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Abstract

The coronavirus disease-19 has left a permanent mark on the history of the human race. Severe acute respiratory syndrome
coronavirus-2 is a positive-sense single-stranded RNA virus, first reported in Wuhan, China, in December 2019 and from
there took over the world. Being highly susceptible to mutations, the virus's numerous variants started to appear, and some
were more lethal and infectious than the parent. The effectiveness of the vaccine is also affected severely against the new
variant. In this study, the infectious mechanism of the coronavirus is explained with a focus on different variants and their
respective mutations, which play a critical role in the increased transmissibility, infectivity, and immune escape of the virus.
As India has already faced the second wave of the pandemic, the future outlook on the likeliness of a third wave with respect
to the Indian variants such as kappa, delta, and Delta Plus is also discussed. This review article aims to reflect the catastrophe
of the variants of SARS-CoV-2 and the possibility of developing even more severe variants in the near future.
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Abbreviations

COVID-19 Coronavirus disease-19

SARS-CoV-2 Severe respiratory syndrome
coronavirus-2

WHO World Health Organization

ORF Open reading frame

ACE-2 Angiotensin-converting enzyme-2
NTD N-terminal domain

RBD Receptor-binding domain

RBM Receptor-binding motif
TMPRSS2 Type II transmembrane serine proteases
FP Furin peptide

HPD Heptapeptide domain 1

™ Transmembrane domain

CD Cytoplasm domain

hpi Hours post-infection

PFU Plaque-forming unit

VOI Variant of interest

VOC Variant of concern

VOHC Variant of high consequences
RdRp RNA-dependent RNA polymerase

@ Springer

Introduction

Coronavirus disease-19 (COVID-19) pandemic will be infa-
mously written in history forever, like Black Death and Spanish
flu. Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) is the etiological agent responsible for this pandemic
which originated in Wuhan, China, in early December 2019.
World Health Organization (WHO) named this disease corona-
virus disease-19 (COVID-19) on December 29, 2019. Since the
declaration of COVID-19 as a pandemic by the WHO on March
11, 2020 till July 30, 2021, more than 196 million COVID-19
confirmed cases including 4,200,412 deaths were reported, mak-
ing it one of the deadliest pandemics recorded in human history
[1]. SARS-CoV-2 has possibly adapted toward its spread and
sustenance for transmission within the community with R° of
between 2 and 2.5.

By 14th July 2021, more the 3.54 billion people have
already been vaccinated with at least one dose of the SARS-
CoV-2 vaccine irrespective of the brand name [2]. Yet, this
pandemic has become a race between effective vaccines and
the new variants.
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Spike protein and ACE-2 receptor: gateway
for viral entry into human cells

SARS-CoV-2 is an enveloped, single-stranded positive-sense
RNA virus with the highest, i.e. 96% of genome identity
with horseshoe bat virus RaTG13 Rhinolophus affinis [3].
The SARS-CoV-2 genome of 30,000 nucleotides includes
5’UTR, followed by ORF1a and ORFlab, four structural
genes (spike S, envelope E, membrane M, nucleocapsid N),
accessory proteins, and 3 UTR with poly-A tail [4].

31(32

The S gene encodes for the prominent homotrimeric,
type I fusion and transmembrane glycoprotein which ena-
bles viral entry into the host target cell through the angio-
tensin-converting enzyme-2 (ACE-2) receptor [5, 6]. 1273
amino acids-long protein is divided into two subunits, i.e.
S1 (1-685) and S2 (686—1273). The S1 comprises N-ter-
minal domain (NTD) and receptor-binding domain (RBD;
319-549 a.a.) (Fig. 1).

RBD contains a core structure and a variable receptor-
binding motif (RBM; 437-508 a.a.) which interacts and
attaches with the host cell ACE-2 receptor (Fig. 2) [7]. The
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Fig. 1 Diagrammatic representation of spike glycoprotein showing S1
and S2 domain, where S1 contains NTD and RBD and S2 contains
FP, IFP, HR1, and HR2. Polybasic cleavage site at the interface of S1/

Fig.2 Diagrammatic repre-
sentation of trimeric spike
glycoprotein attached with

two ACE-2 molecules at
receptor-binding site (GVEH)
in receptor-binding motif in the
S1 domain
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ACE-2 receptors are normally expressed in type Il pneumo-
cytes in the alveoli, nasal mucosa, epithelial cells of lungs,
kidney, and heart, enterocytes of the small intestine, and
endothelial cells of blood vessels, making them vulnerable
to SARS-CoV-2 [8]. The widespread presence of ACE-2
receptors in different organs facilitates the extrapulmonary
infection by SARS-CoV-2, causing associated complica-
tions such as acute respiratory distress syndrome (ARDS),
cytokine storm, blood clots [6, 9], and possibly psychologi-
cal and neurological problems [10].

The fusion of two membranes is the crucial step before
the virus enters the host cell [11, 12]. SARS-CoV-2 utilizes
ACE-2 as the entry receptor and activates the cellular type
II transmembrane serine proteases (TMPRSS2). The prim-
ing of spike protein by the host cell is essential for the entry
of the virus. This interaction with the ACE-2 determines
the efficiency of SARS-CoV-2 transmissibility [8]. The new
variants are found and predicted to exploit a cellular attach-
ment promoting factor to increase the variant’s efficiency in
terms of both infection and transmission to infect ACE2 cells
in the upper respiratory tract [13].

The S2 subunit is composed of a fusion peptide (FP),
heptapeptide domains 1 and 2 (HPD1, HPD2), transmem-
brane domain (TM), and cytoplasm domain (CD) and is
involved in membrane fusion [14]. Non-covalently bound
S1 and S2 subunits in the pre-fusion state facilitate binding
to the host receptor [15]. The spike protein is cleaved by
host type II transmembrane serine proteases (TMPRSS2)
and furin at the S1/S2 polybasic cleavage site (PRRA)
having arginine residues that empower the high cleavabil-
ity (S2) [16, 17]. Some studies have indicated the impor-
tance of the furin cleavage site for causing conformational
changes required for the binding of RBD to the ACE-2
receptor [18].

The S2' cleavage site plays an important role in the acti-
vation of membrane fusion and creates an internal fusion
peptide within the S2 domain [19]. In the process of fusion
at the S2' site, the type II serine proteases cleave the cell
surface, and cysteine-type cathepsin protease is respon-
sible for the intracellular compartment cleavage, which
indicates the possibility of the multiple activation triggers
set up by the SARS-CoV-2 to infect the cell with critical
efficiency [19]. This activity confirms the spike protein to
be the deciding factor for the virus infection and transmis-
sion. Concerning the immune system, this protein acts as
the antigen to activate the appropriate response, which
makes it susceptible to further advancement in vaccine
development. Being a glycosylated protein, the mutations
and the site-specific glycans on infection and immune
response play a vital role in anticipating the future of the
COVID-19 disease [20].
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Fig.3 Structural representation of spike protein showing major muta-
tions in the Alpha (B.1.1.7) variant: N501Y mutation in the receptor-
binding motif-containing receptor-binding site is crucial for binding
with the hACE-2 receptor. D614G is the dominant substitution pos-
sibly responsible for high infectivity. P681H is important due to its
placement next to the furin cleavage site ‘RRAR at S1/S2 junction’.
Other important mutations in the spike protein are S982A, A570D,
D1118H, and T716I

Furin is a masterstroke for SARS-CoV-2
pathogenesis

Furin is a protease enzyme that cleaves precursor protein
at specific sites through proteolysis into a biologically
active product. The ubiquitously expressed furin is pre-
sent in the respiratory basolateral tract, lungs, liver, bone
marrow, and salivary glands at a higher concentration
which could affect the transmission and stability of the
virus. SARS-CoV-2 enters into a human by ACE-2 recep-
tor and human proteases as entry activators. Preactivation
and proteolysis by furin are required for the fusion of viral
membranes and host cell membranes. Due to the dissocia-
tion of S1 and S2, the virus undergoes a structural change
that is irreversible and needs to be tightly regulated. It
has been observed that the SARS-CoV-2 arbitrates its
virulence after binding to RBD of spike glycoprotein (S1
unit), which mediates interaction with ACE-2 receptors.

The interplay between furin and spike glycoprotein is
very fascinating, as furin plays a crucial role in SARS-
CoV-2 entry and severity in host cells, and therefore
reduces the need of other proteases for entry. The focus
on the infectivity of SARS-CoV-2 with furin has been
solely on the preactivation by furin (proprotein con-
vertase). The protein cleavage site in spike glycoprotein
of SARS-CoV-2 in S1/S2 site 1 is arginine (RR) multi-
basic, i.e. SPRRAR l SVAS at C terminal side (Fig. 3).
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Fig.4 Diagrammatic represen-
tation of D614G variant: change
of Asp (GAU) in D614 to Gly
(GGU) amino acid results in the
D614G mutation as shown in
the green spheres in the trimeric
spike protein

GIn:Asp: Val
CAGIGAU,GUU

Mutation

1
CAGIGGUIGUU
Gln:_GIy: Val

Surprisingly, the SARS-CoV-2 spike protein has a multi-
basic cleavage site containing arginine residues on the
first and fourth position, which efficiently enhance prote-
olytic cleavage of S protein with ACE-2 receptor by furin
due to the presence of extra arginine at the P4 position
that enhances infection. The lying down (close) state of
the spike protein of RBD associated with immune evasion
and inefficient hACE-2 receptor binding as recognition
motifs are hidden in the closed state. During transition
from the close to open (upstate) configuration, RBM is up
and receptor-accessible conformation enables the binding
to the ACE-2 receptor, which is associated with the strong
receptor [21].

The RBD is in direct contact with the ACE-2 where dif-
ferent loops (1, 2, and 3) and p-sheets (1, 2) are involved
in different functions. Based on the “Anchor-Locker”
mechanism and binding free energies calculation, loop
2 acts as an “anchor” in recognition and the binding of
ACE-2, whereas loop 3 acts as a “locker” to stabilize the
whole structure. p-sheet 1 is involved in enhancing the
binding after the recognition process. These interactions
reinforce the binding between the spike protein of the
SARS-CoV-2 and the ACE-2 of the host cell [22].

SARS-CoV-2 D614G variant: master
substitution predominant in the first wave
of the pandemic

Since February 2020 to June 2020, the D614G SARS-
CoV-2 variant has spread globally with 74% of the pub-
lished sequences with aspartic acid to glycine, i.e. D-G
substitution in the C-terminal region of the S1 domain
of spike protein [23] (Fig. 4). Zhang et al. [24] reported

D614G

-

Spike protein

a more efficient entry of pseudovirus S9! with less S1
domain shedding in ACE-2 expressing cells. The superior
infectivity of the D614G variant is contributed to assem-
bling of more functional S protein into the virions; how-
ever, this mutation neither increases S protein affinity for
ACE-2 receptor nor makes pseudoviruses more resistant
to neutralization by plasma from convalescent patients.
Here, the virus retains the furin cleavage site and there-
fore may confer a fitness advantage. Studies correlated
D614G mutation with higher viral load in nasopharyn-
geal aspirate, supporting the advantage in transmission,
fitness advantage, and enhanced infectivity in COVID-
19 patients [25]. Jessica A et al. [26] studied replication
kinetics of the D614G variant in human lung epithelial
cell line Calu-3 and found 2.4-fold more infectious virus
36 hpi, indicating enhanced viral replication. Competition
assay studies on the fitness of D614G virus, by infecting
hamsters intranasally with 10* PFU per virus, showed
G614/D614 ratios of 1.2-2.6, indicating fitness advan-
tage of the D614G variant. D614G is the only substitu-
tion mutation that is present in all the five VOI and four
VOC which are circulated in the populations throughout
the world. The first wave predominantly infected older
and immunocompromised populations and people with
underlying complications.

Possible mechanism of high transmissibility
and infectivity

Structural analysis by atomic simulations and molecular-
level studies showed asymmetric inter-promoter interac-
tions between S1 and S2 subunits in the open state during
the D614 form. However, in the G614 form, due to the
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relaxation of tensile hydrogen bonds, a higher population
of infection capable of open configurations results in higher
chances of binding events with the host receptor ACE-2,
thereby increasing the overall infectivity. Enhanced exposure
of RBD in the open configuration is also predicted to be a
reason for higher sensitivity toward neutralization [27].

The other possible reasons for the high mortality dur-
ing the first wave were the lack of understanding of virus
structure, its pathogenesis, transmission dynamics, absence
of vaccines and antivirals. In addition to this, other rea-
sons were infected hosts’ dysregulated hyperinflammatory
response, the immunocompromised status of individuals,
multi-organ tropism, and mutations in the virus, which
cumulatively worsened the first phase of the pandemic. With
the unavailability of vaccines, short supply of the available
drug, limited laboratory testing, lack of scientific under-
standing of the virus, untrained healthcare staff, and absence
of proper treatment to a large population at a reasonable cost
during the first wave of COVID-19 resulted in a critically
much higher death rate [28].

Generally, numerous other factors responsible for the
increase in the number of cases and mortality throughout
the world are economic inequality, per capita hospital beds,
and blood types, with Group B and AB being protective
against COVID-19. Changes in lifestyle, i.e. high intake of
oil, vitamin D, and vitamin K reduces the COVID-19 risk,
while increased intake of alcohol and smoking are associ-
ated with increased COVID-19 risk [29]. Such factors affect
COVID-19 transmission and severity, and by modulating
these, effective strategies can be formulated to prevent and
mitigate COVID-19 spread.

Emergence and classification of new
SARS-CoV-2 variants

SARS-related coronaviruses appear frequently in bats (prox-
imal source) [30]. Zoonotic transmission of such viruses is
inevitable due to human activities involving close contact
with wild mammals harboring these viruses. Being an RNA
virus in nature, SARS-CoV-2 is susceptible to a high rate
of mutations, leading to the evolution of various variants in
a shorter period than anticipated. The reason for the great
genetic diversity of SARS-CoV-2 is the strand-switching
ability and error-prone activity of RdRp. Events of frequent
recombination of different coronaviruses strains lead to
diversification and eventually evolution of a potent human-
infecting SARS-CoV-2 strain [31]. For the SARS-CoV-2
genome, the nonsynonymous to synonymous substitutions
ratio is 0.028, indicating strong purifying selection [32].

Although 3°-5" exonuclease proofreading activity slows
the mutation rate, accumulating amino acid mutations
alters the cell tropism, transmissibility, and pathogenicity
of SARS-CoV-2 [33]. The mutations in the spike protein
such as deletions, substitutions, and recombinations mainly
in RBD can virtually create a highly lethal variant to a highly
transmissible one, possibly due to the alteration in ACE-2
binding affinity [34]. Various mutations in the new variants
are mentioned in Table 1. The World Health Organization
(WHO) classifies SARS-CoV-2 variants as variants of inter-
est (VOI), variants of concern (VOC), and variant of high
consequences (VOHC).

Table 1 SARS-CoV-2 variants showing prominent mutations in the RBD and spike protein

Variant name Name by WHO Country of origin Mutations
in RBD in S-glycoprotein

B.1.1.7 Alpha UK (November, 2020) E484K, S494P, N501Y  69/70del, 144del, A570D, D614G, P681H,
T7161, S982A, D1118H, K1191N

B.1.351 Beta South Africa (October, 2020) K417N, E484K, N501Y D80A, D215G, 241/243del, D614G, A701V

P.1 Gamma Japan/Brazil (December, 2020) K417T, E484K, N501Y L18F, T20N, P26S, D138Y, R190S, D614G,
H655Y, T10271

B.1.614.2 Delta India (December, 2020) L452R, T478K T19R, G142D, D614G, P681R, R158G,
156/157del, D9SON

B.1.427 Epsilon USA (July, 2020) L452R D614G

B.1.429 Epsilon USA (July, 2020) L452R S13L, W152C, D614G

P2 Zeta Brazil (April, 2020) E484K F565L, D614G, V1176F

B1.525 Eta USA (December, 2020) E484K A67V, 69/70del, 144del, D614G, Q677H, F88SL

P.3 Theta Japan/Philippines (February, 2021) E484K, N50 141/143del, D614G, P681H, E1092K, H1101Y,
V1176F

B.1.617.1 Kappa India (December, 2020) E484Q, L452R T951, D614G, E154K, P681R, G142D, Q1071H

C.37 Lambda Peru (November 2020) L452Q, F490S G75V, T761, D614G, T859
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Fig.5 Pictorial presentation showing geographical distribution and
phylodynamics of SARS-CoV-2 variants of interest (VOI): Epsilon
variant red square B.1.429, pink square B.1.429.1 and green square
B.1.427 (A); Eta variant red square B.1.525 (B); Lambda variant red
square C.37 (C) [37]

Variants of interest (VOI)

SARS-CoV-2 variants have specific genetic markers that
have been predicted to affect virus transmission, reduce ther-
apeutics efficiency and neutralization capacity by antibod-
ies or immune evasion, and increase disease severity [35].
Epsilon, Eta, Iota, Kappa, Zeta, and Lambda are the variants
of interest circulating throughout the world.

Epsilon (GH/452R.V1)

The Epsilon (GH/452R.V1) variant first identified in
California, the USA in 2021, showed a 20% increase in
transmission possibly attributed to the L452R and D614G
substitutions in the spike protein [36]. As of 13th July
2021, cases of Epsilon variant have been reported from 34
nations dominantly in the USA (52,967), Mexico (477),
Canada (331), South Korea (109), Aruba (58), Denmark

(36), Chile (30), Argentina (28), UK (22), Australia (20),
and Colombia (20) (Fig. 5 A) [37]. Epsilon was identified
as two separate lineages, i.e. B.1.427 with two spike muta-
tions (L452R, D614G) and B.1.429 lineage consisting of
four mutations (S13I, W152C, L452R, and D614G) [35].
The most concerning L452R mutation in RBD is common
to both the lineages and indirectly alters the structure, pro-
moting and stabilizing the interaction between the spike
protein and ACE-2 receptor. This variant showed reduced
resistance to neutralization by convalescent (4—6.7-fold)
and post-vaccination sera (2-2.9-fold) against this variant
[38, 39].

A novel mechanism of immune evasion was studied in
the Epsilon variant, where the other two mutations remod-
eled NTD by shifting the signal peptide cleavage site in the
NTD antigenic supersite and forming a new disulfide bond.
This signal peptide modification resulted in a total loss of
neutralization by ten NTD-specific antibodies [40].

Eta (G/484 K.V3; B.1.525)

The Eta (G/484 K.V3; B.1.525) variant was first identified
in December 2020 from the UK and Nigeria and labeled as
VOI in March 2021 [41]. In addition to the UK and Nigeria,
Eta cases have been reported from 70 other countries such as
Canada (1417), USA (1210), Germany (745), France (702),
Denmark (613), UK (520), Italy (406), Nigeria (267), India
(234), and Spain (190) (Fig. 5B) [37]. This variant has sub-
stitutions in the spike glycoprotein at A67V, E484K, D614G,
Q677H, and F888L with three deletions at 69Hdel, 70Vdel,
and 144del [42]. The major concern is the E484K mutation
in the RBD, which is also seen in the VOCs such as Alpha,
Beta, and Gamma helping in evading the antibodies. This
variant showed reduced neutralization by bamlanivimab
and etesevimab monoclonal antibodies and convalescent
sera [43, 44].

lota (GH/253G.V1; B.1.526)

The Iota (GH/253G.V1; B.1.526) variant with its sub-
lineage B.1.526.1 was first identified in New York in
November 2020, now spreading to more than 60 coun-
tries, predominantly in the USA, Ecuador, Canada, Spain,
Columbia, Aruba, Mexico, Germany, and the UK. World-
wide, it accounts for 2% of the coronavirus sequences.
L5F, T95I, D253G, (L452R*), E484K, D614G, and
A701V are important spike protein substitutions that may
impart reduced susceptibility to MAb’s treatments along
with reduced neutralization capacity by post-vaccination
sera [45]. Research suggested that mRNA vaccines (Mod-
erna and Pfizer) are protective against Iota variants [46].
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Kappa (G/452R.V3;B.1.617.1)

The Kappa (G/452R.V3; B.1.617.1) variant was first iden-
tified in Maharashtra, India, in December 2020, and now
has been detected in at least 52 countries with dominance
in India (4,235), UK (518), USA (304), Canada (267), Ire-
land (178), Australia (128), Germany (106), Singapore (59),
Netherlands (28), and Denmark (28)[37]. This variant has
substitutions in the spike protein at T95I, G142D, E154K,
D614G, P681R, Q1071H, and L452R, E484Q in its RBD
region, which may provide this variant reduced resistance
to neutralization by post-vaccination sera [47]. It has been
reported that the neutralization antibody titer of the Cov-
ishield’ (AstraZeneca and Serum Institute of India) vacci-
nated individuals provide protection from the Kappa variant
after the second dose of vaccination [48].

Zeta (P.2)

The Zeta (P.2) variant was identified in Brazil in April 2020
with important substitutions at E484K, F565L, D614G, and
V1176F in the spike protein [42].

Theta (P.3, B.1.1.28.3)

Theta (P.3, B.1.1.28.3) was reported in Japan and the Philip-
pines in February 2021. The major mutations found in the
spike glycoprotein of this variant are 141/143del, D614G,
P681H, E1092K, H1101Y, and V1176F, and in the RBD
region E484K and N501 [42]. As of 13th July 2021, 209
(Philippines), 16 (USA), 11 (Germany), 10 (Malaysia), 9
(China), 7 (UK), 7 (Netherlands), 5 (Japan), 4 (Australia),
and 3 (Belgium) cases of Theta variant have been reported
[37].

Lambda (GR/452Q.V1)

The Lambda (GR/452Q.V1) variant originated in Peru in
August 2020 [49]. Previously known as C.37 or Andean var-
iant, this could be a new emerging threat; therefore, WHO
on June 14, 2021 declared this as a VOI [50]. The variant has
seven significant mutations, i.e. G75V, T76l, del247/253,
L452Q, F490S, D614G, and T859N in the spike protein. The
L452Q and F490S mutations reported in the RBD region
have been shown to increase the viral infectivity, render-
ing the virus more infectious and able to escape immune
response from specific monoclonal antibodies [51, 52] or
disrupt the ability of vaccine-generated antibodies to rec-
ognize the variant [53]. F490S mutation helps the Lambda
variant to escape convalescent sera and neutralizing antibod-
ies from the CoronaVac vaccine and also reduced in vitro
susceptibility to neutralization [54]. The 247/253del in the
NTD is located in the antigenic supersite, giving the Lambda
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variant advantage of further immune escape. D614G is again
associated with the increase in transmissibility, infectivity,
and viral load, making the Lambda variant even more lethal
[55]. The Lambda variant accounts for 82% of the infec-
tions in Peru and 31% in Chile, whereas so far only eight
cases (overseas travel) have been reported from the UK. As
of 13th July 2021, more than 30 countries have reported
cases of Lambda variants such as Chile (1,022), USA (703),
Peru (571), Mexico (125), Germany (100), Argentina (87),
Ecuador (68), Spain (56), Israel (25), and Colombia (20)
(Fig. 5C) [37]. This is suspected to be more transmissible
than the original virus and is a matter of great concern, as
this has been detected in the UK and other European coun-
tries. Studies have shown the greater infectivity of Lambda
variants in comparison to Alpha and Gamma variants of
the VOC category. Decreased effectiveness of Sinovac vac-
cine (Coronavac) against the Lambda variant, in addition
to significant community transmission, is a matter of great
concern [56]. The Lambda variant spike protein is found to
be 3.3 times more resistant to neutralization by the conva-
lescent sera than the parent D614G spike protein and 4.9
times to that of the Alpha variant ones. The monoclonal
antibody (REGN10987) in the Regeneron REGN-COV2
therapy is reported to be ineffective, i.e. the Lambda variant
is found to be 3.6 times more resistant to neutralization by
REGN10987 [57].

In Asia, so far only Israel has reported the Lambda vari-
ant, which can be introduced to other Asian countries due to
relaxation in international travel to and from the European
countries. These variants have the potential to bypass the
vaccination-induced immunity, which could become the
reason for the third wave of COVID infection.

Variants of concern (VOC): possible reasons
for the second wave

Variants of concern showed evidence of an increase in trans-
missibility, disease severity, and a significant reduction in
neutralization by antibodies generated during previous infec-
tion or vaccination [58]. There are four variants of concern,
i.e. Alpha, Beta, Gamma, and Delta variants distributed
throughout the globe and responsible for a second and third
wave of the pandemic.

Alpha (B.1.1.7; 201/501Y.V1)

The Alpha variant was first identified in the UK in Novem-
ber 2020 from a 58-year-old male [59]. This Alpha variant
increased its severity (40-80%) through the air pathway and
the associated case fatality is expected to be 55% higher with
a higher death rate [60, 61]. A total of 23 mutations are pre-
sent in this variant, of which 14 are nonsynonymous, 3 are
deletions, and 6 are synonymous mutations such as H69del,
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Fig.6 Schematic representation of spike protein showing various
mutations (variants of concern VOC): E484K, N501Y, and K417N
mutations in RBD are common in Alpha, Beta, and Gamma variants

V70del, Y145del, E484K, S494P, N501Y, A570D, D614G,
P681H, T716I, S982A, D1118H, and K1191N (Fig. 6A) [62,
63]. Three clinically relevant mutations are N501Y in RBD
(enhances the tight binding of spike protein with the ACE2
receptor) [64], double deletions at 69/70 in NTD (imparts a
conformational change in the spike protein) [65], and P68 1H
substitution next to highly variable S1/S2 furin cleavage site
(altering the cleavage site), thereby enhancing the transmis-
sibility. An increase in the R, by 0.4 further enhances the
transmissibility by 50-70% with fourfold increase in viral
load [66].

In India, during the second wave of the pandemic, an
Alpha variant was reported from states like Punjab and
Maharashtra. In February 2021, Public Health England
(PHE) recognized B.1.1.7 with E484K mutation as a new
VOC and it has since been identified in the younger popula-
tion in the USA. As of 13th July 2021, more than 160 coun-
tries reported the presence of Alpha variant cases, i.e. UK

B 58y, o
-z ~
E484K'7‘—>{o::3§\v¢_’_\# <_‘\_ N501Y
Receptor ¢ \,‘ X i
binding motif ~._ 7\
K417N
T10271

(a—c). T478K and L452R mutations in RBM of Delta variants (d).
Other mutations are highlighted with different color codes

(266,186), USA (201,074), Germany (101,697), Denmark
(59,844), Sweden (56,325), France (32,208), Netherlands
(27,660), Italy (24,075), Japan (22,382), and Switzerland
(21,628) (Fig. 7A), suggesting community transmission and
hospitalization [37].

Beta (B.1.351; GH/501Y.V2)

The Beta (B.1.351; GH/501Y.V2) variant was identified
in Cape province of South Africa in October 2020 with
17 critical mutations, showing a 50% increase in trans-
mission [67]. It contains three deletions (241del, 242del,
243del) in the N5 loop and seven substitutions (DS0A,
D215G, K417N, E484K, N501Y, D614G, A701V) in the
spike protein (Fig. 6B) [42]. K417N, E484K, and N501Y
mutations in the RBD are of the greatest concern, as the
virus can escape the neutralizing monoclonal antibodies,
with a chance of better survival. N501Y mutation allows
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Fig.7 Pictorial presenta-

tion showing geographical
distribution and phylodynamics
of SARS-CoV-2 variants of
concern (VOC): Alpha variant
red square B.1.1.7; pink square
B.1.274 (A); Beta variant red '.
square B.1.35 (B); Gamma :
variant red square P.1 (C); Delta
variant red square B.1.617.2,
pink square AY.1, green square
AY.2 (D) [37]

..o "..h.o ..0 .‘...-o
g R SRR
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a higher binding affinity (4.62 times more in comparison
to the original SARS-CoV-2) for the ACE2 receptor [68],
whereas K417N and E484K may change the shape of spike
protein making them escape from neutralizing antibodies
[69]. As of 13th July 2021, cases of Beta variant have been
reported from 113 countries, mainly from South Africa
(6164), USA (2327), Sweden (2317), Germany (2200),
France (2111), Philippines (1216), Finland (1096), Bel-
gium (1069), Canada (854), UK (809) and Colombia (20)
(Fig. 7B) [30, 70].

Gamma (P.1; GR/501Y.V3)

The Gamma was identified for the first time in November
2020 in Manus, Brazil (B.1.1.248.1) and labeled as a VOC
on Jan 11, 2021 [41]. 11 crucial mutations in the spike
protein, with 5 mutations within NTD (L18F, T20N, P26S,
D138Y, R190S), 3 in RBD (K417T, E484K, N501Y), 2 in
the C-terminal domain of S1 and near the furin cleavage
site (D614G, H655Y), and 1 in S2 (T10271) are reported
(Fig. 6C) [71]. K417T mutation may help the Gamma vari-
ant to latch onto cells. Faria et al. [72] suggested twofold
transmissibility and higher viral load with Gamma vari-
ants. The Gamma variant was found to be responsible for
the re-infection in Sdo Paulo State and caused the second
wave in Brazil [42]. As of 13th July 2021, cases of Gamma
variant have been reported in 74 countries such as the
USA (19,953), Brazil (13,598), Canada (7,571), Belgium
(1735), Chile (1718), Mexico (1480), Spain (860), Italy
(627), Netherlands (521), and Germany (339) (Fig. 7C)
[37, 73].
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Delta (G/478 K.V1;B.1.617.2)

The Delta (G/478 K.V1; B.1.617.2) variant, first identified
in Maharashtra, India, in October 2020, is now found to be
the dominant lineage detected in more than 100 nations and
declared as VOC by the WHO on May 11, 2021 [74]. Delta
strain drives the second wave in India, where almost 4-lakh
cases were reported per day. The Delta variant is responsible
for the third wave in the UK, where it seems to be around
60% more transmissible than the Alpha variant [75]. The
increased growth rate of the Delta variant was confirmed by
interpreting the spike gene target data, where S gene target
in a three-target assay of S, N, and ORF1ab was detected in
Kappa and Delta variants [76]. 13 mutations are present in
spike protein, i.e. TI9R, G142D, 156del, 157del, R158G,
L452R, T478K, D614G, P681R, D950R, P§71R, T95I,
A222V*, and K417N* (Fig. 6D) [77]. The T478K mutation
is found to be more adapted and influences the virus affinity
to the human cells, leading toward increased viral infectivity
[78]. The 156/157 deletions alter the 158th amino acid from
arginine to glycine, which eventually removes a direct con-
tact point for the antibody binding on the variant [79]. The
P681R mutation changes an amino acid at a spot directly
beside the furin cleavage site, making the furin cleavage
much more efficient and easier for the variant [75, 79]. This
change gives the variant immunity against the specific anti-
body and further influences the survival of the Delta variant.

Another crucial mutation L452R in the RBD facilitates
higher transmission efficiency into the cells, so that the
variant can spread quickly from one person to another. It
is anticipated that this mutation facilitates 18-24% higher
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transmissibility and 20 times reduction in the neutralizing
titers from the vaccinated individual [38], and is also resist-
ant to neutralization by specific antibodies [42].

Usually, vaccines work against the Delta variant; how-
ever, in a recent study, COVID-19 vaccines were found to
be less effective against the Delta variant in people who
received only one dose. The Pfizer-BioNTech and Oxford-
AstraZeneca were 88% and 60% effective against the SARS-
CoV-2 Delta variant, 2 weeks after the second dose. How-
ever, both these vaccines are only 33% effective against the
Delta variant 3 weeks after the first dose. Pfizer-BioNTech
and Moderna vaccines showed decreased neutralization [80].

Delta Plus: possible reason for the third wave

Delta Plus variants known as AY.1 (B.1.617.2.1) and AY.2
(B.1.617.2.2) have now become a new cause of global con-
cern. The Indian government declared AY.1 (B.1.617.2.1)
as a VOC. In addition to three mutations, E484Q, L452R,
and P614R, these new sub-lineages have additional K417N
mutations in the spike proteins that enhance virus attach-
ment to the infected cells and have immune evasion prop-
erties as in the Beta variant (B.1.351 lineage). So far,
India has reported 56 cases of Delta Plus variants (AY.2)
in Andhra Pradesh, Karnataka, and Maharashtra, and AY.1
variant in Maharashtra, Punjab, Telangana, Rajasthan,
Gujarat, and Karnataka. Globally, AY.2 has been reported
from Turkey, the USA, Portugal, and India. The Delta
Plus variant has increased transmissibility, causes stronger
binding to receptors of lung cells, and has the potential of
reducing monoclonal antibody response. Though this vari-
ant has a greater affinity to the mucosal lining in the lungs,
the severity of damage is yet to be elucidated.

P871R mutation is one of the most critical mutations in
Delta Plus, i.e. in the furin binding site, which enhances
the efficiency of getting into the cell through the furin
cleavage site itself. It produces syncytia, so that virus
infects multiple cells by the cell-to-cell transfer mecha-
nism without getting out of the cell. In such a situation,
even monoclonal antibodies are not effective and are likely
to lose some amount of efficiency in the Delta variant.

Considering the fact that a large population gets
infected in the second wave and most of the population
becomes vaccinated, there may be chances that people
may not develop a serious and fatal illness with Delta Plus
variant.

The secondary attack rates for contacts of cases with
Delta and no travel history are of higher value of about
12.4% than that of the Alpha of about 8.2% [76]. As of
13th July 2021, cases of Delta variant have rose up to
131,748 (UK), 14,643 (USA), 12,118 (India), 2688 (Ger-
many), 2,555 (Denmark), 2115 (Canada), 1992 (Portugal),

1,727 (Sweden), 15,777 (Spain), and 1549 (Italy) (Fig. 7D)
[37].

The variant of high consequence

A variant with clear evidence demonstrating the failure of
diagnostics reduces vaccine effectiveness and reduced sus-
ceptibility to approved therapeutics causing severe clini-
cal disease. So far, the absence of a variant of high conse-
quences is a major sign of relief to the world [58].

Vaccines and their effectiveness
against variants

Pfizer-BioNTech and Moderna mRNA COVID-19 vaccines
are effective in symptomatic Alpha variant infections. Sera
from the Pfizer-vaccinated health-care worker is found to be
effective in neutralizing B.1.1.7 [81]. Johnson and Johnson
vaccine single shot is quite effective in stimulating protective
neutralizing antibodies [82]. Moderna and Novavax vaccines
showed decreased neutralization. Pfizer-BioNTech and Mod-
erna vaccines showed no change in S447N, but decreased
neutralization on E484K [83].

The majority of the vaccines have lower efficacy against
Beta strains. Pfizer vaccine showed only 75% efficacy [84],
whereas AstraZeneca AZD1222 vaccine failed in prevent-
ing even mild and moderate COVID-19 infection in South
African trials [85, 86]. NVX-CoV2373 (Covavax) and
Covaxin vaccine showed good neutralization. Pfizer-BioN-
Tech and Moderna vaccines showed decreased neutraliza-
tion. BNT162b/2 and mRNA-1273 mRNA-based vaccines
showed decreased neutralization in Gamma variants. Con-
valescent plasma and antibodies from vaccinated people are
less effective in neutralizing the Gamma variant [87].

Immune evasion in SARS-CoV-2 variants

SARS-CoV-2 has a slow evolutionary rate, yet during pan-
demic rapid transmission enabled it to acquire significant
genetic diversity, resulting in the emergence of variants that
can impact transmission and infectivity. The possible theo-
ries about the origin of novel variants are the evolution of
circulating intermediate mutants in the chronically infected
immunocompromised patients supporting high viral replica-
tion while on treatment with immune plasma or monoclonal
antibodies [88, 89]. In such immunocompromised patients, a
high accumulation of immune complexes escapes mutants,
and develop immune evasion facilitating the emergence of
highly infective variants [90]. Adaptive evolution in the
virus may be responsible for cross-species transmission
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as reported in mink-associated SARS-CoV-2 infection in
humans [91].

The existing vaccines are ineffective against the new vari-
ants, and the reason is no other mutations are involved in
immune escape. To understand more clearly, the concept of
immune response is related to the affinity between antibodies
and the variants [42]. Mutations in the RBD region are likely
to disrupt antibody recognition [53]. The cross-reactivity
between the variants and the elicited neutralizing antibodies
is the critical factor where high cross-reactivity results in
higher chances of neutralizing a virus; otherwise, the vari-
ant can easily escape the immune system [92]. The various
mutations in the RBD region of different variants are found
to have a direct impact on the immune escape against the

various vaccines under use for treatment [39]. In the Alpha
variant, due to the E484K mutation, the immune sera from
the human vaccinated with Pfizer/BioNTech is significantly
reduced in neutralizing titers [93]. The ChAdOx1 vaccine
from AstraZeneca, which showed 75% protection against the
Alpha variant, was only able to show 10% protection against
the Beta variant [94, 95]. There is no doubt that new variants
evolved to have the characteristics of the immune escape,
which may likely create the requirement to replace the cur-
rent vaccines quickly. A large amount of diversified research
is required to deal with the immune escape problem.

An ongoing evolution of the SARS-CoV-2 creates dif-
ferent VOCs such as Alpha, Beta, Gamma, and Delta, of
which the Delta variant possibly is the causative agent of

Table 2 Authorized and approved vaccines of COVID-19 treatment [104, 105]

Vaccine Manufacturer Platform

Country

Doses Efficacy (%) Storage

BNT162b/2

mRNA-1273

AZD1222
Covishield

Sputnik V
rAd26
rAd5

Ad26.CoV.S
INJ-78436735

COVAXIN
BBVI52

Corona Vac

NVX-CoV2373
Covavax

BBIBP-CoV vac-
cine

Pfizer-BioNTech

Moderna

AstraZeneca-Oxford

Gamaleya Research
Institute

Johnson & Johnson,

Janssen vaccines

Bharat Biotech

Sinovac

NovaVax

Sinopharm

Nucleoside-modi-
fied mRNA-based
vaccine

mRNA-based vac-
cine encapsulated
in lipid nanoparti-
cle (LNP)

Recombinant
ChAdOx1
adenovirus vector
encoding spike
protein Ag of the
SARS-CoV-2

Recombinant
adenovirus vector-
based COVID-19
vaccine

Recombinant,
non-replicating
adenovirus type 26
vectored vaccine
encoding SARS-
CoV-2 spike
protein

The whole SARS-
CoV-2 virus
inactivated (Vero
cell)

Inactivated vaccine
(Vero cell, forma-
lin with alum)

Recombinant NP
profusion spike
protein formulated
with matrix-M
adjuvant

Inactivated SARS-
CoV-2 vaccine
produced in Vero
cell

USA

USA

UK, USA

Russia

Netherland, USA

India

China

USA

China

2 doses 3 weeks
apart

2 Doses 4 weeks

apart

2 doses between
4 and 12 weeks
apart

2 different doses
3 weeks apart

Single dose

2 doses 4 weeks
apart

2 doses

2 doses

2 doses

91.3

94.5

90.0

92.0

72.0

81.0

50.0-84.0

89.3

78.0

—80to — 60 °C
(6 months)
2-8 °C (5 days)
—-25°Cto—-15°C
(6 months)
2-8 °C (30 days)

2-8 °C (6 months)

2-8 °C (dry form)
— 18 °C (liquid form)

2-8 °C (3 months)

2-8°C

2-8°C

2-8°C

2-8°C
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the second wave, mainly targeting the younger population
with various new unusual symptoms. These variants are
found to have much higher transmissibility, making disease
spread faster with a much higher positive rate of detection.
Nevertheless, with the enhanced resources, the much faster
disease spread to put a much higher load on the medical
facilities, the oxygen requirement and the requirement of
the mechanical ventilator beds were much more than the
availability. Even with a much higher positive rate, the death
rate was reported to be less than that of the first wave pos-
sibly due to vast scientific understanding of the disease and
its presentation with many available drugs and approved
vaccines, higher availability of medical infrastructure and
facilities [28].

Preventive measures and treatment
remedies

Protection is of utmost importance in respiratory viral infec-
tions such as SARS-CoV-2, which is highly pathogenic. To
protect people from COVID-19, one must follow the guide-
lines from the health authority and take mandatory steps to
prevent the spread of COVID-19 disease. Generally, pre-
cautions at the personal level include the use of masks in
crowded places, regular hand washing, and better ventilation
in indoor spaces. Maintaining social distancing at least 3 feet
between two individuals is important when a person is ill or
suspected to be ill. Public transport, crowded places, and
large public gatherings need to be avoided to stay safe. Vari-
ous approved vaccines with high efficacy are available, so
vaccination is a must as a preventive measure (Table 2) [96].

For protection, disinfection, and immunization purposes,
various synthetic polymers such as polystyrene and poly-
lactic acid, in addition to the natural polymers from algae
and plants such as chitosan and sodium alginate, are used
to fabricate and design diverse protective equipment, anti-
viral spray, and immunosensors to control and fight against
the COVID-19 pandemic spread [29]. Strict compliance is
a must and hesitation for vaccination should be avoided. At
least vaccination of 60% of the population is mandatory to
reach herd immunity. At the public health level, contact trac-
ing, testing, and isolation of positive cases would be benefi-
cial in controlling the spread of the new emerging variants.

Monoclonal antibodies like bamlanivimab, etesevimab,
and REGN-CoV2 are US-FDA approved under emergency
use authorization (EUA) to treat mild to moderate patients
suffering from SARS-CoV-2 infection. 700 mg bam-
lanivimab in combination with 1400 mg etesevimab is an
authorized dose especially for adults and paediatric patients
[97]. These MAD target overlapping epitopes in the RBD of
spike protein, thereby preventing the entry of the virus inside
the cell. MAb regdanvimab (CT-P59) demonstrated strong

neutralizing capacity against the Delta variant, B.1.617.2,
in pre-clinical in vivo study and against Lambda variant in
the cell-based pseudovirus assay. Regdanimab binds to the
RBD of S protein of SARS-CoV-2 with K;=0.065 nM and
inhibits the interaction between RBD and ACE-2 by block-
ing cellular entry [98]. Significant reduction in SARS-CoV-2
load and inflammation in the lungs result in a 100% survival
rate from COVID-19. Among antivirals, the most widely
used drug is remdesivir which inhibits the viral RNA-
dependent RNA polymerase and is approved by US-FDA
for EUA in adults and paediatric patients with severe symp-
toms. However, traditional medicines practiced in China,
India, and Thailand have a short-term effect on COVID-19.
China treated 85% of the COVID-19 patients using tradi-
tional medicines such as root extract of Isatis indigotica and
extract of Houttuynia cordata [99, 100].

India in action: INSACOG mandate
and function

In India, ICMR developed a diagnostic centre for SARS-
CoV-2 in NIV-Pune on January 21, 2020 [101]. However,
the first Indian case of COVID-19 was reported on Jan 30,
2020, from Kerala. To address the upcoming pandemic,
India established 13 VRDLs for COVID-19 testing. Sub-
sequently, on March 13, 2020, SARS-CoV-2 was isolated
and genome sequencing was done for the first time in India.
Till July 22, India tested 45,29,39,545 samples and adminis-
tered 42,34,17,030 vaccine doses [101] (“Vaccine informa-
tion, ICMR New Delhi—Vaccine information, ICMR New
Delhi,” n.d.).

To counteract the unprecedented public health challenge,
Govt. of India established Indian SARS-CoV-2 Genomics
Consortium (INSACOG) on 30th December 2020, currently
working with the capacity of 28 Genome Sequencing Labo-
ratories (GSLs) to monitor genomic variations in SARS-
CoV-2 [103]. The whole-genome sequencing facility aids
our understanding of the SARS-CoV-2 mutations and evolu-
tion. These initiatives may help in curbing and managing the
COVID-19 menace effectively.

Conclusion

The world has already seen enough deaths due to the coro-
navirus disease that people want this nightmare to be over as
soon as possible, yet the SARS-CoV-2 seems to have another
plan. The new variants are loaded with various critical muta-
tions in the spike protein, making them more transmissible,
infective, spreadable, and lethal. In India, even with the
increased resources authorized to fight COVID-19, the actual
scenario was much more brutal than anticipated. The Delta
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Plus variant is likely to bring the third wave of coronavirus
disease in India, as the cell-to-cell transfer mechanism is likely
to reduce the immune actions effectiveness significantly. The
virus is likely to spread more effortlessly in the infected indi-
vidual, making the whole situation more lethal. Further new
variants evolving in the lineage of Delta Plus variant are likely
to develop symptoms more life threatening instead of focus-
ing on immune escape, as that change has already been made.
Diversification of the virus is likely to create more havoc in
the third wave of the pandemic. Precautions must be strictly
imposed to reduce the casualties, and the focus should be
shifted towards confining the infected individuals as rapidly as
possible. Being a third-world country, India has better chances
to survive by taking the right action and decisions towards
preventing the spread of pandemic than to fight for the treat-
ment. Even with increased resources allocated, the second
wave of the pandemic has already taught a harsh lesson in
fighting against the coronavirus disease.
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