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Abstract— coronavirus disease-2019 (COVID-19) is a novel 

pandemic caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV2). It presents with wide variations 

in disease severity, and certain populations appear to be more 

susceptible than others. The mechanisms of such 

heterogeneity in disease presentation and susceptibility are 

largely unclear, and this review article aims to examine the 

existing evidence for the involvement of the human Major 

Histocompatibility Complex (MHC) system, which is also 

known as the Human Leukocyte Antigen (HLA) system, as 

potential effectors of such heterogeneity. We critically 

examined in-silico studies, and classified HLA class 1 and 2 

alleles into risk and protective alleles based on existing 

evidence. Furthermore, we summarized the relationship 

between HLA-DR expression and COVID-19 

pathophysiology based on functional studies. We postulate 

that the identification of HLA alleles that confer risk or 

protection for COVID19 will not only shed light on 

understanding disease epidemiology but will also help to 

guide vaccine development and predict vaccine efficacy 

across populations. 
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I. INTRODUCTION 

Coronaviruses are a diverse group of viruses infecting many 

different animals, and they can cause mild to severe 

respiratory infections in humans. In 2002 and 2012, 

respectively, two highly pathogenic coronaviruses with 

Zoonotic origin, severe acute respiratory syndrome 

coronavirus (SARS- Co V) and Middle East respiratory 

syndrome coronavirus (MERS-Co V), emerged in humans 

and caused fatal respiratory illness, making emerging 

coronaviruses a new public health concern in the twenty-first 

century [1 ] At the end of 2019, a novel coronavirus 

designated as SARS-CoV-2 emerged in the city of Wuhan, 

China, and caused an outbreak of unusual viral pneumonia. 

Being highly transmissible, this novel coronavirus disease, 

also known as coronavirus disease 2019 (COVID-19), has 

spread fast all over the world. it has overwhelmingly 

surpassed SARS and MERS in terms of both the number of 

infected people and the spatial range of epidemic areas. The 

ongoing outbreak of COVID-19 has posed an extraordinary 

threat to global public health. OVID-19 caused by SARS-

CoV-2 infection is a global pandemic, with more than 

17.8 million infections and more than 741,000 deaths as of 25 

July 2020, according to the COVID-19 Map of the Johns 

Hopkins Coronavirus Resource Center. SARS-CoV-2 

infection can result in a range of clinical manifestations, from 

asymptomatic or mild infection to severe COVID-19 that 

requires hospitalization. Patients who are hospitalized often 

progress to severe pneumonia and acute respiratory distress 

syndrome (ARDS) [1–3]. Although relatively little is known 

about the immunology of individuals who are asymptomatic 

or individuals with mild disease who do not require 

hospitalization, recent studies have revealed important 

insights into the immune responses of patients who are 

hospitalized. Similar to other respiratory viral infections, 

adaptive immune responses [4–9],  

II. LYMPHOPENIA IN COVID-19  

One prominent feature of SARS-CoV-2 infection is 

lymphopenia [1,6,12,13]. Lymphopenia is associated with 

severe disease [10,12,13] but is reversed when patients 

recover [4,12]. In some patients, lymphopenia has been 

reported to affect CD4+ T cells, CD8+ T cells, B cells and 

natural killer cells [4,6], whereas other data suggest that 

SARS-CoV-2 infection has a preferential impact on CD8+ 

T cells [8,9,14]. Transient lymphopenia is a common feature 

of many respiratory viral infections, such as with influenza A 

H3N2 virus, human rhinovirus or respiratory syncytial virus, 

but lymphopenia in these other infections typically occurs for 

only 2–4 days around symptom onset and rapidly recovers15. 

By contrast, COVID-19-associated lymphopenia may be 

more severe or persistent than in these other infections and 

seems to be more selective for T cell lineages. It is possible 

that the peripheral lymphopenia observed in patients with 

COVID-19 reflects recruitment of lymphocytes to the 

respiratory tract or adhesion to inflamed respiratory vascular 

endothelium. However, although autopsy studies of patients’ 

lungs and single-cell RNA sequencing (scRNA-seq) of 

bronchoalveolar lavage fluid do identify the presence of 

lymphocytes, the lymphocytic infiltration is not excessive 

[5,16]. In addition, a recent scRNA-seq analysis of the upper 

respiratory tract from patients with COVID-19 showed that 

there was a markedly decreased contribution of cytotoxic T 

lymphocytes in patients with severe disease compared with 

those with moderate disease9. In severe disease, lymphopenia 

may be associated with high levels of IL-6, IL-10 or tumour 

necrosis factor (TNF) [6,10,14,] potentially through a direct 

effect of these cytokines on T cell populations [17,18] and/or 

indirect effects via other cell types, such as dendritic cells 

[19] and neutrophils [20,21]. Hyperactivation of T cells or 

high levels of expression of pro-apoptotic molecules, such as 

FAS (also known as CD95) [8], TRAIL or caspase 3 (ref.11), 

could also contribute to T cell depletion. Thus, although the 

mechanisms of lymphopenia in COVID-19 remain 

incompletely understood, the reduction in the number of 

T cells, in particular, in the periphery is a prominent feature 

of many individuals with severe disease. It remains unclear 

why the lymphopenia is T cell biased and perhaps specifically 

CD8+ T cell biased. In animal models, lymphopenia can 

augment T cell activation and proliferation [22]. Therefore, 

determining how lymphopenia in patients with COVID-19 

might impact T cell hyperactivation and, potentially, 
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immunopathology is an important future goal, as therapeutics 

such as IL-7 could be beneficial in this regard. 

III. CD8+ T CELL RESPONSES IN COVID-19 

Early studies of small numbers of patients, or sometimes even 

a single patient, reported alterations in the activation and/or 

differentiation status of CD8+ T cells insevere COVID-19 

(Fig. 1a). For example, there is evidence of terminally 

differentiated T cells or possibly exhausted T cells in severe 

disease, with reported increases in expression levels of the 

inhibitory receptors PD1, TIM3, LAG3, CTLA4, NKG2A 

and CD39 (refs4,8,10,11,23,24). However, expression of 

these receptors could also reflect recent activation, and it is 

not clear whether the T cells in patients with COVID-19 are 

exhausted or just highly activated. By contrast, at least one 

blood scRNA-seq study has reported limited expression of 

inhibitory receptors by CD8+ T cells in patients with 

COVID-19 compared with healthy controls7. In one report, 

CD8+ T cells from patients with severe COVID-19 had 

reduced cytokine production upon stimulation [23]. 

Alternatively, other data suggest that CD8+ T cells might 

have a hyperactivation signature, including high levels of 

expression of natural killer cell-related markers and increased 

cytotoxicity [4,23,25]. Some of these studies imply the 

presence of an overaggressive CD8+ T cell response or a 

hyperactive state in patients with COVID-19 (ref.25). 

Increased numbers of CD38+HLA-DR+ activated CD8+ 

T cells or Ki67+ proliferating CD8+ T cells were also 

responses [5,16,] and recent scRNA-seq data from the upper 

respiratory tract imply that interactions occur there between 

epithelial cells and cytotoxic T lymphocytes, in particular 

through an interferon-γ (IFNγ) axis9. Indeed, more robust 

clonal expansion of CD8+ T cells in peripheral blood [28] or 

bronchoalveolar lavage fluid5 may be associated with milder 

disease or recovery, although it is not clear whether this 

CD8+ T cell clonal expansion is the cause or consequence of 

the disease recovery. Last, there is evidence of SARS-CoV-

2-specific CD8+ T cells in patients who have recovered, 

which provides evidence not only of virus-specific CD8+ 

T cell responses but also of CD8+ T cell memory in many 

convalescent patients [29–32]. The precise role of these virus-

specific CD8+ T cells in control of initial acute SARS-CoV-

2 infection and their capacity to protect from future infection 

remain to be determined.  

IV. CD4+ T CELL RESPONSES IN COVID-19 

Similar to CD8+ T cells, there is evidence of functional 

impairment and increased expression of activation and/or 

exhaustion markers by CD4+ T cells in patients with 

COVID-19 (refs10,14) (Fig. 1b). Case reports observed in 

many, but not all, patients [ 4,8,11,26]. In other settings, 

CD38+HLA-DR+ or Ki67+ CD8+ T cells that are present in 

the blood during the acute phase of a viral infection or after 

live-attenuated vaccination contain virus-specific T cells 

[27], which indicates that there might be virus-specific CD8+ 

T cell responses in those patients with COVID-19 who have 

robust CD38+HLA-DR+ or Ki67+ CD8+ T cell responses. 

However, not all patients have this T cell activation 

phenotype and current data point to potentially diverse 

patterns of CD8+ T cell responses in patients with COVID-

19 (ref.8). Several important considerations arise from these 

studies: how does heterogeneity of the CD8+ T cell response 

relate to disease; how do T cell responses in peripheral blood 

reflect events in the respiratory tract; and are the CD8+ T cell 

responses antigen specific First, multiple studies have 

indicated heterogeneity in immune responses to SARS-CoV-

2, including in CD8+ T cells, and emerging data identify 

potentially distinct patient immunotypes6,8 that might, in 

some cases, be related to disease features. Second, autopsy 

studies and scRNA-seq data from bronchoalveolar lavage 

fluid suggest the importance of respiratory CD8+ T cell have 

suggested that CD8+ T cell activation might be greater than 

CD4+ T cell activation, as defined by activation markers such 

as CD38 and HLA-DR [26,33,34]. However, another study 

identified a subset of patients with higher levels of CD4+ 

T cell activation who possibly do worse clinically [ 8]. One 

report has described a higher proportion of IFNγ-producing T 

helper 1 (TH1)-like cells in patients with moderate disease 

than in patients with severe disease13. Moreover, CD4+ 

T cells specific for thehelper (activated cTFH) cells8 may 

also be altered in patients with COVID-19, with increased 

numbers of activated cTFH cells in some settings perhaps 

connected to a reported increase in the number of circulating 

plasmablasts [4]. Lymphopenia also affects CD4+ T cells, 

although some studies suggest that the impact is less than that 

for CD8+ T cells [8,38]. It remains to be determined how 

lymphopenia might relate to CD4+ T cell activation and/or 

dysfunction. Moreover, in addition to memory CD8+ T cells, 

patients who have recovered from SARS-CoV-2 infection 

have virus-specific memory CD4+ T cells [29–32], which 

bodes well for the possibility of T cell memory and, perhaps, 

protective immunity. In individuals who recovered from mild 

COVID-19, CD4+ T cells gained a typical memory 

phenotype with high levels of expression of IL-7Rα (ref.32). 

Interestingly, cross-reactive memory CD4+ T cells are also 

found in subjects who have never been exposed to SARS-

CoV-2 (ref.29). It is unclear how these pre-existing memory 

CD4+ T cells, which are presumably generated in response to 

human endemic coronaviruses, affect immunity or pathology 

upon SARS-CoV-2 infection. There are other settings in 

which the presence of memory CD4+ T cells in the absence 

of effective CD8+ T cells or antibodies can cause 

pathology39. Thus, CD4+ T cell responses are present in 

patients with COVID-19 and perhaps form memory 

following resolution of the disease. Whether CD4+ T cells 

responding in acute infection with SARS-CoV-2 are 

functionally impaired or hyperactivated, and how these 

responses relate to disease outcome, remain important 

unanswered questions. 
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Fig. 1: potential model of T-cell responses during COVID-19 progression. A proposed model of CD8+ T cell responses (a) 

and CD4+ T cell responses (b) during COVID-19 progression in mild versus severe disease. Tables show the immune 

parameters that have been reported to differ between mild and severe COVID-19. Phenotype data are collated from the 

references cited in this Progress article. Results that have been confirmed by multiple studies are indicated in bold type. CCL, 

CC-chemokine ligand; CCR6, CC-chemokine receptor 6; CTLA4, cytotoxic T lymphocyte antigen 4; CX3CR1, CX3C-

chemokine receptor 1; CXCL, CXC-chemokine ligand; GZMB, granzyme B; ICOS, inducible co-stimulator; IFNγ, 

interferon-γ; KLR, killer cell lectin-like receptor; LAG3, lymphocyte activation gene 3; TCR, T cell receptor; TFH cell, T 

follicular helper cell; TH1 cell, T helper 1 cell; TH2 cell, T helper 2 cell; TH17 cell, T helper 17 cell; TIGIT, T cell 

immunoreceptor with immunoglobulin and ITIM domains; TIM3, T cell immunoglobulin and mucin domain-containing 

protein 3; TNF, tumour necrosis factor; Treg cell, regulatory T cell. 

 This review aims to explore the evidence base on the 

association between HLA and COVID19 susceptibility/ 

symptom severity. Within the last few months, a review 

article that summarized the current literature on the 

relationship between HLA genotypes and coronavirus 

susceptibility was published by Sanchez-Mazas et al,[33] 

with a focus on SARSCoV-1. The authors included case-

control studies in Asian countries, as well as bioinformatics 

studies encompassing both SARS-CoV-1 and SARS-CoV-2. 

Due to increased international attention on the current 

pandemic, SARS-CoV-2 researchers are making rapid 

progress in expanding the knowledge base on the HLA / 

SARS-CoV-2 association. Since the publication of the 

previous review article, one additional case-control 

study,[34] two new cohort studies, [35,36] one additional 

bioinformatics study with in vitro validation,[37] as well as 

several functional studies using either case-control or case 

report design have been released specifically for SARS-

CoV2. Therefore, we believe that this topic warrants an 

updated review, with a focus on SARS-CoV-2, as we now 

have more data to compare risk/protective HLA alleles across 

the various coronavirus species. In this review, we offered an 

alternative and an updated framework for organizing the 

current studies on the HLA / SARS-CoV-2 association. First, 

we presented the available research on SARS-CoV-2 broken 

down by either protective / risk alleles or, in the absence of 

data regarding disease susceptibility, evidence for 

particularly strong binding affinity. Second, we performed a 

parallel comparison by considering indirect supportive or 

conflicting evidence from studies on the HLA association 

with SARS-CoV-1 and Middle East respiratory syndrome 

coronavirus (MERS-CoV) as well as studies investigating 

other types of viral infections. Last, we provided a qualitative 

summary of the existing functional investigations on the role 

of HLA-DR and HLA-G in mediating inflammatory 

responses from SARS-CoV2 infection. Both the MHC class 

I and class II molecules are active mediators of humoral and 

cellular immunity through antigen presentation. Virus-



Potential Role of Immune System and Its Cells against (SARS -COV- 2) and COVID 19 

 (IJSRD/Vol. 10/Issue 8/2022/016) 

 

 All rights reserved by www.ijsrd.com 72 

specific B and T cells, which regulate the body’s humoral and 

cellular immunity, are stimulated by antigen presentation. 

Whereas antibody response (IgM and IgG) has been 

documented for all coronaviruses, [38,39] cellular immunity 

plays a more prominent role.[40] Therefore, a better 

understanding of viral antigen presentation can elucidate 

COVID-19 pathogenesis and potentially help to explain the 

various degrees of appropriate immune response and immune 

over-activation (e.g. cytokine storm) that are present in 

different patients. Similar to previous public health concerns, 

the current novel coronavirus pandemic disproportionally 

affects the communities that lack the economic and medical 

resources needed to mount a sufficient response. In the 

United States, this manifests in significantly higher 

hospitalization and mortality rates for African American, 

Hispanic, Pacific Islander, and Indigenous populations. 

[41,42] Due to these disparities being so closely associated 

with race and ethnicity, identifying particular genetic 

variations that influence SARSCoV-2 susceptibility and 

severity between populations can have a substantial impact 

on the development of specific treatment and prevention 

models in underserved communities 

V. RESULTS  

A. A Brief Historical Perspective  

To date, there are a limited number of studies on the 

association between HLA and COVID-19, but there exists a 

wealth of literature on the relevance of HLA in other related 

coronaviruses such as SARS-CoV-1 and MERS-Co V, which 

all suggest the involvement of both MHC-I and MHC-II 

systems. Although studies on HLA association with 

COVID19 are limited, the existing evidence from other 

related viruses provided promising clues for understanding 

pathophysiology and generating preventative and therapeutic 

efforts for COVID-19. Both MHC I and II molecules appear 

to play a role in coronavirus susceptibility. Various types of 

HLA polymorphisms such as HLA-B*4601, HLA-B*5401, 

HLAB*0703, HLA-DRB1*1202, and HLA-C w*0801 are 

associated with SARS-CoV-1 susceptibility.[43-45] 

Specifically, HLA-B*4601 is strongly associated with 

SARS-CoV-1 severity in Asian populations.[16 ]On the other 

hand, alleles such as HLA-DR0301, HLA-Cw1502, and 

HLA-A*0201 decrease susceptibility to SARS-CoV-1 

Infection.5 In MERS Co V infection, HLA-DRB1*11:01 and 

HLA-DQB1*02:0, which are variations of MHC II 

molecules, are associated with vulnerability to MERS-

CoV.[46 ]Alleles that confer similar risk or protective effects 

in SARS-CoV-2 infection are summarized in (Table 1 )and 

discussed extensively in the following sections.  

B. SARS-Cov-2 Studies by Study Design 

Case-control, cohort, and observational studies Due to the 

relatively recent emergence of SARS-CoV-2, few published 

studies have investigated the relative frequencies of HLA 

alleles using a case-control study design. Despite multiple 

reports of case-control studies on other related coronaviruses, 

only one such study has been published specifically to SARS-

CoV-2.5 Wang et al compared the frequency of nine different 

HLA loci, genotyped in 82 Han subjects from Zhejiang, in 

SARS-CoV-2 positive patients with controls. The SARS-

CoV-2 positive individuals were found to have a significantly 

higher incidence of the HLA - C*07:29 and -B*15:27 alleles. 

An observational study conducted by Correale et al showed 

an association between HLA allele frequency distribution and 

COVID-19 occurrence in India. The data sample of HLA 

allele frequency was collected from the Indian Bone-Marrow 

Donors Registry, which was retrieved from 370,000 cohorts 

of volunteer donors. It was discovered that HLA-A*25, B*08, 

B*44, B*15:01, B*51, C*01, and C*03 showed positive 

loglinear association with COVID-19 incidence rate, and 

HLAB*14, B*18, and B*49 showed an inverse log-linear 

association. Warren et al demonstrated primary observations 

on the bronchoalveolar lavage fluid samples of five patients 

at the early stage of the COVID-19 outbreak. HLA-A*24:02 

allele was observed in four out of five (80%) patients. HLA 

class II DPA1*02:02 and DPB1*05:01 haplotype predicted 

in patients 1 to 4 (80%). Genes DQB1*03:01 and 

DRB4*01:01 were predicted in two of the five prospectives. 

Allele 
Supporting Evidence 

(COVID-19) 

Study 

Design 

Conflicting Evidence 

COVID-19 

Evidence in other 

coronavirus studies 

Protective alleles 

HLA-A*02:02 

HLA-A-B*15:03 

HILA-C*12:13 

Nguyen et al 2020: insilico - 

Oany et al 2014: high 

binding affinity to spike 

proteinepitope B*15:03   

C*12:03 

HILA-A*02:03 

HLA A* 31:01 

Romero Lopez et al 2020lower 

incidence of COVID with 

higher allele frequency 

insilico - 
Barquera et al 2020 A *02:03 

SARS CO-V 2peptide binder 

Risk alleles 

HLA-A*25:01 

HLA-B*46:01 

HLA-C*01:02 

Naguyen et al 2020: fewest 

predicted binding peptides for 

(COVID -19) 

insilico - 

Keicho 2009: chen 2006: 

HLAB*4601 associated with 

SARS suceptibility 

HLA B* 15:27 

HLA-C*07:29 

(*based on 1 in 

covid cohart 

Wans et al: these alleles were 

found at higher rates in a 

COVID -19 Positive population 

Case 

control 
- - 

HLA-A* -25 

HLA-B*-08 

HLA-B*-44 

correale et al 2020 cohort - - 

Table 1: Evidence for SARS-CO-2 protective, risk, and high binding affinity alleles 
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References Methodology 

Naguyen et al. 

2020. 

SARS CO- V -2 and SARS -CO-V protein sequences from the NCBI Ref.seq. Database were broken 

into 8 to 12 mers. 

Romero Lopez et 

al. 2020. 

The SARS- CO-V2 spike protein. sequences was susbmitted 

To the Tepi Tool server from the IEDB. Analysis. Resource database in. order to get the epitope 

prediction. For the 27 frequent HLA-A and B alleles. The most immunogenic alleles were selected 

Ahmed et al.2020. Identified epitopes on SARS CO-V   that were experimentally confirmed by positive B or T cell assay 

Table 2: Insilico Methodology 

 
Fig.2   HLA -A, HLA-B, HLA-C, HLA -DRB1; Genotype alleles Ratio 

VI. BIOINFORMATIC IN-SILICO STUDIES  

Three studies so far have explored the epidemiological 

association between HLA alleles and disease prevalence or 

used in silico/in vitro methods for HLA-allele functional 

prediction (see Table 2 for summary of methods). [37,47,48] 

Nguyen et al conducted a comprehensive in silico analysis of 

viral peptide-MHC class I binding affinity across 145 HLA - 

A, -B, and -C genotypes for all SARS-CoV-2 peptides.18 

HLA-B*46:01 had the fewest predicted binding peptides for 

SARS-CoV-2, indicating that individuals with this allele may 

be particularly susceptible to COVID-19 (Fig 2). HLA-

B*15:03 showed the greatest ability to present highly 

conserved SARS-CoV-2 peptides that are shared among 

human coronaviruses, suggesting the availability of cross-

protective T-cell based immunity especially for individuals 

harboring such HLA alleles. Romero Lopez et al aimed to 

predict the most effective antigen-presenting HLA-class I and 

II alleles in top affected populations, 10 countries out of the 

top 14 countries with the highest number of confirmed cases 

by March 31st. [48] Epidemiological association between 

HLA allele frequency and cumulative occurrence of COVID-

19 among countries was also demonstrated. The authors 
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found a negative correlation between HLA-A*02:03 and 

A*31:01 frequencies and the cumulative incidence per 1 

million inhabitants and a positive correlation with HLA-

A*03:02. The authors concluded that, with this result, HLA-

A*02:03 and A*31:01 were associated with better immunity 

against the infection and that HLA-A*03:02 can be 

considered as a risk factor. Ahmed et al screened B and T cell 

epitopes in the structural proteins of SARS-CoV-1 to identify 

identical epitopes on SARS-CoV-2 proteins.8 Additionally, 

the authors performed a population analysis on the MHC 

alleles. They found five MHC alleles (HLA-A*02:01, HLA-

B*40:01, HLA-DRA*01:01, HLA-DRB1*07:01, and 

HLADRB1*04:01) corresponded with 19 different epitopes 

and only 59.76% of the global population was determined to 

likely have an immune response to these epitopes. 

Interestingly, despite multiple efforts to investigate risk or 

protection conferred by HLA alleles using epidemiological 

approaches, there is limited consensus on the potential 

functions of identified HLA alleles across studies. 

RomeroLopez and Nguyen used similar methods, but none of 

the identified alleles overlapped. Also, these identified alleles 

showed a low level of overlap with previous studies on 

related coronaviruses, except for HLA-B*46:01, which was 

simultaneously identified in Nguyen et al as a risk allele and 

also previously found to be associated with SARS 

susceptibility.[44] However, it is encouraging that, based on 

Ahmed’s work, a fraction of HLA alleles that have in vitro 

experimentally validated high binding affinities to SARS 

CoV-1 epitopes also demonstrated strong binding affinities 

with SARS-CoV2 viral epitopes. The roles of HLA-DR and 

HLA-G in SARS-COV2 HLA-DR is an MHC class II 

molecule, known to be involved in antigen presentation to 

helper T cells to facilitate the humoral immune response.[49] 

This is in contrast to MHC class I molecules, including HLA-

A, -B, and -C, which present antigens on the surface of 

infected cells to mediate cell death via cytotoxic T-cells.[50] 

Due to the role of HLA-DR in the identification of 

extracellular pathogens, prior research has found that both 

individual HLA-DR allele composition and overall HLA-DR 

expression levels are effective markers for viral severity. In 

Hepatitis B and C, some HLA-DR alleles have been 

implicated in chronic infections, liver cirrhosis, and high viral 

load, while others are associated with viral clearance, slower 

disease progression, and reduced risk of chronic 

infection.[51] Likewise, the HLA-DR allele frequencies in 

patients suffering from SARS did not match that of healthy 

controls, indicating a link between HLA-DR and SARS 

susceptibility.[52] While specific HLA-DR alleles can have 

either a positive or negative effect on viral severity and 

susceptibility, reduced expression, particularly in monocytes, 

is often associated with an increased (or dysregulated) 

immune response.[53] During respiratory syncytial virus 

infections, HLA-A, -B, and -C levels rise, as monocyte HLA-

DR decreases, with more severe cases exhibiting even lower 

levels of expression. As of yet, the mechanism behind this 

reduction isn’t fully understood, though pro-inflammatory 

cytokines are likely involved.[54] Similarly, reduced 

monocyte HLA-DR is associated with increased severity and 

decreased patient outcomes in liver disease,[55] septic 

shock,[56] and human cytomegalovirus.[57] This association 

between HLA-DR and immune dysregulation makes it an 

important molecule to consider when investigating the 

SARS-CoV-2 cytokine storm. Three studies so far have 

explored the relationship of HLADR expression with 

COVID-19 severity. [58-60] Using a casecontrol study 

design, Giamarellos-Bourboulis et al investigated immune 

responses of 54 COVID-19 patients, including 28 cases of 

severe respiratory failure (SRF). The authors demonstrated 

critical functional significance of lower monocyte HLA-DR 

expression and elevated interleukin-6 (IL-6), which is known 

to decrease HLA-DR expression, as potential mediators of the 

aberrant immune response to COVID-19. Those with 

COVID-induced SRF exhibited either macrophage activation 

syndrome (MAS) or very low monocyte HLA-DR expression 

consistent with immunoparalysis. The authors described a 

pattern of immune dysregulation in SRF associated with 

acute COVID-19 infection characterized by IL-6-mediated 

low monocyte HLA-DR expression and lymphopenia which 

correlated with sustained cytokine production and hyper-

inflammation. Using a prospective study design, Spinetti et al 

sought to investigate the level of the monocytic HLA-DR 

expression in COVID-19 patients in critical condition to 

understand the role of virus induced immunosuppression. [ 

45] COVID-19 positive patents, of which 9 Intensive Care 

Unit (ICU) patients with acute respiratory failure and 7 

patients with primary hospitalization, were investigated in 

this preliminary observational study. All monocytic HLA-DR 

expressions of non-critically ill COVID19 patients (n = 7) 

were normal, but 89% (8/9) of critically ill COVID-19 

patients in ICU showed phenomenons of reduced monocytic 

HLA-DR expression. Thus the authors concluded 36 Oct 

2020 Vol 13 No.1 North American Journal of Medicine and 

Science that severe COVID-19 disease is associated with 

immunosuppression of the innate immune system. In another 

case report, Xu et al presented both the medical treatments 

administered to a COVID-19 patient, as well as the 

pathological findings upon his death, with a focus on T cells 

rather than monocytes. The authors found a reduction in CD4 

and CD8 T lymphocytes in the patient's peripheral blood, but 

the cells appeared to be hyper-activated with elevated 

expression of HLA-DR and CD38 (activated T cell marker). 

[61,62] While there is not a well-defined or agreed upon 

“purpose” of HLA-G compared to other MHC molecules, 

HLA-G is known to have suppressive effects on the immune 

system. Its mis regulation has been implicated in both 

autoimmune and infectious diseases. In many autoimmune 

disorders including Celiac Disease, Rheumatoid Arthritis, 

Lupus, Psoriasis, and Diabetes, HLA-G upregulation is 

related to disease onset and progression.[63] Likewise, 

increased HLA-G levels have been found in infections of 

HIV-1, human cytomegalovirus, HPV, and herpes simplex 

virus-1, likely as a way to avoid immune detection of infected 

cells.34 This precedent implies a probable role in SARS-

CoV-2 related immune dysfunction. Only one study has so 

far investigated HLA-G levels of COVID-19 patients.[64] A 

case study by Zhang et al reported the immune cell, cytokine, 

and HLA-G (including receptor) levels for a COVID-19 

patient during his hospitalization. Overall, HLAG levels 

decreased during the replication phase of COVID-19 and 

increased again after clearance, likely relating to 

corresponding cytokine levels.  
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VII. DISCUSSION 

Research on the association between HLA with COVID-19 is 

limited by heterogeneity in study design and the overall 

paucity of studies. There is a limited inter-study agreement, 

but overlaps of identified risk/protective alleles between 

COVID-19 studies, and with studies related to other SARS 

infections do exist, as summarized in (Table 1). The list may 

continue to expand as more research on this topic emerges. 

HLA-A*02:02, HLA-B*15:03, HLA-C*12:03, 

HLAA*02:03, and HLA-A*31:01 were protective alleles that 

were supported in multiple studies. Moreover, HLA-

A*25:01, HLA-B*46:01, HLA-C*01:02, HLA-A*24:02, 

HLADPA1*02:02, HLA-DPB1*05:01, HLA-DQB1*03:01, 

and HLA-DRB4*01:01 were risk alleles that were supported 

in various studies. Only a handful of case-control or cohort 

studies have been conducted and all are limited by relatively 

small sample sizes. Wang et al are the most stringent among 

the three observational studies with the inclusion of a proper 

control group, with 82 subjects included in the experimental 

group, and 3790 individual subject data, derived from 

previous studies from bone marrow donors, in the control 

cohort. Some conclusions may not be valid: for example, the 

reported “higher frequency” of HLA-C*07:29 in COVID-19 

patients was based on HLA-C*07:29 being observed once in 

the experimental cohort and absent in the control group. 

Warren et al and Correale et al adopted a retrospective cohort 

study design without including control groups. Warren et al 

analyzed the HLA allele frequency of only five patients 

which seriously limit the validity of their findings. Correale 

et al examined the correlation between HLA allele 

distribution and COVID-19 occurrence using a large 

database, but the lack of a control cohort subject the study to 

various biases., All three studies are purely observational, so 

causation can only be inferred, calling for functional 

validations. The HLA genotypes that the three studies 

discovered did not overlap, which may be caused by 

differences in study design (samples taken from different 

countries with different genetic backgrounds), or simply 

sampling bias given the small sample sizes. Due to the high 

cost and time-intensive nature of clinical studies, as well as 

the sheer number of HLA alleles and potential binding sites 

in SARS-CoV-2, many researchers have turned toward 

computer modeling based investigations. Both Nguyen et al 

and Romero-Lopez et al took in silico approaches where they 

modeled HLA alleles with SARSCoV-2 proteins to determine 

binding affinity. While Romero Lopez’ analysis focused on 

the spike protein and compared potential binding sites to 27 

common HLA-A and -B alleles, Nguyen took a broader 

approach, breaking down the entire SARS-CoV-2 proteome 

into 8 to 12 mers which could then be cross-referenced with 

145 HLA alleles. Additionally, Nguyen used binding affinity 

as their primary metric for assessing the benefits or risks 

associated with various alleles, while Romero-Lopez also 

considered the T cell class I MHC immunogenicity score 

when selecting the HLA alleles most likely to confer a 

protective advantage. These discrepancies in methodologies 

may account for the lack of overlap of protective alleles 

between the two studies. In addition to the insilico analysis, 

Romero-Lopez et al also compared the epidemiological data 

on cumulative COVID-19 occurrence with the distribution of 

HLA genotypes across populations. The population-level 

association cannot be readily applied on an individual level, 

and the frequency of the HLA alleles could have been subject 

to migration bias. Actions or policies implemented to restrain 

the epidemic were not also taken into account. Similarly to 

Nguyen et al, another bioinformatic study on HLA binding 

affinity, Barquera et al,[65] used entire proteomes (including 

that of SARS-CoV-2) broken up into 9 to 13 mers, compared 

against 405 HLA-A, -B, -C, and -DRB1 alleles. 

Unsurprisingly, Barquera and Nguyen conferred on some of 

their findings, with both papers citing HLA-A*02:02 and 

B*15:03 as some of the highest peptide-binding alleles for 

SARS-CoV-2. Less expected, however, is that Barquera et al 

also confirmed HLA-A*02:03 as being a strong binding 

allele, a conclusion shared by Romero-Lopez but not Nguyen. 

Due to the somewhat more limited scopes of Romero-Lopez’ 

(and to a lesser extent, Nguyen’s) papers, Barquera’s more 

intensive analysis likely caught alleles missed by the other 

studies. In contrast with the bioinformatic analyses 

mentioned up to this point, which utilized almost entirely in 

silico approaches, [66] Ahmed et al had a less direct design 

that combined both prior experimental evidence and 

predictive modeling. This study first identified SARS-CoV-1 

epitopes that had been experimentally confirmed on T or B 

cell assays, then compared the protein sequences of these 

epitopes with the corresponding sequences in SARS-CoV-2. 

Once they identified fully conserved sequences, indicating 

that these epitopes are likely to remain unchanged, the 

authors found the corresponding HLA molecules for the 

original epitopes, allowing them to perform a population 

coverage analysis. Likely due in part to the roundabout 

identification of high binding affinity alleles, Ahmed didn’t 

identify any MHC alleles that overlapped with those 

mentioned by the previous bioinformatics studies. The lack 

of convergence of Ahmed with the other studies, in addition 

to its inability to account for potential high binding affinity 

epitopes that arose in SARSCoV-2, but not SARS-CoV-1, 

substantially reduces the efficacy of this analysis, and 

stronger consideration should be given to the studies that 

predicted SARS-CoV-2 peptide / MHC epitope binding 

affinity directly. One additional bioinformatics study was 

identified, Basu et al, 2020,[66] which provided supporting 

evidence for some of the alleles indicated by other papers. 

However, Basu et al investigated potential epitopes and 

corresponding HLA alleles specifically in terms of SARS-

CoV-2 vaccine development targeting nonstructural protein 

4, severely limiting its scope. Likewise, this article is a 

preprint, and as such has not been subject to peer review, 

meaning its findings should be taken with some caution. 

Nonetheless, Basu et al identified four alleles implicated in 

other studies, HLA-A*02:03, -A*31:01, -DRB1*07:01, and -

DRB4*01:01 (in Romero-Lopez et al (both HLA-A alleles), 

Ahmed et al, and Warren et al, respectively) as MHC 

molecules likely to bind to nonstructural protein 4. Three 

studies attempted to explore the pathophysiology of COVID-

19 through functional analysis of HLA-DR mediated 

leukocyte activation. Giamarellos-Bourboulis et al is overall 

a well-designed study and is the only one with a control 

cohort, but it still contains a relatively small number of 

patients. Spinetti et al contains an even smaller sample size 

and does not include a control cohort, which limits the 
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validity of their conclusions. The single case report by Xu et 

al at best provides a hint for future investigation, and its 

conclusion of T cell HLA-DR as a marker of immune 

activation is discordant with the observation by Giamarellos-

Bourboulis et al, which did not observe a significant change 

in HLA-DR expression on CD4 T cells. The involvement of 

T Cell HLADR in COVID-19 requires further validation in a 

larger cohort. For future studies, the functional significance 

of HLADR in COVID-19 pathogenesis and disease severity 

can be established by animal models or in-depth in vitro 

studies using human cell lines/organoids. Also, given HLA-

DR’s involvement in both T cell and monocyte activation, 

future studies should simultaneously investigate both cell 

types to capture the whole picture of the innate and adaptive 

immune response. Regarding HLA-G, only one case report 

was published on its association with COVID-19 infection 

and the significance of its findings awaits independent, 

further corroboration from future studies. The current novel 

coronavirus pandemic has exacerbated existing health 

disparities between racial, ethnic, and socioeconomic groups, 

perhaps best showcased by differential rates of 

hospitalization, intubation, and mortality. Certainly, these 

disparities are due in no insignificant part to varied access to 

healthcare, adequate living conditions, and employment-

related benefits (such as the option to take a leave of absence 

or work remotely). However, there is still a substantial 

likelihood that genetic, epigenetic, or other biological factors 

may play a role in susceptibility to or severity of the SARS-

CoV-2 virus. Previous studies have revealed considerable 

genetic components related to infectious disease 

susceptibility. For tuberculosis, certain polymorphisms of the 

NRAMP1 gene in West Africans are overrepresented in 

individuals positive for the disease.[67] Similarly, a specific 

allele of interferon-induced transmembrane protein-3 has 

been found to cause both higher susceptibility to and severity 

of the influenza virus, specifically in Caucasians from the 

United Kingdom, and Han Chinese.[68] Particularly in 

regards to COVID-19, racial disparities may be due in part to 

genetic differences in the androgen receptor which regulates 

ACE2, a key binding site that allows SARS-CoV2 to enter 

type II pneumocytes.[69] As such, future investigations into 

the ethnic disparities of SARSCoV2 susceptibility/clinical 

presentation should focus on the interplay between economic, 

sociological, and biological factors. In addition to 

demographic analysis, identification of particular HLA 

alleles can assist in vaccine development, demonstrating an 

extremely real-world application of this work. Distinguishing 

the SARS-CoV-2 related MHC molecules with both the 

highest binding affinity and population coverage should 

allow research into vaccine development to focus specifically 

on the peptides proven to cause an effective immune 

response. Similarly, identifying the alleles with substantially 

different expression patterns between regional and ethnic 

populations enables local health authorities to make decisions 

on which vaccine(s) may be best suited for their communities.  

VIII. CONCLUSION  

COVID-19 presents with substantial heterogeneity in disease 

severity and susceptibility, and the mechanisms of such 

heterogeneity remain unclear. Based on the hypothesis that 

the MHC/HLA system is key to antigen presentation and thus 

may affect the immune response to SARS-CoV-2, this review 

article examined the existing evidence for the involvement of 

the MHC/HLA system as potential effectors of disease 

susceptibility, and to a lesser extent, disease severity. We 

identified multiple HLA alleles associated with SARS-CoV2 

risks or protection and provided a qualitative assessment of 

the strengths of the associations. Due to the recency of the 

COVID-19 outbreak, only a small number of studies exist on 

this topic. The cohort studies and case-control studies are 

overall limited by small sample sizes, and in-silico studies 

have utilized varying methodologies leading to relatively 

poor reproducibility of the results across studies. 

Nonetheless, some HLA alleles were identified by multiple 

studies as significantly associated with COVID-19 

risks/protection. These studies provided valuable, though 

preliminary insights into the potential pathophysiology and 

epidemiology of the COVID-19 outbreak, and aid in efforts 

of vaccine development.  
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