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Human leukocyte antigen (HLA)-G molecules are proposed to influence susceptibility to coronavirus dis-
ease 2019 (COVID-19). A case-control study was conducted on 209 patients with COVID-19 and198 con-
trols to assess soluble HLA-G (sHLA-G) levels and HLA-G 14-bp insertion [Ins]/deletion [Del]
polymorphism. Results revealed that median levels of sHLA-G were significantly higher in serum of
COVID-19 patients than in controls (17.92 [interquartile range: 14.86–21.15] vs. 13.42 [9.95–17.38]
ng/mL; probability <0.001). sHLA-G levels showed no significant differences between patients with mod-
erate, severe or critical disease. Del allele was significantly associated with the risk of COVID-19 (odds
ratio = 1.89; 95% confidence interval = 1.44–2.48; corrected probability = 0.001), while a higher risk
was associated with Del/Del genotype (odds ratio = 2.39; 95% confidence interval = 1.25–4.58; corrected
probability = 0.048). Allele and genotype frequencies of HLA-G 14-bp Ins/Del polymorphism stratified by
gender or disease severity showed no significant differences in each stratum. Further, there was no sig-
nificant impact of genotypes on sHLA-G levels. In conclusion, sHLA-G levels were up-regulated in COVID-
19 patients regardless of disease severity. Further, it is suggested that HLA-G 14-bp Ins/Del polymor-
phism is associated with COVID-19 risk.
� 2022 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
1. Introduction

For the second year, coronavirus disease 2019 (COVID-19)
remains a challenge for scientists trying to understand the patho-
genesis of the disease. COVID-19 is caused by the novel severe
acute respiratory syndrome coronaviruse-2 (SARS-CoV-2) and is
associated with high rates of morbidity and mortality [1]. Innate
and adaptive immune responses are among the most important
and indispensable host factors in controlling SARS-CoV-2 infection
and the development of COVID-19 [2]. Studies revealed that
COVID-19 patients are characterized by dysregulated immune
responses manifested as hyper-inflammatory immunological
humoral reactions with the hallmark of cytokine storm (cytokine
release syndrome); a life-threatening systemic inflammatory syn-
drome [3,4]. Besides, the cellular antiviral immune responses are
impaired [5]. The molecular mechanisms behind dysregulated
immune responses in COVID-19 patients are not well defined,
and during viral infection, SARS-CoV-2 may also have developed
various strategies to escape the host antiviral immune response
and promote virus replication and disease progression [6].

During a viral infection, effective innate and adaptive immune
cells are naturally developed. Natural killer (NK) cells are among
the responsive innate immune cells that are involved in eliminat-
ing pathogens and virus-infected cells and suppressing viral
spread. Activation of virus-specific CD8+ cytotoxic T cells is fol-
lowed and outcomes in specific killing of virus-infected cells and
activation of virus-specific CD4+ T cells. The activation of both
NK cells and T cells is primarily controlled by human leukocyte
antigens (HLA) [7]. HLA are highly polymorphic cell surface mole-
cules organized into two classes; I and II, and are coded by a gene
cluster in the short arm of human chromosome 6 [8]. HLA-class I
molecules can be broadly divided into two subtypes; classical
(HLA-A, B, and C) and non-classical (including HLA-E, F, G, and H)
[9]. Classical HLA-class I are the most potent molecules in the
immune response against viral infections. They are involved in pre-
senting viral epitopes to T cells and inducing activation, differenti-
ation and proliferation of these cells to become effective antiviral
cells [10]. Whereas, non-classical HLA-class I molecules appear
mostly to have immunosuppressive functions [11].
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HLA-G is one of the non-classical HLA-class I molecules that was
initially recognized to exhibit abundant and specific expression on
extravillous trophoblasts under physiological conditions to protect
the fetus from the maternal immune response [12]. Subsequently,
it became clear that HLA-G molecules play a key role in enhancing
and maintaining immune tolerance and have immunomodulatory
properties [13]. Seven isoforms of HLA-G molecules have been
identified, four of which are membrane-bound (HLA-G1, -G2, -G3
and -G4) and three are soluble (sHLA-G5, -G6 and -G7) [14].
Besides, other novel HLA-G isoforms have recently been described
and included spliced isoforms with an extended 50-region and lack-
ing transmembrane and a1 domains [15,16]. Both membrane-
bound and soluble HLA-G can exert several immunomodulatory
effects by affecting CD4+ T, NK and CD8+ T cell functions, dendritic
cell maturation, and B cell activation [17]. In addition, dysregulated
expression of HLA-G molecules has been found in various patho-
logical conditions including inflammatory, autoimmune and infec-
tious diseases (including viral infections) [17–20].

There is accumulating evidence that immunosuppressive mech-
anisms play a major role in promoting viral infection either by sup-
pressing the ability of infected host cells to overcome viral
infection or by preventing the elimination of virus-infected cells
by immune cells. One common mechanism proposed for viruses
to escape immune surveillance is the loss or down-regulation of
classical HLA class Ia antigens and neoexpression of non-classical
HLA class Ib antigens, such as HLA-E, -F and -G [21]. In COVID-
19, it has been suggested that HLA-G may be considered as potent
molecules that may suppress immune functions during SARS-CoV-
2 infection and thus may enhance virus subversion and allow high
rates of replication [22]. Another perspective also suggested that
HLA-G molecules could cause profound immunosuppression,
which favors SARS-CoV-20s escape from immune attack [6]. In
addition, significantly increased levels of sHLA-G have recently
been demonstrated in serum of patients with severe COVID-19
[23].

The HLA-G locus exhibits limited polymorphism compared to
classical HLA genes, and as of January 12, 2022, only 94 alleles have
been identified at the molecular level (https://hla.alleles.org). HLA-
G 14 base-pairs (14-bp) insertion (Ins)/deletion (Del) is another
polymorphism of HLA-G gene located in the 30 untranslated region
(UTR) of exon eight and has been shown to affect mRNA stability
and expression of HLA-G [24]. Besides, HLA-G 14 bp Ins/Del poly-
morphism has been associated with susceptibility to some viral
infections; for instance, chronic hepatitis B, human cytomegalo-
virus and human immunodeficiency virus infections [25–27].

In a previous study by our group, up-regulated expression of
sHLA-G was found in severe COVID-19 cases [23]. In the current
study, our observation was extended to include patients with mod-
erate and critical disease. In addition, the study sought to evaluate
the association between HLA-G 14 bp Ins/Del polymorphism and
COVID-19 in Iraqi patients. To the best of the researchers’ knowl-
edge, no study has been conducted in this context.
2. Materials and methods

2.1. Patients and controls

A case-control study was conducted on 209 patients with
COVID-19 (mean age = 56.5 ± 14.1 years; age range = 18–85 years;
75.6% males) and 198 healthy controls (mean age = 42.3 ± 12.3 ye
ars; age range = 18–71 years; 76.3% males) to assess sHLA-G levels
and HLA-G 14-bp Ins/Del polymorphism. The study protocol was
approved by the Ethics Committee of the Iraqi Ministry of Health
and Environment, and written consent was obtained from partici-
pants (Approval No. CSEC/0121/0014). Patients were admitted to
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three hospitals in Baghdad (Dar Al-Salam Field Hospital, Al-Karkh
General Hospital and Al-Furat General Hospital) during September
2020–February 2021, and were included in the study 3–6 days
after their admission (blood samples were collected from patients
during these days). On the first day of admission, nasopharyngeal
swabs were obtained from patients for the diagnosis of SARS-
CoV-2 using the RealLine SARS-CoV-2 kit (Bioron Diagnostics
GmbH), and the test result appeared within 24 h. In addition, a
chest computerized tomography (CT) scan was performed to con-
firm diagnosis. Included patients were only those who showed a
positive molecular test and were 18 years of age and older. Preg-
nant women were excluded. COVID-19 severity was determined
according to the World Health Organization (WHO) Interim Guid-
ance [28]. In light of this, 56 patients were in moderate condition
(mean age = 52.4 ± 14.1 years; age range = 18–75 years; 80.4%
males), 95 in severe condition (mean age = 56.3 ± 14.6 years; age
range = 18–85 years; 76.8% males), and 58 in critical condition
(mean age = 60.9 ± 12.0 years; age range = 32–84 years; 69.0%
males). The control group included blood donors and health service
personnel. They were healthy and had no respiratory diseases for
the past 12 months. Their serum was negative for anti-SARS-
CoV-2 IgM and IgG antibodies and C-reactive protein. Besides, their
erythrocyte sedimentation rate (ESR) was below 20 mm/hour.

2.2. Immunoassay of sHLA-G

Serum level of sHLA-G was measured using a sandwich
enzyme-linked immunosorbent assay (ELISA) kit designed for
quantitative detection of total sHLA-G, and instructions of manu-
facturer were followed (Cat. No E0443Hu, Bioassay Technology
Laboratory, China). The standard curve range of the kit was 0.3–
90 ng/mL.

2.3. Detection of HLA-G 14-bp Ins/Del polymorphism

Genomic DNA was isolated using the ReliaPrep Blood gDNA
Miniprep System kit (Promega, USA), following the supplied
instructions of the manufacturer. A conventional polymerase chain
reaction (PCR) assay was used to detect the 14-bp Ins/Del polymor-
phism using forward (50-GTGATGGGCTGTTTAAAGTGTCACC-30) and
reverse (50-GGAAGGAATGCAGTTCAGCATGA-30) primers previously
published [29]. The reaction mix consisted of 12.5 lL GoTaq Green
Master Mix (Promega, USA), 5 lL DNA (50–60 ng/mL), 1 lL of each
primer and 5.5 lL nuclease-free water (total volume = 25 lL). The
thermal cycler (BioRad, USA) was programmed for the following
optimized conditions: initial denaturation for 5 min at 94 �C, fol-
lowed by 35 cycles of denaturation (30 s at 94 �C), annealing
(30 s at 60 �C) and extension (30 s at 72 �C (30 s), and a final exten-
sion cycle for 5 min at 72 �C. Amplified PCR products were elec-
trophoresed in a 3% agarose gel along with a 50 bp DNA ladder.
A gel documentation system was used to visualize migrating
bands, which were of two molecular sizes; 210 and 224 bp (corre-
sponding to Del and Ins alleles, respectively).

2.4. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
25.0 (Armonk, NY: IBM Corp.) and GraphPad Prism version 8.0.0
(San Diego, California USA). sHLA-G levels were expressed as med-
ian and interquartile range (IQR) because they did not show a nor-
mal distribution. Mann-Whitney U test (to compare two groups) or
Kruskal-Wallis test (to compare more than two groups) was used
to assess significant differences between medians. Allele and geno-
type frequencies of HLA-G 14-bp Ins/Del polymorphism were pre-
sented by number and percentage and significant differences were
assessed using two-tailed Fisher exact test or Pearson Chi-square
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test. Pearson Chi-square goodness of fit test was used to assess the
fit of genotype frequencies to Hardy–Weinberg equilibrium (HWE).
Age- and gender-adjusted multinomial logistic regression analysis
was performed to calculate odds ratio (OR) and 95% confidence
interval (CI). The analysis was conducted under five genetic mod-
els; allele, recessive, dominant, overdominant and codominant. A
probability (p) value �0.05 was considered statistically significant.
The p-value was corrected (pc) for multiple comparisons using
Bonferroni correction.
3. Results

3.1. sHLA-G level

Median levels of sHLA-G were significantly higher in serum of
COVID-19 patients than in controls (17.92 [IQR: 14.86–21.15] vs.
13.42 [IQR: 9.95–17.38] ng/mL; p < 0.001). In the case of disease
severity, sHLA-G levels did not show significant differences
between patients with moderate, severe or severe illness
(p = 0.331) (Fig. 1).
3.2. HLA-G 14-bp Ins/Del polymorphism

Genotype frequencies of HLA-G 14-bp Ins/Del polymorphism
were compatible with HWE in COVID-19 patients and controls
(p = 0.738 and 0.371, respectively). Under allele model, logistic
regression analysis demonstrated that Del allele was significantly
associated with the risk of COVID-19 in patients compared to con-
trols (56.7 vs. 44.4%; OR = 1.89; 95% CI = 1.44–2.48; p < 0.001;
pc = 0.001). A higher risk was associated with Del/Del genotype
under codominant model (31.6 vs. 18.2%; OR = 2.39; 95% CI = 1.2
5–4.58; p = 0.008; pc = 0.048). In the recessive and dominant mod-
els, no significant differences were maintained after applying Bon-
ferroni correction, while no significant difference was found in the
overdominant model (Table 1).

Allele and genotype frequencies of HLA-G 14-bp Ins/Del poly-
morphism stratified by gender and disease severity showed no sig-
nificant differences in each stratum (Table 2).
Fig. 1. Scatter dot plots of sHLA-G in all cases of COVID-19 and controls, and in
cases distributed according to severity of disease. Horizontal lines indicate medians,
while vertical lines indicate interquartile range (IQR). Significant differences were
assessed with Mann-Whitney U test (to compare two groups) or Kruskal-Wallis test
3.3. Impact 14-bp Ins/Del polymorphism on sHLA-G levels

Although Del/Del genotype tended to show lower levels of
sHLA-G compared to Ins/Ins and Ins/Del genotypes in patients
and controls, the differences were not significant (p = 0.457 and
0.508, respectively) (Fig. 2).
(to compare three groups).
4. Discussion

The current study demonstrated that sHLA-G levels were signif-
icantly elevated in COVID-19 patients regardless of disease sever-
ity. These findings were consistent with our previous observation
that sHLA-G levels were up-regulated in serum of patients with
severe disease [23]. These data confirm the recently addressed
hypothetical views implicating HLA-G in immunopathogenesis of
COVID-19 and disease severity [6,22]. Under normal physiological
conditions, HLA-G can function as an inhibitor of T and NK cell
cytotoxicity and an enhancer of T regulatory cells [30]. Therefore,
up-regulated levels of HLA-G are associated with the potential
for immunosuppression, through which SARS-CoV-2 can evade
the host’s immune response, and thus COVID-19 can progress [6].
Interestingly, in vitro evidence showed that a large number of
genes related to HLA-class I (including HLA-G), HLA-class II, or
antigen presentation were found to be up-regulated 36 h post-
infection of a human lung epithelial cell line with SARS-CoV [31].
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In viral infections, two hypotheses have been put forward to
explain the role of HLA-G in the immunopathogenesis of viruses.
HLA-G may enhance immune escape mechanisms that favor viral
persistence, and this is sustained by the immunosuppressive prop-
erties of HLA-G. Otherwise, HLA-G expression and/or secretion
may reflect a balanced response to the inflammatory responses
that occur during viral infection [19]. Up-regulation of HLA-G has
been associated with various viral infections such as human
immunodeficiency virus, human cytomegalovirus, influenza A
virus, hepatitis B and C viruses, and accordingly, it has been spec-
ulated that up-regulation of HLA-G expression can be considered
as a potential virus strategy to avoid immune responses [32–34].
Zidi also suggested that up-regulated levels of sHLA-G in patients
infected with SARS-CoV-2 may be due to delocalization of
surface-bound HLA-G into the plasma after its cleavage by matrix
metalloproteinases produced by connective tissue and pro-
inflammatory cells such as activated neutrophils [22]. In addition,



Table 1
Logistic regression and Hardy-Weinberg analyses of HLA-G 14-bp Insertion/Deletion polymorphism in COVID-19 cases compared to controls.

Modely Allele/genotype Cases
(N = 209)

Controls
(N = 198)

OR 95% CI p-value (pc)

N % N %

Allele Ins 181 43.3 220 55.6 Reference
Del 237 56.7 176 44.4 1.89 1.44–2.48 <0.001 (0.001)

Recessive Ins/Ins + Ins/Del 143 68.4 162 81.8 Reference
Del/Del 66 31.6 36 18.2 1.74 1.03–2.93 0.039 (0.234)

Dominant Ins/Ins 38 18.2 58 29.3 Reference
Ins/Del + Del/Del 171 81.8 140 70.7 1.82 1.08–3.09 0.026 (0.156)

Overdominant Ins/Ins + Del/Del 104 49.8 94 47.5 Reference
Ins/Del 105 50.2 104 52.5 1.03 0.66–1.61 0.889 (1.0)

Codominant Ins/Ins 38 18.2 58 29.3 Reference
Ins/Del 105 50.2 104 52.5 1.60 0.92–2.79 0.097 (0.582)
Del/Del 66 31.6 36 18.2 2.39 1.25–4.58 0.008 (0.048)

HWE-p-value 0.738 0.371

y: The analysis was adjusted for age and gender; HWE: Hardy-Weinberg equilibrium; Ins: Insertion; Del: Deletion; OR: Odds ratio; CI: Confidence interval; p: Two-tailed
Fisher exact probability; pc: Bonferroni correction probability. Significant p-value is indicated in bold.

Table 2
Allele and genotype frequencies of HLA-G 14-bp insertion/deletion polymorphism in COVID-19 cases distributed according to gender and disease severity.

Characteristic Ins Del p-value Ins/Ins Ins/Del Del/Del p-value

N % N % N % N % N %

Gender
Male 138 43.7 178 56.3 0.819 30 19.0 78 49.4 50 31.6 0.848
Female 43 42.2 59 57.8 8 15.7 27 52.9 16 31.4

Disease severity
Moderate 52 46.4 60 53.6 0.721 12 21.4 28 50.0 16 28.6 0.474
Severe 81 42.6 109 57.4 19 20.0 43 45.3 33 34.7
Critical 48 41.4 68 58.6 7 12.1 34 58.6 17 29.3

Ins: Insertion; Del: Deletion; p: Pearson Chi-square test probability (significant p-value is indicated in bold).
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it has been indicated that HLA-G expression can be induced by
some cytokines and hormones such as interleukin (IL)-10 and cor-
tisol [35]. IL-10 is an anti-inflammatory cytokine that can be pro-
duced by monocytes, macrophages and lymphocytes to
counteract exacerbated inflammation [36]. Cortisol is a stress-
related steroid hormone synthesized from cholesterol [37]. It is
interesting to note that IL-10 and cortisol show up-regulated levels
in serum of COVID-19 patients and are associated with disease
severity and increased mortality [38,39].

Up-regulated expression of HLA-G is also a prominent feature of
cancerous cells associated with immune evasion and is strongly
linked to disease progression and prognosis in patients with vari-
ous malignancies [40]. Thus, cancerous cells and cells infected with
SARS-CoV-2 may share similar mechanisms of the HLA-G signaling
pathway in evading the immune system. Indeed, evidence in
patients with malignancies or COVID-19 indicates that HLA-G
molecules mediate the effects of immune tolerance by binding to
their specific receptors, immunoglobulin-like transcripts (ILTs),
which are expressed in most immune cells. Further, HLA-G can
interact with CD8 and the killer inhibitory receptor 2DL4 and thus
provoke T cell apoptosis and NK cell senescence [6,41]. In addition,
HLA-G 14-bp Ins/Del polymorphism has been associated with the
risk of various cancers, particularly breast cancer and esophageal
cancer, and the Ins/Ins genotype and Ins allele versus Del/Del geno-
type and Del allele, respectively have shown protective effects [42].
In the present study, it was also demonstrated that HLA-G 14-bp
Ins/Del polymorphism may influence susceptibility to COVID-19.
It was found that individuals with Del allele and Del/Del genotype
were more likely to develop CΟVΙD-19 compared to Ins allele and
Ins/Ins genotype, respectively (OR = 1.89 and 2.39, respectively).
Perhaps, the current study has been the first that investigated
HLΑ-G 14-bp Ins/Del polymorphism in CΟVΙD-19. The only avail-
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able evidence is a genome-wide association study conducted on
critically-ill patients with CΟVΙD-19 from the United Kingdom
and identified that the HLA-G variant rs9380142 was associated
with susceptibility to disease [43]. Of note, this variant is located
in exon eight of the HLA-G gene in the vicinity of the 14-bp Ins/
Del polymorphism. This observation may suggest that genetic vari-
ants of HLA-G are associated with susceptibility to CΟVΙD-19, and
therefore, it is warranted to guide research involving HLA-G vari-
ants in the disease susceptibility.

When other viral infections were considered, there has been
inconsistent observations regarding the association of HLΑ-G 14-
bp Ins/Del polymorphism with the susceptibility to viral infections.
Some investigator groups have linked this polymorphism with
human cytomegalovirus and human T-lymphotropic virus type-1
(HTLV-1) infections [27,44], while others indicated no clear associ-
ation with viral infections [25,45]. However, a meta-analysis study
of 10 studies revealed that the overall analysis favored no associa-
tion between different viral infections and the 14-bp Ins/Del poly-
morphism, but subgroup analysis demonstrated a significant
association with HTLV-1 infection [46]. An additional study has
demonstrated that HLΑ-G 14-bp Ins/Del polymorphism was signif-
icantly linked to chronic hepatitis B virus in Brazilians [26]. These
findings, together with findings of this study, may highlight the
significance of HLA-G 14-bp Ins/Del polymorphism in etiopatho-
genesis of viral infections including CΟVΙD-19, but further investi-
gations are warranted.

The HLA-G 14-bp Ins/Del polymorphism has been shown to
affect sHLA-G expression in plasma of a normal Chinese popula-
tion. Individuals with Ins/Ins genotype showed a significantly
lower level of sHLA-G compared to individuals with Del/Del geno-
type [24]. In this study, an opposite observation was made and the
Ins/Ins genotype appeared to increase sHLA-G expression, while



Fig. 2. Scatter dot plots of sHLA-G in COVID-19 cases and controls distributed
according to genotypes of HLA-G 14-bp insertion (Ins)/deletion (Del) polymor-
phism. Horizontal lines indicate medians, while vertical lines indicate interquartile
range (IQR). Significant differences were assessed with Kruskal-Wallis test.
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the Del/Del genotype showed decreased sHLA-G expression in
serum of COVID-19 patients or controls, but the differences were
not significant. No specific cause may explain these adverse results,
but the sample evaluated may have an effect. The Chinese study
used plasma while the current study used serum. It has been indi-
cated that plasma shows higher levels of sHLA-G than the serum of
the same individuals. It has been suggested that during clot forma-
tion an amount of sHLA-G is trapped and/or consumed [47]. In
addition, there are other causes that can affect sHLA-G level in rela-
tion to HLA-G 14-bp Ins/Del polymorphism including therapies
and co-morbidities (for instance diabetes and cardiovascular dis-
ease), which were not identified in the current study, as it was
observed that sHLA-G level may be affected by them
[11,14,17,23,48].
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Although the current study showed that the HLΑ-G 14-bp Ins/
Del polymorphism may influence susceptibility to COVID-19 and
expression levels of HLA-G, it was revealed by a recent meta-
analysis study of several human diseases (autoimmune, inflamma-
tory and infectious diseases) that this polymorphism should not be
used as a single genetic marker of disease susceptibility and the
full 30UTR fragment must be analyzed in this context [49]. It has
been found that other variants in the 30UTR of HLA-G gene are
involved in the posttranscriptional control of HLA-G expression;
for instance, +3010 G/C (rs1710), +3027 C/A (rs17179101) and
+3035 C/T (rs17179108), and at least two additional SNPs have
been functionally studied and associated with the regulation of
HLA-G expression levels (+3142 C/G [rs1063320] and +3187A/G
[rs9380142]) [35]. Moreover, an extreme linkage disequilibrium
(LD) can be observed along the entire 30UTR and HLA-G gene
[50]. Then, it is paramount to consider this LD once different 30UTR
haplotype combinations harbored each HLΑ-G 14-bp Ins/Del poly-
morphism. For instance, the 14-bp (insertion) may appear in UTR-
2, UTR-5, or UTR-7, and each of these haplotypes is more fre-
quently associated with a specific promoter and coding region hap-
lotypes, producing different HLA-G proteins [51]. Finally, it is
important to make clear that the associations reported in the liter-
ature between HLΑ-G 14-bp Ins/Del polymorphism and diseases
are inconsistent [49].

The study faced the limitation of a relatively low sample size of
patients with moderate or critical disease. Besides, other SNPs in
exon 8 in the 30UTR region of the HLA-G gene were not included
in the study. Therefore, it would be useful to sequence this region
to determine related SNPs.

In conclusion, sHLA-G levels were up-regulated in serum of
COVID-19 patients regardless of disease severity. Further, Del allele
and Del/Del genotype of HLA-G 14-bp Ins/Del polymorphism were
proposed to be associated with increased susceptibility to COVID-
19. Genotypes of this polymorphism did not influence sHLA-G
serum levels in patients or controls.
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