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Abstract: COVID-19 is a novel infectious disease, caused by Severe Acute Respiratory Syndrome Coronavirus-2 

(SARS-CoV-2), possesses varying degree of susceptibility and lethality worldwide. The reason behind this geographical 

variation is likely to be multifactorial and is driven by a combination of genetic (HLA) and epigenetic factors. In this 

background the objective of the present discourse is to provide a complimentary overview on associations between 

classical HLA class I and class II molecules and susceptibility to SARS-CoV-2 and the role of HLA genetic diversity in 

determining the geographical distribution pattern, risk, severity, and outcomes of SARS-CoV-2 infection. Therefore, we 

performed a literature search reviewing pertinent articles and documents. Present review presumed that, individual HLA 

genotypes differentially induce the T-cell mediated antiviral response and potentially alter the course of disease and its 

transmission. Individuals with some HLA types are at higher risk from the disease while others remain protective. At 

present time when vaccination process has been started, the isolation of those individuals with high-risk HLA types could 

be prioritized for vaccination. 
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I. INTRODUCTION 

COVID-19 is a novel infectious disease, caused by Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 

which belongs to the family Coronaviride [1]. From the large family of coronaviruses, SARS-CoV-2 is the seventh 

encountered strain that have been known to cause respiratory disease in humans [2], ranging from mild (common cold) 

to severe (acute respiratory disease)[3]. Nevertheless, massive global research efforts, contemporary data and perceptive, 

continues to generate surge of information on COVID-19 complications. Consecutive studies reported drastic systemic 

events taking place that contribute to the severe clinical outcomes such as; decreased hemoglobin i.e., anemia, hypoxia, 

altered iron metabolism, hypercoagulability, oxidative stress, cytokine storm, hyperferritinemia and multi organ failure 

(MOF) which are reportedly hailed as the hallmark of the COVID-19 hyper-inflammatory state [4-8]. Emerging evidence 

indicates that SARS-CoV-2 can also invade and attack the central nervous system (CNS) [9-10] leading to a wide 

repertoire of neurological symptoms and complications. 

There are several genetic mediators that facilitate the SARS-CoV-2 infection in different human organs. Among them 

the most established one is Angiotensin-Converting Enzyme-2[11] (ACE2). The spike (S) protein of SARS-CoV-2 

facilitates viral entry into the target cells which further depends on the binding of the surface unit (S1) of the S protein to 

a cellular receptor that facilitates viral attachment to the surface of target cells. Again, this entry requires S protein priming 

by cellular proteases, which entails S protein cleavage at the S1/S2 and the S2 site and allows fusion of viral and cellular 

membranes [12].SARS-CoV-2 enters the human body through ACE2 receptor, present in the lung epithelial cell [11-13] 

and priming or activation of spike protein is relying upon transmembrane protease serine 2 (TMPrSS2) [14]. Recent data 

suggest that another protein termed neuropilin-1 (NRP1)[15] can potentiate infection by priming the fusion activity but 

only in the presence of aforementioned host factors. 

Studies envisaged that, people across the globe do not all have identical immunity for protecting themselves against the 

coronavirus. This disease endangers disproportionately the males[16,17] and elderly especially those with pre-existing 

co-morbidities[18]. Furthermore, irrespective of age people with many comorbidities, including cardiovascular and 

pulmonary disease, diabetes appear to have higher severity and mortality by COVID-19 [17,19].Interestingly, children 

seems to have lower susceptibility to the disease[20,21], possibly due to lower binding ability of the ACE2 receptor in 

children or generally higher levels of antiviral antibodies [22].Nevertheless, for a pandemic situation beside age and 

gender, ethnicity is also another imperative factor for all kind of health and disease studies. SARS-CoV-2 infection, 

possesses varying degrees of susceptibility and lethality both between countries and also within countries, across different 

regions [17,23,24].The highest number of case fatality rate (CFR) have been reported in Europe, followed by America, 

the Eastern Mediterranean, Western Pacific, South East Asia, and Africa [25].Despite of high population densities, poor 

medical infrastructure, malnutrition, the countries like, South East Asia and Africa to date have witnessed comparatively 

lesser number of case fatality rate due to COVID-19, pointing to some innate, natural defense against SARS-CoV-2[24]. 
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Although, the reason behind this geographical variation remains uncertain and are likely to be multifactorial and are 

driven by a combination of genetic[26] and epigenetic factors [27-30]. 

Genetic predisposition for an increased risk of SARS-CoV-2 infection is related to the expression of ACE2 [31],could 

shed insights into the geographical variation of this disease. ACE2 expression is associated with Angiotensin Converting 

Enzyme polymorphism (ACE I/D), close homologue of ACE2 [32].Expression of this ACE2 decreases among the 

individuals who possesses “D” allele, whereas, approximately doubled the ACE concentration among them32 which in 

conjugation results in a number of comorbidities including, Hypertension, Diabetes, Cardiovascular disease [33,34] thus 

the severity of COVID-19 infection [18]. The ACE I/D polymorphism discerned important geographical variation 

[35].Although the outbreak of SARS-CoV-2 emerged in Asian countries but after that European countries and USA 

experienced much higher incidence of morbidity and mortality rate [25].Studies [36-38]reported that, frequency of the 

D-allele is higher in Europe, Southern Europe and USA, compared to Asia and particularly India, hoist intuitive 

phenomenon behind the higher frequency of morbidity and mortality among the Europeans than in the Asians.  

Besides this, genetic variations in immune function-related genes such as human leukocyte antigen (HLA) are emerging 

as a critical determinant of COVID-19 infection progression [3,25] as well as geographical variation [39]. HLAs are 

proteins encoded by a diverse set of human genes in the major histocompatibility complex (MHC) [3,25] and are acritical 

component of the viral antigen presentation pathway [3].HLA is divided into three classes, I, II & III [40,41]. HLA class 

I proteins are responsible for coding the molecules like, HLA-A, -B, -C, -E, -F and –G present in almost all somatic cells 

[40-42]. The class II proteins code the molecules like, HLA-DR, - DQ, -DM and -DP, expressed in a subgroup of antigen-

presenting immune cells, including B cells, activated T cells, macrophages, dendritic cells and thymic epithelial cells 

[40-41] and finally the class III molecules encode complement proteins that interact with antibody-antigen complexes 

and induces cell lysis [42].The classical HLA loci are the class I and class II molecules that are identified for their role 

in presentation of antigen to CD8+ and CD4+ T cells respectively and also for recognition of self-versus non-self [25-

39]. They are encoded by a 4-Mb region of human chromosome 6p21 that is recognized as the most variable region in 

the human genome [43].HLA molecules are positioned on the surface of cells, and serves as receptors for viral peptides, 

as they present the peptides to the virus-specific cytotoxic T lymphocytes [25].There are several hypotheses about the 

mechanism of HLA and disease association, possibly which varies for different diseases. Among them one of the 

hypotheses is; greater or less affinity of HLA for the disease-causing peptide [44] i.e., when a virus infects an organism, 

the invader’s proteins are first cut into small fragments called peptides. Then the HLA molecules bind with these 

fragments and expose them to the surface of the cells, CD8+ T cells recognize the conformational structure of the peptide 

binding groove of the MHC class I molecules, bound to an antigenic peptide, recognizes the self or non-self andthereby 

triggering a cascade of immunity reactions designed to eliminate the virus. Variation in the conformational structure of 

the peptide binding groove and its binding to varied peptides are determined by variations within HLA (Class I, II) genes 

[45].This HLA genes exhibit extreme diversity and have several thousand reported polymorphisms [41,46] with 

numerous alleles with various possible combinations. This polymorphism contributes to the genetic diversity of the 

species and to the differences in susceptibility to diseases among genetically distinct groups [47]. 

Since, the discovery [48], HLA loci have stood out as the leading candidates for infectious disease susceptibility.A few 

studies also carried out on HLA association with SARS-CoV-1 [49-52]. HLA alleles like, HLA-B*46:0 [49], HLA-

B*07:03 [50], HLA-C*08:01 [51], and HLA-DRB1*1202 [52] were considered as a risk allele for SARS-CoV-1 while 

several other alleles like; HLADRB1*03:01 [50], HLA-C*15:02, and HLA-DRB1*03:01 [53] provided protection 

against this disease. In addition to this, multiple functional studies [54,55] identified HLA-A*0201 T cell epitopes from 

SARS-CoV nuclear capsid and spike proteins for severe outcome. Beside this, associations between HLA genotypes and 

increase or decrease risk of disease severityextend broadly to several other unrelated viruses, for example, Hepatitis B 

[56-58], Hepatitis C [56,59-61], human immunodeficiency virus (HIV) [62-64], Tuberculosis [65-67], Schistosomiasis 

[68], Dengue [69]. Therefore, it can be said that, variability in HLA genes are crucial in MHC-peptide interactions and 

in differential susceptibilities to viral infection and also in transplant immunity [70]. 

II. OBJECTIVE 

In this background the objective of the present discourse is to provide a complimentary overview on associations between 

classical HLA class I and class II molecules and susceptibility to SARS-CoV-2 and the role of HLA genetic diversity in 

determining the geographical distribution pattern, risk, severity, and outcomes of SARS-CoV-2 infection. 

III. MATERIAL AND METHODS 

Therefore, we performed a literature search reviewing pertinent articles and documents. PubMed, Google Scholar and 

ResearchGate were investigated using the following headings and keywords, linked to the word COVID-19 or SARS-

CoV-2: origin, spike protein, ACE2 receptor, ACE I/D polymorphism, Immunity, HLA, MHC, genotypes, locus, genes, 
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alleles, epitope, pathogenesis, immunology, cytokines, mortality, morbidity, geographical variation, humoral response, 

T cells, B cells. 

IV. ANALYSIS OF LITERATURES 

There is a growing recognition that HLA, being the critical regulator of immune response to viral infections, may play a 

crucial role in differential susceptibility to SARS-CoV-2 infection [71] and this is strengthen by the study on 28 patients 

suffering from COVID-19 induced severe respiratory failure, where the patients represented lower expression of HLA-

DR accompanied by profound reduction of CD4, CD19 lymphocytes and natural killer (NK) cells [72]. A large number 

of different HLA alleles were studied by many [3,73-76] to find out the binding affinity of the alleles with SARS-CoV-

2 peptide and its presenting capacity to T cells.  

Anin silico analysis [73] suggested higher binding tendency of SARS-CoV peptide to HLA-A: 02:01. Efforts are also 

being made by an another study [76]to predict the MHC class I epitope landscape using SARS-CoV-2 viral proteomes 

and found some epitopes of SARS-CoV-2 were associated with five distinct HLA alleles, such as HLA-A*02:01, HLA-

B*40:01, HLA-DRA*01:01, HLA-DRB1*07:01, and HLA-DRB1*04:01. Another study [74]confirmed the association 

of all these HLA class I peptides with SARS-CoV-2.Furthermore, bioinformatics prediction and molecular modeling 

study [75]identified HLA-A*02:03 and A*31:01 as highly effective antigen presenters for SARS-CoV-2, implying that 

these would provide protection, while, HLA-A*03:02 appeared as a risk allele. Subsequent to this, another in silico 

analysis [3] have been done on binding affinity of MHC class I molecules with viral peptide across 145 HLA-A, -B, and 

-C genotypes for all the peptides of SARS-CoV-2 and observed that, the HLAB*46:01 allele could increase susceptibility 

to COVID-19, as this allele had fewest predicted binding peptides for SARS-CoV-2 while in contrast HLA-B*15:03 

could provide T cell-based protective immunity as this allele displayed highest capacity to present highly conserved 

SARS-CoV-2 peptides. This study also reported that at haplotype level, HLA-A*02:02, HLA-B*15:03, and HLA-

C*12:03 exhibited highest and HLA-A*25:01, HLA-B*46:01, and HLA-C*01:02 displayed lowest predicted repertoire 

of epitopes from SARS-CoV-2 (Fig: 1). Another study found that B*15:27 alleles may be associated with the occurrence 

of COVID-19 [77]. 

 

 

 

 

 

 

 

 

 

 

 

Fig: 1. Distribution of HLA Alleles in different ethnic population and their association with COVID-19 severity  

The frequency of these HLA alleles varies from one population to another due to past migrations and their adaptation to 

different environments [78,79].This variation in HLA allele distribution along with distinct pattern of geographical 

variation in the incidence of COVID-19 indicated that population-specific HLA alleles act as an intrinsic determinant of 

protective immunity against SARS-CoV-2 and make some individuals and/or population resistant or vulnerable to this 

disease [25].For example, HLA-A*02 allele and its several molecular subtypes are mainly found in Caucasian, African, 

Oriental, and Asian populations [80].A recent study in North and central Indian populations on certain alleles of HLA-

A*02 such as,A*02:01, *02:03, *02:05, *02:06, *02:07, and *02:11 were shown to have high frequencies. Among these 

A*02:11 exhibited highest occurrence at the repertoire level [81]seems to be common in Indian populations but it is 

completely absent in Caucasian and Oriental populations. Although the frequency and diversity of certain alleles of HLA-

A*02 reported to be high in African populations [82].These HLA-A*02 subtypes are predicted to be protective against 

SARS-CoV-2 infection [74-76]which exhibits higher frequency in Indian and several African populations may be a 
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possible reason of comparatively less severity due to COVID-19 in Indian and African populations than European and 

other world populations, although in the USA, people of African descent have been hardest hit [83].Furthermore, HLA-

B*46:01 allele which is known to increase the susceptibility to COVID-19 [3],interesting to note that HLA-B*46:01 

originated in people of South East Asia, and has high distribution in South East Asia [84],while it is completely absent 

in Indian and African populations and rarely present in European populations. Similarly, the protective allele, HLA-

B*15:03 [3]is completely absent in East Asian gene pool while it is the most frequent allele in populations of African 

descent. Again, the susceptibility allele, HLAC*12:03 seems to be the most frequent allele in the European descent. This 

explains partially why the susceptibility of COVID-19 varies in people from different backgrounds. 

V. CONCLUSION 

From the present narrative it can be concluded that, individual HLA genotypes may differentially induce the T-cell 

mediated antiviral response and could potentially alter the course of disease and its transmission. Individual genetic 

variation may help to explain different immune responses to a virus across a population. In particular, understanding how 

variation in HLA may affect the course of COVID-19 could help identify individuals at higher risk from the disease. At 

present time when vaccination process has been started, the isolation of individuals with high-risk HLA types could be 

prioritized for vaccination. 

VI. LIMITATION 

Despite of having protective HLA (HLA-A*02) allele subtypes, America’s Indigenous populationsface a devastating 

effect of COVID-19 while on the other hand European population which is devoid of the risk allele (HLA-B*46:01) 

suffer from high rate of CFR due to COVID-19, indicates HLA is far from being the only element that can be used to 

predict effective or ineffective resistance to a virus, require more studies in this regard. 
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