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ARTICLE INFO ABSTRACT

Keywords: Background: HLA-E interaction with inhibitory receptor, NKG2A attenuates NK-mediated cytotoxicity. NKG2A
CD8* T cell overexpression by SARS-CoV-2 exhausts NK cells function, whereas virus-induced down-regulation of MHC-Ia
Coronavirus disease 2019 (COVID-19) reduces its derived-leader sequence peptide levels required for proper binding of HLA-E to NKG2A. This leads
HLA'EH HLA-E to become more complex with viral antigens and delivers them to CD8™ T cells, which facilitates cytol-
EECEA ysis of infected cells. Now, the fact that alleles of HLA-E have different levels of expression and affinity for MHC
Polymorphism Ia—deI:ived peptide raises the question of whether HLA-E polymorphisms affect susceptibility to COVID-19 or its
SARS-CoV-2 severity.

Susceptibility Methods: 104 COVID-19 convalescent plasma donors with/without history of hospitalization and 18 blood

donors with asymptomatic COVID-19, all were positive for anti-SARS-CoV-2 IgG antibody as well as a group
of healthy control including 68 blood donors with negative antibody were subjected to HLA-E genotyping.
As a privilege, individuals hadn’t been vaccinated against COVID-19 and therefore naturally exposed to the
SARS-CoV-2.

Results: The absence of HLA-E*01:03 allele significantly decreases the odds of susceptibility to SARS-CoV-2
infection [p = 0.044; OR (95 %CI) = 0.530 (0.286 — 0.983)], suggesting that HLA-E*01:01 + HLA-E*01:0
1 genotype favors more protection against SARS-CoV-2 infection. HLA-E*01:03 + HLA-E*01:03 genotype
was also significantly associated with more severe COVID-19 [p = 0.020; 2.606 (1.163 — 5.844)

Conclusion: Here, our observation about lower susceptibility of HLA-E*01:01 + HLA-E*01:01 genotype to
COVID-19 could be clinical evidence in support of some previous studies suggesting that the lower affinity
of HLA-E*01:01 to peptides derived from the leader sequence of MHC class Ia may instead shift its binding
to virus-derived peptides, which then facilitates target recognition by restricted conventional CD8" T cells
and leads to efficient cytolysis. On the other hand, according to other studies, less reactivity of HLA-
E*01:01 with NKG2A abrogates NK cells or T cells inhibition, which may also lead to a greater cytotoxicity
against SARS-CoV-2 infected cells compared to HLA-E*01:03. Taken together given HLA-E polymorphisms,
the data presented here may be useful in identifying more vulnerable individuals to COVID-19 for better care
and management. Especially since along with other risk factors in patients, having HLA-E*01:03 + HLA-E*01:
03 genotype may also be associated with the possibility of severe cases of the disease.

Abbreviations: CCP, Convalescent Plasma; CI, Confidence interval; CMV, Cytomegalovirus; CTL, Cytotoxic T lymphocytes; ELISA, Enzyme-linked immunosorbent assay;
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Natural  killer group 2A; OR, Odds ratio; PCR, Polymerase chain reaction, SARS-CoV, Severe acute respiratory syndrome-coronavirus.
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1. Introduction

The outbreak of the newest strain of SARS-CoV-2, the causative
agent of coronavirus disease-2019 (COVID-19), has so far claimed mil-
lions of lives [1], however, as with other infections, it is still the ade-
quacy of the innate immune system in the body, that plays a critical
role against COVID-19 as the first effective line of defense. In this
regard, it is clear that the proper functioning of natural killer (NK)
cells, which play a key role in preventing the spread of viruses and dis-
ease in the body, is of great importance [2]. Therefore, the presence of
NK cells that can both effectively eliminate the virus itself and modu-
late the inflammatory side effects of the cytokine storm [3,4] is of par-
ticular importance in the pathology of SARS-CoV-2 disease [5].

Previous studies have indicated that the lethal function of NK cells
is mainly regulated by one of the most important inhibitory receptors
of these cells, NKG2A [6-9]. The main ligand of this receptor is HLA-E
molecule which its interaction with NKG2A is considered as an impor-
tant axis of inhibitory regulation of NK cell function [10]. However,
structurally, HLA-E is a complex molecule associated with a subset
of peptides derived from the leader sequence of MHC class I molecules
that support its efficient transport to the cell surface and subsequent
stabilization for proper interaction with NK cell receptors [11]. This
is important in viral infections because while most viruses including
SARS-CoV-2 reduce the expression of MHC class I and thus escape
the recognition of the cellular immune system and lethality through
cytotoxic T cells, on the other hand, decreased MHC class I expression
as a supplier of complementary peptides required for HLA-E expression
could negatively affect the optimal interaction of this ligand with the
NKG2A inhibitory receptor of NK cells, which is essentially associated
with an increase in the their lethality against virus-infected cells [12].
In contrast, some viruses, such as SARS-CoV-2, maintain the function
level of these cells by increasing the expression of the NKG2A inhibi-
tory receptor [13]. In some other viruses, such as HIV-1, in addition
to reducing the expression of MCH class I on infected cells, the virus
dramatically increases HLA-E expression and thus escapes the lethal
mechanism of NK cells [14]. Similarly, in a recent study in patients
with COVID-19, positive regulation of HLA-E in lung epithelial cells
was observed in patients with moderate to severe COVID-19 [15].
This, indirectly, could be a sign of double inhibition of NK cells in
these patients, since the NK cells in COVID-19 show an exhausted phe-
notype with high expression of NKG2A inhibitory receptor [16].

Understanding the role of HLA-E in regulating the function of NK
cells has so far led to extensive research on this molecule. Various
polymorphisms of HLA-E have been identified, of which due to the
occurrence of two functional alleles of HLA-E*01:01 and HLA-
E*01:03, three genotypes of HLA-E*01:01 + HLA-E*01:01, HLA-E*0
1:03 + HLA-E*01:03 and HLA-E*01:01 + HLA-E*01:03 are clinically
important. Studies have also indicated higher cell surface expression
and greater stability of the HLA-E molecule derived from the HLA-
E*01:03 allele than the HLA-E*01:01. This difference may lead to a
more effective inhibitory function of HLA-E*01:03 in interaction with
NKG2A receptor, ultimately resulting in different function of NK cells
in response to each of these ligands which suggesting that specific
polymorphisms of HLA-E in individuals, can differently affect the func-
tion of NK cells [12]. While most previous research has focused on
evaluating the expression of the HLA-E molecule in healthy tissues,
tumors, and infected cells, as well as identifying different gene alleles
of the molecule and structural differences in the products of each
allele, recent studies have further examined the relationship between
genotypes and alleles with susceptibility to a wide range of diseases
and their prognosis or treatments [12,17-19]. In this regard, some
of the most important studies are those that address the role of HLA-
E polymorphism in susceptibility to viral infections such as hepatitis
C and HIV or its effect on the response to treatment of these infections
[18]. However regardless of evidences that highlight the fundamental
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role of the HLA-E-NK cell axis in the optimal innate immune response
to different health threats, HLA-E-restricted CD8 " T Lymphocytes can
also be involved in acquired immune response against some pathogens
or tumors [20]. Therefore considering HLA-E as the major modulator
of NK cell that its exhaustion plays a key role in pathogenesis of
COVID-19 [16], the present study sought to investigate the relation-
ship between the polymorphism of HLA-E and the susceptibility to
SARS-CoV2 infection or this disease conditions. In this way, we here
compare the genotype of this molecule between healthy blood donors
without antiviral antibodies and recovered patients with high antibody
titers who were candidates for COVID-19 convalescent plasma (CCP)
donation. This novel study is important because it was performed dur-
ing the period when the vaccine was not available, so that all recov-
ered patients and healthy controls had no history of vaccination
against COVID-19, and therefore, any immune response in these indi-
viduals was completely natural and in real exposure to the virus.

2. Methods and materials

Study cohort: 104 recovered patients who had experienced symp-
tomatic COVID-19 and were eligible to donate convalescent plasma
under IBTO regulation [21] were considered as case group. This group
was detected by the high titer of anti-SARS-CoV-2 antibody while they
also subdivided into two groups based on hospitalization experience;
those who were receiving in-home treatment and those who had a his-
tory of hospitalization for their more complicated conditions. A control
group was selected from blood donors (86 individuals) without any
history or suspicion of COVID-19 (according to the interview and rou-
tine medical examination before blood donation). However, COVID-19
screening with anti-SARS-CoV-2 ELISA (IgG) kit in these individuals
showed a positive titer of antibody in 18 of individuals. Thus, the
healthy control group in this study included 68 blood donors with
no history of disease and vaccination experience against COVID-19,
all of whom lacked detectable antibody against SARS-CoV-2. Although
not expected, those blood donors with anti-SARS-CoV-2 IgG antibody
who had not reported any sign of disease during the interview were
considered as a group of people with asymptomatic COVID-19. There-
fore, in summary, this study included four groups of subjects, which
were: 1) a healthy control group of blood donors with negative anti-
SARS-CoV-2 IgG antibody 2) a group of blood donors with asymp-
tomatic COVID-19 experience with anti-SARS-CoV-2 IgG antibody 3)
a COVID-19 convalescent plasma (CCP) donor group with the history
of hospitalization due to COVID-19, who had an acceptable titer of
anti-SARS-CoV-2 IgG antibody 4) a CCP donor group with a history
of COVID-19 without hospitalization who also had an acceptable anti-
body titer. It is important to note that none of the individuals in these
groups had any experience of vaccination against COVID-19. There-
fore, all of these individuals were exposed to the SARS-CoV-2 only
through natural infection. This is the particular privilege of present
research compared to other similar studies, which is made possible
by the specific time period of the project. It should be noted that all
participants were male and median age in blood donors was 39
(24-54) and in recovered patient was 40 (22-56) years. The informed
consent was obtained from all donors and patients involved in this
study. It is worth mentioning that all the following methods were per-
formed in accordance with the relevant instructions and regulations.

2.1. Serological test for COVID-19

To rule out previous infection for healthy control group, the serum
of volunteer blood donors was subjected to anti-SARS-CoV-2 ELISA
IgG assay (EI 2606-9601 G, EUROIMMUN; Liibeck, Germany), while
all the CCP donors were also double checked to confirm they were pos-
itive for anti-SARS-CoV-2 IgG antibody against SARS-CoV-2. The assay
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was performed according to the manufacture’s protocol. In brief, the
kit contains microplate coated with recombinant S1 domain of the
spike protein of SARS-CoV-2. The samples were diluted with buffer
and added to each well along with the controls and calibrator. Fol-
lowed by 60 min incubation at 37 °C, the peroxidase-labeled anti-
human IgG was added to detect the bound antibodies. After 30 min
of incubation and washing, the chromogen/substrate solution was
added while the plate kept at room temperature for 20 min and finally
the reaction was stopped by adding stop solution. The color intensity
of each well was detected at a wavelength of 450 nm. The results were
evaluated semi-quantitatively by calculating the ratio of the extinction
of the control or sample over the extinction of calibrator. The
ratio < 0.8 was considered as negative results while the ratio > 0.8
to < 1.1 was on borderline and ratio > 1.1 detected as positive.

2.2. Genotyping of HLA-E

Genomic DNA was extracted from patients’ blood samples and then
all samples were genotyped for HLA-E locus using a sequence specific
primer (SSP)-PCR strategy. Amplification was carried out using the
Thermal cycler machine (PEQLAB, Germany), in which the forward
primers of HLA-E*01:01 (5'-GCGCCTTTACCCGGTTCTT-3') and HLA-
E*01:03 (5-GGCTGCGAGATGGGGCCAGCCG-3') in combination with
the reverse primers (5-GTAGCCCTGTGGACCCTCTTACC-3') and (5'-
CCCGCGGAGGAAGCGACT-3') were applied to distinguish the HLA-
E*01:01 and HLA-E*01:03 alleles. As the internal control, we applied
human growth hormone (HGH) in which forward and reverse primers
were (5-TGCCTTCCCAACCATTCCCTT-3) and (5-CCACTCACG
GATTTCTGTTGTGTTTC-3), respectively. All oligonucleotides used in
the project were synthesized by Sinaclon (Tehran; Iran). Some PCR
products were DNA sequenced by Codon Genetic Group to confirm
PCR-SSP results (Supplementary Fig. 1&2).

2.3. Statistical analysis

SPSS software version 23 was used for data analysis. All p values
were two-tailed and p-values <0.05 were considered statistically sig-
nificant. Data were analyzed using Chi-square/ Fisher exact test and
logistic regression analysis.

3. Results
3.1. The presence of anti-SARS-CoV-2 IgG antibody in volunteer donors

All CCP donors were positive for anti-SARS-CoV-2 IgG antibody,
which confirmed their previous screening results by Iranian blood
transfusion organization; however, the volunteer donors eligible for
blood donation had not been screened for anti-SARS-CoV-2 IgG anti-
body. Although this group of donors did not report any sign or obvious
risk of disease in their interviews, to confirm they had no previous
infection, their serums were examined for the presence of anti-SARS-
CoV-2 IgG antibody. Interestingly, of the 86 blood donors studied here,
18 (20.9 %) were positive for anti-SARS-CoV-2 IgG antibody who were
placed in the asymptomatic group, while the other 68 donors who
were anti-SARS-CoV-2 IgG antibody negative formed the healthy con-
trol group. Neither CCP donors nor blood donors were vaccinated
against COVID-19 at the time of the study, which rules out the possi-
bility of vaccine-induced immune responses.

3.2. HLA-E genotype association with demographic parameters

Logistic regression model was used to investigate the association
between the variables of HLA-E genotype, age, ethnicity and blood
group with the possibility of COVID-19. Our univariate analyses
showed there was no significant association between these variables
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and the possibility of COVID-19 except for HLA-E genotype. The anal-
ysis was also confirmed by multivariate logistic regression model (us-
ing Backward Wald method). Table 1 demonstrates demographic
characteristics of CCP donors (case) and healthy blood donors
(control).

3.3. The distribution of HLA-E genotypes and alleles in healthy control
group

According to our results, blood donors (healthy control group;
n = 68) showed a comparable frequency with our previous cross-
sectional study in Iranian population so that the genotype distribution
in the present study was 44.1 % (n 30) for HLA-E*01:01 + HLA-
E*01:01 and 35.3 % (n = 24) for HLA-E*01:01 + HLA-E*01:03 geno-
type with a lower frequency for HLA-E*01:03 + HLA-E*01:03 geno-
type (20.6 %; n = 14). Furthermore, in those of blood donors who
were positive for anti-SARS-CoV-2 IgG antibody (asymptomatic group;
n = 18),61.1 % (n 11) had HLA-E*01:01 + HLA-E*01:01 while
from the rest, 33.3 % (n 6) and 5.6 % (n 1) had HLA-E*01:01
+ HLA-E*01:03 and HLA-E*01:03 + HLA-E*01:03 genotypes, respec-
tively. As shown in Table 2, there was no significant difference
between healthy control and asymptomatic groups regarding HLA-E
genotype (p = 0.2).

3.4. The association between HLA-E genotypes and alleles and the odds of
SARS-CoV-2 infection

This study includes 122 SARS-CoV-2 infected cases that were pos-
itive for anti-SARS-CoV-2 IgG antibody. Of those, 104 cases were
CCP donors with previous experience of symptomatic COVID-19, and
18 blood donors who had passed the regular clinical examination
and interview while further evaluation of their antibody status on
the time of study showed the experience of previous asymptomatic
COVID-19 in these cases. In addition, as healthy control group, this
study also includes 68 non-infected blood donors who were negative
for anti-SARS-CoV-2 IgG antibody, which means that they had not
any exposure to SARS-CoV-2 leading to infection. The comparison
between SARS-CoV-2 infected and non-infected individuals showed
that the absence of HLA-E*01:03 allele, on the other words HLA-E*0
1:01 + HLA-E*01:01 genotype, significantly 0.530 times decreases
the odds of susceptibility to SARS-CoV-2 infection [p = 0.044; OR
(95 %CI) = 0.530 (0.286 — 0.983)]. This indirectly suggests that
HLA-E*01:01 + HLA-E*01:01 genotype may favor more protection
against SARS-CoV-2 infection (Table 2).

3.5. The association between HLA-E genotypes and alleles and the odds of
symptomatic COVID-19

This study includes 104 CCP donors with previous experience of
symptomatic COVID-19 who were positive for anti-SARS-CoV-2 IgG
antibody. In addition, as healthy control group, this study also includes
68 blood donors who were negative for anti-SARS-CoV-2 IgG antibody.
The comparison between these CCP donors and healthy control group
showed a significant relevance between HLA-E polymorphisms and
COVID-19 (p 0.021). We also found that the absence of HLA-
E*01:03 allele, on the other words HLA-E*01:01 + HLA-E*01:01
genotype, significantly 0.401 times decreases the odds of COVID-19
than those with other genotypes of HLA-E*01:03 + HLA-E*01:03 or
HLA-E*01:01 + HLA-E*01:03 [p 0.006; OR (95 %CI) = 0.401
(0.208 — 0.773)]. Further analysis revealed that the odds of having
COVID-19 in individuals with HLA-E*01:03 + HLA-E*01:03 genotype
was significantly higher (2.743 times) than those with HLA-E*01:01
+ HLA-E*01:01 genotype [p = 0.016; OR (95 %CI) = 2.743 (1.205
— 6.242)]. This indirectly suggests that HLA-E*01:01 + HLA-E*01:0
1 genotype may favor more protection against COVID-19 (Table 2).
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Fig. 1. HLA-E polymorphisms and CD8 + T cell function against SARS-CoV-2 infection. Decreased accessibility of HLA-E to its required peptide due to SARS-CoV-
2-induced down-regulation of MHC-Ia expression may divert its binding to the viral peptides. The presentation of these peptides to HLA-E-restricted CD8 + T cells
through TCR instead of NKG2A induces T cell mediated cytolytic effect against SARS-CoV-2 infected cells. Here, HLA-E*01:03 which was already shown to have
higher cellular expression and more affinity to MHC class Ia derived peptides than HLA-E*01:01 may further support the NKG2A-depebdent inhibition of CD8 + T
cells cytotoxicity against SARS-CoV-2 infected cells. In contrast, despite its lower expression, the possible higher affinity of HLA-E*01:01 to viral peptide and its
presentation to HLA-E-restricted CD8 + T cells may induce its cytolytic activity against SARS-CoV-2 in a higher level than HLA-E*01:03. This may support the
observed reduced susceptibility of individuals with HLA-E*01:01 + HLA-E*01:01 genotype to COVID-19.

Table 1
Demographic characteristics of CCP donors (case) and healthy blood donors
(control).

Variables Case [N (%)] Control [N (%)]
Gender

Male 172 100

Age (years)

<35 26 (25) 21 (30.8)
>35 & <45 49 (47.1) 32 (47.1)
>45 29 (27.9) 15 (22.1)
Ethnicity

Fars 57 (54.8) 43 (63.2)
Azerbaijanis 26 (25) 18 (26.5)
Others 21 (20.2) 7 (10.3)
Blood group

A 34 (32.7) 28 (41.2)
B 23 (22.1) 13 (19.1)
AB 9(8.7) 9 (13.2)
(¢] 38 (36.5) 18 (26.5)
Total 104 (100) 68 (100)

CCP: COVID-19 convalescent plasma donor.

3.6. The relevance of HLA-E genotype/ allele with the severity of COVID-19

According to our study group, the SARS-CoV-2 infected individuals
are divided in three groups of asymptomatic infected blood donors
(n = 18), CCP donors who experienced symptomatic COVID-19 with
in-home treatment (n 87) and or with hospitalization (n 17).
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Given this, our data showed a significant association between HLA-E
polymorphisms and severity of COVID-19 (p 0.004). However,
there was no significant difference regarding HLA-E genotype between
CCP donors previously hospitalized and CCP donors treated at home. It
is noteworthy that, the comparison between each of symptomatic
groups with asymptomatic group showed significantly higher fre-
quency of genotype of HLA-E*01:03 + HLA-E*01:03 in symptomatic
individuals who were hospitalized [p = 0.030; OR (95 %CI) = 11.9
0 (1.272 - 111.351)] than those who were non-hospitalized
[p = 0.068; OR (95 %CI) = 6.855 (0.865-54.299)] compared to
asymptomatic patients.

Collectively, in the SARS-CoV-2 infected individuals, HLA-E*01:0
3 + HLA-E*01:03 genotype was significantly associated with more
severe COVID-19 [p = 0.020; 2.606 (1.163 — 5.844)] (Table 3).

categorizing all infected cases in two groups with asymptomatic
and symptomatic COVID-19 showed a significant higher frequency
of HLA-E*01:03 + HLA-E*01:03 [p = 0.014; OR (95 %CI) = 14.08
0 (1.702 - 116.474)] and significant lower frequency of HLA-E*01:0
1 + HLA-E*01:01 [p 0.028; OR (95 %CI) = 0.290 (0.096 —
0.878)] in the symptomatic groups compared to asymptomatic group
(Table 4). The results also showed that the odds of being asymptomatic
carrier of COVID-19 in the individuals with HLA-E*01:01 allele trends
to be more compared to symptomatic ones [p = 0.054; OR (95 %C
I) = 7.556 (0.964 — 59.241)]. On the other hand, HLA-E*01:01 + H
LA-E*01:01 genotype was significantly higher in those who experi-
enced asymptomatic disease than symptomatic patients [p = 0.028;
OR (95 %CI) = 3.447 (1.140 - 10.424)].
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Table 2
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The association between HLA-E genotypes and alleles and the odds of SARS-CoV-2 infection.

Genotype/allele

Healthy control
(n=68)

Infected (n=122)

Asym. (n=18)

p value; OR (95%CI)
Sym. (n=104)

HLA-E*01:01/*01:01

30 (44.1%)

36 (29.5%)

con. vs infected:
0.044; 0.530 (0.286-0.983)

11 (61.1%)

25 (24%)

HLA-E*01:03/%01:03

14 (20.6%)

33 (27%)

con. vs sym.:
0.006; 0.401 (0.208-0.773)

1 (5.6%)

32 (30.8%)

HLA-E*01:01/%01:03

24 (35.3%)

53 (43.4%)

con. vs sym.:
0.016; 2.743 (1.205-6.242)

6 (33.3%)

47 (45.2%)

HLA-E*01:01

54 (79.4%)

89 (73%)

17 (94.4%)

72 (69.2%)

HLA-E*01:03

38 (55.9%)

86 (70.5%)

7 (38.9%)

79 (76%)

p value 0.2 indicates no significant difference of HLA-E genotypes between the healthy control (con.) and asymptomatic (asym.) individuals. p value 0.044
indicates a significant difference of HLA-E genotypes between the healthy control and infected individuals. Comparing healthy control and symptomatic (sym.)
individuals, p value 0.006 indicates a significant differences of HLA-E*01:01/*01:01 versus other genotypes while p value 0.016 shows a significant difference of

HLA-E*01:03/*01:03 versus others.

Table 3

The relevance of HLA-E genotypes and alleles with the severity of COVID-19.

Groups
Genotype/allele

Asym. (n = 18)

Sym.
non-hospitalized
(n = 87)

Sym. hospitalized (n = 17) p value; OR (95 %CI)

HLA-E*01:01 + HLA-E*01:01
HLA-E*01:03 + HLA-E*01:03
HLA-E*01:01 + HLA-E*01:03
HLA-E*01:01
HLA-E*01:03

11 (61.1 %)
1 (5.6 %)

6 (33.3 %)
17 (94.4 %)
7 (38.9 %)

19 (21.8 %)
25 (28.7 %)
43 (49.4 %)
62 (71.3 %)
68 (78.2 %)

6 (35.3 %)
7 (41.2 %)
4 (23.5 %)
10 (58.8 %)
11 (64.7 %)

0.020; 2.606 (1.163-5.844)

CI, confidence interval; OR, odds ratio. p value indicates a significant difference of HLA-E genotype between the asymptomatic (Asym.) and symptomatic (Sym.)

non-hospitalized groups.

Table 4

The relevance of HLA-E genotypes and alleles with the symptom of disease.
Groups Asym. Sym. p value; OR (95 %CI)
Genotype/allele (n = 18) (n = 104)
HLA-E*01:01 + HLA-E*01:01 11 (61.1 %) 25 (24 %) 0.028; 0.290 (0.096-0.878)
HLA-E*01:03 + HLA-E*01:03 1 (5.6 %) 32 (30.8 %) 0.014; 14.080 (1.702-116.474)
HLA-E*01:01 + HLA-E*01:03 6 (33.3 %) 47 (45.2 %)
HLA-E*01:01 17 (94.4 %) 72 (69.2 %)
HLA-E*01:03 7 (38.9 %) 79 (76 %)

CI, confidence interval; OR, odds ratio. Comparing asymptomatic and symptomatic groups, p value 0.028 indicates a significant difference of HLA-E*01:01 + HLA-
E*01:01 versus other genotypes, while p value 0.014 shows a significant difference of HLA-E*01:03 + HLA-E*01:03 versus others.
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4. Discussion

This study was performed on two main arms of which one is blood
donors with no known history of COVID-19 and the other is CCP
donors who had varying degrees of the disease. In addition, this study
was performed before the presentation of the anti-SARS-CoV-2 vacci-
nes, which means that none of the participants had any experience
of vaccination against disease and thus their immune response was
induced naturally only in the face of the virus itself. To establish a
group of healthy control with no history of infection, our focus was
on the first arm of study, the volunteer blood donors who were passed
the clinical examination and reported no signs of COVID-19. This was
an important parameter for donor eligibility on the time of sampling
for this study prior to vaccine presentation for global use. However,
with all precaution, 20.9 % of blood donors of this study were found
to be positive for anti-SARS-CoV-2 IgG antibody. Therefore, this part
of donors was excluded while the rests of 68 formed a healthy control
group. Notably, due to the numerous parameters involved in early
COVID-19 epidemic (before global access to vaccines), including the
onset stage of the epidemic and domestic disease control policies, in
particular lockdown strategies, the seroprevalence of SARS-CoV-2
antibodies in blood donors varied widely from country to country
making their generalization almost impossible. In this regard, the clos-
est study to the present independent research conducted by Arabkhaz-
aeli, et al., in which in a period almost similar to ours, they detected
anti-SARS-CoV-2 antibodies in 14 % of Iranian asymptomatic donors
using SARS-CoV-2 IgG/IgM Rapid Test Dipstick [22]. It should be
noted, however, that since the kit used in that study was screening-
based, caution should be taken in comparing its results with the pre-
sent study, which is based on ELISA. Especially since, the mentioned
kit screens IgG/IgM antibodies, while the ELISA kit in this study
detects specific IgG antibody against S1 domain of the spike protein
of SARS-CoV-2. In addition, above-mentioned study has also covered
a bigger cohort in the multicenter national research. Thus give all vari-
ables, it is not surprising that studies in other countries have also
shown varying results based on different disease control strategies
and their economic and health status, from 40 % in Pakistani donors
to <5 % in more developed countries, all during the period before glo-
bal vaccination against SARS-CoV-2 [23-25]. Finally, after determin-
ing the status of anti-SARS-CoV-2 antibodies, the three main groups
of our study included the healthy control group (negative antibody
blood donors), the asymptomatic infected group (positive antibody
blood donors) and the group with definite disease history (including
two subgroups of CCP donors with or without a history of hospitaliza-
tion) were identified.

The study was then continued by HLA-E genotyping in healthy con-
trol group where similar to our previous cross-sectional study in Ira-
nian population [18], here we also found a higher frequency of
HLA-E*01:01 allele. Accordingly, with a bigger cohort here, the geno-
type distribution for this group was also reported as 44.1 % for HLA-
E*01:01 + HLA-E*01:01 and 35.3 % for HLA-E*01:01 + HLA-E*01:
03 genotype with a lower frequency for HLA-E*01:03 + HLA-E*01:0
3 genotype (20.6 %), which almost confirmed our previous results.
The genotype analysis did not show any significant difference between
asymptomatic blood donors and healthy control group. However,
intriguingly, comparing SARS-CoV-2 infected group (who were posi-
tive for anti-SARS-CoV-2 IgG antibody, including asymptomatic blood
donors and CCP donors who experienced symptomatic COVID-19)
with non-infected (as healthy control group; blood donors who were
negative for anti-SARS-CoV-2 IgG antibody), our study showed that
the absence of HLA-E*01:03 allele significantly decreases the odds of
susceptibility to SARS-CoV-2 infection, this indirectly suggests that
HLA-E*01:01 + HLA-E*01:01 genotype may favor more protection
against SARS-CoV-2 infection. Furthermore, in our study, the compar-
ison between CCP donors who were positive for anti-SARS-CoV-2 IgG
antibody and healthy control group (negative for anti-SARS-CoV-2 IgG
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antibody) indicated a significant association between HLA-E polymor-
phisms and COVID-19, so that the odds of having COVID-19 in individ-
uals with HLA-E*01:03 + HLA-E*01:03 genotype was significantly
higher than those with HLA-E*01:01 + HLA-E*01:01 genotype. This
indirectly suggests that HLA-E*01:01 + HLA-E*01:01 genotype may
favor more protection against COVID-19.

According to further analysis among three groups of infected indi-
viduals with different levels of disease severity including asymp-
tomatic infected blood donors, CCP donors who experienced
symptomatic COVID-19 with and without hospitalization, there was
a significant association between HLA-E polymorphisms and severity
of COVID-19 (p = 0.004). Interestingly, our results showed that the
frequency of HLA-E*01:03 + HLA-E*01:03 genotype in CCP donors
who were hospitalized for COVID-19 was significantly more than
asymptomatic infected blood donors [p = 0.030; OR (95 %CI) = 11
.90 (1.272 - 111.351)]. However, the comparison between asymp-
tomatic group and CCP donors who were non-hospitalized and treated
at home did not show significant difference [p = 0.068; OR (95 %C
I) = 6.855 (0.865 - 54.299)], suggesting that HLA-E*01:03 + HLA-
E*01:03 genotype is more associated with hospitalization as a marker
of severity of disease. Collectively, in the SARS-CoV-2 infected individ-
uals, HLA-E*01:03 + HLA-E*01:03 genotype was significantly associ-
ated with more severe COVID-19 [p = 0.020; 2.606 (1.163 - 5.844)].

In line with these data, several previous studies have highlighted
the relevance of HLA-E polymorphisms with different viral infections,
of which the association of distinct HLA-E alleles with the status of
hepatitis C, its treatment and clearance are the most studied to date
[26-28]. Our recent study showed a significant relevance between
homozygous status for HLA-E*01:03 allele with increased resistance
to anti-HCV treatments in frequently transfused thalassemia patients,
while, this research also confirmed the association between HLA-
E*01:03 allele and increased susceptibility to HCV infection as well
as higher resistance of individuals with HLA-E*01:01 + HLA-E*01:0
1 genotype against hepatitis C [18].

Consistently, Schulte et al. also showed that among patients with
chronic HCV infection (with genotype 2 or 3), the HLA-ER/ HLA-ER
(HLA-E*01:01 + HLA-E*01:01) genotype is significantly lower than
those of healthy controls. This group also suggested that the HLA-
ER/ HLA-ER genotype may also be related to the spontaneous clear-
ance of HCV infection [27]. This finding might be to some extent rel-
evant to our analysis where we showed that between individuals who
were infected with SARS-CoV-2, HLA-E*01:01 + HLA-E*01:01 geno-
type was much significantly higher in those who experienced asymp-
tomatic disease than symptomatic patients. Accordingly, based on
HLA-E allelic variants, in a retrospective follow-up study on patients
co-infected with HIV/ HCV viruses, Fulgencio et al. found an associa-
tion between HLA-E*(01:01 allele and increased odds of HCV clearance
[28]. This study is somewhat similar to our findings that HLA-E*01:01
allele trends to increase the odds of being asymptomatic in those who
infected by SARS-CoV-2.

The association of HLA-E polymorphisms with the status of HCV
infection has been so far discussed from various mechanistic aspects.
Given the similarities between the findings of this study and what
has already been observed with hepatitis C, these mechanisms may
also be extended to COVID-19, and it therefore seems useful to refer
to them here. On one hand, some studies indicated that homozygous
individuals for the HLA-E*01:01 allele may induce less NK cell inhibi-
tion by NKG2A due to their decreased expression of HLA-E on target
cells. The phenomenon that leads to a stronger immune cytolytic effect
against HCV infected cell in these individuals than those with homozy-
gous HLA-E*01:03 allele, who express more stable HLA-E due to its
greater affinity to peptide derived from the leader sequence of MHC
class Ia [27,28]. On the other hand, CD8™ T cell activity can also be
inhibited through the interaction between HLA-E associated MHC class
Ia peptides and NKG2A. However, due to the lower affinity of HLA-
E*0101 for MHC-derived peptides, it may bind more efficiently to
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Fig. 2. HLA-E polymorphisms and NK cell function against SARS-CoV-2 infection. SARS-CoV-2 infection down-regulates the expression of classical MHC class Ia.
This decreases HLA-E access to its natural peptides required for the interaction with inhibitory receptor NKG2A on NK cell. Alternatively, HLA-E can bind to viral
peptides instead, and since its complex with SARS-CoV-2 antigen cannot interact with NKG2A, the inhibitory function of NK cells is abrogated while the resultant
missing self-recognition allows more efficient cytolytic activation against infected cells. Here, compared to HLA-E*01:03, the lower expression of HLA-E*01:01 and
its less affinity to peptide derived from the leader sequence of MHC class Ia, shifts this molecule to become more complex with viral peptides, which makes this
ligand less reactive to NKG2A. This may favour less NK cells inhibition in individuals with HLA-E*01:01 + HLA-E*01:01 genotype, leading to more potent

cytolytic effects against SARS-CoV-2 infected cells.

HCV-derived antigens and instead deliver them to CD8* T cells and
thus making infected cells more susceptible to the cytolysis by the
acquired immune system [29,30]. In general, HLA-E-antigen-specific
recognition by T cell receptors (TCRs) usually compensates the failure
of T cell mediated cytotoxicity where the down-regulation of MHC
class Ia expression by human tumor or viruses facilitates their evasion
from classical CD8* CTL-mediated killing. This is a mechanism by
which HLA-E-restricted unconventional CD8* T cells have been
reported to play an important role in recognition of antigenic peptides
derived from different tumors and persistent pathogen infections,
including human immunodeficiency virus (HIV), cytomegalovirus
(CMV), and Mycobacterium tuberculosis (Mtb), Epstein Barr virus
(EBV) and Salmonella typhi (2, 3) [31].

Similarly, it is postulated that in COVID-19 patients, HLA-E mole-
cule expressed on the surface of infected cells, can also present
SARS-CoV-2-derived peptides to CD8" T cells with a same manner
to be recognised by TCRs and lead to CTL-mediated killing of virus
infected cells [32]. Intriguingly, in most recent study, Hammer et.al
have shown that due to down-regulation of classical MHC class Ia dur-
ing SARS-CoV-2 infection, reduced HLA-E access to these natural pep-
tides causes this molecule to bind to viral peptides instead. In this
regards, SARS-CoV-2 non-structural protein 13 (Nsp13) encodes for
an HLA-E-restricted peptide, Nspl3335 540 that its complex with
HLA-E abrogates inhibition of NKG2A™ NK cells which were supposed
to naturally interact with HLA-E-associated MHC Ia peptide [33]. As a
result, this abrogation leads to a missing self-recognition which allows
more efficient cytolytic NK cell activation against infected cells.

In summary, similar to what was previously suggested for other
viral infection, the higher cellular expression of HLA-E*01:03 mole-
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cule and its greater affinity for MHC class Ia derived peptides com-
pared to HLA-E*01:01 [34,35] likely supports its more efficient
interaction with NKG2A in COVID-19, which may limit both NK cells
and CD8" T cells mediated cytotoxicity against infected targets. In
contrast, considering lower affinity of HLA-E*01:01 to MHC class Ia
derived peptides, with the same scenario proposed for HCV infection
[29,30], this molecule may bind viral peptides more efficiently than
HLA-E*01:03, especially when MHC class Ia is down-regulated by
SARS-CoV-2. On the other word, as a possible mechanism for our study
that HLA-E*01:01 + HLA-E*01:01 genotype confers less susceptibility
to COVID-19, The possible higher affinity of HLA-E*01:01 for SARS-
CoV-2 derived peptide may not only lead to better HLA-E restricted
recognition of this peptide by TCR that activates conventional
CD8 + T cells, but its less reactivity with NKG2A may abrogate NK
cells or T cells inhibition leading to their enhanced cytotoxicity against
SARS-CoV-2 infected cell (Figs. 1 & 2). Although these speculations
may provide some mechanistic explanations for why HLA-E*01:01 +
HLA-E*01:01 genotype could better protect individuals against SARS-
CoV-2 disease, extensive molecular and cellular studies are required in
the future to exclusively evaluate the mentioned mechanisms in the
COVID-19.

5. Conclusion

Taken together given HLA-E polymorphisms, the data presented
here may be useful to identify individuals more vulnerable to
COVID-19 for better care and management. Especially, along with
other risk factors in patients, having HLA-E*01:03 + HLA-E*01:03
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genotype may also be associated with the possibility of severe cases of
the disease. In this regard, according to our findings on HLA-E- based
severity or susceptibility to disease, this study can be useful in reduc-
ing the risk of contracting COVID-19 in certain groups such as health
care workers who are in constant and close contact with patients, or
individuals with underlying diseases. It is noteworthy that even with
the advent of various vaccines at this stage of the epidemic; our study
could also be useful in providing recommendations on vaccination pro-
tocols and their intervals for vulnerable individuals.
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