influencing factor in an infected individual’s ability
to give rise to an effective immune response [6, 7].

Individual HLA alleles can influence viral infections
susceptibility and severity. Within the case of COVID-19,
such an analysis may additionally make a contribution to
characterizing individuals at higher risk of the disease as
well as understanding disparities among countries within
the epidemic patterns at the epidemiological level [5].

Numerous research have looked into potential associa-
tions between the genetic variability in major histocom-
patibility complex (MHC) class I and Class II genes and
the susceptibility to SARS-CoV-2 and severity of COVID-
19. Herein, we summarize the association between Major
Histocompatibility Complex and COVID-19 suscep-
tibility and severity in different populations (refer to
Table 1), in order to identify HLA alleles underlying the
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different rates of COVID-19 infection among patients
and populations.

Research methods
Search strategy
The following protocol was used to conduct the literature
search for this review:

Patients: COVID-19 positive,

Comparison: HLA alleles,

Outcomes: Susceptibility, severity of COVID-19 in dif-
ferent populations,

Literature search

The articles included in this review were found through
a thorough search of related studies with the terms,
Human Leukocyte Antigen association, COVID-19 or
SARS-CoV-2 or COVID-19 Susceptibility. The aforemen-
tioned terms were combined with Boolean expression
adapted to the scientific databases used in this review,
which are: PubMed, Elsevier, Scopus, Web of Science,
SpringerLink and Google scholar. These databases were
chosen for their reputation of covering the most impor-
tant and highest impact full-text journal’s paper and
conference proceeding treating the fields treated in the
current research.

Study characteristics

We scoped for the association between SARS-CoV2
infection and the most susceptible HLA alleles
worldwide.

A total of 46 articles were selected. Six papers were
excluded after reading the title and abstract, and the full
texts of the remaining 40 articles were reviewed. Finally,
this review comprised 18 articles of HLA class I and class
II alleles.

Inclusion and exclusion criteria
The selection of articles included in this review based on
inclusion and exclusion criteria presented in Fig. 1.

Data extraction

The following information were extracted from the
selected articles: types of HLA Loci, population, number
of cases and controls, author’s name and year of publica-
tion. The characteristics of selected articles are summa-
rized in Table 1.

Results and discussion

Multiple infectious diseases’ susceptibility and outcomes
have been linked to the host’s genetic background in pre-
vious studies. In the human genome, HLA genes exhibit
a high degree of polymorphism, making them essential
for an effective antigen presentation to CD4+ and CD8-+
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Table 1 Basic characteristics of the included articles
Typed Loci Population Sample Study Year
size (cases/
controls)

HLA-A/B/C, DRB1/3/4/5, DQA1, DQB1, DPA1, DPB1, Chinese 82 3790 Wei Wang et al. 2020
HLA-A/B/C, DQAT, DPAT, DRB1/3/4/5, DQB1, DPB1 Italian 99 1017 Antonio Novelli et al. 2020
HLA-A, B, C/DRB1 and DQBT, Spanish 72 3886 Lorente et al. 2020
33 different HLA-B alleles Chinese 190 3829 Yung Yuk Lin et al. 2020
HLA-A, B,and C [talian NA 490,926 Pierpaolo Correale et al. 2020
HLA-A, B, Cand DRB1 [talian 182 619 Roberto Littera et al. 2020
HLA class I(A, B,C) and II(DRB1, DQA1, DQB1, DPB1) Chinese 332 NA* Fang Wang et al. 2020
HLA-A, -B, -C,-DRB1/3/4/5, and HLA-DQB1 British 80 10,308  Poulton Kay et al. 2020
HLA-A, B, C/DRB1/ and DQB1 Saudi Arabian 135 135 Fatmah Naemi et al. 2021
HLA-A, -C, -B, -DQA1 and -DPA1/ (HLA-DRB1, -DRB3, -DRB4,  Japanese 190 423 Seik-Soon Khor et al. 2021
-DRB5, -DQB1 and -DPB1)
HLA-DRB1 and DQB1 Iranian 144 153 Samaneh Ebrahimi et al. 2021
HLA-A, B and DR [ranian 48 500 Ramin Hamidi Farahani et al. 2021
HLA-A, -B, -C, -DPA1, -DPBT, -DQAT, -DQB1, -DRBT, Midwestern United States 234 22,000  Emily Schindler et al. 2021
-DRB3/4/5
HLA class I (A, Band C) and class Il (DRB1) Japanese 178  NA* Alitzel Anzurez et al. 2021
HLA-A, B, and DRB1 [talian 265 56,039  Antonio Amoroso et al. 2021
HLA-A, B, C and DRB1, DQA1, and DQB1 South Asian (Bangla- 95 NA* Fatmah Naemi et al. 2021

deshis, Indians, and

Pakistanis)
HLA-A, -B, -C, -DRB1, and -DQB1 Israelis 6413 66,499  Shay Ben Shachar et al. 2021
HLA class | (HLA-A, -B and -C) and Il (HLA-DRB1 and HLA- Spanish 450 495 Juan Francisco Gutiérrez-Bautista et al. 2021

DQBT1)

*NA, not available
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Fig. 1 Inclusion and exclusion criteria

T cells by Class I and Class II HLA, respectively, and for
mounting appropriate immune responses to infectious
agents. Human Leukocyte Antigen system encompasses
a wide range of genes that play a critical role in the regu-
lation and functioning of the immune system in combat-
ing viral infections [7-9].

Numerous studies have found that genetic varia-
tions at the loci encoding HLA genes can be associ-
ated to an increased or decreased risk of contracting
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infectious diseases. Research has uncovered a relation-
ship between HLA alleles or haplotypes in major infec-
tious diseases such as bacterial infections (tuberculosis,
leprosy, melioidosis, and Staphylococcus aureus) and
viral infections (human immunodeficiency virus (HIV)
infection, hepatitis B, and hepatitis C) among several
populations [7, 10]. It is speculative that various HLA
alleles may determine the genetic susceptibility to or
possibly protection against COVID-19 and can be
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related with severity, prognosis and disease outcomes
[5].

Genotyping research on MHC class I and class II in
COVID-19 cases have been done among different popu-
lations and its role in susceptibility or protection has
been investigated. In this review, we sought to find HLA
alleles associated with disease’s susceptibility and severity
in different populations.

A summary of the related HLA alleles to COVID-19
susceptibility or severity discussed in detail below is pre-
sented in Fig. 2.

The analysis of the 18 articles revealed correlations
between several HLA alleles and susceptibility and
severity of the disease among patients from different
ethnicities. In Chinese population, two different set
of HLA alleles were found more frequent in patients
that in controls groups, HLA-C*07:29 & HLA-B*15:27
and HLA-B*54:01 & HLA-B*56:01 & HLA-B*56:04 as
reported respectively by Wei Wang et al,, and Yung
et al., [11, 12]. Interestingly, this second set of HLA-B
alleles belong to B22 serotype, suggesting the pres-
ence of one or more shared common residues that
may be involved in COVID-19 disease susceptibility.
Furthermore, it has been noted that five B22 alleles
(HLA-B*54:01, HLA-B*55:01, HLA-B*55:07, HLA-
B*55:12, and HLA-B*56:01) were found out of the 94

(2023) 24:10

Page 4 of 9

weakest HLA-B binders to SARS-CoV-2 [13], underly-
ing the potential involvement of some B22 serotypes
as a susceptibility marker. Moreover, in Italian popu-
lation, other HLA alleles were observed to be signifi-
cantly associated to COVID-19 severe form, HLA-B*27,
DRB1*15:01, and HLA-DQB1*06:02 [14]. The results
showed a substantial association between susceptibility
to the disease and the outcomes.

Similarly, Poulton et al., Reported a significant posi-
tive association between HLA-DQB1*06 and HLA-
DRB1*15:01 and COVID-19 disease in UK population.
The study showed an impaired presentation of viral
epitopes in those COVID-19 patients carrying HLA-
DRB1*15:01, HLA-DQB1*06:02, HLA-DRB1*10, and
HLA-A*26 alleles [6]. This, in turn, may prompt an
inefficient T cell response and consequently inadequate
antibody response, which is required for viral neutrali-
zation and elimination in synergy with T cell-mediated
immunity. These findings are consistent with those pre-
viously published by Kachuri et al., and other studies,
who identified DRB1 and DQB1 as significant genetic
determinants influencing several diseases and espe-
cially viral infections susceptibilities such as for Epstein
Barr virus (EBV), Varicella zoster virus (VZV), human
herpesvirus 7, (HHV7), and Merkel cell polyomavirus
(MCV) [11, 15-17].

HLA-DRBI*04
HLA-DRBI*15:01 HLA-DQBI*04
HLA- DQBI"06:02 HLA-DRBI"I5
Severity
Susceptibility HLA- DRBI1*08 HLA-DRBI*09:01 Classl|
HLA-DRBI*OI HLA-DRBI*I3 1
HLA-DRBI"08:02 HLA-DRBI"08 HLA alleles ~ HLA-C"07:29 ~ HLA-A"11:01:01:01
I - HLA-B*15:27 p~ HLA-C*12:02:02:01
classt - HLA-B*27:07 ~ HLA-B*52:01:01:02
- HLA-A"01 - HLA-A"I
- HLA-B*S6 | Severity =~ HLA-C*0I
- HLA-B"54:01 M~ HLA-A"30:02
-~ HLA-B*56:01 M~ HLA-B14:02,
Susceptibility =1~ HLA-B*56:04 - HLA-C*08:02
M~ HLA-B"38 - HLA-B"5
M~ HLA-A*68
M~ HLA-A"24

]~ HLA-A*30:02

I~ HLA-B*44

]~ HLA-C"01

~= HLA-C*04:01

Fig. 2 Anoverview of related HLA class | and class Il alleles to COVID-19 susceptibility and severity in this review
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The association between COVID-19 disease and HLA-
DRB1*15 allele was also observed in Iranian population
and indeed the allele frequency of HLA-DRB1*15 was
found higher in patients with lymphopenia compared to
those cases without lymphopenia. It has been reported
that this clinical outcome was likely linked to the devel-
opment of severe and critical COVID-19 disease, sug-
gesting HLA-DRB1*15 allele as a genetic marker for
severe form of the disease [18]. AL contrary, this finding
is not replicated in another Iranian population but the
authors reported a significant association between HLA-
B*38, HLA-A*68, HLA-A*24, and HLA-DRB1*01 and the
disease [19]. This lack of consistency between the Iranian
studies could be due to the effect of the smaller samples
size. It could be also explained by the implication of other
factors such as age, sex, and environmental factors [20,
21].

In another Italy population study, seven HLA haplotypes
were shown to be protective against SARS-CoV-2 infec-
tion (HLA-A*02:05-HLA-B*58:01) (HLA-A*02:05-HLA-
C*07:01) (HLA-A*02:05-HLA-B*58:01-HLA-C*07:01)
(HLA-A*02:05-HLA-B*18:01-HLA-DRB1#16:01) (HLA-
A*02:05-HLA-B*58:01- HLA-DRB1%*03:01) (HLA-
A*02:05-HLA-B*58:01-HLA-C*07:01-DRB1*03:01)
(HLA-A*02:05-HLA-B*58:01-HLA-C*07:01-HLA-
DRB1*16:01 while five other haplotypes were found asso-
ciated with an enhanced susceptibility to SARS-CoV-2
infection, (HLA-C*04:01-HLA-B*40:01-HLA-B*40:02)
(HLA-A30:02-HLA-B*14:02) and (HLA-A30:02-HLA-
C*08:02). After adjustment of the P-values, only the
three-loci haplotype; HLA-A*30:02, HLA-B*14:02, HLA-
C*08:02 maintained a statistically significant relation.
This haplotype was shown to be highly associated with
disease severity [22]. A previous study found that the
hypersensitive reaction to nevirapine in Sardinian HIV-
infected patients was associated with the (HLA-B*14:02-
HLA-C*08:02) haplotype [23]. Besides, HLA-A*30:02 is
part of an extended haplotype commonly found in Sar-
dinia (HLA-A*30:02, B*18:01, C*05:01, DRB1*03:01) that
is associated with autoimmune diseases such as multiple
sclerosis and autoimmune type I hepatitis [22].

It has been reported that younger African American
individuals carrying HLA-A*30:02 may be more suscep-
tible to COVID-19 compared to other multiple popu-
lation in the Midwest of the United States tested [24].
The majority of the HLA-A*30:02-carrying population
are located in Africa. Referring to the Allele Frequency
Net Database, HLA-A*30:02 which belongs to the A*30
serotypes, occurs in Lusaka, Zambia with the highest fre-
quency of 23,3%, followed by Zimbabwe Harare Shona
with a frequency of 14,7%, Senegal (12,4%), Cap Verde
Northwestern Islands (12,1%) and, then South African
Black with a frequency of 11,27%. In Lusaka, Zambia,
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COVID-19 positive deaths occurred in all age groups
and it has been declared that COVID-19 was the lead-
ing cause of death during the peak of waves caused by the
Beta and Delta variants, around 90% of deceased people
were positive for SARS-COV-2 [25]. However, outcomes
have been less severe among African populations and
COVID-19 has been less deadly in Africa compared to
other continents. It is strongly recommended that fur-
ther studies evaluate the association of HLA-A*30:02 to
COVID-19 severity in the African region.

Moreover, another Italian study examined the hypoth-
esis that the large discrepancies observed in SARS-CoV-2
transmission between the North and the South of Italy
may be explained by the regional prevalence of specific
HLA class I alleles. They showed that HLA-A*25, HLA-
B*08, HLA-B*44, HLA-B*15:01, HLA-B*51, HLA-C*01,
and HLA-C*03 were positively associated with COVID-
19 incidence, whereas HLA-B*14, HLA-B*18, and HLA-
B*49 were found to be associated to the protection
against SARS-CoV-2 infection. After employing a mul-
tiple regression model to minimize confounding factors,
HLA-C*01 and HLA-B*44 alleles, which are more preva-
lent in northern Italy, remained positively associated with
COVID-19 incidence. This epidemiologic analysis identi-
fied putative permissive class I alleles that are potentially
unfit to trigger an efficient immune response capable
to counteract SARS-CoV-2 infection. Both HLA-B*44
and HLA-C*01 alleles, which have been associated with
known inflammatory autoimmune diseases, underlining
their ability to induce ineffective and often inappropriate
immunological responses [26].

Indeed, Amoroso and his collaborators have been
reported in a case—control Italian study that HLA-
DRB1*08 was associated with almost doubled risk for
Covid-19 in solid-organ transplant recipients and wait-
listed candidates. In COVID-19 positive patients, HLA-
DRB1*08 was correlated with mortality (6.9% in living
versus 17.5% in deceased) [27]. Despite being from a
population of transplant recipients and candidates,
these results matched those of a case—control study con-
ducted in the Midwest of the United States by Schindler
et al. Where they found increased HLA-DRB1*08:02 in
a small number of COVID-19 Hispanic patients. HLA-
DRB1*08:01 is the dominant HLA-DRB1*08 allele found
in Europe and is probably carried by most of the HLA-
DRB1*08-positive cases in the Amoroso study. Of note,
both HLA-DRB1*08:01 and HLA-DRB1*08:02 share
the two risk-associated amino acid residues, Glyl3 and
Leu74, but differs in position 57 in Beta Helix domain,
where HLA-DRB1#08:01 have the amino acid Ser while
HLA-DRB1*08:02 have Asp at this position as shown in
Fig. 3. The presence of aspartic acid at HLA-DRP1 posi-
tion 57 has been associated to leprosy risk [28], which
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Fig. 3 Alignment of HLA-DRB1*08:01 and HLA-DRB1*08:02 alleles using IPD-IMGT/HLA database

could explain their low binding affinity for SARS-CoV-2
peptides [24]. This allele has been found to confer suscep-
tibility to numerous auto-immune diseases such as Sys-
temic Lupus Erythematosus [29]. Although these findings
were limited to three observations among four Hispanics.
Another study examining the frequency of HLA alleles
among Saudi patients infected with COVID-19 found a
significant increase in the frequency of HLA-DRB1*08
and also HLA-A*01, HLA-B*56 and HLA-DRB1*04 in
the infected group compared to the control group, which
remained significant after p-value correction [30]. None-
theless, these results need further exploration using
larger sample sizes from different regions and most likely,
improved typing resolution.

In a study conducted in Spanish population, research-
ers found a tendency toward a higher rate of the allele
HLA-A*32 in healthy controls than in COVID-19
patients, as well as the alleles HLA-B*39 and HLA-C*16
in COVID-19 patients than in healthy controls, on a
total of 3886 healthy controls and 72 COVID-19 patients
[31]. However, after accounting for multiple compari-
sons, the p-values remained non-significant. The lack of
significant differences after Bonferroni correction might
be explained by the limited sample size. Inversely, logis-
tic regression analysis revealed that, after adjusting for
SOFA or APACHE-II, the presence of HLA-A*11, HLA-
C*01, and HLA-DQB1*04 alleles was related to higher
mortality. These three HLA alleles associated with the
mortality in this study, have previously been associated
with poor evolution in other infectious diseases like HBV
or active pulmonary tuberculosis (HLA-A*11 and HLA-
DQB1*04) or with the risk of other infectious diseases
such as acute viral encephalitis (HLA-C*01) [31]. As for
Influenza A HIN1, A possible role of HLA-A*11 allele in
conferring susceptibility has been found [32].

For the Japanese population, Anzurez et al, ana-
lyzed HLA-A, HLA-C, HLA-B, and -DRB1 genotypes
in 178 Japanese COVID-19 patients to investigate the
association of HLA with severe COVID-19. This anal-
ysis revealed a significant association between HLA-
DRB1%*09:01 and COVID-19 severity. This HLA-Class
II allele was more significantly associated with risk
for severe COVID-19 in a cohort of Japanese patients
compared to preexisting medical conditions. DRB1*09
frequency in study participants (14.2%) was found to
be equivalent to that reported for the general Japanese
population (14.5%), suggesting that this allele is not a

risk-factor for SARS-CoV-2 infection. Thus, this asso-
ciation found in the present study may be attributed to
skewed CD4+ T-cell responses in DRB1*09:01 posi-
tive patients. Further studies comparing SARS-CoV-2—
specific CD4+ T-cells in infected individuals with and
without the DRB1*09:01 allele are ongoing [33].

According to a Japanese study, the HLA-A*11:01:01:01
allele and the HLA-C*12:02:02:01-HLA-B*52:01:01:02
haplotype are significantly associated with the severity
of COVID-19. The aim of this study was to spot sus-
ceptible HLA alleles and clinical markers that may be
employed in risk prediction model for the early iden-
tification of severe COVID-19 among hospitalized
COVID-19 patients. According to the Allele Frequency
Net Database, HLA-C*12:02-HLA-B*52:01 haplotype
is commonly present in Japanese with a frequency of
10.5%, followed by Asian populations residing in the
USA (1.5-3.4%). On the other hand, HLA-A*11:01 is
predominant in South-east Asia (17.7-61.3%), Japan
(8.2-11.1%), China (16.2-61.3%) and the Oceania
region (2.6-63.6%) [34]. Wang et al. in another publica-
tion reported the first host genetic investigation in the
Chinese population by deeply sequencing and analyz-
ing 332 COVID-19 patients with varied levels of sever-
ity, identified that the HLA-A*11:01, HLA-B*51:01,
and HLA-C*14:02 alleles significantly predispose the
worst outcome of the patients [35]. Accordingly, HLA-
A*11:01 was significantly associated with both Japanese
and Chinese severe COVID-19 patients, expecting that
HLA-A*11:01 allele and HLA-C*12:02-HLA-B*52:01
haplotype could potentially act as a predictive marker
for the severity of COVID-19 in the Asia region. It is
remarkable that, in spite of the undeniable role of HLA
and other host genetics. It is noteworthy that, certain
HLA alleles can both offer protection and cause harm
for the same disease, depending on the population
and research design. As an example, Toyoshima et al.,
investigated the relationship between HLA-A*11:01
allele frequency and SARS-CoV-2 infection or mortal-
ity rate by comparing data from global databases and
found that individuals with this allele could potentially
be protected from SARS-CoV-2 infection, in contrast to
study findings in this review [36].

Other studies, however, found no evidence of an asso-
ciation between SARS-COV-2 susceptibility or sever-
ity and HLA alleles in Spanish, Israeli, and South Asians
populations [37-39].
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These HLA molecules are expected to have a low affin-
ity for SARS-COV-2 peptides, resulting in a dysregulated
immune response that is unable to properly clear the
virus and instead overreact, causing self-damage [22].

Regarding the differences among populations in that
review, it should be accentuated that they vary signifi-
cantly between areas, therefore it is quite feasible that
alleles identified as risk alleles in certain association stud-
ies have little significance in other populations, due to
their rarity in such population. However, some of these
studies lack a sufficient number of cases to make a signifi-
cant conclusion. This might explain the lack of consist-
ency between studies.

These contradictory findings warrant further large, and
reproducible studies to decipher any possible genetic
predisposition underlying susceptibility to SARS-COV-2
and disease progression and host immune response. In
this regard, many studies assessed the impact of poly-
morphisms in the genes that encode crucial renin-angi-
otensin system components which are ACE or ACE2
on the susceptibility, severity, and clinical outcomes of
the COVID-19 infection, exploring the hypothesis that
individuals with ACE polymorphisms may have a more
severe disease course in response to infection with
SARS-CoV-2 [40—-44]. Again, findings are controversial.
Some studies have not been able to show any associa-
tion between ACE/ACE2 polymorphisms and COVID-19
clinical course, and the results lack validation.

Polymorphisms in ACE/ACE2 genes may change how
SARS-CoV-2 binds or enters the body, causing more tis-
sue damage in the lung and other organs [41].

Heterogeneous findings were observed regarding the
correlation between genetic variations and COVID-19
susceptibility and severity [8, 9, 45-47].

Further investigation is required to clarify the func-
tional mechanism by which genetic factors affect
COVID-19 outcome and studies evaluating the mecha-
nism of identified risk genes need to be conducted among
populations with different ethnicities.

By identifying genetic markers that are associated with
COVID-19 susceptibility or clinical outcome, a crucial
contribution can be made to understanding this disease.
This knowledge can then be used to or allowing us to
detect those who are at risk, as well as to create strategies
for vaccine and pharmacologic treatments.

Conclusion

The interaction between the virus and the host immune
system, in which the host HLA plays a critical role in
the activation and modulation of the immune response,
determines the clinical course of SARS-COV-2 infec-
tion. After reviewing and discussed all available data
concerning the HLA polymorphism and susceptibility
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and/or severity of COVID-19 disease it seems likely the
some HLA class I and class II alleles are associated to
the COVID-19 disease. In fact, several alleles have been
found associated with COVID-19 susceptibility and
severity. Even results across articles have been inconsist-
ent and, in some cases, conflicting, highlighting that the
association between the HLA system and the COVID-19
outcome might be ethnic-dependent, there were some
alleles in common between some populations such as
HLA-DRB1*15 and HLA-A*30:02. In addition, HLA
alleles as for example HLA-DRB1*08, HLA-DRB1*04,
and others have been found to increase severity of the
disease and are correlated with mortality. However, some
of these articles lack a sufficient number of cases to make
a significant conclusion. There is scope for further genetic
diversity studies between populations on a larger scale to
evaluate infection prognosis and vaccination efficacy. For
the time being, these findings may furnish new perspec-
tives into the pathological process of SARS-COV-2, the
creation of novel antiviral molecules and the selection of
therapies with greater immunogenic potential in order to
reduce morbidity and mortality.

Abbreviations

COVID-19  Coronavirus disease

SARS-CoV2 Severe acute respiratory syndrome 2
HLA Human leukocyte antigen

MHC Major histocompatibility complex
SARS Severe acute respiratory syndrome
EBV Epstein Barr virus

Vzv Varicella zoster virus

HHV7 Human herpesvirus 7

MCV Merkel cell polyomavirus

ACE Angiotensin-Converting Enzyme gene

Acknowledgments
Not applicable.

Author contributions

MF conceived, analyzed, interpreted the results and wrote the first draft of
manuscript. HC reviewing the manuscript. SK conceived of the presented idea,
supervised the findings of this work, paper drafting and reviewing. All authors
approved the contents of the manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed are included in this manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.



Fakhkhari et al. Egyptian Journal of Medical Human Genetics

Received: 25 August 2022 Accepted: 15 January 2023
Published online: 22 January 2023

References

1.

20.

Weiner J et al (2021) Increased risk of severe clinical course of COVID-19
in carriers of HLA-C*04:01. EClinicalMedicine 40:101099. https://doi.org/
10.1016/j.eclinm.2021.101099

Anastassopoulou C, Gkizarioti Z, Patrinos GP, Tsakris A (2020) Human
genetic factors associated with susceptibility to SARS-CoV-2 infection
and COVID-19 disease severity. Hum Genomics 14(1):1-8. https://doi.org/
10.1186/540246-020-00290-4

Iturrieta-Zuazo | et al (2020) Possible role of HLA class-I genotype in SARS-
CoV-2 infection and progression: a pilot study in a cohort of Covid-19
Spanish patients. Clin Immunol Orlando Fla 219:108572. https://doi.org/
10.1016/j.clim.2020.108572

Lin M et al (2003) Association of HLA class | with severe acute respiratory
syndrome coronavirus infection. BMC Med Genet 4:1-7. https://doi.org/
10.1186/1471-2350-4-9

Tavasolian F et al (2020) HLA, immune response, and susceptibility to
COVID-19. Front Immunol 11:3581. https://doi.org/10.3389/fimmu.2020.
601886

Poulton K et al (2020) A role for human leucocyte antigens in the sus-
ceptibility to SARS-Cov-2 infection observed in transplant patients. Int J
Immunogenet 47(4):324-328. https://doi.org/10.1111/iji.12505

Blackwell JM, Jamieson SE, Burgner D (2009) HLA and infectious diseases.
Clin Microbiol Rev 22(2):370-385. https://doi.org/10.1128/CMR.00048-08
Fricke-Galindo |, Falfan-Valencia R (2021) Genetics insight for COVID-19
susceptibility and severity: a review. Front Immunol 12:622176. https://
doi.org/10.3389/fimmu.2021.622176

Deb P, Zannat K, Talukder S, Bhuiyan AH, Jilani MSA, Saif-Ur-Rahman KM
(2022) Association of HLA gene polymorphism with susceptibility, sever-
ity, and mortality of COVID-19: a systematic review. HLA 99(4):281-312.
https://doi.org/10.1111/tan.14560

Medhasi S, Chantratita N (2022) Human Leukocyte Antigen (HLA) system:
genetics and association with bacterial and viral infections. J Immunol
Res 2022:9710376. https://doi.org/10.1155/2022/9710376

. Wang W, Zhang W, Zhang J, He J, Zhu F (2020) Distribution of HLA allele

frequencies in 82 Chinese individuals with coronavirus disease-2019
(COVID-19). HLA 96(2):194-196. https://doi.org/10.1111/tan.13941

Yung Y et al (2021) Association of HLA-B22 serotype with SARS-CoV -2
susceptibility in Hong Kong Chinese patients. HLA 97(2):127-132. https://
doi.org/10.1111/tan.14135

Barquera R et al (2020) Binding affinities of 438 HLA proteins to complete
proteomes of seven pandemic viruses and distributions of strongest and
weakest HLA peptide binders in populations worldwide. HLA 96(3):277-
298. https://doi.org/10.1111/tan.13956

Novelli A et al (2020) HLA allele frequencies and susceptibility to COVID-
19in a group of 99 ltalian patients. HLA 96(5):610-614. https://doi.org/10.
1111/tan.14047

Kachuri L et al (2020) The landscape of host genetic factors involved in
immune response to common viral infections. Genome Med 12(1):93.
https://doi.org/10.1186/513073-020-00790-x

Cocco E et al (2012) HLA-DRB1-DQB1 haplotypes confer susceptibility
and resistance to multiple sclerosis in Sardinia. PLoS ONE 7(4):e33972.
https://doi.org/10.1371/journal.pone.0033972

Alves C, Souza T, Meyer |, Toralles MBP, Brites C (2006) Immunogenetics
and infectious diseases: special reference to the mayor histocompatibility
complex. Braz J Infect Dis 10:122-131. https://doi.org/10.1590/51413-
86702006000200010

Ebrahimi S, Ghasemi-Basir HR, Majzoobi MM, Rasouli-Saravani A, Hajilooi
M, Solgi G (2021) HLA-DRB1*04 may predict the severity of disease in

a group of Iranian COVID-19 patients. Hum Immunol 82(10):719-725.
https://doi.org/10.1016/j.humimm.2021.07.004

HamidiFarahani R, Esmaeilzadeh E, NezamiAs| A, Heidari MF, Hazrati E
(2021) Frequency of HLA Alleles in a Group of Severe COVID-19 Iranian
patients. Iran J Public Health. https://doi.org/10.18502/ijph.v50i9.7061
Migliorini F, Torsiello E, Spiezia F, Oliva F, Tingart M, Maffulli N (2021)
Association between HLA genotypes and COVID-19 susceptibility,

(2023) 24:10

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 8 of 9

severity and progression: a comprehensive review of the literature. Eur
J Med Res 26(1):1-9. https://doi.org/10.1186/540001-021-00563-1

Saini G, Swahn MH, Aneja R (2021) Disentangling the coronavirus
disease 2019 Health Disparities in African Americans: Biological,
Environmental, and Social Factors. Open Forum Infect Dis 8(3):0fab064.
https://doi.org/10.1093/0fid/ofab064

Littera R et al (2020) Human leukocyte antigen complex and other
immunogenetic and clinical factors influence susceptibility or protec-
tion to SARS-CoV-2 infection and severity of the disease course: The
Sardinian experience. Front Immunol. https://doi.org/10.3389/fimmu.
2020.605688

Littera R et al (2006) HLA-dependent hypersensitivity to nevirapine

in Sardinian HIV patients. AIDS 20(12):1621-1626. https://doi.org/10.
1097/01.aids.0000238408.82947.09

Schindler E et al (2021) HLA genetic polymorphism in patients with
coronavirus disease 2019 in Midwestern United States. HLA 98(4):370—
379. https://doi.org/10.1111/tan.14387

Gill CJ et al (2022) Sustained high prevalence of COVID-19 deaths from
a systematic post-mortem study in Lusaka, Zambia: one year later.
medRxiv

Correale P et al (2020) HLA-B*44 and C*01 prevalence correlates with
Covid19 spreading across Italy. Int J Mol Sci 21(15):5205. https://doi.org/
10.3390/ijms21155205

Amoroso A et al (2021) HLA and ABO polymorphisms may influence
SARS-CoV-2 infection and COVID-19 severity. Transplantation 105(1):193-
200. https://doi.org/10.1097/TP0000000000003507

Dallmann-Sauer M et al (2020) The complex pattern of genetic associa-
tions of leprosy with HLA class | and class Il alleles can be reduced to four
amino acid positions. PLoS Pathog 16(8):e1008818. https://doi.org/10.
1371/journal.ppat.1008818

Morris DL et al (2012) Unraveling multiple MHC gene associations with
systemic lupus erythematosus: model choice indicates a role for HLA
alleles and Non-HLA genes in Europeans. Am J Hum Genet 91(5):778-
793. https://doi.org/10.1016/).ajhg.2012.08.026

Naemi FMA, Al-adwani S, Al-khatabi H, Al-nazawi A (2021) Frequency of
HLA alleles among COVID-19 infected patients: preliminary data from
Saudi Arabia. Virology 560:1-7. https://doi.org/10.1016/j.virol.2021.04.011
Lorente L et al (2021) HLA genetic polymorphisms and prognosis of
patients with COVID-19. Med Intensiv 45(2):96-103. https://doi.org/10.
1016/j.medin.2020.08.004

Dutta M, Dutta P, Medhi S, Borkakoty B, Biswas D (2018) Polymorphism of
HLA class I and class Il alleles in influenza A(HTN1)pdm09 virus infected
population of Assam, Northeast India. J Med Virol 90(5):854-860. https://
doi.org/10.1002/jmv.25018

Anzurez A et al (2021) Association of HLA- DRB1 *09:01 with severe
COVID-19. HLA 98(1):37-42. https://doi.org/10.1111/tan.14256

Khor S et al (2021) HLA-A*11:01:01:01, HLA-C*12:02:02:01-HLA-
B*52:01:02:02, age and sex are associated with severity of Japanese
COVID-19 with respiratory failure. Front Immunol. https://doi.org/10.
3389/fimmu.2021.658570

Wang F et al (2020) Initial whole-genome sequencing and analysis of the
host genetic contribution to COVID-19 severity and susceptibility. Cell
Discov 6(1):1-6. https://doi.org/10.1038/541421-020-00231-4

Toyoshima Y, Nemoto K, Matsumoto S, Nakamura Y, Kiyotani K (2020)
SARS-CoV-2 genomic variations associated with mortality rate of
COVID-19.J Hum Genet 65(12):1075-1082. https://doi.org/10.1038/
$10038-020-0808-9

Gutiérrez-Bautista JF et al (2021) Study of HLA-A, -B, -C, -DRB1 and -DQB1
polymorphisms in COVID-19 patients. J Microbiol Immunol Infect. https://
doi.org/10.1016/j,jmii.2021.08.009

Ben Shachar S et al (2021) MHC haplotyping of SARS-CoV-2 patients: HLA
subtypes are not associated with the presence and severity of COVID-19
in the Israeli population. J Clin Immunol 41(6):1154-1161. https://doi.org/
10.1007/510875-021-01071-x

Naemi FMA, Al-adwani S, Al-khatabi H, Al-nazawi A (2021) Association
between the HLA genotype and the severity of COVID-19 infection
among South Asians. J Med Virol 93(7):4430-4437. https://doi.org/10.
1002/jmv.27003

Aladag E et al (2021) Human Ace D/I polymorphism could affect the
clinicobiological course of COVID-19. J Renin Angiotensin Aldosterone
Syst JRAAS 2021:5509280. https://doi.org/10.1155/2021/5509280


https://doi.org/10.1016/j.eclinm.2021.101099
https://doi.org/10.1016/j.eclinm.2021.101099
https://doi.org/10.1186/s40246-020-00290-4
https://doi.org/10.1186/s40246-020-00290-4
https://doi.org/10.1016/j.clim.2020.108572
https://doi.org/10.1016/j.clim.2020.108572
https://doi.org/10.1186/1471-2350-4-9
https://doi.org/10.1186/1471-2350-4-9
https://doi.org/10.3389/fimmu.2020.601886
https://doi.org/10.3389/fimmu.2020.601886
https://doi.org/10.1111/iji.12505
https://doi.org/10.1128/CMR.00048-08
https://doi.org/10.3389/fimmu.2021.622176
https://doi.org/10.3389/fimmu.2021.622176
https://doi.org/10.1111/tan.14560
https://doi.org/10.1155/2022/9710376
https://doi.org/10.1111/tan.13941
https://doi.org/10.1111/tan.14135
https://doi.org/10.1111/tan.14135
https://doi.org/10.1111/tan.13956
https://doi.org/10.1111/tan.14047
https://doi.org/10.1111/tan.14047
https://doi.org/10.1186/s13073-020-00790-x
https://doi.org/10.1371/journal.pone.0033972
https://doi.org/10.1590/S1413-86702006000200010
https://doi.org/10.1590/S1413-86702006000200010
https://doi.org/10.1016/j.humimm.2021.07.004
https://doi.org/10.18502/ijph.v50i9.7061
https://doi.org/10.1186/s40001-021-00563-1
https://doi.org/10.1093/ofid/ofab064
https://doi.org/10.3389/fimmu.2020.605688
https://doi.org/10.3389/fimmu.2020.605688
https://doi.org/10.1097/01.aids.0000238408.82947.09
https://doi.org/10.1097/01.aids.0000238408.82947.09
https://doi.org/10.1111/tan.14387
https://doi.org/10.3390/ijms21155205
https://doi.org/10.3390/ijms21155205
https://doi.org/10.1097/TP.0000000000003507
https://doi.org/10.1371/journal.ppat.1008818
https://doi.org/10.1371/journal.ppat.1008818
https://doi.org/10.1016/j.ajhg.2012.08.026
https://doi.org/10.1016/j.virol.2021.04.011
https://doi.org/10.1016/j.medin.2020.08.004
https://doi.org/10.1016/j.medin.2020.08.004
https://doi.org/10.1002/jmv.25018
https://doi.org/10.1002/jmv.25018
https://doi.org/10.1111/tan.14256
https://doi.org/10.3389/fimmu.2021.658570
https://doi.org/10.3389/fimmu.2021.658570
https://doi.org/10.1038/s41421-020-00231-4
https://doi.org/10.1038/s10038-020-0808-9
https://doi.org/10.1038/s10038-020-0808-9
https://doi.org/10.1016/j.jmii.2021.08.009
https://doi.org/10.1016/j.jmii.2021.08.009
https://doi.org/10.1007/s10875-021-01071-x
https://doi.org/10.1007/s10875-021-01071-x
https://doi.org/10.1002/jmv.27003
https://doi.org/10.1002/jmv.27003
https://doi.org/10.1155/2021/5509280

Fakhkhari et al. Egyptian Journal of Medical Human Genetics

41.

42.

43.

44,

45.

46.

47.

(2023) 24:10

Méhlendick B et al (2021) ACE2 polymorphism and susceptibility for
SARS-CoV-2 infection and severity of COVID-19. Pharmacogenet Genom-
ics. https://doi.org/10.1097/FPC.0000000000000436

Faridzadeh A et al (2022) The role of ACE1 I/D and ACE2 polymorphism
in the outcome of Iranian COVID-19 patients: a case-control study. Front
Genet 13:955965. https://doi.org/10.3389/fgene.2022.955965

Sabater Molina M et al (2022) Polymorphisms in ACE, ACE2, AGTR1 genes
and severity of COVID-19 disease. PLoS ONE 17(2):0263140. https://doi.
0rg/10.1371/journal.pone.0263140

Chen F, Zhang Y, Li X, Li W, Liu X, Xue X (2021) The impact of ACE2
polymorphisms on COVID-19 disease: susceptibility, severity, and therapy.
Front Cell Infect Microbiol 11:753721. https://doi.org/10.3389/fcimb.2021.
753721

Ishak A et al (2022) The association of COVID-19 severity and susceptibil-
ity and genetic risk factors: a systematic review of the literature. Gene
836:146674. https://doi.org/10.1016/j.gene.2022.146674

Yildirim Z, Sahin OS, Yazar S, BozokCetintas V (2021) Genetic and epige-
netic factors associated with increased severity of Covid-19. Cell Biol Int
45(6):1158-1174. https://doi.org/10.1002/cbin.11572

Nhung VP et al (2022) Host genetic risk factors associated with COVID-19
susceptibility and severity in Vietnamese. Genes 13(10):1884. https://doi.
0rg/10.3390/genes13101884

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1097/FPC.0000000000000436
https://doi.org/10.3389/fgene.2022.955965
https://doi.org/10.1371/journal.pone.0263140
https://doi.org/10.1371/journal.pone.0263140
https://doi.org/10.3389/fcimb.2021.753721
https://doi.org/10.3389/fcimb.2021.753721
https://doi.org/10.1016/j.gene.2022.146674
https://doi.org/10.1002/cbin.11572
https://doi.org/10.3390/genes13101884
https://doi.org/10.3390/genes13101884

	HLA alleles associated with COVID-19 susceptibility and severity in different populations: a systematic review
	Abstract 
	Background 
	Main body of the abstract 
	Conclusion 

	Introduction
	Research methods
	Search strategy
	Literature search
	Study characteristics
	Inclusion and exclusion criteria
	Data extraction

	Results and discussion
	Conclusion
	Acknowledgments
	References


