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ABSTRACT

Novel “SARS-CoV-2”, has approximately 30 kb genome and belongs to the ‘‘Betacoronavirus type”. ‘‘SARS-CoV-2” codes several struc-
tural ‘‘spike (S) protein”, ‘‘envelope (E) protein”, ‘‘membrane (M) protein”, ‘‘nucleocapsid (N) protein” and nonstructural proteins like 
the other coronaviruses. Various studies on SARS-CoV suggest that both humoral and celluler immune responses play a role in defense 
against this virus. ‘‘Major histocompatibility complex (MHC)” molecules have an important role in cellular and humoral immune 
response, various autoimmune diseases and rejection mechanisms. These properties of MHC molecules emphasizes the importance of 
regulated “MHC expression”for the control of the immune response. The defects in the expression of ‘‘MHC molecules” may result in 
severe immunopathologic consequences. ‘‘CD8+ T cells” are the main effectors in antiviral immunity. ‘‘Cytotoxic CD8+ T lymphocytes” 
responses are crucial for initial viral clearance and immunologic memory. Heterogeneity in CD8+ T cell responses to SARS-CoV-2 may 
be associated with the capacity to recognize Class I HLA antigens , and genetic susceptibility to viral infections may be associated with 
HLA haplotypes. The strongest immunogenic epitopes of spike glycoproteins for B and T cells would bind HLA Class I molecules and 
these epitopes could be used when designing vaccine candidates against SARS-CoV-2. The relation of ‘SARS-Cov-2 with “HLA locus in 
MHC” region was investigated in the present review.
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ÖZ

MHC Molekülleri ve COVID-19 İlişkisi

Süleyman Rüştü OĞUZ

Tıbbi Biyoloji ve Genetik Bölümü, Demiroğlu Bilim Üniversitesi, İstanbul, Türkiye

SARS-CoV-2 Betacoronavirus cinsine aittir ve yaklaşık 30 kb büyüklüğünde bir genoma sahiptir. Diğer koronavirüsler gibi, çoklu yapısal 
“spike (S) proteini, zarf (E) proteini, membran (M) proteini ve nükleokapsid (N)“ ve yapısal olmayan proteinleri kodlar. SARS-CoV ile 
ilgili çeşitli çalışmalar, bu virüse karşı savunmada hem humoral hem de hücre aracılı bağışıklık tepkimelerinin rol oynadığını düşündür-
mektedir. Klasik büyük doku uygunluk kompleksi (MHC) molekülleri hücresel ve humoral bağışıklık yanıtında, çeşitli otoimmün bozukluk-
larda ve doku organ transplant reddinde önemli rol oynarlar. MHC sınıf I ve sınıf II’nin tüm bu özellikleri, sağlık ve hastalık durumunda 
bağışıklık yanıtının kontrolü için doğru şekilde düzenlenmiş MHC ekspresyonunun önemini vurgulamaktadır. MHC moleküllerinin 
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INTRODUCTION

An unexplained pneumonia endemic which 
emerged in December 2019 was reported to 
the “World Health Organization (WHO)”. This 
pneumonia endemic named “COVID-19” was re-
corded as a new coronavirus[1,2]. It is supposed 
that we have to live with this virus for a long 
time. Although much has been learned about the 
“COVID-19” disease and its pathogenesis as a 
result of research by scientists, it still remains a 
mystery. It usually causes mild respiratory infec-
tions in humans[3,4]. Some coronavirus infections 
have resulted in deadly endemics, including “Se-
vere Acute Respiratory Syndrome (SARS)” and 
“Middle East Respiratory Syndrome (MERS)”. It 
has been disclosed that these diseases are caused 
by “zoonotic coronaviruses” belonging to the 
“Betacoronavirus” type. “SARS-CoV” originated 
in Southern China. Worldwide, more than eight 
thousand cases of “SARS” have been reported, 
including 774 related deaths. The estimated case 
death rate has been reported between 14% and 
15%[5]. The first “MERS” case appeared in 2012 
in Saudi Arabia. A total of 2.494 cases of infec-
tion were reported, including 858 related deaths. 
The estimated case-mortality rate is 34.4%[6].

The new “SARS-CoV-2”, encodes multi-
ple structural and nonstructural proteins such 
as “spike (S) protein”, “envelope (E) protein”, 
“membrane (M) protein”, and “nucleocapsid (N) 
protein. It has been associated with several stud-
ies that both humoral and cell-mediated immune 
reactions have an important role in immunity to 
this virus. In previous studies, it has been shown 
that the antibody response against the S protein 
in rat models exposed to SARS-CoV protein was 
highly immunogenic and protected from infec-
tion[7-9]. In addition, researchers have reported in 
multiple studies that patients specifically infected 

with SARS-CoV had a greater number of aug-
mented antibodies to the N protein of SARS-
CoV and a higher antibody response[10-12]. As 
a result of the studies, it has been revealed that 
the antibodies against the N protein increased 
in patients infected with SARS-CoV were high-
er than those in uninfected patients, and that 
the antibody response was short-lived in recov-
ered SARS-CoV patients[10-16]. T cell reactions 
were predominant and longest lasting against S 
and N proteins[17,18]. The host must be healthy 
and have a suitable genetic structure (HLA) for 
the emergence of specific antiviral immunity and 
the development of an endogenous protective 
immune reaction during incubation and in the 
non-severe stage of the disease. It is known 
that genetic differences contribute to immunity 
against pathogens[19]. The close interaction of 
the “SARS-CoV-2” virus with the immune system 
plays an important role in humoral immunity.

“Major Histocompatibility Complex (MHC) 
class I and II antigens” down-regulate limiting 
antigen presentation and inhibiting T-cell-mediated 
immune reactions[20]. “MHC class I” antigens are 
key in antigen presentation and initiation of the 
adaptive “CD8+ T cell” response[2-5]. The “cy-
totoxic CD8+ T lymphocyte” response is great 
importance for initial viral clearance and immuno-
logical memory. Heterogeneity in “CD8+ T cell” 
responses, the recognition capacity of “Class I 
MHC” molecules and genetic susceptibility to viral 
infections are associated with Human Leucocytes 
Antigen (HLA) haplotypes[6].

HLA and COVID-19

“HLA” genes which have thousands of dif-
ferent alleles emerging with the combinations of 
multiple single nucleotide polymorphisms (SNP), 
are known to demonstrate the highest polymor-
phism in MHC complexes in our genome. This 

ekspresyonlarındaki kusurlar, ciddi immünopatolojik sonuçlara yol açabilirler. CD8+ T hücreleri, infekte olmuş hücrelerin yüzeyinde MHC 
sınıf I tarafından sunulan virüsten türetilmiş kısa peptitleri tanıyan antiviral bağışıklıktaki temel efektörlerdir. Sitotoksik CD8+ T lenfosit 
yanıtları, başlangıç viral klerensi ve immunolojik hafıza için çok önemlidir. SARS-CoV-2’ye karşı CD8+ T hücre yanıtlarındaki heterojenlik, 
Sınıf I HLA moleküllerini tanıma kapasitesi ile, viral infeksiyonlara genetik yatkınlık ise HLA haplotipleri ile ilişkili olabilir. Spike proteinleri-
nin B ve T hücreler için en kuvvetli immunojenik epitopları, HLA Sınıf I molekülleri ile bağlanabilir ve SARS Cov-2’ye karşı aşı dizaynında 
kullanılabilirler. Bu derlemede SARS-CoV-2 ile MHC bölgesindeki HLA lokus ilişkisi incelendi. 

Anahtar Kelimeler: SARS-CoV-2; MHC; HLA; COVID-19
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unique polymorphism level selected in genetic 
variation of possibly thousands of generations of 
natural selection is the most commonly accept-
ed model in HLA molecular evolution. Such a 
model supports the assumption that heterozygotic 
individuals might more easily adapt with the 
pathogen rich environments compared with the 
homozygotic individuals, and different HLA mol-
ecules will create an immunity reaction by pre-
senting the peptides belonging to pathogens to 
T cells[21]. This type of population level selection 
indicates that the “HLA allele” frequency distribu-
tion is higher than expected in neutral evolution, 
and the heterogeneity of most populations is 
85% and 95% at each HLA locus.

The “HLA complex” is best known for T cell 
recognition against foreign antigens. Therefore, it 
is known that infectious diseases and viruses such 
as “Chikungunya”, “Chagas[22]”, “dengue”,”influ-
enza A (H1N1)” and “tuberculosis[23]”, “hepatitis 
B virus (HBV)”, “hepatitis C virus (HCV)[24,25]”, 
“human immunodeficiency virus (HIV)”, “human 
papilloma virus (HPV) have been associated with 
different genetic polymorphisms of HLA[26-28].

The HLA genetic profile might have partly 
influenced the way of the immune response to 
an invading foreigner because HLA alleles may 
exhibit worldwide varying regional frequencies and 
HLA alleles may exhibit different peptide binding 
properties[29-31].

HLA alleles which are playing critical role 
of viral antigen presentation have been suggest-
ed to be associated with the disease severity, 
and with a different viral sensitivity. Some HLA 
types (HLA-A*02:05) in HIV-1 infection may de-
crease the seroconversion risk. Some HLA alleles 
(HLA-A*02:07, HLA-B*51) in Etnical Thai de 
Dank virus infections have been found associated 
with the secondary disease severity[32,33]. 

The genetic variability in “HLA class I” locus 
may affect the sensitivity and severity of disease 
caused by “SARS-CoV-2”[14,16]. 

Thirty-seven possible SARS cases, 28 possi-
ble SARS patients with high fever (later were 
excluded), SARS coronavirus exposed or possibly 
exposed 101 noninfected health workers were 
included and 190 normal healthy unrelated in-

dividuals were also used as control group in a 
study conducted in Taiwan. Class I-II HLA allele 
typing in all cases were performed using the 
“PCR-SSOP” method. First, the infected SARS 
patients, and high-risk health workers groups 
were analysed, and HLA-B*46:01 (OR= 2.08, p= 
0.04, Pc= ns), and HLA-B*54:01 (OR= 5.44, 
p= 0.02, Pc= ns) were detected as the most 
possible factors supporting the SARS coronavi-
rus infection. Only “severe cases” from infected 
“possibly SARS” patient group were selected 
and were compared with the high-risk health 
workers group, and severity of the disease was 
increased in individuals who had HLA-B*46: 01 
genotype[32].

A study of SARS-CoV2-positive individuals in 
a Biobank population in a UK in silico analysis 
also identified that DRB1*15:01 and DQB1*06:02 
were associated with an increased probability of 
’SARS-CoV-2” positivity (34). These observations 
support Paulton et al.’s study that has shown a 
significant association with HLA-DQB1*06 (53% 
vs. 36%; p< .012; OR 1.96; 95% CI 1.94-3.22) 
and infection[35]. 

Pisanti et al. have demonstrated that the fre-
quencies of the most common Italian haplotypes 
in regions by using the data of the “Italian Bone 
Marrow Donors”. All donors were typed HLA- 
A, -B, -C, and -DRB1 “high resolution”. Pear-
son’s correlation analysis was used between the 
regional haplotype estimation frequency in Italian 
population with the COVID-19 incidence, and 
mortality. Researchers found that the commonly 
detected two “HLA haplotypes” in population 
were HLA-A *01:01g, -B*08:01g, -C*07:01g, 
-DRB1*03:01g, and HLA-A*02:01g -B*18:01g 
-C*07:01g, -DRB1*11:04g, there was a regional 
distribution corresponding similar to COVID-19, 
and showed positive (decreasing the sensitivity), 
and negative (suggesting the protection) significant 
correlation with COVID-19 incidence, and mor-
tality, respectively (36). A comprehensive silico 
analysis (in-silico T cells epitopes- epitope binding 
analysis) of the viral peptide-MHC class I binding 
affinity in 145 HLA-A, -B, and -C genotypes for 
all SARS CoV-2 peptides performed by Salvat 
et al.[37]. Cross protective immunity potential 
which is enabled by exposure of four common 
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human coronaviruses was also investigated in that 
study. SARS-CoV-2 proteome was successfully 
sampled, and presentation with HLA alleles was 
performed. HLA-B*46:01 was found to have the 
least number of estimated binding peptides for 
SARS-CoV-2. This finding suggests, as shown for 
SARS in a previous study for individuals with this 
allele, that they might be particularly defenseless 
against COVID-19[32]. However, HLA-B*15:03 
was suggested to have a huge capacity for pre-
senting highly preserved SARS-CoV-2 peptides 
which is commonly shared in human coronavi-
ruses, and that might have cross protection and 
might enable T cell-based immunity[38,39]. 

HLA antigens have an important role in the 
immune system by determining the peptide rep-
ertoire presented to the T cell compartment. 
With its dense genetic polymorphisms, this sys-
tem confers strong variability in vaccine-induced 
immune responses and can complicate the se-
lection of vaccine candidates as the distribution 
and frequencies of HLA alleles are highly variable 
among different ethnic groups[40].

HLA heterozygosity has been associated with 
variations in vaccine-induced immunity against var-
ious pathogens. HLA homozygosity can alter im-
mune responses to vaccines. For example, HLA 
homozygosity is associated with lower measles 
virus-specific IgG levels after a single dose of 
MMR vaccine (live weakened viruses)[41]. However, 
in the case of the rubella vaccine, homozygosity 
at the HLA-DPB1 locus after two doses of ru-
bella-containing vaccine has been associated with 
increased levels of rubella virus-specific IgG, an 
effect driven by a common DPB1*04:01 allele[42]. 

Liu and et al. have shown that HLA-B*40:01 
and “HLA-B44” are potentially associated with 
non-response after immunization with the novel 
RV3 vaccine in Chinese infants[43].

HLA- DRB1,-DQB1, -DPB1, have been 
shown to be associated with interindividual var-
iance in the hepatitis B (HB) vaccine response.  
DPB1*04:02 was shown as independent predictor 
of the HB vaccine response in Korean popula-
tion[44]. Ovsyannikova et al. have suggested that 
rubella vaccine-induced adaptive immune respons-
es are significantly influenced by polymorphisms 

of HLA class I and II alleles, particularly A*31:01, 
B*27:05, and DPB1*04:01[45]. In a large cohort 
(2.506 healthy immunized subjects), it has been 
shown that suggestive associations between sev-
eral allelic variants of the HLA-B, -DQB1 and 
-DRB1 loci and measles vaccine-induced neutraliz-
ing antibodies. HLA-B*57:01, HLA-DQB1*06:02, 
and DRB1*15:05 alleles were associated with 
variation in antibodies[46]. “Multiple epitope-based 
peptide “epitopes capable of activating a number 
of “HLA-restricted T-cell” features can be com-
bined with “B-cell epitopes” to form a vaccine. 
This form of vaccine produces specific immune 
responses[47]. Epitope-based vaccines were found 
to induce stronger responses than whole protein 
vaccines[48].

Recently developed technological tools such 
as computation that could gain and put together 
data from in vitro or “mass spectrometry assays” 
might get to the prediction of peptide-binding 
affinities of HLA molecules[49]. The methods 
that could be used for the identification of viral 
epitopes might be considered as good candi-
dates for peptide-based vaccines, including against 
SARS-CoV-2 and HIV-1, Ebola virus[43,50-52].

New vaccines and tools to monitor T/B cells’ 
response to COVID-19 have been developed using 
Bioinformatics studies. In this context, bioinformat-
ics tools are highly useful for the driven “SARS-
CoV-2 HLA-class I and II epitopes”. Kyotani et 
al. have shown that HLA-class I (n= 781) and 
HLA-class II (n= 418) epitopes are known to 
be common among SARS-CoV-2 and SARS-
CoV. The four epitopes have been established as 
follows; S1060-1068, S1220-1229, N222-230” 
and “N315-324 SARS-CoV-2”. The high affinity 
epitopes for “HLA-A*02:06, HLA-B*52:01” and 
“HLA-C*12:02” have been predicted to originate 
from SARS-CoV-2. S1060-1068 epitopes. These 
epitopes can cover 83.8% of Japanese individ-
uals according to their allele frequencies. Bioin-
formatics screening identified numerous potential 
T cell epitopes, some of which may include 
“SARS-CoV”. Kyotani et al. have suggested that 
these findings could contribute to the design of 
vaccines (DNA or RNA, inactivated viral or pep-
tide vaccines), as well as monitoring the immune 
response of SARS-CoV2-infected patients[54].
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Candidate T cell epitopes could be identified 
by the prediction of “HLA binding affinity”. For 
the selection of peptide, “HLA binding” affinity 
of “500 nM” is accepted as a threshold. The 
percentage of peptides predicted to bind with 
affinities of 500 nM varies by HLA allele. For 
example, “dengue virus-derived” peptides only 
0.3% were predicted to bind “HLA A*01:01”, 
whereas 5% were predicted for “A*02:01”. Ab-
solute binding capacity is accepted as a better 
predictor of immunogenicity in several studies[55]. 
“Immune Epitope Database” (IEDB) is a tool to 
analyze epitopes and has revealed that predictive 
efficacy is increased using “allele-specific affinity 
thresholds”[56].

Barquera R et al. have studied to predict the 
peptide-binding affinity of each HLA antigen to 
all possible peptides (9-mer HLA Class I) and 
(13-mer for HLA Class II) derived from all viral 
proteins. The number of viral peptides included 
in the study for HLA “Class I/Class II-bind-
ing” predictions were 7065/7061 for “SARS-
CoV-1”, 7089/7084 for “SARS-CoV-2”, IEDP, 
and “Analysis Resource “virtual machine” image 
was also used for peptide-HLA-binding affinity 
predictions in this study[57,58]. For each epitope 
sequence predicted to be an “HLA binder”, the 
predicted IC50 value (half the maximum inhib-
itory concentration, measured in molar concen-
tration nM units) and percentile rank (unitless) 
for peptide binding to MHC molecules were 
calculated using the “NetMHCIIpan method”. This 
method predicts the specific subsequence that an 
HLA antigen recognizes (binding core) as well as 
its binding affinity using a neural network-based 
model[59].

Binding affinities between 438 HLA antigens 
have been characterized using a bioinformatics 
method derived from the entire SARS-CoV-2 
proteome[60]. Overall allelic frequency distributions 
have been analyzed, and statistical modeling has 
been used to hypothetically identify the HLA 
proteins that bind these viral peptides strongest 
and weakest[60].

Barquera R et al. have classified the binding 
predictions as strong (IC50 ≤50 nM), regular (50 
nM <IC50 ≤500 nM) and weak (500 nM <IC50 
≤5000 nM) binders for Class I, and strong (IC50 

≤50 nM), regular (50 nM <IC50 ≤1000 nM) 
and weak (1000 nM <IC50 ≤5000 nM) bind-
ers for Class II. Any peptide-binding prediction 
affinity above 5000 nM has been considered 
as a non-binder[58]. Strongest binders are those 
predicted to bind at least 100 viral peptides with 
strong affinity and weakest binders were those 
predicted to bind weakly or not at all to more 
than 99% of viral peptides. 

Twenty eight HLA antigen were classified as 
strongest and 144 HLA as weakest have been 
reported in all Class I and II antigens. 

A*02:11 and A*02:22 are strongest HLA-A 
binders for Class I. They bind more than 200 
peptides with high affinity and are also weak or 
non-binders for the lowest proportion of peptides 
(<93%). B*15:03 is predicted to bind more than 
200 peptides with strong affinity. B*35:10 and 
B*15:17, *15:25, *15:39 are the other strongest 
binders. 

Among the DR alleles, DRB1*01:01 is strong 
binder for as many as 719 peptides, followed by 
DRB1*10:01 (358 peptides) and DRB1*01:04. 
Frequencies of the strongest and weakest HLA 
binders having been different among populations 
from different geographic regions is the more 
interesting findings in the study[59-62].

CONCLUSION

After all these studies, while the detailed clini-
cal picture of the COVID-19 pandemic continues, 
there are still important questions to be answered 
about the importance of genetic variability in 
the immune response against SARS-CoV-2. The 
responses to some of these questions may be 
provided with “HLA typing” in severe cases 
particularly with no significant risk factor. In the 
near future the identification of “epitope” and 
the prediction of “HLA peptide-binding” could 
be useful for research of immunogenetic to un-
derstand the behaviour of specific HLA alleles in 
pathogen-rich environments. 

HLA genes do not explain all the variations in 
immune responses to vaccines in the population. 
The vaccine response is thought to be controlled 
by a multiple genetic locus, which is consistent 
with the immune response network theory.
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