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Abstract
COVID 19 is primarily characterized as severe respiratory syndrome, careful review revealed that it has multisystem involvement 
(Mao et al 2020). Due to its potentially damaging effects on respiratory system it is termed as SARS- COV 2 (severe acute 
respiratory syndrome corona virus 2). However, severity of the disease differentially changes from one to another geographical 
area and on the viral load of people affected. It has been shown from recent studies that the virus acquired several mutations on 
the spike protein which is the receptor binding domain of the virus particle. These mutations also alter the glycosylation pattern 
of the viral envelop. Mutation also differentially glycosylate the S1 and S1 domain of the spike protein and thereby modulate its 
infectivity through changes the potentiality of binding with ACE2 receptor. Changes in infectivity may also alter immunogenicity 
and manifestation spectra of the disease. ACE 2 receptor mutation site also perturb the glycosylation pattern and therefore alters 
the binding capacity with virus. All these mutations may potentially alter disease severity which is reported worldwide. Mutation 
of SARS-CoV 2 and ACE2 receptor in combination or in alone therefore modulate the entire picture of disease scenario which is 
the most interested part of COVID research. In this review we are going to unrevealing these areas of COVID -19 disease spectra.

Introduction
In December 2019, Corona Virus Disease 2019 (COVID-19) ep-
idemic emerged in Wuhan, China, causing global threat (Thomp-
son, 2020) when a series of patients presented with fever and 
pneumonia of unknown etiology. COVID-19 is primarily char-
acterized by respiratory system involvement, causing severe re-
spiratory illness. It has spread rapidly worldwide and on March 
11, 2020, the World Health Organization proclaimed this disease 
as a pandemic. Although COVID-19 is primarily characterized 
as severe respiratory distress syndrome, careful review revealed 
that it has multi-system involvement. Because of its potentially 
damaging effects on the respiratory system, it is termed as SARS-
CoV-2 (severe acute respiratory syndrome coronavirus 2). Most 
patients suffering from COVID-19 have mild to moderate respi-
ratory symptoms. Although careful judgment reveals that SARS-
CoV-2 involves multiple systems and could lead to multiple organ 
failure, lungs are usually the most severely affected. The etiology 
of COVID-19 shows that it causes mild to moderate and even se-
vere manifestations in people belonging to various age and sex 

categories. People with similar underlying pathological conditions 
like hyperglycemia or hypertension can even manifest in different 
extents after SARS-CoV-2 infection. We hypothesize that this dif-
ferential degree of clinical manifestations lies within the factors 
controlling the disease pathology and immunology, and in the ge-
netic predisposition of individuals. Polymorphism of genes direct-
ly involved in the morphological or structural specification of the 
virus at its cognitive domain, which is specially designed to bind 
with specific receptor on the host cells, are most relevant in the 
diverse manifestation of SARS-CoV-2 induced illness.

In the last 20 years, researchers have isolated seven different coro-
na viruses responsible for respiratory syndromes of varying severi-
ty in humans. Most of them, including SARS-CoV-2, are from beta 
coronavirus lineage, and can cause lung injury, including multi or-
gan failure, in severe cases. SARS-CoV-2 is the ligand of human 
angiotensin I converting enzyme 2 (ACE2) receptor. Although 
ACE2 receptors are predominantly present in the lung alveolar 
cell membrane, ACE2 receptor mRNAs are present virtually in 
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all organs including heart, blood vessels, kidney and testis, thus 
opening possibilities of the virus to bind to the other tissues and 
infect them. The ACE2 molecule is a peptidase which regulates the 
water and salt balance of the body by binding with angiotensin II, 
through renin-angiotensin-aldosterone system, thus acting as the 
main regulatory pathway of controlling blood pressure and cardiac 
output. This implies that underlying pathology like hypertension, 
diabetes and cardiomyopathy of a person are major contributing 
factors to develop severe manifestations of SARS-CoV-2 infec-
tion.

Although ACE2 receptors are predominantly present in the lung 
alveolar cell membrane, ACE2 receptor mRNAs are present virtu-
ally in all organs including heart, blood vessels, kidney and testis, 
thus opening possibilities of the virus to bind to the other tissues 
and infect them. The ACE2 molecule is a peptidase which regu-
lates the water and salt balance of the body by binding with angio-
tensin II, through renin-angiotensin-aldosterone system, thus act-
ing as the main regulatory pathway of controlling blood pressure 
and cardiac output. This implies that underlying pathology like 
hypertension, diabetes and cardiomyopathy of a person are major 
contributing factors to develop severe manifestations of SARS-
CoV2 infection.

Although ACE2 receptors are predominantly present in the lung 
alveolar cell membrane, ACE2 receptor mRNAs are present virtu-
ally in all organs including heart, blood vessels, kidney and testis, 
thus opening possibilities of the virus to bind to the other tissues 
and infect them. The ACE2 molecule is a peptidase which regulates 
the water and salt balance of the body by binding with angiotensin 
II, through renin-angiotensin-aldosterone system thus acting as the 
main regulatory pathway of controlling blood pressure and cardiac 
output. This implies that underlying pathology like hypertension, 
diabetes and cardiomyopathy of a person are major contributing 
factors to develop severe manifestations of SARS-CoV2 infection.

Although ACE2 receptors are predominantly present in the lung 
alveolar cell membrane, ACE2 receptor mRNAs are present virtu-
ally in all organs including heart, blood vessels, kidney and testis, 
thus opening possibilities of the virus to bind to the other tissues 
and infect them. ACE2 molecule is a peptidase which regulates 
the water and salt balance of the body by binding with angiotensin 
II, through renin-angiotensin-aldosterone system thus acting as the 
main regulatory pathway of controlling blood pressure and cardiac 
output. This implies that underlying pathology like hypertension, 
diabetes and cardiomyopathy of a person are major contributing 
factors to develop severe manifestations of SARS-CoV2 infection.

Although ACE2 receptors are predominantly present in the lung 
alveolar cell membrane. ACE2 receptor mRNAs are present virtu-
ally in all organs including heart, blood vessels, kidney and testis, 
thus opening possibilities of the virus to bind to the other tissues 
and infect them. ACE2 molecule is a peptidase which regulates 

the water and salt balance of the body by binding with angiotensin 
II, through renin-angiotensin-aldosterone system thus acting as the 
main regulatory pathway of controlling blood pressure and cardiac 
output. This implies that underlying pathology like hypertension, 
diabetes and cardiomyopathy of a person are major contributing 
factors to develop severe manifestations of SARS-CoV2 infection.

The virus, an encapsulated ssRNA particle, also shows divergent 
strains with varying mutations in their RNA strand and the enve-
lope protein. These mutations handle differential binding ability 
with the host cell and causes either facilitation or inhibition for 
the entry of viral particle. The binding of the viral particle with the 
ACE2 receptors occurs through viral spike protein (S). This S is 
the dimer of S1 and S2. Wet lab study and bioinformatics showed 
that about 4-5 different SNPs are present within the S1 and S2 
domain of the S protein receptor binding domain (RBD), which 
may alter or perturb the functional attachment of the S protein with 
ACE2 receptor. Thus, a detailed understanding of SARS-CoV-2 
Spike binding to ACE2 is at the Centre of interest to explain not 
only the mechanism of viral binding and entry to the host cell, 
but also for the effective therapeutic understanding. To assess the 
genetic variations of different SARS-CoV strains, National Centre 
for Bioinformatics, China, has worked out over 77,801 genome 
sequences of SARS-CoV-2 from all over the world. They iden-
tified a total 15,018 mutations, including 14,824 SNP. All these 
mutations may or may not interact directly to the binding potency 
of the virus and may therefore affect the extent of manifestations 
in individuals.

It has been found that each individual has a distinct expression 
profile for the ACE and ACE2 receptors. This implies varying de-
grees of expression of the ACE/ACE1 and ACE2 receptors, which 
may significantly alter the disease profile of the virus. Renin-Al-
dosterone-Angiotensin system is important in maintaining water 
balance and blood pressure regulation within the body and, there-
fore, plays a major role in the pathogenesis of COVID-19. The 
angiotensin converting enzyme (ACE or ACE1) catalysis the syn-
thesis of Angiotensin II, which is the main regulator for increas-
ing blood pressure, whereas ACE2 hydrolyses ACE-II to Ang 1-7 
[1,2]. When Angiotensin binds to angiotensin receptors (AT1) it 
causes vasoconstrictions and increase in peripheral blood pressure, 
but on the contrary, when Ang 1-7 binds to angiotensin 2 (AT2) it 
produces vasodilation. Therefore, ACE and ACE2 act antagonis-
tically to balance the blood pressure and cardiovascular events, 
relating the reduced expression of ACE2 to the development of 
cardiovascular diseases.

It is seen from various studies that hypertension and cardiovas-
cular disease are significant comorbidities in COVID-19, and are 
increasingly associated with stroke and CoVID induced enceph-
alopathy and eventual death in elderly as well as young patients. 
Although ACE2 receptors predominantly present on alveolar cell 
membrane, its widespread distribution leads to a varying degree 
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and diversified symptoms of COVID-19 [3]. Besides respirato-
ry complications, the most common outcomes of COVID-19 are 
acute cardiac injury and acute kidney injury. Rectal swab, saliva, 
urine samples from CoVID positive patients shows enough viral 
load to detect by RT-PCR. These findings clearly demonstrate that 
SARS-CoV-2 is distributed widely in an infected body, with a 
distribution pattern is similar to that of ACE2 [3]. An analysis on 
the single cell RNA sequencing data from human organs revealed 
that cells showing expression of ACE2 included 7.5% of cardio 
myocyte, 4% of proximal tubular epithelial cell, 2.4% of bladder 
urothelial cell, 30% ileum epithelium cell, 1% esophageal epithe-
lial cell and 2% of respiratory tract epithelial cell [4]. These wide 
ranges of tissue distribution of ACE2 receptor are the primary rea-
son for the wide range of clinical manifestations in SARS-CoV-2 
infection and multiorgan failure in severe infection.

Ace Gene and Its Expression
ACE 1 gene is found on Chromosome 17. The genomic location 
is 17q23.3. ACE inhibitors are commonly used to treat hyperten-
sion and some types of renal and cardiac dysfunction. It converts 
angiotensin I to angiotensin II by release of the terminal His-Leu, 
to increase the vasoconstrictor activity of angiotensin. ACE1 can 
also inactivate bradykinin, a potent vasodilator and has a glycosi-
dase activity which releases GPI-anchored proteins from the mem-
brane by cleaving the mannose linkage in the GPI moiety. ACE1 is 
strongly activated by chloride.

The ACE2 gene is located on chromosome X. The ACE2 gene maps 
onto chromosome Xp22. The gene, which has 18 exons, encodes 
an 805 amino acid metalloproteinase, with the functional protein 
existing as a type I integral membrane glycoprotein containing a 
single catalytic domain [3]. Altered ACE2 expression is associated 
with cardiac and vascular disease in experimental models of CVD, 
and increased levels of ACE2 have been implicated in human heart 
failure and atherosclerosis. The location in X chromosome is a dis-
advantage for mail carriers of alleles linked to a lower ACE2 ex-
pression and therefore higher prevalence of COVID-19 severity in 
males [5]. Circulating ACE2 activity increases with CVD, as well 
as heart failure, and a large proportion of the variation in plasma 
ACE2 levels has been attributed to hereditary factors  or which 
was unexplained since last decade, the polymorphic variation with 
in the gene. SARS-CoV down-regulates the circulating level of 
ACE2 level might be through down regulating and therefore take 
an advantage to promote damage and inflammation to lung and 
heart. Actually, ACE1 and ACE2 work in a balanced way but in 
opposite direction in the renin–angiotensin system (RAS) to bal-
ance the local vasoconstrictor/proliferative (ACE1/Ang-II/AT1- 
axis) and vasodilator/ant proliferative (ACE2/Ang1-7/MAS-axis) 
actions to combat dysregulated blood pressure, water and mineral 
balance [6]. This protects organs and blood vessels by anticoag-
ulant, anti-inflammatory, anti-proliferative, anti-fibrosis, anti-al-
veolar epithelial cell apoptosis, and anti-oxidative stress activities 
antagonizing the effect of Angiotensin II. It is therefore worthy 

that, the coexistence of gene polymorphisms both in the ACE1 and 
ACE2 genes might influence their mutual expression levels which 
might be associated with altered salt balance or blood pressure reg-
ulation along with CVD, increased capillary permeability, coagula-
tion, fibrosis, and apoptosis in the alveolar cells, accelerating lung 
damage and pulmonary shut-down triggered/worsened because of 
SARS-CoV-2 infection [7]. Therefore, careful evaluation must be 
conducted for ACE2 gene polymorphism and infection outcomes 
with relative severity in different population with different age 
and sex matched individuals. In fact, ACE gene insertion/deletion 
(I/D) is one of the best known polymorphisms which affects the 
circulating level of ACE and ACE2. For example, an individual 
with a D/D genotype shows higher levels of ACE2 in the circula-
tion, which can explain higher incidence of SARS-CoV-2 infec-
tion in those individuals and with higher risk of cardiovascular 
and respiratory disease with homozygous deletion genotype. This 
homozygous deletion is further related to acute respiratory distress 
syndrome (ARDS) with a concomitant progression of pneumonia 
[8]. As ACE2 is the receptor for SARS-CoV-2 attachment, ACE2 
polymorphism or functional variants of ACE2 receptor could 
practically limit the entry of SARS-CoV-2 on the cell surface and 
facilitate or inhibit the severity of the disease. The functional vari-
ants that increase the expression of ACE2 receptor protein could 
cause increased viral load by displaying increased number of viral 
binding sites and therefore increase the vulnerability of carriers to 
infections. These risk variants are particularly higher in male as 
they possess only one copy of X linked ACE2 gene. ACE I/D can 
exist in three different polymorphic forms, DD, ID, and II. The 
occurrence of severe COVID-19 disease is associated with DD or 
ID genotype whereas in case of II genotype the occurrence is quite 
low, although the association of ACE2 I/D polymorphism with the 
disease progression has not been found [8].

The catalytic domains of ACE2 and ACE1 share about 42% ho-
mology in their amino acid sequence and have a similar exon/in-
tron organization. Although several gene variants of ACE2 have 
been identified, one SNP, i.e. transition G8790A (rs2285666) in 
intron 3 of the ACE2 gene, is of special interest. Unlike autosomal 
genes (i.e., ACE1), the X-linked genes (i.e., ACE2) are expressed 
as homozygous dominant in females and cannot show in males 
any advantageous heterozygous condition in case of mutations or 
polymorphic at-risk conditions. Accordingly, in the presence of a 
lower activity of the ACE2 gene, as for the one associated with the 
8790 G-allele, male-carriers are certainly hemizygotes unable to 
compensate with the 8790 A-allele counterpart. ACE2 G8790A is 
located at the beginning of the intron 3, which can also affect the 
gene expression of other genes by alternate splicing, also having a 
strong linkage disequilibrium with other SNPs (rs1978124 intron 
1 and rs714205 intron 16) in the ACE2 gene.

It has been investigated that the ACE1 I/D variant in combination 
with the ACE2 G8790A transition mutation is prevalent in hyper-
tensive populations. Therefore, it can be seen that patients with 
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higher ACE1 activity (D/D-genotype) and lower ACE2 activity 
(GG-females or hemizygous G-males) may make up the suscepti-
ble group for hypertension where they already have classical risk 
factor association, like, old age, dyslipidemia, and diabetes [97]. 
Perturbed balance between the ACE1/ACE2 along with over ac-
tivated RAS may generate systemic disorders. About 60% of the 
ACE1 levels seem to be determined by the ACE1 I/D polymor-
phism, and interestingly the activity of ACE1 activity is lower in 
female both normal and in pathological condition. This evidence, 
together with the observation that the ACE1 I-allele seems to be 
overrepresented among females, and that the D-allele (associat-
ed with a high level of ACE1) seems more prone to express even 
higher levels among males, suggests a higher chance of having 
ACE1/ACE2 imbalance among males during ACE2 receptor sup-
pression, as in the presence of SARS-CoV-2 infection. Balance 
in ACE/ACE2 receptor mediated entry of angiotensin I and II is 
the crucial for maintain the balance of Rennin-Angiotensin–al-
doterone axis (RAS) to maintain ultimately the vasoconstriction/
vasodilation mechanism of the body to potentiate the body homeo-
stasis and blood hemodynamics.

Variation in ACE1 levels can also be modulated by ABO-blood 
group, locus (9q34.2). ABO polymorphisms (promoter region, and 
in exon 7) influence the response of treatment within the infected 
population by ACE inhibitors and can naturally protect the people 
having O blood group [7].

Receptor Occupancy and Viral Pathogenesis
Both SARS-CoV and SARS-CoV-2 uses same receptor for entry 
inside the host cell. In humans, a variety of tissues express ACE 
and ACE2 receptors, but the most prevalent one is lung alveolar 
tissue. It has been reported that SARS-CoV-2 enters human cells 
using the SARS-CoV receptor ACE2 and a specific transmembrane 
serine protease 2 (TMPRSS2) for the spike (S) protein priming [7]. 
The outer envelope of the SARS-CoV has several spike proteins, 
which are glycosylated at specific amino acids. The SARS-CoV-2 
Spike glycoprotein comprises two subunits, a receptor binding 
subunit (S1) and a membrane fusion subunit (S2). The Spike gly-
coprotein assembles into stable homotrimers that together possess 
66 canonical sequons for N-linked glycosylation (N-X-S/T, where 
X is any amino acid except P) as well as several potential O-linked 
glycosylation sites. It is proposed that, novel corona virus gains 
a glycan coat which can serve as a glycan shield to facilitate the 
immunogenicity of the virus. The cryo-EM structure of the SARS-
CoV-2 S glycoprotein has been reported recently, which revealed 
that, like the related protein from the 2002 - 2003 SARS pandem-
ic (SARS-CoV-1), the CoV-2 S protein is also extensively glyco-
sylated [9]. Cryo-EM provides evidence for the existence of 14–16 
N-glycans on 22 potential sites in the SARS-CoV-2 S protein and 
at least 3 O linked glycosylation sites [9]. Glycosylation is import-
ant for the specific chemical and physical properties of the pro-

tein. It determines the steric hindrance, and thus the specific 3D 
structure of the protein and therefore important sites for gain of 
function or loss of function mutation. The N-glycans on S protein 
play important roles in proper protein folding and priming by host 
proteases [9]. As glycans can shield the amino acid residues and 
other epitopes from cells and antibody recognition, glycosylation 
can enable the coronavirus to evade both the innate and adaptive 
immune responses [9,10]. The glycosylation of these surface an-
tigens helps the pathogen to bypass the recognition of the virus 
by host cell receptors except the specific receptor at which it can 
bind. As in the case of novel corona virus, the glycan shield of the 
viral spike protein can only recognize the ACE2 receptor site. The 
glycan shields also perturb the activity of the immune system by 
cloaking the protein surface from detection by antibodies, and can 
influence the ability of the host to raise an effective adaptive im-
mune response or even be exploited by the virus to enhance infec-
tivity. The pathogenic SARS-CoV-2 enters human target cells via 
its viral transmembrane spike (S) glycoprotein. The spike protein 
is a trimeric class I fusion protein and consists of S1 and S2 sub-
units. The S1 subunit facilitates the attachment of the virus with 
the ACE2 receptor, while the S2 subunit allows the fusion of the 
viral and human cellular membranes.

S1 domain of a corona virus is further divided and classified as 
N-terminal domain and C-terminal domain. At the C-terminal do-
main of S1 subunit, there is a 211 amino acid sequence assigned 
for receptor binding (amino acids 437-529). The receptor bind-
ing domain mediates contact with ACE2 receptor. This region of 
SARS-CoV-2 differs from SARS-CoV by only 5 amino acid res-
idue alterations which are crucial for receptor binding. The resi-
dues are Y455L, L486F, N493Q, D494S and T501N. However, a 
specificity of four amino acid residues from amino acid 482-486 
is very crucial with the binding of ACE2 and always gives a firm 
attachment of SARS-CoV-2 with ACE2. During the viral nucleic 
acid entry, a proteolytic cleavage activates S2 domain of spike pro-
tein, which causes fusion of host cell membrane and viral envelop 
to facilitate RNA entry inside the host cell. The host proteases, 
along with transmembrane protease serine protease 2 (TMPRSS2), 
cathepsin L and furin, take part in the cleavage of the S protein to 
activate the entry of virus particle with in the host. TMPRSS2 is 
co-expressed with ACE2 receptor in a variety of tissues like bron-
chial and lung epithelial cell including nasal epithelial cell which 
prove the olfactory route of viral entry. The SARS-CoV S protein 
RBD is projected in a lying down state, which is evidently helpful 
for immune evasion [11].

SARS-CoV-2 uses ACE2 receptor and human proteases to enter 
the human cells by fusion of the viral envelop with the host cell 
membrane. Therefore, drugs that inhibit this fusion procedure can 
be potential defense mechanism against the virus. Also, it can tar-
get the viral envelop to break down, which potentiates its function.
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Figure 1: Representative picture of SARS-CoV 2 Spike protein 
–ACE2 binding (Ref. Wiese et al 2020. Image used with permis-
sion)

Ace2 Receptor Polymorphism and Disease Progression
Recent research revealed that ACE2 receptor mutation/polymor-
phism is directly associated with the severity of COVID-19 dis-
eases. The relationship between the virus binding and subsequent 
virus entry to the host cell with the peptidase function of ACE2 
receptor actually is at the centre of attention. The peptidase activity 
of ACE2, that regulates renin-angiotensin-aldosterone system in 
our body, regulating blood pressure and fluid balance. Therefore, 
hypertension, diabetes and cardiovascular diseases are sought as 
the primary and most frequent co-morbidity in COVID-19 diseas-
es.

ACE2 limits the adverse vasoconstriction reaction and pro-fibrot-
ic effects of angiotensin II. Hydrolysis of angiotensin II reduces 
oxidative stress and therefore associated with balanced cardiac 
function. Disruption of ACE2 results in an increased level of an-
giotensin II, which may be associated with hypertension, diabe-
tes, dyslipidemia, and ultimately impaired cardiac function and 
eventual heart failure. Three ACE2 receptor mutations (rs 240157, 
rs4646155, rs 4830542) have been associated with pathological 
variation in hypertension. Further, a study from India with hyper-
tensive subjects and age /sex matched normotensive subjects show 
that one more mutation (C>T) in ACE2 gene (rs 21068809) is as-
sociated with clinical outcomes of hypertension. Mutation may 
affect the rate of expression of ACE 2 gene. In a study with mice 
model it has been shown that deletion of ACE2 gene is associat-
ed with increased circulating angiotensin II, which may potentiate 
oxidative damage, pathological hypertension and cardiovascular 
disease. Thus, it can be noted that mutation can affect the func-
tion of ACE2, transcription of ACE2. Mutation also affects post 
transcriptional or post translational medication of ACE2 receptor 
and perturbation of the function of ACE2 receptor which may be 
presented as uncontrolled hypertension and cardiovascular diseas-
es. In a Brazilian population, two more mutations in ACE2 gene 
have been identified (ACE1/D and ACE2 (G8790A). Combination 
of these two variants increases the susceptibility to pathological 
hypertension. SNPs in the coding sequences of ACE2 gene have 

also been identified. One truncated variation has been identified 
by Cao and colleagues in a Chinese population based study where 
truncation at Glu300 is projected. In addition, they have reported 
32 other variants in ACE2 receptor gene with 7 identified hotspots 
[12].

 During binding with viral S1 domain the ACE 2 receptor protein 
recruits a 71 amino acid sequence (424-494) of S1 and it is in-
volved in the direct contact with first α helix and Lys 353 with its 
proximal residues at the N terminus of β sheet 5 of ACE2. A point 
mutation Leu 584Ala in ACE2 causes significant facilitation of vi-
ral entry into the host cell [12].

SARS-CoV-2 Polymorphism
So far, several point mutations and deletions have been identified 
in entire SARS-CoV-2 genome. Among these, some are closely as-
sociated with the disease severity of COVID-19. Several of these 
mutations are in the receptor binding site and therefore can facili-
tate or inhibit virus entry to the host cell and these, in turn, alter the 
virulence. 220 SARS-CoV-2 genomic sequences were identified 
and studied for mutation analysis, which revealed 8 novel muta-
tional hotspots, among which 5 were predominantly observed in 
Europe and 3 were in America, whereas none of these were identi-
fied in Asia. They have also identified a novel viral gene mutation 
in RNA dependent RNA polymerase (RdRp) locus which is close-
ly associated with a higher number of point mutations in those mu-
tant strains compared to strains identified from Asia [13]. The most 
predominant deletion mutation observed is deletion 382, which is 
observed in several cases in Singapore. This mutation causes trun-
cation of ORF7b and eliminates ORF8 transcription regulatory 
region from the transcribing viral gene and eventually eliminates 
ORF8 transcription. Interestingly, this variant was found more pro-
nounced during the early phase of the pandemic, but after March 
2020, this was not found efficiently. Instead, a similar del 382 was 
observed and identified in Wuhan, China in February 2020 along 
with several other deletion mutations throughout the world (Del 
345 in Bangladesh, Del 138 in Australia, Del 62 in Spain and many 
more) [14]. These deletions are quite obvious and can occur in 
nature. For example, we can point out the deletion mutations of 
SARS-CoV seen in 2002- 2003. Scientists frequently observed a 
deletion of 29 nucleotides during SARS-CoV outbreak, which was 
associated with severity of acute respiratory syndrome. This dele-
tion was also observed at ORF 8. Larger deletions like 82 nucleo-
tides and 415 nucleotide deletion were reported from SARS-CoV 
and clarified the association with differential degree of respirato-
ry illness [14]. However, the 29 deletion in ORF8 in SARS-CoV 
had been associated with slow replication compared to the wild 
type virus. Therefore, ORF8 must have some role in disease pro-
gression in both SARS-CoV-2 and SARS-CoV. Researchers have 
documented the association of ORF8 in SARS-CoV-2 with im-
mune evasion by down regulating MHC-I molecules. ORF-8 links 
with the cellular proteins involved in glycoprotein metabolism to 
work in intracellular molecular cross talk cascade for facilitation 
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of drug entry and subsequent activation of target molecules [14]. 
One more prominent mutation has been identified is D614G mu-
tation. This variant with Spike G614 has replaced D 614 as the 
dominant pandemic form. Consistent increase of G614 in the pop-
ulation increases the infectivity and severity of the disease as it 
is noted that G614 is associated with lower Ct value, suggestive 
of higher infectivity and viral load. G614 variants grow rapidly 
to attain a high titre as the pseudo-typed virion [15]. This D614G 
mutation causes more efficient binding with ACE2 receptor, less 
S1 domain shedding and higher s protein incorporation on the viri-
on envelope [16]. This mutation has been found about 29% of the 
affected population worldwide and in still higher ratio in Europe. 
One interesting fact is that D614G mutation is frequently associat-
ed with a second mutation on the spike protein gene, and it is C- T 
mutation at the 3,037th position and a third one at the position 241 
(C-T) in the 5’ untranslated region. One more C-T transition has 
been identified at bp14,409, at RNA dependent RNA polymerase 
gene, although not associated with D614G mutation [16]. A very 
recent review by Guru Prasad pointed out about 400 distinct mu-
tational hotspots on the spike protein sequence [17]. The RBD 
of spike protein also has over 40 mutational hotspots, which can 
modulate the binding of S1 with ACE2 receptor. Computational 
bioinformatics study analyzed about 18354 mutations in S pro-
tein and it revealed that most of those mutations can destabilize 
the entire S protein and RBD. Specially, residue G431, S514 and 
D614G are important to the overall thermodynamic stability of S 
protein and RBD. Some of the NH2 terminal linked glycosylation 
site mutation of S protein can stabilize it further and may increase 
the infectivity of the virion. In silico analysis of mutation revealed 
3705 mutations in SARS-CoV-2 RBD and 11324 mutations in hu-
man ACE2. It is also found that SARS-CoV-2 neighbor residues 
G496 and F497 and D355 and Y41 of ACE2 are crucial for viral S 
protein and ACE2 interaction [10].

Two conceptual mechanisms can explain the increased infectivity 
of D614G. According to the first one, D614 is located on the sur-
face of spike protein promoter and interacts easily with the neigh-
boring promoter. Cryo EM structure showed that this side chain of 
D614 form hydrogen bond with T859 of the neighboring promoter 
[9]. This promoter- promoter interaction actually occurs near one 
promoter of S1 unit to the promoter of S2 unit which further facili-
tate the binding of S1 and S2. Whereas, the 614 G form diminishes 
the binding interaction of S1 and S2 facilitating the shedding of S1 
from S2 subunit and thus promotes S2 entry within the host cell. 
Alternatively, it could be possible that D614G mutation may alter 
the binding affinity of RBD with ACE2. The ‘up’ position of RBD 
is essential for ACE2 binding and mutation may facilitate the up 
and down position of the RBD allosterically. In D614, the RBD 
lies in its ‘down’ position, which can down regulate the S2 entry 
within the host cell compared to its ‘up’ position seen in 614G 
form [15].

Figure 2: Genetic Configuration of different domain of SARS-
CoV 2 and the 3D structure of RBD in its Up and Down form. 
(Ref: Wrapp et al 2020. Image used with permission.)

Disease severity linked with mutation: Mutations in spike protein 
of the virus may alter the immunogenicity. The disease severity 
may be increased or decreased depending on the altered immuno-
genicity of the virus, as well as increased or decreased viral load 
within the body. Global tracking data showed that G614 variant 
spread more rapidly than D614, as it was stated that G614 variants 
also have a lower Ct value. This confers that G614 variant can 
also higher viral load. Recent studies reveal that, although G614 
is associated with increased viral load and decreased Ct values, it 
is not associated with greater severity. The status of hospital stay 
(number of days in hospital, ICU admission, ventilation occupan-
cy) is not significantly associated with G614 variant, although a 
higher fatality rate has been reported across the countries in case 
of G614 variants. This higher fatality rate can be further judged 
with a differential treatment facility, availability of testing and 
care facilities across the countries. Now, above all, the question 
is, does this mutation/mutations provoke altered immunological 
consequences? G614 variant is sensitive to neutralizing antibody, 
mostly polyclonal antibodies, produced in the body as a response 
to infection. Till to date, it is not clear that whether D614 and G614 
forms of SARS-CoV-2 are differentially activated by neutralizing 
serum or vaccine produced against the D614 form. If the vaccine 
produced is not efficiently neutralize the G614 form, then it may 
require a higher level of vaccine administration to produce a high-
er level of neutralizing antibody against the G614 form.

The hypothesis that is based on the structure of spike protein can 
explain the increased infectivity of D614G mutation. D614 is on 
the surface of the spike protein protomer, 9 of the neighboring, 
which enables it to contact easily with other protomer living near-
by. The side chain of the D614G can form a hydrogen bond with 
T859 of the neighboring protomer. This protomer-protomer inter-
action may strengthen the binding of S1 protein of one unit and 
S2 protein of the other unit. These two sites in the spike protein 
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bracketing both the dibasic furin and S2 cleavage unit promotes 
shedding of S1 from viral body. Alternatively, D614G mutation 
may affect RBD- ACE2 interaction. RBD has to be positioned in 
a ‘Up’ to interact with ACE2 receptor. Normally, RBD shows a 
‘Down’, which is not as facilitator as the ‘Up’ configuration of 
RBD. When mutation promotes the up configuration in the spike 
structure, its infectivity increases because of an increase in binding 
capacity with the ACE2.

Further, Young and coworkers had studied on 282 patients the se-
verity of SARS-CoV-2 and mutation at the ORF8. A 382 bp dele-
tion at ORF is associated with less frequent need of supplemental 
oxygen and ICU set up than the wild type virus infection. There-
fore, researchers associate Δ 382 with milder symptoms compared 
with the wild type variation of the virus Young et al. 2020) [14].

Neandertals lived in Africa several hundred years’ ego gained 
some environmental adaptation to well acclimatize in that region. 
Although Neandertals and their Asian sister group Denisovans 
become extinct about 40,000 years ago but transfer of gene pull 
through ancestors may contribute to modern human population. 
Some of these contributions may reflect extreme adaptations to 
infectious diseases, which are strong selective factors for human 
generations. Indeed, several genetic variants contributed by arctic 
hominins to modern humans, which affect genes involved in im-
munity. As an example, we can point out the existence of a variant 
of toll-like receptor gene which decreases the susceptibility of He-
licobacter pylori infection and the risk of allergies. Second, we can 
display the role of proteins, interacting with RNA viruses, encoded 

by DNA regions introgressed from Neandertals profusely. recent 
studies associate that a haplotype in a region on chromosome 3 
with severe illness when infected with SARS-CoV-2. Presence of 
this haplotype increases the frequency of requiring intensive care 
in SARS-CoV-2 positive patients almost double. It reaches carri-
er frequency in South Asia about 65%, 16% in Europe whereas 
almost nil in East Asia. Therefore, although the haplotype is detri-
mental for SARS-CoV-2 infected patients, its relative occurrence 
of frequency actually determines the fate of a particular area over 
the globe to be severely infected with SARS-CoV-2. The seven 
loci present on chromosome 6, 12, 19 and 21 harbor Neanderthal 
like alleles. Presentation of such alleles varies between different 
geographical locations around the globe and confers the relative 
severity of disease from SARS-CoV-2 infection. Each copy of the 
Neandertal haplotype reduces the relative risk of admitting infect-
ed patients to intensive care by almost 22%. This Neanderthal hap-
lotype is completely absent in African populations south of the Sa-
hara but exists at an about 25-30% frequency in Eurasia, whereas, 
in America, it exists in absolute low frequency which can justify 
the severity among people of America. The protective haplotype 
presents on the chromosome number 12 has been identified and 
the regions of such protections are within OAS1, OAS2 and OAS3 
gene which are encoding oligoadenylate synthetases. These en-
zymes are actually activated by ds RNA while induced by viral in-
terferons. They produce short chain polyadenylates which induce 
ribonuclease L. This ribonuclease potentiates the degradation of 
intracellular RNA and also initiates various intracellular antiviral 
immunological mechanisms to check the infection [1-61].

Figure 3: Mutational HotSpot on SARS-CoV2 and possible effects on Spike protein –ACE2 interaction. (Ref: Yong et al 2020. Image 
used with permission)
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