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Abstract

The dynamics, such as transmission, spatial epidemiology, and clinical course of
Coronavirus Disease-2019 (COVID-19) have emerged as the most intriguing fea-
tures and remain incompletely understood. The genetic landscape of an individual
in particular, and a population in general seems to play a pivotal role in shaping the
above COVID-19 dynamics. Considering the implications of host genes in the entry
and replication of SARS-CoV-2 and in mounting the host immune response, it ap-
pears that multiple genes might be crucially involved in the above processes. Herein,
we propose three potentially important genetic gateways to COVID-19 infection;
these could explain at least in part the discrepancies of its spread, severity, and mor-
tality. The variations within Angiotensin-converting enzyme 2 (ACE2) gene might
constitute the first genetic gateway, influencing the spatial transmission dynamics of
COVID-19. The Human Leukocyte Antigen locus, a master regulator of immunity
against infection seems to be crucial in influencing susceptibility and severity of
COVID-19 and can be the second genetic gateway. The genes regulating Toll-like
receptor and complement pathways and subsequently cytokine storm induced exag-
gerated inflammatory pathways seem to underlie the severity of COVID-19, and
such genes might represent the third genetic gateway. Host-pathogen interaction is a
complex event and some additional genes might also contribute to the dynamics of
COVID-19. Overall, these three genetic gateways proposed here might be the critical
host determinants governing the risk, severity, and outcome of COVID-19. Genetic
variations within these gateways could be key in influencing geographical discrepan-
cies of COVID-19.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has emerged as one of the most notable epidemics in the his-
tory of mankind. The World Health Organization (WHO) has
declared it a pandemic and as of 4th May, 2020, COVID-
19 affected 3 442 234 people, and 239 740 people have died
due to COVID-19 infection across 215 countries and territo-
ries (https://www.who.int/emergencies/diseases/novel-coron
avirus-2019). However, the spread of COVID-19 infection
shows extreme geographical variations. The highest number
of infections have been reported in Europe (1 544 145), fol-
lowed by America (1 433 756), the Eastern Mediterranean
(211 555), Western Pacific (152 774), South East Asia
(68 756), and Africa (30 536). Despite high population den-
sities, countries in South East Asia and Africa to date have
witnessed comparatively lesser number of COVID-19 infec-
tions. The reasons behind this geographical variation is not
known. Besides this, there exists significant variation in the
symptom profile and severity of COVID-19 infection. Global
estimate suggests that only 3.4% of the infected individuals
have succumbed to the COVID-19 infection, but here too we
see significant variation across continents.

Several factors and mechanisms are proposed to influ-
ence COVID-19 pathogenesis. The most notable risk factor
is age, followed by co-morbidities, including diabetes, obe-
sity, cardiovascular and cerebrovascular diseas«ss,1 while the
most widely anticipated pathogenic mechanism is a cytokine
storm.” Besides this, genetic variations in immune func-
tion-related genes such as human leukocyte antigen (HLA)
are emerging as a critical determinant of COVID-19 infec-
tion.> These components and mechanisms may partly ex-
plain the progression of COVID-19, however, do not shed
insights into geographical variation. More interestingly, a
strange relationship of COVID-19 spread is seen with certain
latitudinal zones. Although climatic conditions and presence
of sunlight in these zones could be a factor, it is not known
whether there exists genetic correlates to these environmental
variables. Lastly, prior exposure to other pathogens may play
arole in resilience, including immunisation with the Bacillus
Calmette-Guérin (BCG) vaccine, which is a more common in
countries with endemic tuberculosis.*’

It is a well-known fact that host genetic background plays
a pivotal role in determining susceptibility or resilience to
viral infections. This role begins with the host recognition of
the viral particles, presentation of viral peptides to the host
immune system and neutralization of the viral infection. In
fact, there are several important genetically mediated gate-
ways through which each of these events are executed. The
entry of and a full-blown infection from an agent depends
on complex interplay between multiple host components,
encoded by genes involved in controlling entry of the virus,

peptide presentation and the immune response against it.
While the host immune components primarily reflect the dif-
ferential response to virus, other factors such as comorbid
conditions, or environmental variables like temperature and
exposure to sunlight might have important mediating roles.

2 | ROLE OF POPULATION
GENOMICS IN COVID-19
PANDEMICS

Population genomics plays an important role in genetic land-
scaping of populations and providing information about sus-
ceptibility and protection against infectious diseases. Besides
this, host genes influence the severity of infection, virus rep-
lication, and inflammation in outbred populations. Therefore,
urgent efforts are needed globally to understand the host ge-
netic background, identify risk, or protective genes and their
variants and develop genetic networks that would be useful to
provide insights into COVID-19 outcomes. Currently, there
are no genetic data to support ethnic/geographical variation
of COVID-19 on global basis. An international COVID-19
host genetics initiative (https://www.covidl9hg.org/) has
recently been launched aiming to identify genetic determi-
nants of COVID-19 susceptibility, severity, and outcomes.
Preliminary analyses suggest an important role of host ge-
netics, especially genes regulating the immune response in
the risk and severity of SARS-CoV-2 infection.® Herein, we
aim to provide insights into the host genetic background that
might play an eminent role in COVID-19 susceptibility, se-
verity, and outcomes as well as in geographical variation.

2.1 | Role of angiotensin-converting enzyme
2 gene in entry of SARS-CoV-2: The first
genetic gateway

It has now become apparent that SARS-CoV-2 uses angi-
otensin-converting enzyme 2 (ACE2), also a receptor for
SARS-CoV for entry into the host cell.”® The expression of
ACE2 influences SARS-CoV infection.” The ACE2 gene is
located in X chromosome; potential functional variants of
ACE2 gene are shown to alter its transcriptional activity.
However, the population distribution pattern and its influ-
ence on differential susceptibility to SARS-CoV-2 as well as
the genetic basis of its differential expression and functional
implications in various populations are inadequately known.

Converging evidence based on comparative genetic anal-
ysis of data from different databases suggest low frequency
missense variants and a lack of natural resistant mutations
in different populations.m’11 Interestingly, some single nu-
cleotide polymorphisms (SNPs) located in the coding re-
gions of the ACE2 gene exhibit varying allele frequencies
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in different populations.'” The SNPs like rs758278442 and
rs759134032 in the region of protective variants (K31R and
Y83H) of ACE2 gene show relatively higher frequency of
mutant alleles in Asian populations in comparison to global
average, comprising of populations mostly from European
and American descent. In contrast to this, the frequency
of alternate allele of rs763395248 SNP in T92I risk vari-
ant is relatively higher in those of European descent com-
pared to a global average, comprising populations of Asian
and African descent (https://www.ncbi.nlm.nih.gov/snp/).
A structural modeling study predicted that certain ACE2
variants might provide potential resistance to SARS-CoV-2
infection.'? Additionally, the expression quantitative trait
loci (eQTL) analysis of ACE2 variants revealed association
of some eQTLs with higher expression of ACE2 in tissues
and few eQTLs had higher allele frequencies in East Asian
Populations than the European populations.]0 This study
further demonstrated that differences in allele frequencies
of eQTLs of ACE2 observed in different populations could
account for diversity of expression pattern of ACE2 gene
in populations.10 Another study indicated significant allele
frequency differences of four missense mutations (K26R,
1468V, N720D, and N638S) of ACE2 gene in various pop-
ulations. Of these, K26R mutated more frequently among
Caucasians while 1468V mutated more frequently in Asians.
In addition, the authors reported variable ACE2 gene expres-
sion among various populations, however, magnitude of dif-
ferences seems to be small." Contrary to this, Chen et al'
suggested that ACE2 allele frequencies are not significantly
different among various populations and people of Asian de-
scent exhibit similar ACE2 expression like other groups.'*
In the absence of functional studies, the observations from
in silico studies are largely conflicting. Further analysis of
population genetics data related to ACE2 gene variations and
their impact on the relative levels of its splice variants from
individuals inhabiting COVID-19 hotspots should provide
more insights into the role of ACE2 gene in susceptibility or
resistance to SARS-CoV-2 infection.

Hypertension and Diabetes mellitus (DM) are the most
common comorbid conditions in COVID-19; both these con-
ditions are modulated by ACE2. Loss of ACE2 disrupted
balance of the renin-angiotensin system, impaired vascular
function, and exacerbated diabetic cardiovascular complica-
tions." It seems that increased severity of COVID-19 among
individuals suffering from hypertension and DM might be
driven at least in part by pathological alterations of the ACE2
pathway. Based on this, it can be assumed that besides its role
in susceptibility, ACE2 seems to be crucial in outcomes of
COVID-19.

A key role of ACE2 has also been demonstrated in in-
flammatory processes.16 Genetic deficiency of ACE2 up-
regulates the expression of cytokines and induces vascular
inflammation in ApoE knockout mouse model.'” In a recent
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study, ACE2 expression was associated with multiple im-
mune signatures such as markers of T cells, B cells, NK
cells, and interferon response across various human tissues.'®
These findings suggest that ACE2 not only acts as a recep-
tor for SARS-CoV-2, but is also involved in mediating the
post-infection downstream processes including inflammatory
responses.

2.2 | HLA, antigen presentation, and
protective immunity in SARS-CoV-2 infection:
The second genetic gateway

HLA molecules are important immune regulatory compo-
nents encoded by Major Histocompatibility Complex (MHC)
genes. Classical HLA molecules serve as the leading candi-
dates in conferring susceptibility to infectious diseases. HLA
genes exhibit extreme diversity and have several thousand
reported polymorphisms. It is now well-documented that ge-
netic difference at HLA genes account for individual varia-
tions to the immune response against pathogens.19 Whether
distinct HLA allele distribution in various populations con-
fers protection or vulnerability to SARS-CoV-2 is a topic of
debate and discussion.

MHC molecules serve as receptors for viral peptides, as
they present the peptides to the virus-specific cytotoxic T
lymphocytes. CD8+ T cells recognize the conformational
structure of the peptide binding groove of the MHC class I
molecules, bound to an antigenic peptide. Variation in the
conformational structure of the peptide binding groove and
its binding to varied peptides are determined by variations
within MHC class I genes. Therefore, HLA genes are cru-
cial in MHC-peptide interactions and in differential sus-
ceptibilities to viral infection. This phenomenon of antigen
presentation helps to gain insights into the pathogenesis of
infectious diseases. In a recent Genome Wide Association
study (GWAS), HLA was found to act as susceptibility loci
for several common infectious diseases.”” The authors per-
formed fine-mapping analysis of the HLA region and sug-
gested a critical role of amino acid polymorphisms in the
antigen-binding clefts in influencing association of HLA
genes.

Several studies on HLA association were also carried
out on SARS-CoV-1, but the results across studies have
been inconsistent and conflicting. Some of the risk HLA al-
leles reported for SARS-CoV-1 included HLA-B*46:01,”"
HLA-B*07:03,”> HLA-C*08:01,” and HLA-DRB1%1202,**
while several alleles also provided protection, such as HLA-
DRB1%03:01,> HLA-C*15:02, and HLA-DRB1%#03:01.” In
addition to this, multiple functional studies identified HLA-
A*0201 T cell epitopes from SARS-CoV nuclear capsid and
spike proteins.%’27 Contrary to this, some studies could not
replicate these findings and refuted any association between
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HLA and risk of SARS-CoV-1."* So far, there are no empir-
ical studies on the role of HLA genetic diversity in deter-
mining the geographical distribution pattern, risk, severity,
and outcomes of SARS-CoV-2 infection. However, 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.”’

In a study on 28 COVID-19 patients with severe respi-
ratory failure, the expression of HLA-DR was very low and
this was accompanied by profound reduction of CD4 lym-
phocytes, CD19 lymphocytes, and natural killer (NK) cells,”
indicating that HLA might play an important immune-reg-
ulatory role in COVID-19. An in silico study on genetic
variability across HLA class I genes suggested that HLA-A,
-B, and -C genes might affect susceptibility and severity of
SARS-CoV-2 infection. The authors performed in silico anal-
ysis of 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. This study observed that the HLA-
B*46:01 allele could increase susceptibility to COVID-19, as
this allele had fewest predicted binding peptides for SARS-
CoV-2. HLA-B*15:03 in contrast could provide T cell-based
protective immunity as this allele displayed highest capac-
ity to present highly conserved SARS-CoV-2 peptides.” The
authors also stated 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.

Efforts are also being made to predict the MHC class 1
epitope landscape using SARS-CoV as well as SARS-CoV-2
viral proteomes. In MHC binding assays, 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 also identified previously validated HLA class I pep-
tides and suggested the presence of additional HLA types
for SARS-CoV.** A bioinformatic prediction and molecu-
lar modeling study identified highly immunogenic epitopes
of SARS-CoV-2 and their corresponding HLA alleles. The
authors predicted HLA-A*02:03 and A*31:01 as 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
suggested higher binding tendency of SARS-CoV peptide to
HLA-A:02:01.** Some immunoinformatic analyses suggest
that MHC could play important role in the development of
epitope-based peptide vaccine against SARS-CoV-2.*> Based
on these understanding, HLA molecules could be considered
as second genetic gateway for SARS-CoV-2 infection.

Given the distinct pattern of geographical variation in
the incidence of COVID-19, there is a growing recogni-
tion that population-specific HLA alleles could act as a
key intrinsic determinant of protective immunity against

SARS-CoV-2 and make some individuals and population
groups resistant or vulnerable to COVID-19. Some of the
HLA alleles that were linked to SARS-CoV-1 and the ones
that are predicted to influence SARS-CoV-2 display remark-
able diversity in certain populations. One such example is
HLA-A2 and this has several molecular subtypes specific to
Caucasian, African, Oriental, and Asian populations.36 In a
recent study, in North and central Indian populations certain
alleles of HLA-A*02 were shown to have high frequencies.
This included A*02:01, *02:03, *02:05, *02:06, *02:07, and
*02:11, of which A*02:11 exhibited highest occurrence at
the repertoire level.”’ Notably, A*02:11 allele seems to be
common in Indian populations, while it is completely absent
in Caucasian and oriental populations. The frequency and di-
versity of certain alleles of HLA-A*02 were also reported to
be high in African populations.38

Nguyen et al’ suggests that the HLA-B*46:01 allele could
increase susceptibility to COVID-19.° It is interesting to note
that HLA-B*46:01 originated in people of South East Asian
descent, and has high distribution in South East Asia,39 while
it is completely absent in Indian and African populations and
rarely present in European populations (http://www.allelefreq
uencies.net/hla6006a.asp?). A functional study indicated that
HLA-B*46:01 has low cell surface expression and low-di-
versity peptidome, possibly due to its prolonged association
with HLA-specific chaperons and intracellular retention.***!
Data generated from epidemiological studies indicate that
HLA-B*46:01carriers are more susceptible to tuberculosis,
malaria, HIV, and SARS coronavirus.>'* However, a study
from China reported that HLA-B46 provides protection
against Mycobacterium leprae, causative agent of leprosy.43
Similarly, the protective allele, HLA-B*15:03 is completely
absent in East Asian gene pool while it is the most frequent al-
lele in populations of African descent (http://www.allelefreq
uencies.net/hla6006a.asp?). The susceptibility allele, HLA-
C*12:03 seems to be the most frequent allele in the European
descent. This indicates that susceptibility based on HLA loci
seems to vary in people from different backgrounds.

Based on their comprehensive in silico analyses, Nguyen
et al’ did not find any correlation between the frequency
of HLA alleles in the populations and the binding capac-
ity of HLA alleles with SARS-CoV-2.% It is premature to
conclude that HLA diversity may not have any influence
on the spread of SARS-CoV-2 across various populations.
HLA-A*02 subtypes that are predicted to be protective
exhibits higher frequency in Indian and several African
populations  (http://www.allelefrequencies.net/hla6006a.
asp?). Incidentally, the risk and severity of COVID-19 in
Indian and African populations have been comparatively
less than European and other world populations, although
in the USA, people of African descent have been hardest
hit.** Clearly, genetic factors interact with social factors
complicating interpretation. Furthermore, HLA frequency
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data available in the database represent a small subset of
the studied populations, and thus, may not reflect the ac-
tual gene pool of the populations. Therefore, in order to
discern the influence of HLA genes on the risk, severity,
and outcome of SARS-CoV-2, comprehensive HLA geno-
type data from all major populations of the world need to
be generated. An additional mechanism that facilitate entry
of the coronavirus and mount downstream deleterious ef-
fects could be Antibody Dependent Enhancement (ADE).®
ADE influences immune responses and leads to sustained
inflammation and a cytokine storm; this mechanism could
be a biological explanation for the severity of SARS-CoV-2
in individuals who had prior exposure to other coronavi-
ruses.*® However, the precise role of ADE in geographical
discrepancy and severity of SARS-CoV-2 remains to be
elucidated empirically.

HLA genes may also affect the phenotypes associated
with COVID-19 infection. Olfactory dysfunction has been
reported to be a clinical presentation of mild to moderate
forms of COVID-19.% Subsequent to this, a study from
Europe suggest that half of the patients with COVID-19
had olfactory impairment,48 while another study from
America suggest that almost all the patients exhibited
decreased smell function and this has been proposed as
a phenotype of COVID-19.* HLA genes are essential in
individual olfactory perception.so’51 Importantly, olfactory
receptor (OR) gene appear to be MHC-linked and poly-
morphisms within OR gene contribute to extended HLA/
OR-haplotypes.”*® The association between HLA and ol-
factory dysfunction has not yet been tested in COVID-19
but it would be interesting to examine the particular role of
HLA in olfactory dysfunction.

2.3 | Genetic underpinning of the cytokine
storm: The 3rd genetic gateway

It is becoming increasingly apparent that SARS-CoV-2 in-
fection leads to a cytokine storm and then an exacerbated
inflammatory response. In a recent study, COVID-19 pa-
tients admitted to ICU were found to have markedly elevated
plasma levels of IL2, IL7, IL10, GCSF, IP10, MCP1, MIP1A,
and TNFo.”* Another study demonstrated that higher levels
of IL-6 (>80 pg/mL) were correlated with a 22 times greater
risk of respiratory failure in COVID-19 patients.55 Given the
strong implications of the cytokine storm and accompany-
ing inflammation, use of anti-inflammatory agents is increas-
ingly being envisaged.’®>’

Cytokine production depends on a cascading immuno-
logical event. T lymphocytes are prolific producers of cy-
tokines. The development, differentiation, and activation of
T lymphocytes and production of cytokines are controlled
by genetic as well as epigenetic processes. Polymorphisms
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within the cytokine genes are associated with the produc-
tion of serum levels of cytokines. It is now well-established
that ethnicity influences the distribution pattern of cyto-
kine gene polymorphisms.58'60 Contextually, cytokine gene
polymorphisms confer risk or protection to infectious dis-
eases. Several studies have shown associations between cy-
tokine gene polymorphisms, such as IFN-y +874A allele,’!
IL12RB1,62 and SARS. Until now, there are no studies on the
impact of cytokine gene polymorphisms on the risk of SARS-
CoV-2. However, given an important role of genetic back-
ground in determining the pattern of inflammatory response,
and a critical role of cytokines in influencing the severity of
COVID-19, genetic factors regulating inflammation seems
to play an overarching role in COVID-19.

Interestingly, our findings as well as data obtained from
other world populations suggest that allelic variations in cy-
tokine genes in global populations show a strong latitudinal
impact.63 The proximity of Indian, Mexican, and African
populations can be attributed to the geographical position of
these populations with respect to latitude. Geographical lat-
itude is a strong environmental factor that is influenced by
our evolutionary history with respect to environmental se-
lection. Thus, latitude seems to be a proxy variable which
is related to a broad range of factors including genetic back-
ground (eg, genetic variation between populations at different
latitudes reflects a complex mix of ancient and recent genetic
admixture), biometeorological variables (eg, temperature, ul-
traviolet radiation, and rainfall), and socio-economic factors
(eg, developed countries tend to be clustered within higher
latitude bands). Regarding the role of biometeorological fac-
tors, the impact of sunlight in tropical and temperate regions
differs significantly and sunlight is required for synthesis of
Vitamin D, which in turn plays an important role in main-
taining the immune homeostasis. Production of vitamin D3
requires the action of UVB radiation on 7-dehydrocholes-
terol present in the skin, which mainly occurs in the Northern
Hemisphere between April and September, as sunlight is low
during winter months. Genetic factors are known to account
up to 28% of inter-individual variability in serum 25(OH)D
concentrations.** Genetic as well as population differences
of vitamin D status have been reported across various pop-
ulations.®® There is a possibility that vitamin D status in the
populations across continents might have some influence on
geographical variance of COVID-19.

Deficiency in vitamin D can result in increased auto-
immunity and also increase the susceptibility to infection.
Vitamin D diminish the production of proinflammatory cyto-
kines including TNF-a, IFN-y, etc. and induce the expression
of anti-inflammatory cytokines. Vitamin D status plays a role
in susceptibility to COVID-19, with deficiency conferring
greater risk and supplements of potential value.% Possibly,
vitamin D is critically involved in regulating cytokine storm
and the outcome of COVID-19.
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Taken together, cytokine genes could be considered as
the third genetic gateway of COVID-19. However, cytokine
expression depends on various upstream regulators, such as
TLR and also potentially interact with other components of
innate immunity, such as complement components. The im-
portance of TLR and complement pathways with respect to
cytokine storm is discussed in the following sections.

2.4 | TLR-pathway in SARS-
CoV-2 infection

TLRs are a family of innate immune sensor proteins and
play important role in infection and immunity. TLR signal-
ing plays critical role in the regulation of cytokine expression
in the immune system67; hence TLR signaling could be cru-
cially involved in cytokine storm in SARS-CoV-2 infection.

Activation of TLR pathway leads to inflammation and/or
immune activation. Previous studies suggest that TLRs are
required for initiating the innate immune response to SARS-
CoV infection. Mice deficient in certain TLRs such as TLR3
as well as TLR3/TLR4 adaptor TRIF are more susceptible
to SARS-CoV infection. Increased numbers of inflamma-
tory cell types and alterations in inflammation accompany
this infection.”® In addition, allelic variation in the Toll like
receptor adaptor protein, Ticam2 influences susceptibility
to SARS-CoV infection in mice; Ticam2 ™~ mice had high
susceptibility to SARS-CoV infection.%’ Currently, there are
no studies on the role of TLR pathway in SARS-CoV-2 in-
fection. However, previous studies suggest that genetic varia-
tion within TLR or components of TLR pathway influenced
SARS-CoV infection.

It is a well-documented fact that the expression of TLR
molecules are also determined by genetic variation within
the TLR genes. It is noteworthy that the TLR genes exhibit
a distinct population distribution pattern and are the target of
selection pressure. In addition, different TLRs differ in their
immunological redundancy, suggesting that they have distinct
contribution to host defence.’® Given such understanding that
TLR genes have a distinct distribution pattern in various eth-
nic populations and with important role in innate immune
signaling, TLR genes could emerge as a crucial determinant
of differential susceptibility to SARS-CoV-2 infection and
severity. However, this needs to be tested empirically .

2.5 | Complement activation pathway in
SARS-CoV-2 infection

The complement system plays an important role in host
defence against infection, including viral infections.”!
Complement components interact with TLRs and promote
the development of inflammatory immune cells, especially

Th17 cells.”* A recent study suggested that the complement
system acts as an important host mediator of SARS-CoV
infection. SARS-CoV-infected C3™~ mice showed less res-
piratory dysfunction and reduced levels of cytokines and
chemokines in both the sera and 1ungs.73 Further to this, com-
plement hyper-activation was seen in COVID-19 patients
and highly pathogenic coronavirus N protein aggravated
MASP-2-mediated complement activation.”* This suggests
that complement components have important implications
in the induction of the cytokine storm and inflammation in
SARS-CoV-2 infection. Polymorphisms of complement
genes are associated with the risk of various diseases, includ-
ing infectious diseases. There are no data on the impact of
complement gene variation on the risk and severity of SARS-
CoV-2 infection. However, along with TLR and cytokines,
genes controlling the function of the complement pathway
could provide important pointers to the magnitude of inflam-
matory responses in COVID-19.

All these genetic pathways are likely to interact among
each other and the quantum of interaction will determine the
risk. This quantum of interaction will depend on the preva-
lence of risk variants and environmental exposure.

3 | CONCLUSION
There is a growing recognition that genes, especially those
regulating the host immune response might confer differen-
tial susceptibility and influence the severity and outcomes
of SARS-CoV-2 infection. Multiple in silico and molecu-
lar prediction studies indicate an important role of various
genes coding ACE2, HLA, cytokine, TLR, and complement
components in COVID-19. Many of these genes display dis-
tinct geographical, population-specific variation and confers
susceptibility and/or resistance to various viral diseases. The
current pandemic nature of COVID-19 also indicates distinct
geographical pattern with respect to incidence and mortality.
It is also uncertain what role prior exposure to other corona-
virus species might have in influencing geographical discrep-
ancy and severity of SARS-CoV-2, and such exposure might
be regionally specific. microRNAs seem to play important
role in the pathogenesis of COVID-19. miRNAs also exhibit
population differences and might also provide important
clues on the susceptibility or protection to COVID-19.

Some preliminary reports suggest that use of certain
drugs such as anti-retro viral, anti-malarial and even vac-
cines, such as BCG are effective against COVID-19 in cer-
tain populations and might explain population variance.
These observations might have some relevance to the host
genetic background and the above genes might be the key
determinants of such benefits. Given this understanding,
these genes might play significant role in population-spe-
cific incidence of COVID-19, however, it is premature to
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make such a claim. Further functional validation of in sil-
ico and structural prediction-based studies are required to
substantiate the notion that genes predispose to vulnerabil-
ity to COVID-19. Evaluation of host genetic signatures of
COVID-19 would be fundamental to diagnosis, phenotypic
evaluations, medication, and therapeutic response.
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