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Abstract

Numerous variants of the severe acute respiratory syndrome coronavirus 2

(SARS‐CoV‐2) pandemic have evolved. Viral variants may evolve with harmful

susceptibility to the immunity established with the existing COVID‐19 vaccina-

tion. These variants are more transmissible, induce relatively extreme illness,

have evasive immunological features, decrease neutralization using antibodies

from vaccinated persons, and are more susceptible to re‐infection. The Centers

for Disease Control and Prevention (CDC) has categorized SARS‐CoV‐2

mutations as variants of interest (VOI), variants of concern (VOC), and variants

of high consequence (VOHC). At the moment, four VOC and many variants of

interest have been defined and require constant observation. This review article

summarizes various variants of SARS‐CoV‐2 surfaced with special emphasis on

VOCs that are spreading across the world, as well as several viral mutational

impacts and how these modifications alter the properties of the virus.
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1 | INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2)

infection has resulted in a great rise in morbidity and mortality all

across the globe.1,2 Over 4000 SARS‐CoV‐2 mutations have been

detected as the worldwide SARS‐CoV‐2 outbreak proceeds. At-

tempts are being made to detect viral mutations and different viral

strains. The ultimate goal of the current research toward COVID‐19

is to discover new viral mutations fast and determine their potential

consequences.3 A mutation occurs when the pattern of the gene is

altered. The order of these nucleotides in RNA or DNA determines

the amino‐acid sequence. Proteins are constructed from amino acids

and are species‐specific.4

“A mutation in a viral genome can alter the encoded amino acid

sequences, which can cause the virus to replicate. Mutations are

classified into two types: deletion and substitution.”5 Substitution can

originally be referred to as a proofreading process, but deletions

cannot. The genome present in SARS‐CoV‐2 consists of 14 open

reading frames (ORFs) of which two‐thirds are responsible for

encoding 16 nonstructural proteins (NSP 1−16) necessary to make

up the replicase complex.6 The remaining one‐third ORFs are

involved in the encoding of four proteins that are S (Spike), N

(Nucleocapsid), M (Membrane), E (Envelope), and nine accessory

protein‐ORFs.7 S (Spike) proteins are required for entry of COVID‐19

virus into host cells.8 NSP 14 performs proofreading for the

SARS‐CoV‐2 virus. Mutations are always to be anticipated, despite

the fact that not all mutations are purposeful or advantageous to the

virus.9 Viral variants are the outcome of mutations that occur

throughout viral replication. A mutation is an alteration in a genome

of a virus pattern that differs from the typical pattern, including a

replacement, removal, or inclusion.10 The SARS‐CoV‐2 virus is no

exception, and multiple variants of the same have been reported all

over the globe since its inception. Considering a growing frequency

of instances identified viral variants with mutation sites in the viral

spike protein's receptor‐binding domain (RBD) region have garnered

widespread interest, the RBD is the primary focus of neutralizing

antibodies generated after infection of SARS‐CoV‐2.8,11–15 Some

abnormalities in the S protein, like those reported in the N‐terminal

J Med Virol. 2022;94:2986–3005.wileyonlinelibrary.com/journal/jmv2986 | © 2022 Wiley Periodicals LLC.

http://orcid.org/0000-0002-7701-8597
mailto:vivek.chavda@lmcp.ac.in
https://wileyonlinelibrary.com/journal/jmv


domain (NTD), may also affect neutralizing antibody capacity.16

A reconstituted SARS‐CoV‐2 (virus or genetic mutant) may have

additional mutations that separate it from the basic pattern or

common viral variants widely circulated in humans.17

The proliferation of mutations poses a significant barrier for

vaccination‐based protection and management of the SARS‐CoV‐2

outbreak. Existing SARS‐CoV‐2 vaccines have been approved for

immediate application. Those vaccines that are in clinical trials have

also demonstrated substantial benefits in terms of offering effective

coverage toward novel viral variants.18 This review encompasses

the impact of identified variants on neutralizing antibodies and the

preventive effect of various vaccines. We have also proposed ways

for using present vaccines toward variants as well as generating

upcoming vaccines.

2 | VARIANTS OF THE SARS‐COV‐2

SARS‐CoV‐2 variants can have a variety of features. Testing results

may be affected if a patient sample contains SARS‐CoV‐2 viral

mutations.19 Multiple factors, including the variant sequence,

examination system, and the incidence of change in the population,

are used to analyze the influence of mutations on test performance.20

Typically, transcription or translation error in the viral genome is the

main reason for mutation.21 It has been shown that RNA viruses

undergo mutation at higher rates than DNA viruses with mutation

rates from 10−6 to 10−4 substitutions per nucleotide, per round of

copying.22 The high rate of mutation is correlated with an increase in

evolvability and enhanced virulence, which is a beneficial survival

trait for viruses. Mutation in viruses causes both geno‐ and

phenotypic changes as seen in an influenza A virus. The main reason

for mutation in the influenza A virus is the re‐assortment of viral

genomes from different strains.23 The mutation causes the change in

patterns of influenza A subtype H3N2 which is responsible for

antigenic evolution in humans.24 Influenza viruses are ever‐shifting in

two ways, antigenic drift and antigenic shift. The first is responsible

for causing small mutation in genes of the virus which leads to

changes in HA (hemagglutinin) and NA (neuraminidase), which are

surface proteins and later creates a substantial shift in influenza

A viral surface protein produces new HA and/or NA surface proteins,

that are relevant to human infection.25 In conjunction with the

SARS‐CoV‐2 interagency committee, the CDC defined three catego-

ries of SARS‐CoV‐2 variants: variants of interest (VOI), variants of

concern VOC, and variants of high consequence (VOHC). These

variants are continually evolving as a result of the number of

additional alterations (Figure 1).26

2.1 | VOI

It is a variation associated with altered receptor binding, reduced

neutralization by antibodies generated in response to past infection

or immunization, reduced therapeutic efficacy, possible diagnostic

effect, or an anticipated rise in infectivity or growth of the disease.

This variation has a nonidentical sequence of receptor binding.27

Antibodies that are created against additional infection or vaccination

can reduce the neutralization. The efficacy of treatment gets reduces

which leads to the possible impact of diagnosis or an anticipated

increase in infectiousness, or intensity of the disease.28 Table 1

summarizes VOI that are being monitored to date.

A mutation, known as D614G, is responsible for one specific

viral activity. It is reflected in the reality that viruses with this

F IGURE 1 Variants of SARS‐CoV‐2 and their clade. (SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2).
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alteration have a higher transmission rate than viruses without this

variation.32 In the starting phase of the pandemic, this mutation was

one of the first documented mutation in the United States, after

having initially circulated in Europe.33 “The phylogenetic assignment

of named global outbreak lineage (PANGOLIN),” also known as

Pango lineage terminology, was used to designate SARS‐CoV‐2

variants.34 The phylogeny of SARS‐CoV‐2 is divided into two

primary lineages, A and B, as per nomenclature. The most typical

lineage of variations is debated.35

2.2 | VOC

A variation characterized by increased amplitude, a substantial

decrease in treatment potency or vaccine performance due to

neutralization with antibodies produced following previous sickness

or inoculation, or diagnostic identification errors (Figure 2).36 The

transmission rate is excessive in this variant type of SARS‐CoV‐2

(Tables 2 and 3). A high rate of transmission leads to more acute

disease.42 There is a possible decrease in neutralization by

antibodies produced from earlier illness or immunization.43 The

efficacy of medicines or vaccinations is decreased, or diagnostic

recognition fails.44 Table 4 summarizes all the potential mutations of

SARS‐CoV‐2 variants and their impact.

2.2.1 | Alpha variant

WHO has reported that instances of Alpha variants have been

diagnosed in around 170 countries and in various territories across

the globe.36 The United Kingdom, Japan, Alaska, the United States of

America, and Turkey have faced the severe effect of this alpha

variant. More than 10 000 cases of Alpha variant are reported in

these countries.45 Other than these countries, Canada, Mexico, Brazil

have also reported more than 8000 confirmed cases and in India,

Peru, Russia, China there were around a thousand cases reported of

Alpha variants.46

This is the first VOC reported in the WHO study on variant

classification. This strain clade 201/501Y.V1, Pango lineage B.1.1.7,

and GISAID clade are all recognized Alpha variant by various

scientific names.47 In the United Kingdom, the very first case of the

SARS‐Cov‐2 Alpha variant was detected in September 2020.

Furthermore, the Alpha variant is related to a greater death rate

in patients in comparison with other variants.48 The alteration in the

S protein of the virus is the main reason behind its mutation. This new

variant also carries NTD and RBD mutations, which play a vital part in

the binding of a virus with host cells via the angiotensin‐converting

enzyme 2 (ACE2) receptor. S1 subunit of viral spike protein, which is

made up of the NTD and the RBD, is essential for defining tissue

tropism and host ranges.49

The N501Y mutation in the RBD of the spike protein, and a

few additional mutations, identify the Alpha variant.50 Among

these, there are two deletion mutations in the NTD of the S

protein, HV69‐70del and Y144del (also known as Y145del due to

the presence of tyrosine at both positions).51 SARS‐CoV‐2

variants with membrane (M) protein alterations, such as I82T

and V70L, have recently been identified as a potential cause of

concern. The Alpha variant was revealed to be the result of the

consecutive acquisitions of mutations in M Protein: V70L in

November 2020 and the unique S Protein: D178H mutation in

early February 2021.52 Pfizer‐BioNTech, Moderna, AstraZeneca‐

Oxford, Johnson and Johnson, and Novavax have all proven that

their vaccines, based on various designs, can all be effective

against this variation.52 In Phase 3 clinical trial done in the United

Kingdom for the Novavax vaccine, for example, showed an

efficacy of 89.3% against an Alpha variant (NCT04611802).

SARS‐CoV‐2 mutations are frequent; the COVID‐19 Genomics

UK (COG‐UK) Consortium reports that around 4000 mutations

have been identified in its spike protein alone. There are 23

mutations in VOC‐202012/01: 14 nonsynonymous mutations,

3 deletions, and 6 identical mutations.53 Furthermore, the Alpha

variant is related to a greater death rate in patients in comparison

with other variants. The alteration in the S protein of the virus is

the main reason behind its mutation.53,54 Two vaccinations with

either BNT162b2 or ChAdOx1 nCoV‐19 demonstrated good

protection against Alpha variant and reduces the viral transmis-

sion.50 Another study estimated the efficacy of the Pfizer vaccine

of roughly 90%.

2.2.2 | Beta variant

Numerous official designations are assigned to the beta variant,

including strain clade 20H/501.V2 and Pango lineage B.1.351.55 The

first incidence of the SARS‐Cov‐2 beta strain was identified in the

United Kingdom in May 2020, and it was mostly discovered in South

Africa.56 The mutation caused an increase in transmissibility and also

the neutralizing capacity of the virus.26 There are three mutations of

significant importance in the spike area of the lineage, B.1.351

genome, K417N, E484K, N501Y, and a further five spike mutations,

L18F, D80A, D215G, R246I, A701V, that have so far raised little

concern. Aside from the spike area, it also has K1655N, a deletion of

SGF 3675‐3677, P71L, and T205I.57

TABLE 1 VOI of SARS‐CoV‐2 as per the World Health
Organization (WHO)

Variant name WHO label First detected in

C.37 Lambda29 Peru, December 2020

B.1.621 Mu30 Colombia, January 2021

B.1.526 Iota31 In New York, the United
States in November 2020

P.2 Zeta31 In Brazil in April 2020

Abbreviations: SARS‐CoV‐2, severe acute respiratory syndrome
coronavirus 2; VOI, variants of interest.
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According to the weekly update released by WHO on June 22,

2021, the cases of beta variants are reported in almost 119

countries.58 Due to the mutation, there is a reduction in the

susceptibility of a virus toward the combination of some monoclonal

antibody treatment, like a combination of bamlanivimab and

estesevimab.47 In the RBD of spike protein, notable mutations

include N501Y, K417N, and E484K, which can increase the protein's

affinity for the human ACE2 receptor.59 The E484K mutation may

allow an individual to evade the immune system's response.60

According to an in vitro test, all existing vaccines generate antibodies

with decreased neutralizing activity against beta variants.58,61 Overall

vaccine efficacy for COVID‐19 of any severity was 33.5% up to

14 days after the first vaccine dose.56 Safety and immunogenicity

study of a SARS‐CoV‐2 variant vaccine (mRNA‐1273.351) is

currently ongoing sponsored by The National Institute of Allergy

and Infectious Diseases (NIAID) (NCT04785144).

F IGURE 2 Mutations of SARS‐CoV‐2 VOCs, their clinical implications, and potential therapeutic targets (adopted under Creative Commons
Attribution 4.0 International License from Khateeb and Zhang17). SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2; VOC, variants
of concern.

TABLE 2 The PANGO lineage class for the SARS‐CoV‐2 variants34,35,37,38

Lineage The most common countries Description

A (A.1, A.2, A.2.2, A.2.3, A.2.4, A.2.5,
A.2.5.1, A.2.5.2, A.2.5.3, A.3, etc.)

The USA, Arab countries, Japan, China,
Germany, etc.

Lineage A is the reason for the pandemic. China is featured in this
genealogy with a wide variety of industries including the vast
majority of foreign trade partners like Japan, Australia, the
United States, South Korea, and Europe.

B (B.1, B.1.1, B.1.1.1, B.1.1.3, B.1.1.4,
B.1.1.5, B.1.1.7, Q.1, Q.2, B.58,
B.59, B.60, B.61, etc.)

The United Kingdom, The USA,
Germany, Spain, Japan, Belgium,
Peru, etc.

This is the second most prevalent haplotype.

A broad European lineage whose origins generally overlap to the
Northern Italian pandemic in early 2020.

C (C.1, C.1.1, C,2, C.2.1, C.3, C.2, etc.) South Africa, Zambia, The USA,
Mozambique, etc.

B.1.1.1.1's alias

D (D.2, D.3, D.4, D.5) Australia, UK, Denmark, Ireland,

Sweden, Bangladesh

Alias of B.1.1.25.2, B.1.1.25.3, B.1.1.25.5

G.1 United Kingdom B.1.258.2.1 is an abbreviation for the UK lineage B.1.258.2.1

Abbreviations: PANGO, phylogenetic assignment of named global outbreak; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2.
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2.2.3 | Gamma variant

Lineage P.1, frequently referred to as the gamma variant, is a cause of

COVID‐19. This variant contains 17 amino acid substitutions and

among them, 10 are in its spike protein.60 This variant was found in

the Institute of Infectious Diseases (NIID), Japan. It was later

transmitted in Brazil.62 This variant comprises two subvariants

28‐AM‐1 and 28‐AM‐2 that both carry mutation K417T, E484K,

and N501Y. Gamma variant is particularly found from the other

Brazilian zeta variant (Lineage P.2).63 The immunological escape

mutation (E484K) is present in this variant.64 SARS‐CoV‐2 variants

gamma contains 10 defining mutations in its spike protein, including

N501Y and E484K, in addition to eight other mutations (four of

which are synonymous genetic variants) in its ORFs (ORF1a and

ORF1b), one of which is a set of deletions. It also possesses two

mutations in its ORF8 gene, one of which is an insertion, and one in

its N gene.65 After vaccination with Moderna or Pfizer, the gamma

variant has been demonstrated to be relatively resistant to

neutralization by convalescent plasma and vaccine sera.66 The

severity of the disease toward death was minor (3.8−4.8‐fold).67

CoronaVac, an inactivated vaccine has been demonstrated to be 50%

effective in preventing sickness 14 days after the first dose in a two‐

dose regimen.68 Over 1000 cases of this variant are diagnosed in

Brazil and the United States of America, and less than 100 instances

are detected in India, Canada, Australia, and Mexico.60 In February

2021, more COVID‐19 individuals with no comorbidities were

admitted to the ICU. Gamma was discovered to be prevalent in

adolescent ICU patients in February 2021.64 Reinfection by gamma is

widespread and may play a large role in epidemics where gamma is

ubiquitous, emphasizing the ongoing hazard variations of concern

pose even in situations where big epidemics have occurred.69

Although the clinical significance and transmissibility of reinfections

were not investigated, the projected reinfection rates imply that the

gamma variation may cause a greater infection risk than earlier non‐

gamma versions. As the majority of blood donors had asymptomatic

or oligosymptomatic illnesses, the found protection against

reinfection does not generalize to cohorts of exclusively hospitalized

or symptomatic people.64,69,70

2.2.4 | Epsilon variant

These resembling variants, B.1.427 and B.1.429 (epsilon variant),

were initially identified in California (USA). In the beginning, they

were designated as CA VUI1 but afterward WHO classified them and

labeled them “epsilon” on May 31, 2021. These variants have a 20%

higher efficiency than the original virus and can rapidly transmit from

one individual to another.71 The researchers studied the neutralizing

incidence of the epsilon variants on antibodies present in the

specimens using plasma from a COVID‐19 recovered individual,

along with an entirely immunized person and concluded that their

potency was reduced.72 An estimated rise in the transmission rate is

high and it is found in multiple other states of the United States.73,74T
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TABLE 4 SARS‐CoV‐2 mutations of different variants of concern

Virus structure
protein

SARS‐CoV‐2
genome site Role Mutation

Variants of concern
Alpha
variant

Beta
variant

Gamma
variant

Epsilon
variant

Delta
variant

Omicron
variant

Spike protein ORF1ab Binding protein
regulation

PLpro: T183I Yes No No No No No

PLpro: A890D

PLpro: I14127

Nsp6:

S106K

RdRp:

P323L

nsp2: No Yes No No No No

T85I

PLpro:

K837N

3CL:

K90R

nsp6:

S106K

RdRP:

P323L

Lpro: K38R No No No No No Yes

PLpro: S1265I

PLpro: Δ1266

PLpro: A1892T

nsp4: T492I

3CL: P132H

nsp6:L105F

nsp6: Δ106‐108

nsp6: I189V

RdRP: P323L

nsp14: I42V

PLpro:S370L No No Yes No No No

PLpro:K977Q

nsp6:S106K

nsp6:Δ107‐109

RdRP:P323L

nsp13:E341D

nsp4:V167L No No No No Yes No

RdRP:P323L

RdRP:G671S

nsp13:P77L

(Continues)
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TABLE 4 (Continued)

Virus structure
protein

SARS‐CoV‐2
genome site Role Mutation

Variants of concern
Alpha
variant

Beta
variant

Gamma
variant

Epsilon
variant

Delta
variant

Omicron
variant

RBD Increase the
binding affinity
of the virus

K417N No Yes Yes No No No

G339D No No No No No Yes

S371L

S373P

S375F

K417N

RBM Increase
transmissibility
and replication

N501Y Yes Yes Yes No No No

E484K No Yes Yes No No No

L452R No No No No Yes No

T478K

N440K No No No No No Yes

G446S

S477N

T478K

E484A

Q493R

G496S

Q498R

N501Y

SD1 A570D Yes No No No No No

Y505H No No No No No Yes

SD2 D614G Yes Yes No No No No

H655Y No No Yes No No No

D614G No No No No Yes No

T547K No No No No No Yes

D614G

H655Y

S1/S2 P681H Yes No No No No No

T7161

A701V No Yes No No No No

P681R No No No No Yes No

D950N

N679K No No No No No Yes

P681H

N764K

D796Y

N856K

Q954H

2992 | CHAVDA ET AL.



TABLE 4 (Continued)

Virus structure
protein

SARS‐CoV‐2
genome site Role Mutation

Variants of concern
Alpha
variant

Beta
variant

Gamma
variant

Epsilon
variant

Delta
variant

Omicron
variant

N969K

L981F7t5

N ORF8: Q27* Yes No No No No No

ORF8: R521

ORF8: Y73C

N: D3L

N: R203K

N: G204R

N: 5235F

ORF3a: Q57H No Yes No No No No

ORF3a: S171L

E: P71L

N: T205I

ORF3a: S26L No No No No Yes No

M:I82T

ORF7a:V82A

ORF7a:T120I

ORF8:D119I

ORF8:Δ120‐121

N:D63G

N:R203M

N:D377Y

E: T9I No No No No No Yes

M: D3G

M: Q19E

M: A63T

N: P13L

N:Δ31‐33

N: R203K

N: G204R

Outside of

spike
protein

Enhanced

transmissibility

Nsp6: Δ107‐109 Yes No No No No No

NTD Evasion of antibody

neutralization

Δ69‐70 Yes No No No No No

Δ144‐145

A67V No No No No No Yes

Δ69‐70

T95I

G142D

(Continues)
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It has L452R mutation in S protein which was discovered in the RBD.

It increases infectivity because of the interaction between spike

protein and ACE2 receptors.75 W152C has been shown to diminish

sensitivity to numerous NTD‐binding monoclonal antibodies, imply-

ing yet another involvement in immune evasion.76 Currently, it is

considered a VOI. This variant demonstrated lower susceptibility to

neutralization by convalescent (4–6.7‐fold) and postvaccination sera

(2–2.9‐fold).58

2.2.5 | Delta variant

B.1.617.2 (Delta variant) is a variant of lineage B.1.617 of SARS‐CoV‐2,

which is the reason for India's second wave in this pandemic of

COVID‐19. On May 31, 2021 WHO named this variant as “delta

variant.”77 Initially, the Delta variant was detected in India on May 7,

2021. Public health England (PHE) put the Delta variant in the category

VOC from a variant under investigation (VUI). The spike protein

mutations 19R, (G142D), 156del, 157del, R158G, L452R, T478K,

D614G, P681R, and D950N identify and distinguish this variant. Several

of these mutations, as well as the loss of a portion of the NTD, may

affect immune responses aimed at the critical antigenic areas of RBD,

that is, 452, 478, 156, and 157. The P681R mutation alters an amino

acid right adjacent to the furin cleavage site, a crucial step, allowing the

virus to penetrate human cells and thereby increasing viral infectivity.78

The spike protein of the new coronavirus is 1273 amino acids long. The

RBD of the spike protein is perhaps the most important portion since it

is crucial for connecting the SARS‐CoV‐2 virus toward the human ACE2

proteins on certain cells, allowing the virus to invade those cells.79 This

variant is made up of a mutation in the gene−gene that expresses the

SARS‐CoV‐2 spike protein, which leads to substitutions in T478K,

P681R, and L452R, that are designated to influence the infectiousness

of the virus including its ability to be neutralized using antibodies against

the formerly propagating form of COVID‐19 virus.80 Fragments

319−541 define the RBD. The receptor‐binding motif, which connects

the spike protein to the human ACE2 receptor, is a critical governance

motif in RBD. Any mutation that arises around amino acid residues

319−541—particularly between 438 and 506—may have a major

influence on the infectivity of the virus, modes of transmission,

intensity, and/or immunity‐evading capability.81 According to the PHE

report, attacks of Delta variant were diagnosed more than 51%−67%

than an Alpha variant.82 Another critical mutation in the RBD, L452R,

increases cell transmission efficiency, allowing the variation to spread

fast from one individual to another. This mutation is expected to permit

18%–24% increased transmissibility and a 20‐fold reduction in

neutralizing titers from the vaccinated individual, as well as resistance

to neutralization by particular antibodies.83 The B.1.617.1 strain is

6.8‐fold more resistant to neutralization by sera from COVID‐19

TABLE 4 (Continued)

Virus structure
protein

SARS‐CoV‐2
genome site Role Mutation

Variants of concern
Alpha
variant

Beta
variant

Gamma
variant

Epsilon
variant

Delta
variant

Omicron
variant

Δ143‐145

N211I

Δ212

215EPEins

L18F No Yes No No No No

T20N

P26S

D138Y

R190S

ORF3a: S253P No No Yes No No No

ORF8:E92K

N:P80R

N:R203K

N:G204R

T19R No No No No Yes No

G142D

E156G

Δ157‐158

Abbreviation: SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2.
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convalescent and Moderna and Pfizer vaccinated patients, according to

a live virus experiment.84 Despite this, the B.1.617.1 variant was

neutralized by the majority of sera from convalescent patients and all

sera from vaccinated persons.85 The mRNA vaccines evaluated here are

likely to protect against the B.1.617.1 mutation.86 Clinical data from

vaccinated people should be used to better investigate this. In the

UK experiment, the two‐dose Pfizer vaccination was shown to

be 87.9% effective against this variant (93.4% effective against

B.1.1.7); the two‐dose AstraZeneca vaccine was found to be 59.8%

effective against this variant and 66.1% effective against B.1.1.7

(NCT04516746). Two weeks following the second treatment, Pfizer‐

BioNTech and Oxford‐AstraZeneca were 88% and 60% effective

against the SARS‐CoV‐2 Delta strain, respectively. However, 3 weeks

after the initial dose, both of these vaccinations are only 33% effective

against the Delta form. The neutralization of the Pfizer‐BioNTech and

Moderna vaccines was reduced (Figure 3).87

Delta plus variant (delta‐AY.1)

B.1.617.2 is somewhat more infectious than B.1.1.7. The main

unanswered question is how much more viral it will become. Also,

how long will it take to come out of lockdown? If HIV becomes

significantly more contagious, individuals will be unable to control the

spread, and some form of social distance limitations will very

probably be required in the future. Even if the infection rate

continues to rise exponentially, we are still likely to see severe illness,

more hospitalizations, and tremendous pressure on the health

service, including among people who have been immunized. The

result of Delta variant mutation, obtaining spike protein mutation

K417N to form AY.1 which is Delta plus variant.88 The P871R

mutation is one of the most important in Delta Plus, as it occurs in the

furin binding site and improves the efficiency of entry into the cell via

the furin cleavage site. It causes syncytia, which allows the virus to

infect many cells via the cell‐to‐cell transfer mechanism without

leaving the cell. Even monoclonal antibodies are ineffective in this

case and are expected to lose some efficiency in the Delta form.40,89

Delta plus variant (delta‐AY.4.2)

As per records published to GISAID, the AY.4.2 lineage of COVID‐19

is a subvariant of the Delta strain, has surfaced in six states of India,

showing 17 instances documented yet.90 However, a team of

specialists is still investigating this novel strain, which is considered

to be responsible for the latest transmission surge in the United

Kingdom. British officials have speculated that AY.4.2 might be

significantly more communicable than Delta, albeit there is presently

no proof that it triggered more extreme infections or rendered

immunizations worthless.91 Two potential instances of the AY.4.2

strain were detected in India, and the items were transferred to a

laboratory for genomic decoding. The alteration A1711V, which

alters the virus's NSP3 protein, and serves a variety of functions in

viral replication, is the characterizing modification in AY.4.2. Never-

theless, the consequences of these changes are unclear.90,91

2.2.6 | Omicron (C.1.2) variant

In November, Omicron was detected in Botswana. Many nations,

particularly South Africa, have discovered a novel strain of

COVID‐19 known as C.1.2. On November 26, 2021, it was

F IGURE 3 The consequences of Delta variant and spike protein mutation.
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recognized as a VOC.1 Furthermore, instances of the novel variety

have been recorded in Mauritius, England, Switzerland, New

Zealand, Portugal, and the Democratic Republic of the Congo

(DRC).92 According to some scientists, this new variant is more

certain to be transferrable and can, to a certain degree, avoid the

immunity established by vaccinations.92 Researchers discovered

that this new C.1.2 variant is evolving and mutating at a faster

pace inside its genome than other VOC or VOI along with the

Delta variant. Six of South Africa's nine regions (along with the

East and West Capes) had reported instances of C.1.2 strain as of

August 13, 2021.93 Concerns are raised by a large number of spike

mutations (at least 32 mutations). “The variant is related to the

lambda and beta variants, which are linked to innate immunity.

K417N, N440K, G446S, S477N, T478K, E484A, Q493K, G496S,

Q498R, N501Y, Y505H, and P681H are the most common spike

protein mutations found in omicron variant.”94 According to

preliminary laboratory findings, three doses of the Pfizer‐

BioNTech COVID‐19 vaccine neutralize the Omicron variation

(B.1.1.529 lineage), but two doses had much lower neutralization

titers.95 Omicron has a mutation known as N501Y, which allows

the virus to attach to human cells more firmly. This mutation was

found in the Alpha variant as well, and it was connected to its

infectivity. According to computational modeling, the variant may

also be immune to cell‐mediated immune function.96 With the

upsurge of Omicron VOC, countries must now definitely contem-

plate reinstating WHO‐recommended fundamental healthcare

and social disease standard precautions such as wearing well‐

fitting masks, hand hygiene, physical distance, improving indoor

ventilation, and avoiding crowded areas if unimmunized. Nations

must also speed up COVID‐19 vaccination campaigns.95 Accord-

ing to the data, “the third dose of BNT162b2 increases neutraliz-

ing antibody titers by 25‐fold when compared to two doses

against the Omicron variant; titers after the booster dose are

comparable to titers seen after two doses against the wild‐type

virus, which are linked to high levels of protection. As the

mutations in the Omicron form do not alter 80 percent of epitopes

in the spike protein identified by CD8+ T cells, two doses may still

protect against severe illness.”97 As per WHO,94 “on 26 Novem-

ber, the WHO's Technical Advisory Group on SARS‐CoV‐2 virus

evolution declared PANGO lineage B.1.1.529 a VOC and desig-

nated it with the greek letter omicron. The heavily mutated

Omicron coronavirus variant is likely to spread internationally and

poses a very high risk of infection surges that could have severe

consequences in some part of the globe (28 countries and

Territories).” The viral spike protein has reported 32 mutations,

15 of which are in the RBD and influence viral disease

transmission, immunological evasion, and vaccine tolerance.96,98

SARS‐CoV‐2 contains many mutations, and each mutation affects

the virus's protein binding site differently. The table below

contains a thorough explanation of VOC mutation.31,35,79,99–101

As per WHO,94 “On 26 November, the WHO's Technical

Advisory Group on SARS‐CoV‐2 Virus Evolution declared PANGO

lineage B.1.1.529 a variant of concern and designated it with the

Greek letter omicron. The heavily mutated Omicron coronavirus

variant is likely to spread internationally and poses a very high risk

of infection surges that could have severe consequences in some

part of the globe (28 countries and Territories).” Omicron has a

great amount of formerly known mutations in other VOCs,

involving at least 32 alterations in the spike protein alone

compared with 16 mutations in the existing extremely contagious

delta form, and several other viral replication proteins including in

NSP12 and NSP14.95 The likely evolving pattern of the Omicron

variation includes the possibility of circulation among chronically

infected people. The emergence of the novel variation during the

winter wave in various South African nations was undetected

owing to poorer genome sequencing in some countries.94 Spike

mutations may have improved Spike's capacity to bind to the ACE2

receptor on host cells. Due to the huge number of mutations

observed in the Omicron form, a secret animal reservoir might be

responsible. The poor vaccination rate in Africa may have aided in

the spread of the Omicron form.94 Omicron has a mutation known

as N501Y, which allows the virus to attach to human cells more

firmly. This mutation was found in the Alpha variant as well, and it

was connected to its infectivity. According to computational

modeling, the variant may also be immune to cell‐mediated

immune function.96,102 With the upsurge of Omicron VOC,

countries must now definitely contemplate reinstating WHO‐

recommended fundamental healthcare and social disease standard

precautions such as wearing well‐fitting masks, hand hygiene,

physical distance, improving indoor ventilation, and avoiding

crowded areas if unimmunized. Nations must also speed up

COVID‐19 vaccination campaigns.95,103

Convalescent sera from standard COVID‐19 cohorts have

performed poorly in neutralizing omicron.104 First, unlike Delta

and other variations, Omicron prefers a cathepsin‐dependent

(E64d‐sensitive) entrance path over a TMPRSS‐like proteases‐

dependent (Camostat‐sensitive) entrance route. Such results may

reflect the shift in viral tropism in host cells having varying levels

of TMPRSS‐like protease, and they point to a mixture of TMPRSS‐

like and cathepsin inhibitors as a safe therapy for all SARS‐CoV‐2

strains. Second, despite the P681H mutation, the fusogenicity of

Mu and Omicron is much lower than that of other variations.

Third, in accordance with fusogenicity, the proinflammatory

action of Omicron S protein is mitigated. Fourth, the substantial

mutations confer on Mu and Omicron variants the greatest

capacity to evade immune protection from vaccination

and mNAbs.105 Altogether, S protein mutations in Lambda, Mu,

and Omicron variations change pathogenicity, fusogenicity, and

immune function, posing a serious danger to current therapeutic

and prophylactic techniques and emphasizing the significance of

enforcing strong epidemic prevention measures. A research study

conducted by Li et al. demonstrated that “molnupiravir and

nirmatrelvir potently inhibited the infection of SARS‐CoV‐2

Omicron variant. The combination of molnupiravir and nirma-

trelvir exerted synergistic antiviral activity.”106 Table 4 summa-

rizes SARS‐CoV‐2 mutations of different VOCs.
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2.3 | VOHC

It is proven that precautionary measures or medical countermeasures

(MCMs) have remarkably lowered their effectivity in the case of

VOHCs as compared with that of the abovementioned previously

circulating variants.26 A piece of information to WHO under the

nternational health regulations (IHR) is essential in case of these

VOHCs, which is further, reported to CDC, which is an announce-

ment to establish certain approaches to avert the transmission and

guidance to update to solve this health crisis. Recently, SARS‐CoV‐2

variants showed infection to the degree of severity.26

Due to COVID‐19, the single most essential action required to

manage the continuing SARS‐CoV‐2 epidemic is adequate vaccine

administration. Even though numerous vaccines are being given

under emergency use authorization, global immunization coverage

will only be attained when vaccine supply surpasses vaccine

demand.28 Governments and international private companies have

invested billions of dollars in developing viable COVID‐19 vaccines.

More than 20 vaccines, including those from Pfizer and Moderna,

BioNTech, and Sinopharm, have already been disseminated, with

around half of the world's population having been properly

immunized. Vaccines are subjected to extensive testing for safety

and efficacy before they are licensed for use in the general

population.107 Several prestigious institutes, universities, and major

pharmaceutical corporations throughout the world have successfully

generated COVID‐19 vaccine candidates that have advanced to

clinical trials. However, newly discovered variations may have an

impact on their protective effects.108 Several reaction tactics have

been proposed, including speeding major rollouts of existing

vaccinations, enhancing vaccine immunogenicity through increased

immunization doses, and accelerating next‐generation vaccines

against variations.28,109 In this crucial time, the world is preparing

the most wide‐reaching and most challenging immunization campaign

and leveraging the vaccine's pharmaceutical production capabilities

of delivering supplies of vaccines. Vaccination producers are now

researching booster doses, which are additional doses of the same

vaccine, as well as reformulated vaccinations to target particular

variations.110 SARS‐CoV‐2 is constantly developing and mutating,

giving birth to a variety of variations with varying degrees of

infectivity and mortality.111 The virus, which first arose in China,

mutated multiple times before causing havoc and taking countless

lives globally as part of the continuing COVID‐19 epidemic.112

Following the Alpha, Beta, Gamma, and Delta variants, the most

recently emerged VOC is the Omicron (B.1.1.529), which has evolved

as a result of the accumulation of high numbers of mutations,

particularly in the spike protein, raising concerns about its potential

to dodge pre‐existing immunity obtained through vaccination or

infection, and also outperforming antibodies‐based therapies.113 The

Omicron is extremely transmissible and spreads quicker than any

prior version; however, it may cause milder symptoms than earlier

forms. The Omicron can evade immune system defenses, and

coronavirus disease 2019 vaccinations are less effective against the

Omicron version.114

As of January 31, 2022, there have been more than 9.70 billion

vaccine doses have been delivered globally, and over 46.7% global

population is fully vaccinated. Despite differences in immunization

efforts among countries, every effort is being taken to treat and

prevent this virus.115

3 | VARIANTS AND VACCINE EFFICACY

Since March 2020, we are facing a global pandemic because of

COVID‐19 and its different variants' mutation and this pandemic is

having profound social and economic consequences globally. To

tackle this hazardous condition, a vaccination strategy is found to be

beneficial. In the manufacturing of COVID‐19 vaccines, the focus was

on its forms of molecular, particular, and cell‐based types. All the

vaccines fundamentally target to produce an antibody‐mediated

immune response.116 Efforts toward developing safe vaccines are

taking place all across the world. Currently, approximately

149 vaccine approaches toward SARS‐CoV‐2 are being devel-

oped.109 At the time of writing, there are 168 vaccine candidates

and 536 vaccine trials ongoing in more than 62 countries. There are

40 vaccines in phase I clinical trials, 58 in phase II trials, 62 in phase III

trials, 33 approved vaccines, around 10 vaccine candidates are in

phase IV post‐licensure surveillance, and 8 vaccines that are not

further progressing.117,118 The number of SARS‐CoV‐2 variations has

increased as the virus has spread over the world.119 The implemen-

tation of long‐term lockdowns to restrict the transmission of

SARS‐CoV‐2 is not practicable owing to significant economic and

social damage. As a result, worldwide public health measures, along

with mass immunization, are the most viable way to contain the

SARS‐CoV‐2 outbreak.3 A COVID‐19 vaccine that is successful will

very certainly involve both neutralizing antibodies and a Th1‐driven

cellular element. In this section, we analyze the influence of variant of

concern on the immune responses generated with the four most

commonly used vaccines, as well as their effectiveness.120 Pfizer,

Moderna, BioNTech developed the m‐RNA based vaccine while

Covishield is an adenovirus vaccine.121 Russia invented the recombi-

nant adenovirus vaccine Sputnik V and there were many other

vaccines are also developed.122

Furthermore, if some of the VOC have a higher risk of

transmission or pathogenicity, the significance of effective public

health interventions and immunization programs will grow.72,123

The international reaction must be both prompt and scientific. It is

not hard to adapt vaccines to target mutations. Concerns have

been raised concerning the ability to exist vaccinations to defend

against new virus strains.79,124 S‐glycoprotein mutations may

influence transmission kinetics and the possibility of immunologi-

cal escape.125 Vaccination decreases the incidence of delta variant

infection and speeds up viral clearance, according to several

studies.119 Despite this, fully vaccinated persons with break-

through infections have peak viral loads comparable with

unprotected patients and may easily spread illness in home

settings, including completely vaccinated contacts.126 When an
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immunized group has concluded the main vaccination dose,

booster doses are given when immunity in that community has

dropped below a rate judged adequate over time. The goal of a

booster dosage is to re‐establish insufficient vaccination efficacy.

Booster vaccination doses lowered both symptomatic and asymp-

tomatic infection incidence similarly.1,2,12,46,127

Over 74% of global civilization has gotten one dose of the

COVID‐19 vaccine, and 54% is completely immunized against the

disease. It has been provided in more than 6.70 billion doses

across the world and 36.67 million doses are administered each

day. Even in low‐income nations, just 1.2% of the population has

got at least one dosage of the drug.15,128 Table 5 provides brief

information about the vaccine efficacy on the different variants of

SARS‐CoV‐2.

Some of these vaccines are currently in clinical testing, and

their efficacy and effectiveness against various emerging viral

variants are still being studied.139 And over 7.9% of COVID‐19

vaccination programs have been delivered globally over a year of

lockdowns and social isolation, and around 19.4% of people have

been completely immunized.140 We, humans, are racing against

time to develop immunity to this elusive virus, whose ability to

mutate and evolve seems to be outpacing our ability to achieve

herd immunity. Due to the new variants, it may be a sprint to the

finish line.141

We, humans, are racing against time to develop immunity to this

elusive virus, whose ability to mutate and evolve seems to be

outpacing our ability to achieve herd immunity. Due to the new

variants, it may be a sprint to the finish line.142

These variants are concerning for several reasons. First, the

SARS‐CoV‐2 VOC spread at least 20%−50% more quickly from

person to person. This encourages them to infect more people and

grow faster and farther, gradually becoming the dominant

paradigm. Second, SARS‐CoV‐2 VOC can create more acute

illness, as well as an uptick in hospitalizations and deaths. In

other words, they may be more virulent.143 According to Richard

Lessells, “If a virus is going through an evolutionary process inside

the host, then it is quite likely that it would be adapting to be

better at entering the cells and evading the immune response; this

could lead to a variant with enhanced transmissibility and

enhanced immune evasion.”

Herbal remedies,144 drug repurposing, and nanotechnology‐

based formulations are also proved to be efficient in disease

management.140–147 We can see the consequences: tragic deaths,

worldwide epidemic outbreaks, and lockdowns.148 Research on

vaccine efficacy, particular groundbreaking illnesses, and the capacity

of postvaccination serum to destroy emerging variant viruses are

major elements of assessing vaccination's efficiency in managing

COVID‐19 in an arena of developing viral variants. Computational

methodologies are used for the identification of SARS‐CoV‐2 specific

mAbs and also to identify the suitability of existing mAbs for

symptomatic management of COVID‐19.149–152 Nasal administration

of the nano based drug delivery will provide potential for the

targeted delivery while in case of vaccine provide local immune

protection.153–155 Finally, a concentrated and well‐coordinated

public health effort, as well as quick and broad adoption of effective

vaccinations, is required to stay ahead of the inevitable emergence of

variations that might severely expedite the pandemic's progression.

4 | CONCLUSION

Generally, viruses mutate to adapt and sustain themselves in the

environment. The critical thing here would be remembering this fact

about COVID‐19 as and when this situation is resolved. The need

for instruments that enable quick identification and close monitor-

ing of SARS‐CoV‐2 VOCs is higher than ever because these variants

are more communicable and hence put more strain on health

services. Non‐Spike variants should be targeted for research into

their involvement in escaping innate immunity and enhancing

SARS‐CoV‐2 proliferation, as well as their relevance to viral viability

more broadly. As viral variants have the ability to evade naturally

acquired and vaccine‐induced immunity, the invention of next‐

generation vaccines that trigger widely neutralizing action against

present and possible future SARS‐CoV‐2 variants is the main objec-

tive. Control of transcription and replication by both public health

interventions and fair vaccination dissemination is crucial in

lowering the danger of novel variant creation. A validated

immunization technique that is effective against the majority of

VOCs is urgently needed. Scientists should consider nasal vaccina-

tion as well, as it delivers localized immunity. Furthermore,

we should maintain extreme monitoring in following all preventative

measures to limit the transmission of SARS‐Co‐2.
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