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ABSTRACT

The year 2020 has been more life-changing and eventful than ever due to the COVID-19 which has led us into
this worldwide crisis. An interesting revelation has been made that the coronavirus is not entirely new to us as
we are being infected by three types of seasonal coronavirus every year in winter resulting in the seasonal cold.
However, SARS-CoV-2 (Severe Acute Respiratory Syndrome Corona Virus-2) has pioneered this pandemic in
Wuhan, China last year, which has been named COVID-19. Since then, many nations were seen to have
responded differently from one another against this virus such as European nations facing more devastation than
the Middle East region in this pandemic. The reasons behind these phenomena were assumed to be the different
safety measures taken by the nations but in reality, it has been known that the host genetics are responsible for
the devastating effects of COVID-19. Many research findings have pointed out that ACE2, TMPRSS2, and HLA
genes in the host genomes are responsible for the virus entry and subsequent immune response. Several studies
conducted by different nations have found different COVID-19 variations within which three genes seem to
provide clues explaining individual population's differential disease susceptibility and severity of these viral
strains. This review paper has summarized the recent research findings on ACE2, TMPRSS2, and HLA gene
variations in different populations, and its effect on causing severity of COVID-19 among individuals, which
would be helpful to persuade the importance of such patterns in genetic variation within Bangladeshi population;
so that personalized treatment may be formulated or repurposed drugs may be used to lower the profound impact
of SARS-CoV-2.
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INTRODUCTION:

The novel corona virus named as SARS-CoV-2 has
shaken the world by bringing the disastrous pandemic
of the century. This corona virus outbreak has become
the top alarming global health crisis of our time. Al-
though many deadly virus outbreaks in the past caused
more life-threatening and devastating effects on the
human race, COVID-19 has scared us the most by
changing the lifestyle of the global population. This
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crown shaped virus was transmitted from animals
(bats, civets, cats) into the human race and began
spreading (Hou et al., 2020).

Due to the pandemic and panic situations, everyone
might think that this corona virus is new to us but in
reality, all of us have already been infected by this
virus at least once a year. Already four types (HCoV-
NL63, HCoV-229E, HCoV-0C43, and HCoV-HKU1)
of seasonal corona viruses have claimed to be moving
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around and expressing common seasonal colds in
children and adults. There are three more types
(SARS-CoV-1: the severe acute respiratory syndrome
corona virus, MERS-CoV: the Middle East respiratory
syndrome [MERS] corona virus and SARS-CoV-2) of
corona viruses which cause life jeopardizing respirat-
ory diseases like the Middle East respiratory syndrome
(MERS) and severe acute respiratory
(SARS) (Ovsyannikova et al., 2020).

syndrome

The SARS-CoV-2 corona virus started this pandemic
in Wuhan, China in 2019 by causing mild respiratory
infection to acute respiratory infection and death. Till
June 2021, 178,503,429 confirmed cases of COVID-19
and 3,872,457 deaths were reported to the World
Health Organization from Bangladesh alone (World
Health Organization Dashboard).

Background

As we know, patients with pre-existing health con-
ditions (cancer, cardiovascular disease, diabetes, respi-
ratory diseases etc.) and older age are more vulnerable
towards this virus because of the higher death rates
among older and/or immune-suppressed individuals
(Feng et al., 2020). But this pattern was seen to be
broken from time to time where some young and
healthy individuals were suffering from the severe
consequences from the viral infection and some older
individuals seemed to be recovering faster than anyone
from the virus (Dong et al., 2019). Now, the reason
behind this differential
individuals with the factors deciding whom to affect
more and whom to affect less with this virus needs to

disease severity among

be uncovered. Hence, the host genomics has to be
brought into light this time instead of virus genomics
as the explanations lie within our genome. Human
genomics can be referred to as a person's entire DNA
(genes) content present within one cell and those
gene’s in between interactions. Some variations like
DNA polymorphisms: Single Nucleotide Polymor-
phisms (SNP) is present within these genes which
eventually decide how individuals will react to differ-
ent infectious diseases (Hartl et al, 2014). Single
nucleotide polymorphisms are variations within the
building blocks (nucleotide bases) of the genes. For
example, in a population, most individuals have base G
(Guanine) in a certain position of the genome but in
some minor number of individuals from that popula-
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tion has base A (Adenine) on that position, therefore it
can be said that a single nucleotide polymorphism has
taken place in those minor group of the population by
replacing the nucleotide base. These types of replace-
ments may lead to alterations in amino acid sequences
thus changing the entire protein. This phenomenon
ultimately regulates an individual’s reaction towards
different infections, diseases, and treatments (Zhang et
al., 2004).

Several researches were done to find a link between
these variations in COVID-19 disease severity and
host genetic factors; finally, which led them to zero in
on three specific genes. ACE2 (Angiotensin-Con-
verting Enzyme 2), TMPRSS2 (Transmembrane Serine
Protease 2) & HLA (Human Leukocyte Anti-gen) in
our body acts as the entry point for the SARS-CoV-2
virus. ACE2 gene codes for the angiotensin-converting
enzyme 2 or the ACE2 receptor (Hou et al., 2020).
These ACE2 receptors are found on the cell mem-
branes of lungs, arteries, heart, kidney, and intestines.
The ACE2 enzyme converts angiotensin-I hormone to
angiotensin-II hormone (causes vaso-constriction) to
higher the blood pressure in response to the limited
blood flow of the kidney (Heurich ef al., 2014). Then
to balance this situation ACE2 enzyme lowers the
blood pressure by converting the angiotensin-II hor-
mone to angiotensin-(1-7) hormone (induces blood
vessel dilation).The spike (S) membrane protein of the
SARS-CoV-2 virus latches itself onto the ACE2
receptors on the human cells much like putting a key
into the lock. After inserting itself into the cytoplasm
of the cell the virus uses the host cell machinery to
reproduce itself. By acknowledging the role of ACE2
genes in SARS-CoV-2 virus entry into our body, it is
clear that any SNP within this gene would alter the
mechanism of the viral entry (Heurich et al.,, 2014).
The notable key information is that the ACE2 gene
always works as a team with the TMP-RSS2 gene to
influence the SARS-COVID-2 entry into the host
body. TMPRSS2 gene encodes Trans-membrane Pro-
tease Serine 2 enzyme and it is located in close proxi-
mity to ACE2 (Benetti er al., 2020). TMPRSS2 is
known to be a crucial gene in prostate cancer as it has
an impactful; influence over the growth of prostate
cancer. The TMPRSS2 cleaves the spike (S) protein of
the coronavirus into S1 and S2 subunits before their
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binding with the ACE2 receptor. The S1 subunit
mainly binds with the host cell ACE2 receptors and the
S2 subunit mediates membrane fusion (Benetti et al.,
2020). Another important function of TMPRSS?2 is the
cleavage of the ACE2 receptor. After binding of S
protein to ACE2 receptors, it requires certain modifi-
cations to facilitate the viral uptake (Hou et al., 2020).
A third prime genetic player is the HLA gene which
encodes MHC (Major Histocompatibility Complex)
Class-I protein. MHC Class-I protein is responsible for
displaying peptide fragments (antigen) of viral protein
to our immune system to activate their function to fight
the pathogenic virus (Ovsyannikova et al., 2020).
Therefore, an association between HLA gene variants
and the Covid-19 disease severity is speculated. Many
research findings have indicated that the existence of
some variants in the HLA gene lowers the binding
capacity of MHC-Class-I protein to the antigen of
SARS-COVID-2 virus, thus making individuals with
this HLA variant type more vulnerable towards the
coronavirus severity as they cannot signal their
immune response against it. In contrast, some types of
variants in this gene facilitate more efficient binding
capacity to MHC-Class-I protein with the antigen.
Therefore people with those particular types of variant
can gain enhanced immunity which may result in
lower severity of COVID-19 (Nahid, 2021; Hasan et
al., 2021; Ovsyannikova et al., 2020).

In this review, a proper understanding and a sum up of
the study findings on how host genomics perform a
major part in an individual's disease severity towards
COVID-19. This review will be pointing out the cru-
cial variants present on ACE2, TMPRSS2 & HLA
genes and how any presence or absence of these
variants may alter one's response towards COVID-19.
All these conjectures will solely follow the recently
published literature, as many nations' research has
published several findings regarding the association
between human genomics and COVID-19 disease
severity.

Important Genetic Variants in ACE2 - ACE2 gene
encoding Angiotensin-Converting Enzyme-2 receptor
provides an entry point inside our body for SARS-
COVID-2 virus. The existence of SNP within this gene
affects the corona viruses' binding affinity with the
ACE2 receptor, therefore making the entrance of
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SARS-CoV-2 inside a human cell more difficult or
easy. The ACE2 gene is 41,116 bp long, contains 21
exons, and encodes 788 amino acids long protein
(Lippi et al., 2020). The prominent ratio of males
getting more affected by the severity of COVID-19 is
more observed because ACE2 receptors are encoded
on the Xp22.2 chromosome and as males got only one
copy of it so any absence or presence of a certain vari-
ant will have greater impact as males does not have
another spare X chromosome like women which can
maintain the normal function. Therefore, males are
more struck by the severity of the virus than the
females (Benetti et al, 2020). An ACE2 peptidase
domain (PD) is present on the ACE2 binding site for
the S protein of SARS-COVID-2 with a following
neck domain that helps in the functioning of the
dimerization process and protein stability (Gemmati et
al., 2020). Donato et al. have theoretically suggested
that the protein stability and it dimerization were
greatly influenced by certain variations within the
amino acid components of those, and therefore they
can interrupt the SARS-CoV-2 binding with the
receptor (Gemmati et al., 2020).

Li et al. (2005) have suggested five major residues
(Lys31, Glu35, Asp38, Met82 and Lys353) in the
ACE2 receptor which may alter the binding efficiency
of the receptor with the S protein of coronavirus. Three
other variants rs758278-442 (Lys31Lys), rs1348114-
695 (Glu35Lys), and rs766996587 (Met82lle) were
found by Lee et al. (2020) in Asian, European (EUR)
& East Asian, African populations respectively but
these variants were estimated to have very few impacts
on the ACE2 receptor. In another vast study of ACE2
polymorphism in over 400 populations (Stawiski et al.,
2020) have demonstrated nine variants (Serl19Pro,
Ile21Val, Glu23Lys, Lys26Arg, Thr27Ala, Asn64Lys,
Thr92Ile, GIn102Pro, His378Arg) and another 17
variants (Lys31Arg, Asn33lle, His34Arg, Glu35Lys,
Glu37Lys, Asp38Val, Tyr50Phe, Asn51Ser, Met62-
Val, Lys68Glu, Phe72Val, Tyr83His, Gly326Lys,
Gly352Val, Asp355Asn, GIn388Leu, and Asn509Tyr).
In here, the former set of variants were claimed to
provide a more efficient binding attraction and the
latter group is of lesser binding affinity towards SARS-
CoV-2 spike protein (Stawiski er al., 2020). Another
three pivotal variants (p.Lys26Arg, p.Gly211Arg, and
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p-Asn720Asp) found by (Benetti et al., 2020) recog-
nized to be interrupting the ACE2 cleavage process
and thereby affecting viral intake, present in the Italian
Population and absent in the East Asian (EAS) popu-
lation. A study on EUR and EAS populations done by
Li et al. (2020) showed one variant Ile468Val which
was considered to have a lower binding affinity for the

spike protein of SARS CoV-2 (Al-Mulla et al., 2020)
showed that p.Asn720Asp and p.Lys26Arg variants
(previously found by (Benetti er al, 2020) and
(Stawiski et al., 2020) respectively can maximize the
reaction between ACE2 and SARS-CoV-2 and they
were found in EUR and Iranian Populations (absent in
Kuwaiti population).

Table 1: ACE2 variants with their plausible effect on various populations in the world are summarized.

Lys26Arg
1. Gly211Arg
Asn720Asp

ACE2

Affects TMPRSS2 dependent cleavage of

Italian (Benetti et al., 2020)

Lys31Arg
Asn33lIle
His34Arg
Glu35Lys
2. Glu37Lys
Asp38Val
Tyr50Phe
Asn51Ser
Met62Val
Lys68Glu
Phe72Val
Tyr83His
Gly326Lys
Gly352Va
Asp355Asn
GIn388Leu
Asn509Tyr

Lower binding affinity for SARS CoV-2

Over 400
populations

(Stawiski et al., 2020)

Ser19Pro
3. Ile21Val
Glu23Lys
Lys26Arg
Thr27Ala
Asn64Lys
Thr92lle
GIn102Pro
His378Arg

Higher binding affinity for SARS CoV-2

Over 400
populations

(Stawiski et al., 2020)

4. Ile468Val

Lower binding affinity for SARS CoV-2

EUR & EAS (Li et al., 2020)

5. Lys26Arg

Asn720Asp

Increase binding affinity for SARS CoV-2

EUR & Iranian (Stawiski et al., 2020;

Al-Mulla et al., 2020)

(Benetti et al., 2020;
Al-Mulla et al., 2020)

6. Arg708GIn

Arg708Trp

Inhibit viral entry

Kuwaiti &
Iranian

(Al-Mulla et al., 2020)

(Hou et al., 2020; Al-
Mulla et al., 2020)

Kuwaiti, Iranian,
EUR, LAM &
EAS
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The authors further found two variants p.Arg708GIn
and p.Arg708Trp in Iranian and Kuwaiti-Iranian
populations respectively (Al-Mulla et al., 2020). Their
research explained that these variants are located in the
ACE2 cleavage site (important for the entrance of the
virus) and the inhibition of the viral entry is dependent
on them. From their findings, the authors speculated
that as Kuwaiti population seemed to be protected
against the horrifying effects this outbreak has created,
as they lack the damaging variant p.Asn720Asp and
have the protective variant p.Arg-708GIln and p.Arg-
708Trp in their genome (Al-Mulla et al., 2020). ACE2
variants with their plausible effect on various popu-
lations in the world are summarized in Table 1.

Important Genetic Variants in TMPRSS2

It has already been established through several res-
earch findings that the TMPRSS2 gene is crucial for
SARS-CoV-2 viral spike protein cleavage and its
subsequent binding and entrance inside the human
cells. So, certain human genetic variants situated in
this gene may also affect the interactivity between
TMPRSSS2 and the virus. TMPRSS2 gene is 44 Kb
long, contains 14 axons’, and encodes for 452 amino
acid long protein (Antalis et al., 2011). TMPRSS?2 is
located on 21q22.3; hence speculations have been
made that the patients who already have down syn-
drome would be at an imperiled position for COVID-
19 infection (Antalis et al., 2011). Afar et al. suggested
that Val292 & Met478 residues are associated with the
photolytic function of TMPRSS2. In (Lee et al., 2020)
attempted to find variations within these residues
across different populations but failed to find any
association. In a major analysis study done by (Paniri
et al., 2020) in African (AF), American (AMR), EUR,
EAS and South Asian (SAS) populations, three major
variants (Gly8Asp, Gly8Val & Vall97Met) were
found which resides in the random coil and the extend-

ed beta strand regions on TMPRSS?2 protein respect-
ively. The authors have predicted both Gly8Asp, Gly8-
Val variants can interrupt TMPRSS2 function on pro-
viding a gateway for SARS-CoV-2 inside our cells by
forming a new proteolysis’ cleavage site at their posi-
tion in TMPRSS2 (Paniri et al., 2020). Converse-ly,
Vall97Met also alters the function of TMPRSS2 in
helping viral entry by constructing a large protein
pocket at this position affecting the secondary structure
of TMPRSS?2. Further, another six variants (rs456142,
rs462574, rsd456298, rs12627374, rs12473206, and
rs75036690) were demonstrated through this research,
which can modify the splicing sites in the mRNA
thereby influencing the expression of TMPRSS2 gene
and subsequent SARS-CoV-2 entry (Paniri et al,
2020). Hou et al. (2020) showed 6 germ line delete-
rious variants (p.Vall60Met, p.Gly181Arg, p.Arg240-
Cys, p.Gly259Ser, p.Pro335Leu, and p.Gly432Ala) in
the coding regions of TMPRSS2 gene within EAS,
SAS, and Finnish (FIN) populations. Also another
variant p.Asp435Tyr was found by the authors with a
small allele frequency in the EUR population and the
catalytic substrate binding of TMPRSS2 could be
interrupted by that (Hou et al., 2020). Both (Asselta et
al., 2020 and Benetti et al., 2020) have suggested two
sets of haplotypes (sets of SNP) in the TMPRSS2 gene
which might be responsible for enhancing the regu-
lation of the TMPRSS2 gene expression. First set
rs463727, rs34624090, rs55964536, rs734056, rs4290-
734, rs347839609, 511702475, rs35899679, and rs350-
41537 found in Europeans and absent in Asians and
the second set contains rs2070788, rs9974589, rs7364-
083 found in higher allele frequency in Italian popu-
lation than EAS population (Asselta et al., 2020). TM-
PRSS2 variants distributions with their effect on
various populations are summarized in Table 2.

Table 2: TMPRSS?2 variants distributions with their effect on various populations are summarized.

Vall60Met
1. Gly181Arg
Arg240Cys
Gly259Ser
Pro335Leu
Gly432Ala

Germline deleterious variants

EAS, SAS, and
FIN

(Hou et al., 2020)

2. Asp435Tyr

Affects catalytic substrate binding of TMPRSS2

EUR (Hou et al., 2020)
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3. rs456142
rs462574
rs456298

rs12473206

rs75036690
rs12627374

Influence the expression of TMPRSS2 gene

AF, AMR,
EUR, EAS,
SAS

(Paniri et al., 2020)

4. Gly8Asp
Gly8Val
Vall97Met

Affects viral entry

AF, AMR,
EUR, EAS,
SAS

(Paniri et al., 2020)

rs463727
r$34624090
rs55964536

1s734056
5. 154290734
rs34783969
rs11702475
rs35899679
rs35041537

Up regulates TMPRSS2 gene expression

(Benetta et al., 2020;
Asseta et al., 2020)

EUR

rs2070788
6. rs9974589
rs7364083

Upregulates TMPRSS2 gene expression

EAS & Italian (Benetta et al., 2020;

Asseta et al., 2020)

Important Genetic Variants in HLA - HLA (Human
Leukocyte Antigen) gene is already a more familiar
name in genomics than ACE2 & TMPSS2 for the
function its encoded protein’s (MHC Class-I) have in
the immune system. As MHC Class-I proteins are able
to present viral antigen to our immune system; there-
fore they are related with individual’s susceptibility
towards SARS-CoV-2 (Ovsyannikova et al., 2020). It
was previously observed in many research findings
that various types of HLA variants can make MHC
Class-1 protein more or less capable of creating a
linkage with viral antigens which thereby decide how
strongly our cellular defense will fight the pathogen.
Certain HLA variants
tuberculosis, leprosy, HIV, hepatitis B, and influenza
have given infected individuals more or less immunity

in infectious diseases like

to recover the infection (Shi ef al., 2020). It is surprise-
ing that despite having such an important association
of this gene with the recent pandemic, very little
research showing different HLA variants related to
SARS-CoV-2 was published.

Nguyen et al. (2020) pointed out two variants HLA-
B*15:03 & HLA-B*46:01, where the former variant
increases the protein's ability of adhering itself with
the SARS-CoV-2 antigen thereby gaining more
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immunity and the latter one lowers the binding ability
with viral antigen giving less protection.

Necessity to Acknowledge Host Genomics' Role to
Fight this Pandemic - In this race against the deadly
virus, every nation is leaving no rock unturned to win.
“Till now no effective antiviral treatment against
COVID-19 has been available”. In some countries like
India Covid-19 kept spreading faster than many
developed countries and it weakened people both
emotionally and economically. Many nation's (Europe,
USA, Asia, Middle East) research findings have shed
some light on the relationship between differential
disease severity of COVID-19 and host genetic factors
like ACE2 & TMPRSS2 genes in their population
(Afar et al., 2001; Shi et al., 2020). They have pointed
out various genetic variations in ACE, TMPRSS2 &
HLA genes which explain the cases of younger and
healthy people suffering more from the virus than
older and immune suppressed individuals. Certain
previously designed drugs which worked effectively
against diseases related to biological path-ways
affected by ACE2 and TMPRSS2 genes
suggested to be useful to reduce COVID-19 disease
severity. Both (Hou et al., 2020; Bosso et al., 2020)
suggested that drugs like melatonin, hydroxyl-chloro-

were
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quine, and chloroquine can be reused to hinder viral
arrival into the host cell by barricading its ACE2
entrance. In addition to that, the authors also proposed
that camostat mesylate (TMPRSS2 inhibitor) an
approved drug in Japan can also be reused to treat
COVID-19 as it can hamper the endosomal dependent
entry of SARS-CoV-2 into the host cell (Afar et al.,
2001; Zhang et al., 2004). These studies also pointed
out the fact that the absence or presence of variations
within these two genes might alter the clinical efficacy
of these drugs in individuals. As we are going through
the second wave of the COVID-19 pandemic, Bangla-
desh should also step forward to find our population’s
genetic allies with differential COVID-19 severity. By
acquiring some objectives like a) finding out the
hidden variation patterns in these genes which can
explain that why so many deaths are occurring in
infected young individuals; b) if those suggested repur-
posed drugs help reduce the severity of COVID-19 in
our population; ¢) any presence or absence of variation
in our genome has given us more advantage or
disadvantage in this pandemic; d) finding these vari-
ations might be a pioneer to design a personalized
treatment for us to fight COVID-19. By our proposed
objectives our nation can also be prepared to face any
similar infections like Covid-19.

CONCLUSION:

There are some research findings about the relation-
ship between host genomics and COVID-19 disease
severity are available and many nations in the world
are trying to find similar answers and solutions against
the enemy whom we all have been fighting for more
than a year. Therefore it seems necessary to have a
global study in order to identify population based
genomic signatures and their associations with the
SARS-CoV-2. We can try to put our people in a better
position in this pandemic by pursuing research quest-
ions like, a) what kinds of SNPs are present in our
population’s ACE2, TMPRSS2 & HLA genes? b) Are
they associated with COVID-19 disease severity in our
population? ¢) Does any specific variation put any
certain group in the population at more risk towards
COVID-19 or gives us more advantage against it? d)
Do we have any common pattern of variation with any
other population? e) Can certain repurposed drugs
used in other diseases targeting the same biological
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pathway as COVID-19, be reused to reduce the seve-
rity of corona? f) Can the knowledge of these vari-
ations help us to design a personalized treatment
against COVID-19 and prepare us for any similar
infectious disease in the future? This review concludes
by stating that finding answers to these research ques-
tions may give us a new hope and perspective to make
our way out from this pandemic.
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