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Abstract

The global pandemic of COVID‐19 began in December 2019 and is still continuing.

The past 2 years have seen the emergence of several variants that were more vicious

than each other. The emergence of Omicron (B.1.1.529) proved to be a huge

epidemiological concern as the rate of infection of this particular strain was

enormous. The strain was identified in South Africa on November 24, 2021 and was

classified as a “Variant of Concern” on November 26, 2021. The Omicron variant

possessed mutations in the key RBD region, the S region, thereby increasing the

affinity of ACE2 for better transmission of the virus. Antibody resistance was found

in this variant and it was able to reduce vaccine efficiency of vaccines. The need for a

booster vaccine was brought forth due to the prevalence of the Omicron variant

and, subsequently, this led to targeted research and development of variant‐specific

vaccines and booster dosage. This review discusses broadly the genomic characters

and features of Omicron along with its specific mutations, evolution, antibody

resistance, and evasion, utilization of CRISPR‐Cas12a assay for Omicron detection,

T‐cell immunity elicited by vaccines against Omicron, and strategies to decrease

Omicron infection along with COVID‐19 and it also discusses on XE recombinant

variant and on infectivity of BA.2 subvariant of Omicron.
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1 | INTRODUCTION

The emergence of the severe acute respiratory syndrome (SARS‐CoV‐2)

or Coronavirus in the latter part of 2019, brought the whole world to a

standstill plunging the world's economy and grouping the scientific

community together to understand and investigate the virus' impact and

to chalk out a way to understand its mechanism. The virus was quick to

spread causing the WHO to declare it as a global pandemic and a

concern for health.1 In the last couple of months since the beginning of

the pandemic, the SARS‐CoV‐2 virus has mutated continuously. Owing

to its ability as an RNA virus and due to its shorter replication time, with

high mutational changes and lower stability in its genome, it is able to

mutate, spread rapidly, and adapt to newer environmental conditions

thereby prompting continuous evolution in its genetic material.

Therefore, it validates its resistance to vaccines and escapes the

immunity of the host organism.2 Due to these factors, new strains of
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SARS‐CoV‐2 have evolved having varying properties in its genome, with

varying severity of infection, and evading immunity.3 The mutated

strains include Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta

(B.1.617.2), Lambda (C.37), Mu (B.1621), Eta (B.1.525), Iota (B.1.526),

Kappa (B.1.617.1), and currently Omicron (B.1.1.529). All these variants

are classified into three categories namely, Variant of Concern (VOC),

Variant of Interest (VOI), and Variant under monitoring (VUM).4 The

Delta variant (B.617.2) was identified in the end of 2020 and by August

of 2021 it went on to infect people from 163 different nations owing to

its mutations. Therefore, the World Health Organization (WHO)

redesignated the variant from VOI to VOC with a transmission rate of

40%–60%, which was dangerous in comparison to other variants5 until

the emergence of Omicron. Omicron was first reported to the WHO

from South Africa on November 24, 2021, after the specimen collected

from Botswana and South Africa6 tested for an unusually high number

of 32 mutations in the Spike (S) protein where the antibodies were

targeted and the genomic sequence of South African strain revealed 45‐

52 changes to amino acids and 26–32 changes to S‐Protein structure in

contrast with earlier strains.7,8 A few mutations in South African strains

are N440K, T478K, and N501Y in the RBD region of Omicron that

enhance human ACE2 bindin0067. The RBD mutations in conjunction

with deletions at sites 69–70, 143–145, and 211 and insertion at

between 214 and 215 significantly enhanced the strain's sensitivity

against antibody neutralization activity9 and a few other mutations

present in the South African strain incudes, T95I, Y145D, A67V, L212I,

G446S, G496S, T547K, N586K, L981F are prevalent with South African

strain and a few mutations (common) are also shared by other variants

such as N501Y shared with Alpha, Beta, Gamma and Mu, T478K that is

shared with Delta variant.10 In comparison, the Delta variant had only

five mutations in its Spike protein/mutation on S protein receptor‐

binding domain (RBD)11 that including deletion at sites 156 and 157 in

spike region (NTD domain), R158G, L452R, T478K, D614G, P681R,

D950N, T19R, G142D and K417N (present in Delta plus variant).12

Herein, mutation L452R or T478K contributes towards infectivity and

transmissibility of Delta variant and the mutation P681R present in

furin‐cleavage site is known to enhance viral entry into human cells and

also contributes towards antibody resistance, the K417N mutation

when combined with L452R mutation was seen to significantly evade

vaccine‐induced immunity.5 With the technical directive from the

WHO's Technical Advisory Group on Virus Evolution (TAG‐VE) WHO

categorized Omicron as a Variant of concern on November 26, 2021

issuing a warning to every country across the globe.13 This article will

brief on Omicron, its concerns, its physiology, preventive measure,

possible way to detect the virus along with the possibility for an

antigenic shift of the virus and the current trend of recombinant SARS‐

CoV‐2 virus.

2 | OMICRON‐VARIANT OF CONCERN

The variant Omicron exhibits an unusually high volume of mutations

in the Spike region and key specific mutations of Omicron includes,

N440K, G446S, G339D, E484A, A76V, Q493R, Q498R, G496S,

T547K, Y505H, N679K, H655Y, N764K, N856K, D796Y, Q954H,

S375F, L981F, N969K, S371L, L212I, and S373P which was revealed

through the analysis of its genomic sequence.14 This change is said to

enhance Omicron's severity, infectivity, immune escape, higher

binding affinity, and higher transmissibility, thus making Omicron a

deadly variant.15

The viral structure of the SARS‐CoV‐2 promotes four protein

genes that include, M‐protein that binds to the host body's protein

and structures the shape of the virus, N‐protein/Nucleocapsid

protein modulates signaling, cell replication cycle and immune

response of host towards SARS‐CoV‐2 infection, E‐protein/

Envelope protein which portraits itself as an area for the production

and maturation of the virus and the S protein/S‐Glycoprotein which

divides itself into the region of the head (S1) and stem (S2) with a

ratio of 3:2 where, the S1 region houses the N‐terminal domain

(NTD), two C‐terminal domain (CTD), and receptor‐binding domain

(RBD) that is crucial for new variants in conjunction with host

receptor, Angiotensin‐converting enzyme 2 (ACE2). The efficiency

and transmissibility of SARS‐CoV‐2 depends on the interaction of

ACE2 receptor.16,17 ACE2 acts as a mediator that facilitates the

interaction between itself and SARS‐CoV‐2 and the other receptor

being TMPRSS2 which acts as a coreceptor thereby regulating the

infectivity level in living organisms. According to recent studies,

genetic changes and vulnerability were found to play a crucial role in

viral infections.18

With the SARS‐CoV‐2 being an RNA virus, it is of no surprise

regarding its capability to mutate and to evolve with greater virulence

and to reform itself with hindrance towards the immune system.

With the SARS‐CoV‐2 pandemic, we have seen the emergence of

various variants with different mutability capacity. The origin of

VOCs like Alpha, Beta, Gamma, Delta, and now Omicron along with

various VOIs and VUMs showcases the virus' reinfection, increased

resistance to the immune system and to vaccines.19 Omicron was

identified on November 24, 2021 in South Africa and the WHO

quickly classified this new variant as VOC on November 26, 2021 due

to its increased infection rate. Omicron was soon reported in several

countries after the initial announcement. In countries like Hong Kong,

Botswana, Belgium, South Africa, Canada, Australia, United States,

United Kingdom, Denmark, and several other countries; the

combination of both higher transmissibility and immune system

evasion defined the Omicron's domination in comparison to other

strains. This B.1.1.529 variant eventually branched out into two

sublineages known as BA.1 and BA.2.20,21 The receptor‐binding motif

(RBM) of Omicron is reported to have an 11 times higher mutational

rate in comparison to other variants.

The mutational changes are seen in the Spike protein, RBD

region, receptor‐binding motif (RBM), and in the areas of S1 and S2.

This dynamic change may have the ability to alter the interaction of

host receptor ACE2 with RBD or the host's immune system and

Omicron variant is shown to possess a stronger and higher Coulomb

attraction force between ACE2, and Spike protein and it is shown to

have increased electric charge in nucleocapsid protein thereby

terming the Omicron as “Electric Virus.”22 It was also indicated that
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Omicron had a close phylogenetic relation with the Alpha variant

proving that Omicron was already in existence before its mass

spreading.23

As of 2022 Omicron is the prevalent strain globally and in

particular, its subvariant BA.2 is a slowly increasing its dominance

worldwide and it is dubbed as “Stealth Omicron” as this variant lacks

deletion of 69–70 position in its Spike region that is a characteristic

feature of variant alpha and BA.1, currently BA.2 have surpassed the

infectivity rate of BA.1 prompting that transmissible rate of BA.2 is

more than BA.1.24

2.1 | BA.2 subvariant of Omicron

Since January 2022, the infection of BA.2 have been steadily

increasing and is being spread to multiple countries globally and it

was reported that the reproduction rate of BA.2 is 1.40‐fold higher in

comparison to BA.1 on average globally thereby becoming the

domain subvariant of Omicron.25 There has been considerable

difference in the Spike region sequence between BA.1 and BA.2

subvariant of Omicron thus we can assume that infectivity rate,

transmissibility, immune resistance, and neutralization properties can

vary between these two subvariants; Yamasoba et al., have been

investigating the molecular characteristics of BA.2 and have

considerable findings related to dominance level of BA.2 subvariant.

Yamasoba et al., investigated the antisera resistance of BA.2 in

comparison to BA.1, recent studies proved that BA.1 subvariant is

extremely resistant to antisera provoked by vaccines, mRNA‐1273

and ChAdOx‐1, and BA.2 subvariant is completely resistant to

monoclonal antibodies such as Sotrovimab, Imdevimab, and Casir-

ivimab thus proving that both BA.1 and BA.2 are resistant to antibody

therapeutics and antisera from immunization. Yamasoba investigated

the immune resistance between BA.1 and BA.2 and have found that

humoral immunity induced by BA.1 is less effective in comparison to

BA.2.25 The growth of BA.1 and BA.2 was compared in VeroE6/

TMPRSS2 cell and was reported that BA.2 exhibited more replicative

status in Nasal epithelial cells of humans and in Calu‐3 cells.25

When compared for the fusogenicity difference between BA.1

and BA.2 it was found that BA.2 possess higher fusogenicity that

directly depends on expression of TMPRSS2 upon target cell and it

was also proved that TMPRSS2 expression on target cells have no

effect on the infectivity levels of BA.1 and BA.2 thus Yamasoba et al.,

proved that BA.2 is more replicative and fusogenicity in comparison

to BA.1.25 Yamasoba et al., utilized hamster model to show the

pathogenicity of BA.2 that is similar to Omicron variant B.1.1 and

higher than BA.1, and they also showed that BA.2 spreads at a rapid

rate in lung tissues such as alveolar tract, bronchioles, trachea, and

epithelium tissues of lungs in comparison to BA.1.25 Thus, from this

investigation by Yamasoba et al., we can conclude and it is very

evident that BA.2 might become a serious global problem in the

future and steps needs to be taken to solve this arising subvariant.

Table 1 depicts the information for COVID‐19 virus across different

region globally along with their mutational presence.

3 | OMICRON DETECTION AND
MUTATIONS

The Omicron is characterised with 37 amino acid changes in the

Spike protein. Three deletions, one insertion, and three mutations

have been observed in earlier variants, and 14 mutational areas have

not been described earlier. The Spike is structured with three peptide

chains along with RBD. The RBD is considered as the corresponding

zone of the virus, where mutations are found in the RBD site of

333–527, and in Omicron 15 mutations were identified in this region.

The mutations are known to interfere with protein–protein interac-

tion complex thereby changing the dynamics of the virus. The

mutational structure of Omicron has been of a significant concern

due to its mutation in the Spike protein. The deletion of genomic

positions H69 and H70 (also found in Alpha and Eta) facilitates the S‐

assay of Taqpath polymerase chain reaction (PCR) tests to provide

negative results thereby providing the virus with proxy prevalence

also known as S‐gene target failure (SGFT). There are three amino

acids “EPE” that are observed in position 214. This hotspot is also

known as insertion hotspot and is known to induce structural

dynamic changes to the Spike protein.34,35

Omicron is said to possess increased transmissibility due to the

mutation of H655Y, N679K, and P681H in the S1–S2 area thereby

increasing spike cleavage. Due to the double mutation of Q498R and

N501Y, it has led to an increase in the binding capability of ACE2.

The mutation on E484A has made omicron to evade the immune

system. The deletion of L3674, S3675, and G3676 in ORF1a (NSP6)

promotes a possibility of innate immune system eluding, leading to

degradation of immune cells' immunity. Its mutations consist of

K856R, L2084I, S2083‐, A2710T, P3395H, L3674‐, T3255I, S3675‐,

I3758V, and G3676‐. Mutations are present in regions P314L and

I1566V at ORF1b and ORF9b and are known to provide an immune

response when in contact with any virus. Mutation of its amino‐acids

E27‐, N28‐, and A29‐are prone to result in the suppression of

Interferon release; deletion at E31‐, S33‐, and R32‐. The mutations in

the Nucleocapsid region of R203K, P13L, and G204R have exhibited

increased RNA expression and viral loads. The E‐protein shows

mutations only in theT9I region. D3G, A63T, and Q16E are mutations

of the Matrix gene.36 Figure 1 represents the spike protein structure

of SARS‐CoV‐2 virus. In RBD the mutations of K417N, T478K,

E484A, D614G, and N501Y are considered as important functions

for the widespread infection and virulent activity.

The mutations to the sites of K417N or K440N and S446K show

slight increase towards the expression of RBD and are proven to

impart resistance towards neutralizing monoclonal antibodies

(mAbs).37,38 The mutational change on region H655Y was reckoned

to produce an increased level of infectivity and since H655Y is beside

to the cleavage area of furin, there is a possibility of increased S

protein cleavage aiding in transmission thereby leading towards the

resistance of monoclonal antibody therapy.39 Mutation in N679K is

present nearby the cleavage area of furin and therefore it assists in

demonstrating its fundamental character which might co‐relate with

increased S‐protein cleavage and therefore increased transmission of
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Omicron.40 The emergence of a new mutations in RBD include

S371L, S373P, G339D, N440K, S375F, Q493K, G446S, G496S,

S477N, Y505H, and Q498R. These could lead to increased capabili-

ties to evade immune cells.41 The prevalence of few Omicron strains

that show distinctive properties than the conventional type raises an

alarm as mutations on R346K were seen only in 8.3% of Omicron

strains. This situation might affect the neutralization of monoclonal

antibodies. With the prevalence of these mutations, further detailed

studies are required to strategize an effective vaccine.42 It is also

worth noting the enhanced expression of ACE2 receptor with S

protein. The combination of a mutation in the region of N201Y with

Q498R and S477N causes enhanced binding of ACE2. The mutation

on‐site D614G is associated with increased infectivity through the

weakening of RBD‐down spike protein as shown in Figure 2 which

may lead to an increase in infectivity.43

Higher infection rates are a concern for SARS‐CoV‐2 and

variants. The SARS‐CoV‐2 and its variants have shown to possess

higher levels of infection rate in their Spike protein that binds with

ACE2 receptor in comparison to its predecessors. The SARS‐CoV

Spike protein region and the affinity of the ACE2 receptor with S‐

protein in SARS‐CoV‐2 are around 10 nM that is 10 times higher than

the binding capacity of SARS‐CoV. This hypothesis was proved

with the emergence of variants with mutations in RBD region of the

S‐protein. This evidence provides insights regarding higher infectivity

of SARS‐CoV‐2.44 With the emergence of variants, the Spike protein

is able to bypass various parameters, such as temperature, as

emerging variants are able to withstand the temperature resistance

to promote higher binding of ACE2, with the facilitation of mutation

in D614G and N501Y which can crucially have an impact on the

interaction of ACE2‐Spike protein45 and it was also reported that

D614G mutation was concurrently present along with mutations

C14408T, C3037T, and C241T.46,47

Omicron has an increased positive electrostatic potential level in

its RBD interaction with ACE2. With ACE2 possessing negative

electrostatic potential on its surface, it is speculated that this

interaction may lead to an increase in extension between ACE2

and RBD thereby progressing towards higher affinity. This may also

contribute towards higher infectivity rate of Omicron.48 Recent

reports on binding free energy (BFE) that takes place between RBD

region of the S‐Protein and ACE2 receptors directly correspond to

F IGURE 1 The Spike protein structure of SARS‐CoV‐2 virus. The Spike protein comprises the following structures: (1) Signal peptide: Guides
virus to its targeted membrane; (2) N‐terminal domain: Helps in the binding interface of the virus; (3) Receptor‐binding domain/C‐terminal
domain (CTD): Interacts with host's ACE2, extensively targeted for Covid‐19 vaccine development; (4) Fusion peptide: Helps in penetrating
targeted cell membrane through either TMPRSS2 pathway or endosome‐cathepsin L pathway; (5) Heptad repeat 1&2: Forms the six‐helical
package that is crucial for entry of S2 subunit into the host cell and also for viral fusion; (6) Transmembrane domain: Contributes towards
membrane fusion and stabilizes trimeric structure; (7) Cytoplasmic domain: Anchors the Spike protein inside the viral membrane.

F IGURE 2 Amino acid mutations present on the Spike region of Omicron. Each domain regions are indicated in different colors.
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the infectivity rate. To understand the SARS‐CoV‐2 infectivity,

evolution changes to its genome, and its transmissibility tracking it

is important to monitor its mutations in the RBD region along with

BFE changes that will facilitate the interpretation regarding the

infectivity of SARS‐CoV‐2 and its variants. A positive BFE change

denotes a strong infectivity capacity of variants between its ACE2

receptors and S‐protein due to the generation of mutations in its

region and a negative BFE change between S protein and ACE2

receptor denotes weak infectivity of a SARS‐CoV‐2 variant. This

proves that Omicron emulates the strengthening infectivity pathway

of natural selection.21 Figure 3 reveals the information about variable

number of mutations present in spike protein.

4 | EVOLUTION AND IMMUNE EVASION
OF OMICRON

Analysis of the RBD region provides evidence regarding the presence

of two sub‐clades of Omicron. The sub‐clade 1 have mutations at

446 G, 417 K, and 446G. The sub‐clade 2 has mutations at 446 S,

417N, and 440 K. Analysis of Omicron and other variants suggest

omicron to be evolved in parallel with variants and the possibility of

divergence from other strains could have happened in mid of 2020.

The phylogenetic analysis of the SARS‐CoV‐2 sequence has provided

evidence on the evolution of Omicron from the strain that was found

in Mexico (B.1.1.519). The other possible evolution is linked with an

HIV‐infected person with an immunocompromised condition where

possible mutations could have occurred. This possibility can also be

supported due to the high prevalence of HIV in South Africa which

could have given rise to Omicron. Other possible scenarios include

natural selection towards evolution by altering the Spike region for

mutation. The imbalance between low vaccination coverage and high

infectivity provides a favorable situation for the virus to evolve.

Nevertheless, the precise origin of Omicron is yet to be ascertained

due to the lack of evolutionary evidence.36

The Spike protein of Omicron is predominantly responsible for

the occurrence of majority of the mutations. This is apparently due to

its immune evasion property which therefore disables the neutraliz-

ing capability of the pre‐existent antibodies. However, the extent of

this is yet to be ascertained.49 The Spike protein and its regions have

been the focus of attention in the past few years, primarily due to its

capability to mutate thereby making themselves a target for vaccine

development. One of the main challenges faced by the current

vaccines are their diminishing efficiency against the SARS‐CoV‐2

virus.

Initial reports suggest that Omicron is capable of evading every

clinically approved currently available antibody‐based remedy. This

critically debars the humoral immunity induced either through

immunization or by natural infection, thus indicating a probably

altered structure in the antigen. This may be the cause of the

increased transmission rate of the virus. This is further supported by

mutations that occur in the RBD region compromising the neutrali-

zation activity. It is well known that mutations can potentially affect

the binding of most antibody classes.50 The two targeted regions for

neutralization are in the RBD and NTD region. New mutations in

G496S, S477N, Q493R, Y505H, and Q498R in conjunction with

existing mutations continue to alter the antigenic activities thereby

prompting virus evasion from antibodies shown in Table 2.51,52

New‐emerging variants carry the evolved mutations that are

resistant to antibodies/vaccines. Mutations on Y449S and Y449H

contribute to vaccine resistance. The important binding sites of

antibodies are Y449, F456, L455, F486, E484, Y489, Q493, N487,

Y505, and S494. Mutations in such sites may enable the virus for

immune evasion.55

A study performed by Lu et al., reveals that Omicron evades the

neutralization of antibodies induced by CoronaVac or BNT162b2 and

the presence of R346K mutation in one of the samples did not

influence the neutralization response. It was also seen that mutation

in G446S and Q493R sites coincide with modification of monoclonal

antibodies. These findings are in agreement with the findings

reported by Cao et al., who also demonstrated that Omicron evasion

by monoclonal antibodies has also shown that single mutations in

Omicron can evade the NAbs owing to various mutations in the

epitome of the Spike region. Therefore, this has provided a possibility

F IGURE 3 Shows the variable number of
mutations present in Spike specific region in
variants of SARS‐CoV‐2 virus
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for antigenic shifting.53,56 Such mutations have drastically reduced

the efficiency of several major vaccines in the market. The vaccine

efficiency of Pfizer was reportedly reduced from 86% to 43%;

Johnson & Johnson's vaccine efficiency dropped from 86% to 13%.

Moderna vaccine was down at 58% from 89%. These may be

attributed to the effects of mutations, reinfection, and limitations in

the neutralization of antibodies.36,57 Figure 4 represents the map of

emergence of VOCs, VUM, and VOI in different parts of the world.

5 | ANTIBODY EVASION AND RESISTANCE

The RBD identifies the ACE2 receptor and regulates the viral entry

inside the host, therefore being a key target to stop viral infectivity.

Consequently, RBD‐distinct neutralizing antibodies play a major role in

the neutralization of a virus. This neutralization antibodies are divided

into Classes 1, 2, 3, and 4 based on the binding affinity of RBD and

ACE2. The variants Delta, Mu, and C.1.2 in particular are known to

evade the neutralization antibodies (nAbs) belonging to Classes 2 and 3.

The Beta variant predominantly evades from nAbs of Class 1 and 2. It is

worth noting that these aforementioned variants do not interact with

Class 4 antibodies. Interestingly, Omicron annihilated the neutralization

of all four classes (Classes 1–4) of nAbs (exception S309). This may

explain the immune evasive capability of Omicron.58,59

Recognition of the Omicron RBD by Class 1 neutralizing

antibodies was disrupted due to mutations in K417N and Q493R.

A mutation in E484 results in the complete destruction of Class 2

nAbs. Mutation at G446S restricts Imdevimab's (a Class 3 antibody)

binding affinity of nAbs to RBD. The resistance of Omicron towards

Class 4 nAbs is mediated by S371L. Despite the presence of N440

TABLE 2 The table showing few specific key gene changes that occurred in Omicron

Mutational gene Changes in Spike region of Omicron (addition/deletion) Reference

Y505 Change in α‐helix region; H‐bond removal with ACE2 E37‐ Pascarella et al.48; Cao et al.53; Planas et al.54

Q498R Salt bridge formation with ACE2 D38‐ Pascarella et al.48; Cao et al.53; Planas et al.54

G496S H‐bond removal between ACE2 D38‐ Pascarella et al.48; Cao et al.53; Planas et al.54

Q493R Salt bridge formation with ACE2 E35‐ Pascarella et al.48; Cao et al.53; Planas et al.54

E484A Salt bridge formation between ACE2 K31‐ and E484A Pascarella et al.48; Cao et al.53; Planas et al.54

K417N Change in C‐terminal area of α‐helix region; Salt bridge removal with ACE2 D30‐ Pascarella et al48; Cao et al.53; Planas et al.54

G339D Possibility of H‐bond formation towards NAG protein Pascarella et al.48; Cao et al.53; Planas et al.54

F IGURE 4 The map showing the emergence of VOCs, VUM, and VOI in different parts of the world. VOC, Variant of Concern; VOI, Variant
of Interest; VUM, Variant under monitoring.
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and G339 mutation in its epitopes, the S309 maintains its stronger

binding affinity towards Omicron's RBD.60

Anti‐RBD nAbs towards SARS‐CoV‐2 have largely been identi-

fied from vaccines and infected personnel. Mutations in the S region

of RBD may render the nAbs ineffective.53 Several nAbs have been

reported in the literature which is capable to neutralize SARS‐CoV‐2.

Eli Lilly Mab (LY‐CoV555) also recognized as Bamlanivimab, was

subjected to interaction with Spike protein of Omicron with

mutations. It was found that N501Y, K417N, E484A, and Q493R

mutations reduced the efficiency of LY‐CoV555. Etesevimab (LY‐

CoV016) has also shown a reduced affinity towards K417N, Y505H,

and N501Y, thereby, being prone to Omicron mutations.61,62

Regeneron mAbs also known as Casirivimab (REGN10933) portrays

a critical role to neutralize the SARS‐CoV‐2 virus precisely. The

G446K, E484A, and K417N mutations slightly weaken the complex

but only mild changes were seen in its efficacy. Imdevimab

(REGN10987) has similar mutations with Casirivimab thereby failing

to neutralize Omicron.61,62

Regdanvimab (CT‐P59) when in contact with Omicron shows

mutations in the areas namely, Q498R, E484A, and Q493R.

Therefore, this agent should be used with caution toward Omi-

cron.61,62 C135 antibodies from Rockefeller University show a critical

mutation on S317L and R346K thus succumbing to Omicron

infection. The antibody C144 have consequential reception towards

Omicron due to change in E484A thus undermining its efficiency

towards Omicron. The mAbs of Cilgavimab and Andintrevimab show

mild resistance towards Omicron. Sotrovimab was least affected by

mutations caused by Omicron.54,61–63

The Pfizer‐BioNTech BNT162b2 vaccinated individuals have

shown reduced neutralization against Omicron. Table 3 depicts the

information about the list of therapeutic drugs used in various stages

of development of SARS‐CoV‐2. This has led to an incomplete

evasion from messenger RNA (mRNA) vaccine‐driven antibody

neutralization.27 It has also been reported that ChAdOx1 vaccinated

individuals possessed no neutralization efficacy. Omicron reportedly

promotes the decline in T‐cell mediated immunity.36

6 | T‐CELL IMMUNITY AGAINST SARS‐
COV‐2 OMICRON

Robust immune response in varying requirements are needed to

recover patients infected with Omicron or other variants and SARS‐

CoV‐2 specific B‐ and T‐cell immune response play a pivotal role in

the pathogenesis of SARS‐CoV‐2 and its variants.68 The cytotoxic

(CD8) T cells are activated once they recognize the viral peptides

unveiled by human leukocyte antigens (HLA) class I molecules

present on the surface of antigen‐presenting cells (APC), and the

helper T cells (CD4) are activated through the association between T‐

cell receptors (TCR) and viral peptides unveiled by HLA Class II

proteins and an important function of the CD4 cells is that it conveys

the activation signal to B cells, which is crucial for antibody

production68 and the T‐cell response to the Omicron variant was

found to have recognized ~80% antigenic peptides by T‐cell and

identical to ancestral strain.69 The coordination between CD8+

T cells, neutralizing antibodies acquired through infection/vaccina-

tion, and CD4+ T cells were seen to lower disease infectivity and

severity, T‐cell cross‐reactivity was examined by Keeton et al., here

the T‐cell response was investigated with participants who received

vaccines of Ad26.COV2.S, BNT162b2 (either one or two doses), and

from COVID‐19 recovered individuals and it is was seen that greater

than 85% of vaccinees were able to generate a T‐cell response to

vaccination after 22–32 days after the last vaccine dose, herein both

the vaccination and infection were able to induce CD4+ T‐cell

response but was significantly lower in comparison to the ancestral

strain and the CD8 was detected in lower level,70 it was also

observed that no serious difference in cross‐reactive of CD4+ T,

CD8+ T response towards variants Beta, Delta, and Omicron.70

TABLE 3 SARS‐CoV‐2 therapeutic drugs in various stages of development

Drug Manufacturing Institution Phase Reference

Sotrovimab GSK/Vir Biotech Emergency (EUA) Fiolet et al.64; Raman et al.65; Janik et al.66

Baricitinib (Olumiant) Eli‐Lilly Emergency (EUA) Fiolet et al.67; Raman et al.65; Janik et al.66

LY‐CoV016 (Etesevimab) and LY‐CoV555 (Bamlanivimab) Eli‐Lilly Emergency (EUA) Fiolet et al.64; Raman et al.65; Janik et al.66

REGN‐COV2 (Casirivimab and Imdevimab) Regeneron/Sanofi Emergency (EUA) Fiolet et al.64; Raman et al.65; Janik et al.66

Opaganib Redhill Phase‐III Fiolet et al.64; Raman et al.65; Janik et al66

MK‐4482 Merck Phase‐III Fiolet et al.64; Raman et al.65; Janik et al.66

GSK4182136 GSK/Vir Biotech Phase‐III Fiolet et al.64; Raman et al.65; Janik et al.66

Aplidin (Plitidepsin) Pharma Mar Phase‐II Fiolet et al.64; Raman et al.65; Janik et al.66

PF‐07321332 Pfizer Phase‐I Fiolet et al.64; Raman et al.65; Janik et al.66

Remdesivir Gilead Sciences Inc. Approved Fiolet et al.64; Raman et al.65; Janik et al.66

Abbreviation: EUA, emergency use authorization.
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In another study by Paul Naaber et al., where T‐cell response

against Omicron was studied after the booster dose, here participants

were vaccinated with two doses of BNT162b2 vaccine and after a

gap period of 9 months were vaccinated with a booster dose from

BNT162b2, before the booster vaccination the Spike‐

RBD immunoglobulin G (IgG) was seen to be in decline after second

vaccination but 2 weeks after the booster dose the IgG levels were

found to be higher than the previous level, however, 3 months after

the booster dose the IgG level was seen to be lower in comparison to

its initial levels. In this study,71 Omicron‐specific CD4+ and CD8+ T‐

cell responses and activation‐induced marker (AIM) memory T cells in

CD4+ and CD8+ T cells were investigated after the second

vaccination and after the third/booster vaccination. Before the

administering the third dose the 84% of vaccinated participants were

found to have CD4+ memory response and 58% of participants with

CD8+ memory response after the booster dose the number was

increased to 100% in CD4+ and 90% CD8+ and the Spike‐specific T

cells were found to be higher after 2 weeks of booster dose in CD4+

in comparison with CD8+ levels and after 3 months of booster

vaccination the Spike specific CD4+ T cells were still present in

vaccinees.71 Overall, this investigation showcases that vaccinated

individuals after a second dose were seen to have stronger specific

memory T‐cell responses against the SARS‐CoV‐2 virus, and this was

further elevated after the third vaccination along with the long time

presence of both CD4+ and CD8+ levels with a little lower response

towards Omicron variant.71

7 | MITIGATION STRATEGIES TO LIMIT
COVID‐19 VARIANTS AND OMICRON

7.1 | Booster usage

The currently available vaccines are designed to interact with the Spike

region of SARS‐CoV‐2 thereby inducing immunity. Mutations in this

region may change the scenario for antibody evasion as is the case

with the Covid‐19 variants. These emerging variants may bypass the

resistance from the antibodies, threatening the action of COVID‐19

vaccination.60,72 So, the topic of administering booster vaccines to

vaccinated individuals was a subject of debate. The imbalance between

fully vaccinated individuals who had been administered booster

vaccines and individuals who are yet to receive their first dose of

vaccine provides the virus with a landscape to evolve with higher

infectivity, and transmission rate. These events could have led to the

possible emergence of Omicron. Currently, a booster dose is being

administered to individuals in nations with high resource

capability.72,73

The individuals administered with a booster dose showed higher

neutralizing capacity against Omicron, paving the way for booster

vaccination. A study report states that the homologous booster

vaccine works well with individuals who were heterologous‐

vaccinated, thereby improving efficacy. Further evidence has justified

this claim. A randomized study named COVBOOST compared the

cell‐mediated and humoral antibody responses against the Delta

variant and wild‐type virus. Here, people vaccinated with

Pfizer–BioNTech and Oxford‐AstraZeneca were administered with

booster vaccines from Pfizer, Moderna, Janssen, Novax, and Valneva.

The observed immunogenicity levels in the BioNTech vaccine were

found to work better with the Moderna booster. The AstraZeneca

vaccine was found to work well with Moderna, proving the high

reactivity of the Moderna booster.74,75 Another study showed a

higher immune response (humoral and cell‐mediated) when indivi-

duals who received CoronaVac were boosted with AZD1222, proving

the consideration for the choice of booster intake.76 A study

performed by Henning et al., assessed the neutralization activity of

antibodies of the BNT162b2 vaccine along with a single booster dose

of BNT162b2. Surprisingly, this kind of immunization has proved

effective to improve the immune response against Omicron and

stopping the Omicron infection. It is speculated that this is possible

only because of vaccination, as vaccination leads to affinity

maturation.77 However, further studies are required to understand

this phenomenon in detail.

Eddy Perez et al., experimented with administering two vaccine

doses of mRNA vaccine/CoronaVac as it was previously shown that

Omicron can evade the neutralizing antibodies. Another study group

specifically reported the use of booster dose to enhance the

neutralizing antibodies of CoronaVac vaccine, therefore recommend-

ing booster vaccine. But data from Eddy Perez experiments suggest

that even post booster immunization (BNT162b2) the vaccines have

a lower effectivity rate against Omicron infection. These findings may

also provide implications for countries that had vaccinated their

population with CoronaVac.78

According to the weekly epidemiology report fromWHO (dated,

May 8, 2022) in case of severe COVID‐19 disease the vaccine

efficiency after the administering the booster mRNA vaccine to

Pfizer, Ad26.COV2.S and Sinovac‐CoronaVac dual vaccinated popu-

lation stand at 70% post the booster dosage whereas, in the case of

symptomatic infection the mRNA booster after initially administering

shows estimated vaccine efficiency between an estimation of

50%–70% but with time the efficiency of booster vaccine reduced

drastically to below ≤50% as seen with Sinovac‐Coronavac and

AstraZeneca.79

The safety and immunogenicity of the Pfizer/BioNTech mRNA

booster vaccine were evaluated by Yohei Seki et al., on Japanese

health workers, herein they noticed a decrease in the neutralization

activity of antibodies against Omicron but was able to 95%

effectiveness against ancestral strain, the booster mRNA vaccine

administered to health workers showed a threefold increase in

neutralizing antibodies against Omicron and it was also observed that

booster vaccine was able to induce humoral immunity and cross‐

reactivity against both strains of Omicron and Delta.80

The effectiveness of the ChAdOx1‐S booster vaccine against

Omicron in England was evaluated by Freja Kirsebom et al., in

England, the booster vaccine widely utilized was BNT162b2, mRNA‐

1273, and ChAdOx1‐S. Herein, the group has compared the booster

vaccine efficiency between BNT162b2 and ChAdOx1‐S in England,
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vaccine efficiency after the initial booster dosage of BNT162b2 and

ChAdOx1‐S stood at ≥50% and ≥60% and decreased to 30.6% and

37.2% after more than 15 weeks of dosage for the age group of

40–64 years, for aged 65 years and above the booster vaccine

efficiency stood at 66.1% for ChAdOx1‐S and 68.5% BNT162b2 that

was reduced to 44.5% in ChAdOx1‐S and 54.1% in BNT162b2 after

5–9 weeks of booster vaccination, due to limited study the vaccine

efficiency after 10 weeks were limited but evidence speculate further

decrement of vaccine efficiency, but this doesn't limit the efficiency

of ChAdOx1‐S or BNT162b2 as both vaccines protect against SARS‐

CoV‐2 virus and its variants.81

But the question that arises here is the effectiveness of the

booster vaccine? And is it feasible to invest in them? Countries

vaccinating their population with booster vaccines have been

experiencing increasing cases of COVID‐19 in recent times whereas

South Africa with no booster vaccination and only 30% of the

population fully vaccinated shows signs of a decline in COVID‐19

cases. Therefore, in‐depth studies are required to study the various

facets of molecular genetics involved.76

7.2 | Development of variant‐specific vaccine

The reinfection rates in vaccinated individuals and the increased risk

of contracting the Omicron variant have brought the attention of

researchers towards vaccine efficiency. The emergence of Omicron

has shown that the administration of a booster vaccine is the only

preventive measure that could be executed against Omicron.82

The importance given to the development of vaccines that are

specific to new emerging variants is on the rise. Most vaccines have

effective neutralization potential against new variants. However,

several studies have reported certain vaccines to be found ineffective

or less effective against WT SATS‐CoV‐2.67 Some reports suggest

that mRNA‐1273.213, a multifunctional vaccine developed by

Moderna neutralizes mutations present in Omicron, Delta, and Beta.

This vaccine's immunogenicity is yet to be ascertained and further in‐

depth studies are needed.15

7.3 | CRISPR‐Cas12a‐based detection assay for
Omicron

With enhanced mutations in its Spike region have provided variant

Omicron with strengthened capabilities towards COVID‐19 virus

vaccines, the deletion of spike protein 69–70 prompts the Reverse

transcription and polymerase chain reaction (RT‐PCR) to reveal a

negative result or known as spike gene target failure (SGFT) (Bal et al.,

2021). The 69–70 deletions were earlier detected in Alpha variant

and were used to distinguish this variant, however, with the

emergence of sub‐lineage of Omicron namely, BA.1, BA.2, and

BA.3 it is difficult to distinguish the variants with the deletions83 and

lineage BA.2 do not possess the deletion 69–70 in its spike region

making the detection of variant gruelling. To solve this problem Liang

Y et al., developed a CRISPR‐Cas12a‐based assay by combining with

RT‐PCR that detects and distinguishes variants in any condition.84

Liang et al. designed and developed two Cas12a‐crRNA complex

specific to variant Omicron namely, crRNA‐S‐37X (an extra PAM

sequence was added) to detect the mutation S371L, S375F, and

S373P and crRNA‐S‐49X for the detection of G496S, Q493R, and

Q498R. the designed system was evaluated by utilizing other variant

for detection and the designed assay was able to distinguish and

detect the required VOC.84 The crRNA complex possesses 3‐4

mutations of Omicron that can validate, diagnose and distinguish

Omicron thereby providing a simpler path towards tracking and

detecting Omicron.84 This Omicron‐specific assay can significantly

detect Omicron thus helping in monitoring and detecting Omicron

globally.

8 | RECENT DEVELOPMENTS IN
OMICRON

As Omicron is continuing to infect the global population on a large

scale, the dominance of this variant can change the infection rate of

the COVID‐19 pandemic with its broad range of mutations,

infectivity, transmissibility, and its role in downplaying the functions

of immune system. Currently, four lineages of Omicron namely,

B.1.1.529, BA.1, BA.2, and BA.3 are spreading rapidly with B.1.1529

becoming the dominant strain infecting millions of people.85

The WHO on January 21, 2022, published its 7th recommended

briefings and actions to be undertaken against Omicron. In this latest

report, the WHO specified that Omicron exhibits a lower mortality

rate in comparison to other variants, but due to its high transmission

rate it results in an increased hospitalization rate and subsequent

increase in COVID‐19 cases worldwide. Other factors that cause

increased hospitalizations are shorter intervals of infection and an

increase in the rate of asymptomatic infections which was proved

with data published from the Republic of Korea showing 2.22 days

for serial infection with Omicron.85,86 Due to the lower immunization

rates, possibilities of reinfection with COVID‐19 is higher than

expected. In addition, higher mutation rates have added further to

the burden. Currently, the WHO is evaluating the efficiency of

COVID‐19 vaccines and has set up the Technical Advisory Group on

COVID‐19 Vaccine Composition (TAG‐CO‐VAC) to evaluate and

mitigate emerging VOCs along with gauging vaccine efficacy for

COVID‐19.85 The WHO is continuing to maintain Omicron as a

variant of concern and has implemented various measures to curb the

spread of this virus. This statement comes after the UK Health

Security Agency (UKHSA) reported on the emergence of more than

1000 cases of Omicron BA.2 lineage. It is also reported that BA.2 is

shown to have a higher transmission rate in comparison to BA.1. In

addition, the BA.2 lineage has shown an increased growth rate in

most regions of England. But it was also reported that the current

vaccines are still effective against BA.2 and booster dose was shown

to elevate the immune response against BA.2.87 Recently, reports on

Antibody Neutralization of Omicron linages (with BNT162b2
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vaccine), BA.1 and BA.2 were reported by JingyouYu et al. They have

shown the similarities in neutralization of antibodies between BA.1

and BA.2. The study concluded that BA.1 shows a reduced (1.3–1.4‐

fold) neutralization against BA.2 and the usage of a booster

BNT162b2 vaccine shows consistent neutralizing antibody response

towards BA.1 and BA.2. It is also suggested that surge of BA.2

infection is very likely related to increased transmission instead of

strengthened immune evasion.88

The NTD domain of SARS‐CoV‐2 and its variants stimulates the

releases of various cytokines in humans that increase the severity of

the disease. The presence of a high number of NTD mutations in

Omicron shows no changes towards its regulation of cytokine

activity.89 Marina et al. discovered the usage of Olverembatinib and

Ponatinib for the inhibition of NTD‐regulated cytokine activity, as

they can inhibit the cytokine release of NTD thereby suppressing the

actions of Omicron NTD. This has justified the therapeutic usage of

Olverembatinib and Ponatinib towards the treatment of

COVID‐19.89

9 | NEOCOV: A POSSIBLE ARRIVAL OF A
NEW VARIANT OR AN ANTIGENIC SHIFT?

The Coronavirus family members have been known to cause three

major outbreaks in the last two decades. These were SARS‐CoV,

MERS‐CoV, and the current SARS‐CoV‐2.32,90 The lineages of MERS‐

CoV are NeoCoV, PDF‐2180‐CoV, HKU5‐CoV, and EriCoV‐HKU31

(hedgehog coronaviruses). The NeoCoV and PDF‐2180‐CoV have

shown genome‐level similarity with MERS‐CoV. A recent study by

Qing et al. has shown that NeoCoV and PDF‐2180‐CoV can interact

with the ACE2 receptor of bats and use it as their functional

receptor.90 In addition, they found the use of S1‐CTD as the RBD for

their specific interaction with ACE2 receptors. This raised major

concern since NeoCoV and PDF‐2180‐CoV have the ability to cross

the species barrier, therefore, infecting the human population.

However, their current genomic sequence is not efficient to use

the ACE2 receptor in humans.32 In NeoCoV, incompatible residue

presented in 337‐342 is responsible for this inefficiency and it

was also revealed that N338 is a significant residue that restricts the

usage of human ACE2 receptors.32 It was hypothesized that an

increase in hydrophobicity in the residue region of T510 of NeoCoV

might develop a potency to bind with human ACE2 receptor. The

humoral immunity stimulation due to immunization or past infection

presumably is ineffective to protect humans from this infection

because neither MERS‐CoV antibodies or SARS‐CoV‐2 vaccination

cannot stop the infection due to its higher transmissibility rate.32

Therefore, close monitoring of antigen shift of these viruses is

required due to the fact of natural selection, evolution, and cross‐

species transmission. Considering the mutational landscape of

Omicron and other variants the possibility of these viruses'

potentiality to infect humans through natural adaptation is very

likely.

10 | RECOMBINANT VARIANT XE?

Variant or could be said as a recombinant variant of both strains of

Omicron BA.1 and BA.2 is currently making headlines globally, in

recent days recombinant strains are emerging all over the world

making it as a matter of concern and the possibility for the

emergence of a recombinant strains occurs when a living organism

is infected with two or more than two strains of SARS‐CoV‐2 virus

thus leading to merging of its genetic material during its replication

and leading to formation of a new strain within the host's body and

this happened due to the prevalence of multiple variants in

environment.87

XE is a recombinant strain from Omicron's sublineages and was

detected in the United Kingdom on January 19 2022 and was

assessed to have a growth rate of 9.8% than of BA.2; however, this

statement requires further investigation according to UK Health

Security Agency (UKHSA) the current cases of XE as of March 22,

2022 is 763.91 According to UKHSA and WHO, XE variant contains

NSP1‐6 mutations derived from BA.1 and the rest of the genome

contains BA.2 genome, currently more evidence is needed to study

the variant's transmissibility, and vaccine effectiveness, and the

strain's severity in humans. XE variant have spread to other countries

such as Thailand, New Zealand, Israel, Cambodia, and recently India

reported it's first case of XE variant on April 8, 2022, currently more

investigation is necessary along with appropriate precaution by the

people to eradicate the variants of COVID‐19.91,92 Table 4 represent

the information for all available COVID vaccines.

11 | CONCLUSION

The Omicron variant has downplayed all other arisen variants. It

emerged in South Africa and Botswana. The variant was a result of

multiple mutations in the Spike region larger than every other arisen

variant. Omicron was declared as a VOC on November 26, 2021.

Omicron was quick to spread at a rapid pace and outpowering the

previous variants with its enhanced mutation and spearheading the

immune evasion property has led to widespread reinfections.

Omicron was proved to have a higher infectivity rate, better ability

to evade the immune system, capable of neutralizing antibodies from

vaccines, and having higher binding affinity of ACE2 provides it with

high transmissibility. The broad mutation discovered in its spike

region is the primary reason for the induction of these changes along

with newer mutations. The identification of Omicron infection in

vaccinated individuals or individuals with past infection history shows

the immune evasion property and re‐infective nature of Omicron.41

RT‐PCR which is commonly employed in the detection of SARS‐

CoV‐2 was proved to be ineffective to detect Omicron due to its S‐

genome target failure (SGFT) thereby bypassing this diagnostic test.

However, a genome sequence analysis can detect Omicron.

Therefore, the current rapid antigen test requires to be modified

for the detection of Omicron.
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The presence of mutations within the RBD complex, NTD region,

RBM, Furin site, S1, and S2 regions have a consequential action in the

interaction of ACE2 receptors making Omicron deadly.95 The

mutation of key areas such as H655Y, N679K, E484A, and P681H

had increased the binding affinity of the ACE2‐RBD region. R203K,

P13L, and G204R mutational areas generally elevate the RNA

expression level. Due to a high number of mutations in the RBD

region, there will be a possibility for receptor shift in Omicron and

ACE2 may not function as a receptor for Omicron.96 Omicron was

capable to abolish the neutralization activities of all antibody Classes

1–4 with few critical mutations in Q493R, N440K, and G446S, and

with this variant, the vaccine efficiency was drastically reduced. The

presence of R346K mutation in Omicron proved fatal for antibody

resistance to the vaccine.97 Neutralizing antibodies and the Spike

protein region are key to understanding the S region epitome and

nAb activity which is key towards vaccination development.98

The development of a vaccine to curb Omicron and its variants is

proving to be effective along with the need for a booster vaccine was

initiated due to the rapid prevalence of Omicron and currently, major

countries provide booster vaccination. The prevalence of an

unvaccinated population has further provided an impetus for the

further evolution of the virus. The current booster vaccinations have

proven to be very effective against Omicron while few vaccines have

shown ineffectiveness against it. The arrival of various variants with a

mutation in the Spike region prompted the scientific community to

design variant‐specific vaccines based on the S region to combat

future arising variants and this may require further analysis and in‐

depth studies.

WHO recently published its weekly epidemiological update on

the COVID‐19 pandemic and according to the report from February

28, 2022 to March 6, 2022 the global SARS‐CoV‐2 virus cases

continue to decline by 5% and 8% in comparison to last week and

only the Western Pacific region indicates the increase in COVID‐19

cases by 46% and the weekly COVID‐19 related death also increased

to 29% and with a decrease in SARS‐CoV‐2 virus cases in global level,

several countries have reduced relaxation in their respective regions

but it is worth noting that Omicron variant is the dominating VOC

around the globe.99 The new weekly epidemiological update on the

COVID‐19 pandemic until May 8, 2022 published on May 11, 2022

shows a decline in SARS‐CoV‐2 virus since March 2022 and there

was a 12% decrease in SARS‐CoV‐2 cases globally with a 25%

decrease in COVID‐19 related death globally with only American

region and African region showing an increase in COVID‐19 cases79

but WHO has cautioned countries regarding the declining trend of

COVID‐19 that is to be interpreted cautiously.

Therefore, to control COVID‐19, driving up the vaccination

process is the only solution to eradicate the virus. Given the current

scenario with the rise of BA.2 subvariant and the prevalence of

recombinant strains globally, the need for better precautions,

community surveillance, and due diligence from every government

is necessary to tackle the current prevailing situation and it is highly

likely that there might be more variants on the way. Past experience

and the cooperation between scientific communities and health

bodies across the globe may help to understand the virus better and

to develop therapeutics that may overcome the COVID‐19

pandemic.
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