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ABSTRACT
COVID-19 has affected the lives of billions of people and is a causative agent for millions of deaths. After
23months of the first reported case of COVID-19, on 25th November 2020, a new SARS-COVID-19 variant,
i.e. Omicron was reported with a WHO tagline of VoC that trembled the world with its infectivity rate.
This fifth VoC raised the concern about neutralising ability and adequate control of SARS-COVID-19 infec-
tion due to mass vaccination drive (nearly more than 4.7 billion individuals got vaccinated globally till
December 2021). However, the present scenario of VoCs highlights the importance of vaccination and
public health measures that need to be followed strictly to prevent the fatality from Omicron. The world
still needs to overcome the hesitancy that poses a major barrier to the implementation of vaccination.
This review highlights the SARS-COVID-19 situation and discusses in detail the mutational events that
occurred at a cellular level in different variants over time. This article is dedicated to the scientific findings
reported during the recent outbreak of 2019–2022 and describes their symptoms, disease, spread, treat-
ment, and preventive action advised. The article also focuses on the treatment options available for
Covid-19 and the update of Omicron by expert agencies.
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Introduction

The 7th human coronavirus, SARS-CoV-2 (Severe Acute Respiratory
Syndrome Corona Virus 2), was for the first time reported in
Wuhan, Hubei Province, China, after a recent pneumonia outbreak
in January 2020. By the end of January, China had reported
12,167 suspected and 7736 confirmed cases, with 82 reported
cases identified in 18 different countries. The number of inciden-
ces kept increasing creating havoc worldwide that forced the
World Health Organisation (WHO) to proclaim it a pandemic in
March 2020. SARS-CoV-2, the causative agent of COVID-19, was
responsible for more than 143 million infections and the loss of 3
million and more lives globally since and around April 2021
(Figure 1).

The effort towards the design, development, and administra-
tion of new vaccines commenced to effectively protect the popu-
lation against the variant of concern. SARS-CoV-2 proved to be
devasting for populations across the globe, particularly in densely
populated regions. Presently several novel variants of SARS-CoV-2
have been reported worldwide. WHO introduced a simplified and
easy-to-say nomenclature for SARS-CoV-2 variants of concern on
31 May 2021, utilising Greek alphabets like alpha (a), beta (b),
gamma (c), and delta (d) based on a specific mutation in their
amino acid chains [1–6]. These variants had a range of mutations
and most of them are linked to the S protein. The mutation leads
to modification in viral activity and pathogenicities like the recep-
tor-binding domain (RBD) modifications and resistance to natural
immunity [7]. Each variant of concern is associated with a new

wave of infection devastating the health of people globally. For
example, the delta variant due to its capability to escape natural
immunity demonstrates a higher rate of transmission as compared
to the other variant of concern. Due to the greater risk of reinfec-
tion, longer duration of virulence, and more viral load, delta vari-
ant presented a heavy burden on health. At the time of the
fourth wave, the infection of delta variant dominated the world
that frantically generated a demand for a vaccination with differ-
ent public protection measures [3–6,8].

The worrying fatigue was not even over, another novel SARS-
CoV-2 variant of concern (VoC), Omicron, was reported at the ear-
liest on 25 November 2021, which was nearly 23months after the
1st reported case of COVID-19. Till that date, there was a global
estimate of 300 million cases and 5 million deaths. The emergence
of Omicron exhibited concrete difficulties on the population as
the COVID-19 already filled everyone with frustration, anger, and
unfavourable outcomes associated with emotional, economic, and
social well-being. Unlike earlier variants of concern, which rose
where natural immunity was a matter of concern, this 5th variant
on the other hand originated at a stage where scientists have
already developed vaccines as countermeasures. On 11 November
2021, the first case of Omicron VoC was reported in Botswana fol-
lowed by the second case from Hong Kong from the person hav-
ing travel history from South Africa. Following the earliest finding
it was stated that the novel variant was related with the S-gene
target failure on a particular PCR test, owing to certain deletion
comprising of almost 69–70 amino acid sequences, which was

CONTACT Prashant Kesharwani prashantdops@gmail.com Department of Pharmaceutics, School of Pharmaceutical Education and Research, Jamia Hamdard,
New Delhi, 110062, India; Rahul Shukla rahulshuklapharm@gmail.com, rahul.shukla@niperraebareli.edu.in National Institute of Pharmaceutical Education and
Research (NIPER-Raebareli), Bijnor-Sisendi Road, Sarojini Nagar, Near CRPF Base Camp, Lucknow, India�These authors contributed equally to this work.
� 2022 Informa UK Limited, trading as Taylor & Francis Group

JOURNAL OF DRUG TARGETING
https://doi.org/10.1080/1061186X.2022.2056187

http://crossmark.crossref.org/dialog/?doi=10.1080/1061186X.2022.2056187&domain=pdf&date_stamp=2022-03-25
http://orcid.org/0000-0002-0890-769X
http://www.tandfonline.com


quite analogous to the alpha variant. On 9 November 2021, a con-
firmed case of Omicron variant in a patient from South Africa was
diagnosed at the earliest with COVID-19. Following it, the average
number of cases in South Africa rose from 280 COVID-19 cases
per day to 800 cases per day. The primary concerns regarding
Omicron are whether it will be more contagious or serious than
other variants of concern, and would it succeed in evading vac-
cine protection [9]? This review highlights in brief about SARS-
COVID-19 situation and discusses in detail, the mutational events
that occur in various variants at cellular levels. Furthermore, these
mutational changes were compared with the rate of infectivity,
severity, and mortality. Additionally, further discussion was done
in detail about the vaccination program to counteract these
events. This article is respectively dedicated to the scientific find-
ings reported during the recent outbreak of 2019–2022 and
describes the symptoms, disease, spread, treatment, and preven-
tion. This article might be useful to attenuate the prevalence of
outbreaks and provide knowledge to future generations regarding
precautions needed to be taken.

History and its evolution

In December 2019, many adults in Wuhan city, Hubei’s capital city
visited the local hospitals as they were suffering from severe
pneumonia with unidentified cause [10]. Most of the reported
cases had similar to that of patients exposed to the Huanan
wholesale seafood market that trades live animals [11]. The
respiratory samples of all infected individuals were sent for aetio-
logical investigations to the reference labs by the local body
organisation. The Huanan Seafood market was closed on 1st
January and China immediately reported this outbreak to WHO.
The virus had more than 95% similarity to bat coronavirus and
70% homology with SARS-CoV. The Seafood environmental

samples collected were tested positive evidencing the origin of
the virus. Mass gathering during a period of Chinese Lunar New
Year might be one of the reasons for the spread of this infection.
Later, on the 13th January 2020 first exported case was observed
in Thailand [12]. The number of cases across the world started to
rise rapidly. On 30th January 2020, the PHEIC (Public Health
Emergencies of International Concern) alarm was issued by WHO.
As dated 6th February 2020, WHO reported a global burden of
>28 K cases along with 565 deaths in at least 25 countries. On 11
February 2020, WHO changed the name of the 2019 novel corona-
virus (2019-nCoV) to SARS-CoV-2 due to its high similarity with
SARS-CoV. Furthermore, on 11 March 2020, Covid-19 was declared
a pandemic globally. At the beginning of June 2020, confirmed
cases of COVID-19 were more than 7 million along with 400 K
deaths worldwide. Globally, 200 countries and more got affected
by the Covid-19 pandemic [11].

Concerning strains of COVID-19

The race to formulate effective vaccines for the protection of peo-
ple started from the very first known strain of SARS-Cov-2. The
vaccine development program was paced considering the devas-
tating, harmful nature of strain for public health, particularly in
the densely populated areas. Various crucial strains of SARS-Cov-2
have arrived due to mutational events even after vaccination.
Moreover, FDA had also authorised an antiviral drug known as
remdesivir for the management of COVID-19 in adults and chil-
dren above 12 years. These new strains of SARS-Cov-2 were
named and labelled using Greek alphabets, such as alpha (a), beta
(b), gamma (c), delta (d), lambda (k), and mu (l), amongst which
some of them were categorised in concerning the window and
some under a little lesser concerned as listed in Table 1.

Figure 1. Timeline on series of events take place from origin to till date due to SARS-COVID-19.

2 P. KHAIRNAR ET AL.



In the early pandemic stage, the very first mutation was identi-
fied in the SARS-CoV-2 genomic sequence was the S protein
amino acid D614G whose alteration produced G614 that became
the dominant form of the pandemic. This was reported in China
and Germany during the starting month of 2020 and later spread
worldwide. The alteration in the genomic sequence was seen in
three kinds of mutations, (1) at site 241, C to T mutation in 50

UTR, (2) at site 3037, equivalent mutation of C to T mutation, (3)
at site 14,408 in RNA-dependent polymerase gene, C to T muta-
tion. Overall, the mutation resulted in severe infectivity and faster
replication in human tissue as compared to the previous strain
[13,14]. Higher infection factor was directly linked with the
enhanced receptor-binding domain from the attained transmuta-
tion where glycine (G) replaced aspartate (D) residue that permits
the increment in the flexibility of trimeric S protein structure and
also offer improved empathy [15]. Reports based on the efficacy
of the Pfizer-BioNTech BNT162b2 vaccine on the new mutant var-
iants showed a 1.7–2.0 times reduction in neutralisation potency,
however, the effectiveness against the virus was much diminished
[13,16]. Moreover, the Moderna mRNA-1273 vaccine also produced
similar results in terms of the failure of the previously developed
vaccine [17].

The alpha (a) pathological variant also known as B.1.1.7 was
first reported in the United Kingdom and spread to over more
than 40 countries. This pathological strain showed 8 S-protein
mutations, 17 non-synonymous mutations, and D614G mutation.
As per reports of WHO, out of eight spike protein mutant strains,
three were notable (the deletion of two amino acids at positions
69–70, i.e. P681H and N501Y) [18]. Mutant variants showed
enhanced RBD efficiency to angiotensin-converting enzyme-II
(ACE2) which was like D614G mutation. In vitro studies of alpha
(a) strain displayed an intermediate decrease in the neutralisation
ability against Novavax and Moderna vaccines when compared to
the first strain [18,19].

Similarly, another strain coded as B.1.526 was initially identified
in New York, the U.S. in November 2020. This variant of SARS-
CoV-2 spread at a very fast rate in New York City and its relative
areas. The most notable mutation in B.1.526 was E484K and
S447N observed in spike protein along with five others including
T95I, D614G, A701V, D253G, L5F [20]. A study was conducted by
Annavajhala et al. to check the efficiency of the monoclonal anti-
bodies (MABs) against a pseudo-coronavirus model, including
E484K and S477N. The outcome of the study showed that the
S477N mutant strain of B.1.526 had nominal to negligible anti-
genic effect and was magnificently neutralised. On the other
hand, many antibodies got unfavourable results in the neutralisa-
tion of targeting E484K mutation [21]. Such loss of neutralisation
was also perceived with convalescent serum aka survivor plasma
inclusive of antibodies and distinct proteins developed by the
host’s defense system to the viral contagion [22]. Additionally, it
was identified that mutation on E484 could be rehabilitated by
the change in P, Q, or K among which almost all tend to show a
reduction in the neutralisation in serum by reducing the antibody

binding to the receptor-binding domain (RBD) [23]. The efficacy of
vaccinated sera developed by Moderna and Pfizer-BioNTech were
not affected by S477N mutation but instead resulted in a reduced
neutralisation on the E484K mutation [20].

In late 2020, for the very first time Beta (b) strain also called
B.1.351 was reported in South Africa and become the dominant
variant in the region. As per WHO reports, specific mutations were
spotted in spike protein including E484K, K417N, and N501Y. As
seen previously, the B.1.526 strain showed an E484K mutation
that hampers neutralisation ability. A similar observation was
reported with N501Y mutation conversed in Britain strain. As
studied in the pseudovirus model, all three mutations caused a
rapid rate of virulence. Furthermore, B.1.351 variant evaluated a
decline in neutralisation factor for both Pfizer vaccinated sera and
serum convalescent sera, but the Moderna vaccine resulted in a
decrease in neutralisation that still possesses the capability to sus-
tain immunity against beta (b) strain of SARS-CoV-2 [24,25].
Recently, a couple of clinical studies were done to evaluate the
efficacy of 2 more vaccines which are ChAdOx1 nCoV-19; chim-
panzee adenovirus vector vaccine (replication-deficient), and
NVS-CoV2373; recombinant nanoparticle vaccine against beta (b)
variant. Adjuvant induced recombinant nanoparticle vaccine dem-
onstrated 49% more efficacy towards symptomatic SARS-CoV-2
whereas the replication-deficient chimpanzee adenovirus vector
vaccine showed no efficiency towards moderate SARS-CoV-
2 [26,27].

In February 2020, a new strain coded as B.1.1.28 was found in
Rio de Janeiro [28]. This strain also demonstrated a similar muta-
tion on E484K as identified in B.1.526 strain. Covaxin vaccine
which was developed in India had a great neutralisation ability
against this variant as reported by Sapkal et al. On the other
hand, Moderna and Pfizer-BioNTech vaccinated sera did not show
any significant neutralisation ability to this variant [29]. The
gamma (c) strain also known as P.1 falls in the class of B.1.1.28
strain lineage and was identified in the travellers from Brazil that
came to Japan. Gamma (c) strain’s multiple mutations were
observed with high infectivity factor and less neutralisation sensi-
tivity making it the more severe and drastic form of mutation.
This strain indicated three major changes within the receptor-
binding domain on N501Y, K417T, and E484K that mimic the beta
(b) strain found in South Africa. An experiment was performed
with different monoclonal antibodies (MAB) to check the
responses of gamma variant and results obtained were noted as:
(1) most MABs were not able to neutralise the P.1 variant, (2)
Adagio antibodies were found to be superior among other in
terms of neutralisation of gamma variant, (3) zero neutralisation
was found with bamlanivimab [18,30]. Moderna and Pfizer-
BioNTech vaccinated sera were not able to neutralise gamma (c)
strain as like beta (b) strain [29].

B.1.617.2 variant aka delta strain was found in India during late
2020. The common mutation was identified on D111D, E484Q,
D614G, P681R, and G142D in the spike protein. Inside the recep-
tor-binding domain, three major mutations occurred at the furin

Table 1. Various reported strains of concern of SARS-Cov-2.

WHO tag
Strain tag by
Pango lineage Other name(s) Specific mutation spot Date of designation

Alpha (a) B.1.1.7 GRY, 20I (V1) D614G, N501Y, P681Hþ S:452R, þS:484K 18 December 2020
Beta (b) B.1.351 GR/501Y.V2, 20H (V2) E484K, K417N, N501Y, þS:L18F 18 December 2020
Gamma (c) P.1 GR/501Y.V3, 20 J (V3) N501Y, E484K, K417Tþ S:681H 11 January 2021
Delta (d) B.1.617.2 G/478K.V1, 21 A, 21I, 21 J P681R, D614G, E484Q, E484R, L452R, G142D, D111Dþ S:484K, þS:417N 11 May 2021
Omicron B.1.1.529 21K, 21 L 69-70del, K417N, N501Y, N679K, P681H, T478K, G142D/143-145del, T95I, þR346K 26 November 2021
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cleavage site including P681R, E484Q, and L452R [31]. These trans-
formations as a result enhanced binding to ACE2 as well as great
cleavage rate of S1-S2, establishing fine transmissibility. A fresh
experiment revealed that variants are inclusive of L452R mutation
and escape the body’s defense system by fleeing humoral
immune response and HLA-restricted responses [32]. More studies
illustrated that L452R transformation had reduced affinity towards
vaccine in comparison to the original variant [33]. Recently, FDA
had approved an antiviral drug, i.e. remdesivir for the manage-
ment of the COVID-19 as discussed earlier. A recent finding clari-
fied that remdesivir causes the termination of RNA fabrication at
three sites after incorporation. Hence the premature blockage of
RNA fabrication simply abrogates further transcriptional and trans-
lational bioprocesses which are required for the development of
new virions.

Recently, after 23months from the first reported case of
COVID-19, a new variant of SARS-CoV-2 had been detected in
South Africa on 26 November 2021 and spread over more than 10
countries. This new variant was named Omicron and coded as
B.1.1.529. It was the fifth variant of concern (VoC) as listed by
WHO. Omicron had some deletion in a couple of amino acids like
the alpha (a) variant and had more than 30 mutations reported.
The first death from this variant was reported in Britain. Majorly it
was found that the mutations were on 69-70del, K417N, N501Y,
N679K, P681H, T478K, G142D/143-145del, T95I, and R346K within
RBD in S protein. It was suggested that Omicron mutations might
lead to enhanced transmission rate, better antibody escape, and
viral infectivity. Furthermore, studies are still being conducted on
this strain by various scientists across the globe [9].

Omicron mutational levels

Genetic mutation

Clinical and immunological information about the Omicron was
not available to date to provide strong confirmation about various
mutations in the new variant of concern. So, it was not evitable to
postulate primary manifestations regarding severity, rate of trans-
mission, and ability to escape from vaccine protection. More than
30 mutations and some deletions were seen in Omicron in which
few mutations are like that of the alpha, beta, gamma, and delta
variants of concern. Greater antibody escape, increase viral bind-
ing affinity and enhanced transmissibility are also reported due to
these mutations and deletions. The mutagenic influence of
Omicron influenced binding affinity and enhanced transmissibility.
Notably, the consequences for most of the other mutations in
Omicron were unknown, leaving a great deal of ambiguity regard-
ing how the entire combination of mutations and deletions might
significantly influence the sensitivity towards natural and vaccine-
mediated immunity and viral activity.

Mutations in omicron spike protein

The S protein of SARS-CoV-2 binds to the ACE receptor and indu-
ces infection. In comparison with other significant variants, the S
protein of Omicron was considerably mutated. 36 amino acid-
altering mutations were observed in the Omicron variant. Among
these mutations, 23 mutations were previously reported in the
variants. Omicron possessed a new S-protein mutation in associ-
ation with the other S-protein mutations already reported in ear-
lier VoCs.

The N-terminal domain (NBD) was the first significant domain
of S protein. In convalescent sera and monoclonal treatments, this

N terminal domain was a target for binding and neutralising anti-
bodies [34]. In the N-terminal domain, some deletions were found
which significantly showed binding site destruction and indicated
that the variant became less susceptible to antibody binding. 69,
70, 143, 144, 154, and 211 are the 6 deletions found in the N-ter-
minal of Omicron variant (Figure 2 and Table 2). Immune evasion
was the most rational explanation for these deletions. Only dele-
tion 211 in the N-terminal domain was unique to Omicron; all
others were observed in Alpha, Beta, or Delta variants. There were
two possible causes for similar mutations that were observed in
different strains. First was convergent evolution, which occurred
when strains evolved the same mutation independent of one
another, and the second was recombination, in which the
exchange of genetic material takes place between two different
strains. It indicated that during the evolution of Omicron, it picked
up deletions from another variant [35].

Some mutations in the N-terminal domain of the Omicron vari-
ant consisted of G142D observed in pervasive Delta variant, T95I
earlier reported in Iota variant that originated from New York. This
was also previously seen in the Eta variant that originated from
Nigeria. Omicron could develop resistance against antibody ther-
apy as these mutations were observed in regional variants glo-
bally independent of each other. Thus, we could consider that
Omicron had a potential impact on antibody binding ability. A
genome addition of three amino acids at 214-position was also
reported. Some hypothesised that the above insertion was associ-
ated with HCoV-229E, which was human cold-causing coronavirus.
Dr. Roberto Patarca suggested that internal recombination and
translocation of a segment in (�) strand of the UTR (50-untrans-
lated region) of SARS-CoV-2 were responsible for these changes
and some other insertions at the 214-position. In other viruses,
this site was most frequent for insertions.

Another main domain of importance in the S protein was the
receptor-binding domain (RBD). This region played a key role in
transmissibility and is essential for making direct contact with the
ACE-2 receptor of the host. 15 amino acid substitutions were
found in Omicron RBD and among these 11 amino acids were
already reported in other variants. K417N, S477N, N501Y, and
E484A were some important receptor binding domain mutations.
Such mutations had been formerly reported in major VoC, such as
Alpha and Delta. In New York City, there was an overlay between
a few mutations in Omicron and mutations found in variants from
wastewater. Salt bridges were formed due to the collective muta-
tions which enhanced positive charge on a receptor-binding
domain that increased binding affinity with ACE-2 receptor. The
new aggressive mutations in Omicron were somewhat due to the
ability of cross-species infection of SARS-CoV-2. Samples collected
from wastewater showed several mutations that might be origi-
nated from dogs or rats according to published reports by
Johnson et al. N501Y, Q498R, G496S, E484A, S477N, N440K,
K417N, and some other mutations were also found in Omicron.
This huge correlation suggested that Omicron acquired all or
most of its mutations in a non-human animal before affecting
African human groups. Some mutations raised around the furin
cleavage site took place outside the receptor-binding and N-ter-
minal domains. Omicron had several mutations in the furin cleav-
age region as observed with other variants of concern and
interest. P681H, N679K, H655Y, and T547K had a role in increasing
the effectiveness of furin cleavage, which was a feature of certain
viruses that allowed them to split the S-protein into two subunits,
hence increasing the risk of transmission. Such mutations had pre-
viously been seen in the Alpha, Gamma, Delta, and wastewater
variants [36].
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Other genomic mutations

The Triad
Excluding a few East African strains (A.23.1 and A.30), Omicron
was derived out of the very first predominant SARS-CoV-2 variant,
referred to as The Triad or even others refer as D614G. The C241U
nucleotide mutation in the 50 untranslated region, the P323L
NSP12 polymerase mutation, and the most common D614G S pro-
tein mutation were all part of this variant. Enhancing the affinity
among the S1 and S2 subunits post-cleavage improved the effi-
ciency of ‘up’ formation of the receptor-binding domain and the

D614G mutation enhanced the virus’s infectivity. The C241U muta-
tion within 50 UTR had a negligible effect on sequences of protein,
but for a cellular TAR binding protein linked to RNA metabolism,
particularly transcription and translation efficiency established a
cellular RNA binding site. The P323L mutation’s function was pres-
ently unidentified, however, its presence implied replication of
the virus.

There were ten homologous mutations in Omicron that did
not lead to an amino acid alteration. The possibility of alterations
in non-protein-coding areas, such as the C241U mutation found in

Figure 2. Sequential amino acid mutation in SARS-COVID-19 variants, i.e. Alpha, Beta, Gamma, Delta and Omicron strains. NTD: N terminal domain; RBD: receptor bind-
ing domain; FP: fusion protein; HR1: heptad repeat 1; CH: central helix; CD: connector domain; HR2: heptad repeat 2; TM: transmembrane; SP: spike protein; C or CT:
cytoplasmic tail.

Table 2. Compilation of spike protein mutations and concerning parameters in Omicron SARS-COVID 19.

Site of S-protein mutation Reason for concern

Asp796Tyr Spike’s sensitivity to convalescent plasma is reduced somewhat when His is substituted at this location [46].
Gln498Arg The Q498R mutation allows the virus to evade the COV2-2499 antibodies [47].
Gln493Lys The monoclonal antibody combination LY-CoV555þ LY-CoV016 fails to neutralise Q493R/K mutations [48]. In terms

of binding with ACE2 and expression of the receptor binding domain (RBD) of spike, mutations at Q493 are often
well-accepted. When particularly in comparison with the unmutated spike protein, Q493K imparts a higher than
two log decrease in IC50 for the REGN10989/10934 set of monoclonal antibodies [49].

Glu484Ala Resistance to monoclonal antibodies 1B07 and 2B04 is mediated by the E484A mutation [50].
Thr478Lys Delta also has the T478K mutation. Resistance to neutralising antibodies has been achieved by other mutations at

this region [50].
Ser477Asn Numerous monoclonal antibodies were unable to neutralise the S477N mutation in the spike protein, resulting in a

level of resistance throughout the complete antibodies panel [50].
Gly446Ser In different variants other mutations at this location resulted in resistance from number of antibodies [47,50].
Asn440Lys The N440K mutation has been identified as an ‘immune escape variant’ in a virus obtained in India and is related to

patient re-infection, against the human monoclonal antibody C135, in response to the selection pressureN440K
was developed [51,52].

Deletion at Val143-Tyr144-Tyr145 In spike alpha variant Y144-Y145 deletion is observed. By this deletion alpha variant provides resistance to number
of antibodies in NTD. Mutations in this location prevent monoclonal antibody 4A8 from binding [53,54].

Asp: aspartate; Tyr: tyrosine; GLN: glutamine; Arg: arginine; Lys: lysine; Glu: glutamic acid; Ala: alanine; Thr: threonine; Ser: serine; Asn: asparagine; Gly: glycine; Val:
valine; NTD: N terminal domain; RBD: receptor binding domain; ACE2: angiotensin converting enzyme receptor 2.
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the Triad, was considered during the SARS-CoV-2 investigation.
Except for C241U, all 10 synonymous alterations in Omicron were
distinctive. Furthermore, by modifying the structures and major
recognition sequences in viral RNA essential for transcription,
translation, and replication, such modifications might disrupt cis-
acting regulatory sequences. As per reports of Thorne et al., simi-
lar non-coding, mutations were a result of overexpression of the
N and ORF9bmRNA and proteins in the alpha variant. Such
changes might alter gene expression and the virus’s general bio-
logical features by changing consensus ribosome binding regions,
transcription regulatory sequences, as well as other structures. The
above alterations might even tend to result in the emergence of
new sets of functional peptides, proteins, and RNAs, in some situa-
tions [37].

Non-structural proteins (NSPs)
The ORF1ab replication complex constitutes many non-Spike pro-
teins. There were 16 non-structural proteins in this complex. These
proteins had 11 mutations, seven of which were specific to
Omicron only. Except for the Triad mutation in NSP12, all ORF1ab
mutations were in ORF1a. The ORF1a proteins were essential for
viral replication and the development of the double-membrane
vesicle. The above finding showed that Omicron promoted the
formation of double-membrane vesicles, which might lead to
greater replicative ability. NSP3 was a unique gene with a wide
range of functions and showed four distinct mutations. A distinct
subdomain governed every function. Acidic C-terminal domain
contained K38R. A deletion at position L1266I and 1265 in the
nucleic acid-binding domain, and A1892T was present outside of
subdomains. Many wastewater mutations had been found in
NSP3, including S1087F, Kg77Q, P822G, D821A, T820N, K487Q,
A465V, and 83771. It was suggested that the Omicron mutations
might also influence nucleic-acid binding efficiency as well as pro-
teolytic processing, depending on the role of these subdomains.

T492I, a unique mutation in NSP4, was thought to be crucial in
the development of the double-membrane vesicle. The SARS-CoV-
2 major protease breaks down the polyprotein during transcrip-
tion and replication and affected another specific mutation in
P132H and NSP5. In NSP4 and NSP5, notably D217G, G239S, and
K35R in NSP4 along with S123C in NSP5, exhibited mutations in
the wastewater variant. There were a group of deletions in NSP6
among both sites 106 and 108 that are commonly seen in variants
of interest and concern. They were found in Alpha, Beta, and
Gamma variants specifically in addition to several least prevalent
regional variants. Additionally, the l189V mutation was also discov-
ered that had a unique mutation. NSP6 mutations potentially per-
formed an analogous function towards the NSP4 mutation, as it
involved the development of the double-membrane replication/
transcription vesicle. NSP6, on the other hand, was an immuno-
logical regulator that inhibited IRF3 phosphorylation, bound TANK
binding kinase 1, and inhibited STAT1 and STAT2 activity.

The single most important significant mutation was P323L in
the NSP12 RNA-dependent RNA polymerase which was mediated
by circulating strains and associated with the Triad variant of
mutations. ORF1b was the second component of the ORF1ab rep-
lication transcription complex and remarkably P323L was a single
mutation found in it. The fact that Omicron replicates very effi-
ciently without having significant mutations in this domain relates
to the inherent replicative efficiency brought by several other
mutations in the genome. All these mutations demanded func-
tional and structural analysis. As we frequently observe, S-protein
mutations were studied extensively, whereas non-S mutations

were understudied. These were expected to have an analogous
effect on viral functioning and need to be addressed [38].

Structural proteins
The SARS-CoV-2 genome contained accessory (regulatory) proteins
as well as structural proteins in addition to NSPs. Accessory pro-
teins were mostly immunological regulators where the Omicron
variant failed to mutate. The proteins like ORF6 and ORF8 are
recorded with a high mutation rate indicating Omicron’s selective
pressures. The Nucleocapsid (N) protein, Membrane (M) protein,
Envelope (E) protein, and S protein were structural proteins. In the
Omicron variant, no amino acid mutations were observed in the E
protein. The M protein was a significant structural protein in the
viral genome that under interferon antagonism inhibited the
innate immune system and performed a function in RNA packag-
ing. The Omicron M protein had two mutations, i.e. Q19E and D3
which are only found in the Omicron variant and influence the
packaging of RNA. The multifunctional N protein, performed func-
tions, such as immune regulation and RNA packaging. The
Omicron N protein had been considerably altered, with several
unique deletions along with other mutations similar as observed
in other variants as well. Locations 31–33 had a distinct set of
deletions. Omicron was the only significant variant with deletions
in the N protein, indicating that the mutations had a significant
influence on immunological escape or replication. The variation at
P13L mutation was also present in Omicron, which was earlier
identified in the South African C.1.2 and Peruvian C.27. The above
mutations were in the N-terminal domain of the N protein. The
R203K and G204R pairs in the N protein were the final set of
mutations. The above group of mutations was probably the most
prevalent between naturally existing variants. The RNA binding
domain of N connected with its dimerisation domain initiated two
mutations which were located around the core of the linker
domain. The introduction of positive charge to the region was
predominantly neutral because of glycine shifting to arginine at
position 204. R203K and G204 mutations in Alpha and Gamma
variants of concern were already reported, along with additional
geographical variants, such as R.1 in Japan and C.27 in Peru.
Findings revealed a significance of mutations in 199–205 regions
of N protein. Single point mutations in this domain significantly
improved the virus’s infectivity up to 150-folds in certain instan-
ces, according to a recent study. A synergistic connection among
the mutations in the N and S proteins was the more rational justi-
fication for the Omicron’s enhanced replication capabilities and
improved immune evasion [39].

Treatment options available for COVID-19

At the beginning of the pandemic knowledge and therapeutic
management of the COVID-19 was limited and the urge to tackle
this menace with experimental remedies and drug repurposing
was an immediate requirement. Presently, a wide range of treat-
ment options is available under FDA, such as antiviral drugs, anti-
inflammatory agents, anti-SARS-CoV-2 monoclonal antibodies, and
immunomodulators. Hospital administration uses all available
prophylactic methods depending on the severity of the disease
and associated risk parameters. Even antiviral medications are
found to be useful and effective at different stages of viral replica-
tion. Major FDA-approved antiviral drugs that are being used are
molnupiravir, paxlovid, remdesivir, hydroxychloroquine, lopinavir,
and ivermectin. Additionally, these anti-viral drugs had the poten-
tial in reducing the risk of hospitalisation or death in unvaccinated
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adults associated with mild-to-moderate COVID-19 infection. In
the later phases of the disease, the activity is carried out by pre
and proinflammatory mediators due to the stimulation of the
cytokine storm. The hyperinflammatory state can also be managed
by the administration of anti-inflammatory agents like corticoste-
roids, immunomodulating remedies, or a combination of both.
Moreover, anti-SARS-CoV-2 neutralising antibody products are use-
ful in combating the illness. Convalescent plasma treatment was
also tested during and against the SARS pandemic, but the lack of
randomised control trials only facilitated superficial knowledge
with vague information. FDA has approved this therapy under
emergency use authorisation (EUA) for subjects severely affected.
REGN-COV2 is a cocktail of two non-competing IgG1 antibodies,
i.e. imdevimab and casirivimab that target the receptor-binding
domain on S-protein and resulted in diminished viral load.
Additionally, bamlanivimab and etesevimab are potential anti-
spike neutralising MABs derived from convalescent plasma
obtained from the COVID-19 subject. Anakinra, an interleukin-1
receptor antagonist was approved by FDA for use at the severe
stage of the COVID-19. Anakinra reduced the demand for invasive
mechanical ventilation and hence reduced the death rate.
Baricitinib, a Janus kinase (JAK) inhibitor was considered an effect-
ive medication for COVID-19 due to its inhibitory effect on SARS-
CoV-2 endocytosis in vitro and on the intracellular signalling path-
ways of cytokines. Nevertheless, COVID-19 patients having comor-
bid respiratory issues are prescribed with conventional oxygen
therapy and critical monitoring with pulse oximetry. Acute hypo-
xemic respiratory failure is the commonest issue seen in adult
subjects of COVID-19. Such subjects should be managed with
enhanced respiratory therapy like non-invasive positive pressure
ventilation (NIPPV), extracorporeal membrane oxygenation
(ECMO), and high-flow nasal cannula (HFNC). Despite major infec-
tion prevention and public health measures to avoid the transmis-
sion of the COVID-19, vaccination in communities across the
globe is extremely important. Outstanding efforts by scientists
have resulted in the fabrication of novel vaccines at a very phe-
nomenal pace to neutralise the illness globally. Vaccination stimu-
lates the immune system to produce the natural neutralising
antibodies that combat COVID-19. A thought on vaccines has
been discussed further in this review. According to the WHO data,
more than 4.7 billion doses of the vaccine have been administered
globally with �58% of the world’s population [40].

Epidemiological haunt of Omicron

In the coming weeks, the Omicron variant will be dominant
because of its increased rate of transmission all over the world.
On 16 December 2021, confirmed cases of Omicron variant have
been reported in almost 89 countries. From the second week of
November, the number of COVID-19 cases drastically increased in
South Africa, the birthplace of Omicron. In South Africa, the
Omicron variant was dominating the overall variant
reported earlier.

The incidence of COVID-19 cases brutally increased from
December 6 to 12 as compared to the earlier week in the neigh-
bouring countries of South Africa. Countries like Mozambique,
Namibia, Eswatini, Zimbabwe, and Lesotho showed an increase in
the number of cases by 4.4, 4.6, 5.7, 5.8, and 15.2-folds, respect-
ively. The major reason for the sudden rise in the number of cases
is still unclear but it might be due to the declaration of the vari-
ant of concern and spread of the Omicron variant resulting in an
increased testing frequency [41].

The Delta variant still is responsible for more than 99.9% of
COVID-19 cases globally as stated by Centres for Disease Control
and Prevention (CDC) in the United States. It was also seen in
almost 36US states that the Omicron variant was detected but no
death as such was reported. In most of the European countries,
Delta is the dominant variant to date and Omicron is predicted to
dominate within the first 2weeks of 2022 as per the modelling
predictions. There was a total of 27 confirmed cases of Omicron
reported in EU/EEA on 16 December 2021 [42].

In England 41% of cases reported between 13 and 14
December are with S-gene target failure among that greater pro-
portion is observed in London. On December 16, there were
11,708 confirmed cases of Omicron by genotyping or sequencing
and 37,430 cases of S-gene target failure in the United Kingdom.
Recently in mid-December 2021, a huge rise in the COVID-19
cases was reported globally. On 16 December 2021, the world has
reported around 700 thousand cases per day whereas, on 16
January 2022, the cases count was found to be 2.6 million per
day. The highest number of cases confirmed in a day (3.7 million)
were found on 21 January 2022, denoted as the peak on the
infectious wave. However, proceeding further, cases counts
declined successfully which was a sigh of relief considering
the situation.

Current status of vaccine in combating Omicron

Based on the clinical outcomes in England and South Africa, pri-
mary findings indicated that the efficacy of the vaccine against
the variant of concern is reduced. As compared to previous VoC,
the effectiveness of the vaccine against Omicron infection, hospi-
talisation, and symptomatic disease was comparatively
much lower.

Researchers at Imperial College, London worked on comparing
the risk associated with symptomatic infection of Omicron and
Delta as detected in PCR. Different vaccines were scheduled, such
as two doses of AstraZeneca-Vaxzervria or Pfizer BioNTech-
Comirnaty with/without mRNA vaccine booster for international
travellers, as well as patients with similar age, sex, locality, ethni-
city, and day of infection, were studied. The above research ana-
lysis indicated vaccine efficacy between 0 and 20% after two
doses and 55–80% after a booster dose. The analysis showed that
the risk of infection is greater in the case of Omicron as compared
to the Delta variant of concern [43].

The study included 130,867 test-negative control, 56,439 cases
of Delta variant, and 581 symptomatic Omicron cases were
assessed for understanding the efficacy of the vaccine. The esti-
mated efficacy of the vaccine for Omicron was found to be 88%
after 2–9weeks and 63.5% after 25weeks in subjects who received
two doses of vaccine from Pfizer BioNTech-Comirnaty, and against
Delta variant for a similar period. 15weeks after the second dose
of vaccine, the protective effect was negligible in those subjects
who had received 2 doses of AstraZeneca-Vaxzevria against
symptomatic infection with Omicron. Subjects who received
AstraZeneca-Vaxzevria vaccine and Pfizer BioNTech-Comirnaty vac-
cine as a primary dose followed by Pfizer BioNTech-Comirnaty
booster dose, reported the efficacy of the vaccine to be 71.4 and
75.55%, respectively [44].

A press release was posted by an insurance company named
Discovery Health on primary research based on the efficacy of the
vaccine against hospitalisation and infection. The efficacy of the
vaccine by Pfizer BioNTech-Comirnaty against infection and hospi-
talisation was estimated as 33 and 70%, respectively. Details of
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methods and uncertainty about these data were not
included [45].

Through the research and development network, WHO esti-
mated the effect of vaccines with the support of data from cellular
protection, antibody neutralisation activity, and animal model
studies by management and coordination of live repository
reagents that enhanced research analysis. For understanding the
clinical efficacy of vaccines, regular and ideally enhanced surveil-
lance, as well as epidemiological considerations, are required.
Thus, to enhance research focussed on vaccine efficacy, the coun-
tries with reported and confirmed Omicron cases are encouraged
to carry out studies regarding the effectiveness of the vaccine
against severe infection and death.

Global health agencies update about omicron

On 26 November 2020, a variant of concern B.1.1.529 was brought
into the picture by WHO based on guidance from the Technical
Advisory Group on the Virus Evolution of WHO. This new strain
was considered to be largely different from other strains and was
associated with a large number of mutations, inclusive of 26–32 in
S protein. Some of the mutations were concerned and linked with
the escape from the defense system having a potential transmis-
sion rate. From the recent update of 16 December 2021, B.1.1.529
strain has been detected in more than 85 countries across all
WHO regions.

Four major factors are directly associated with Omicron threat
which are (1) transmission ability of strain, (2) effect of vaccines in
the neutralisation of the strain, (3) infectivity range of strain, and,
(4) public health and safety measures towards viral strain. Besides
these, consistent and strong proof about Omicron having an
extensive growth rate over delta strain is also seen. Omicron’s
transmission rate is faster than delta strain with a doubling period
of 36–72 h, posing high chances of Omicron overtaking delta
strain in community transmission.

Presently, limited information is available on the clinical sever-
ity of Omicron and a broad spectrum is generally required to
understand the severity profile and effect of host immunity and
vaccination on severity. Hospital admission in South Africa and
the United Kingdom tends to rise day by day due to a rapid
increase in cases. There were possibilities for most healthcare sys-
tems to get overwhelmed quickly. In comparison to initial data, it
showed that there was a decrease in neutralisation ability towards
Omicron in the previously vaccinated population or patients with
COVID-19 infection which showed humoral defense sys-
tem evasion.

There was no peer-reviewed proof on vaccine efficiency against
Omicron. Old data of vaccine effectiveness was extracted from
South Africa and UK. This information required thorough evalu-
ation with caution, as the blueprint and subject selection bias and
the outcomes were collectively based on small numbers.
Vaccination response from England showed a visible decrease in
vaccine effectiveness towards Omicron as compared with fourth
VoC after two doses of either AstraZeneca-Vaxzevria or Pfizer
BioNTech-Comirnaty vaccines. Better effectiveness was observed
after two weeks with a booster vaccine dose of Pfizer
BioNTech-Comirnaty.

Risk assessment for Omicron must highlight related concerns
with good indicative reasons. The first reason is the overall high
risk of SARS-CoV-2 worldwide, second is the available data which
is indicative of the Omicron’s growth rate that leads to its quick
spread in population making more patients vulnerable to hospital

admission. WHO’s understanding of risk assessment is still devel-
oping and will be updated as more data becomes available.

In a recent update, WHO had asked all the associated countries
to make a daily check and revision of the national plans for
Omicron management to minimise its spread. World Health
Organisation had issued preventive guidelines worldwide and
made it compulsory to wear an appropriate mask, maintain social
distancing, avoid crowd attendance, and hand hygiene to minim-
ise the COVID-19 spread among people. Public protection meas-
ures will be the master key to combat transmission along with a
rapid diagnosis. Mass vaccination among the population should
be the top-most priority to reduce the fatality rate and hospitalisa-
tion. Moreover, in a few nations, a booster dose of respective vac-
cine had also been started that has a magnificent impact on the
safety of patients, a particular segment at high risk of death, cru-
cial infection, and reinfection. All the nations were advised to
report the all-initial cases linked with the fifth VoC to WHO by
International Health Regulation (IHR) system. All official authorities
should connect information with proof on Omicron and other
mild strains along with appropriate guidance for the public in a
periodically and cleanest manner by including all the aspects of
known and unknown factors and the tasks being performed by
dedicated authorities [45].

Future perspective

The very first case of Omicron strain was diagnosed in South
Africa on 9 November 2021. The average number of Omicron
cases per day rose from 280 to over 800 average cases per day.
The major issue related to Omicron that still stays a matter of con-
cern is to determine its infectivity in comparison with previous
VoCs and the efficacy of previously formulated vaccines which to
some extent might serve as the prime answer for its neutralisa-
tion. Since the clinical and immunological data are not adequate,
it is therefore difficult to define its efficacy with evidence. The lat-
est VoC had some deletion, e.g. 69-70del and more than 35 muta-
tions at various positions like K417N, N501Y, P681H, T95I, etc.,
which are like alpha (a), beta (b), gamma (c), and delta (d) variants.
Previous mutations of SARS-CoV-2 were known for higher binding
affinity, enhanced transmissibility, and great antibody escape but
effects of Omicron and differences are not yet known to a com-
plete extent. On a thoughtful note, if the overlapping mutations
of Omicron show similar effects, then it could be expected that
high transmission could be encountered for mutation occurring
near furin cleavage position. Increment in the COVID-19 cases in
South Africa could be the best example. Omicron could become
the dominant VoC if it shows a greater transmission rate. Front
line clinicians in South Africa reported that the young population
is trapped by Omicron, which is similar to delta strain profile, but
there is no panicking concern raised due to mild symptoms of
the disease.

Another issue is the immune escape behaviour of the virus in
presence of vaccines and antibody neutralisation on vaccinated
sera. Here, PCR testing might provide some effective clues.
However, increment in the cases of reinfection can be related to
mutation of Omicron in terms of immune escape. Moreover,
reports on vaccines having great neutralisation power against the
previous four VoCs must also be checked for Omicron through
clinical trials. For example, ChAdOx1 vaccine predicted 70% neu-
tralisation against D614G strain in the UK but the same was only
10% effective against beta (b) strain. Keeping this in mind that
Omicron has several mutations and vaccines with broad-spectrum
potential effects must be formulated since the effect of one might

8 P. KHAIRNAR ET AL.



differ from the effect of the other based upon the intensity of
infection. Some developed COVID-19 vaccines were effective in
avoiding severe COVID-19 infection, hospital administration, and
mortality for all previous VoCs and hence thought to follow a
similar pattern for Omicron. Observation studies in Qatar and
Kaiser were done to study the effects of vaccination against delta
strain, and it was observed that the extent of immunity to avoid
hospital admission was more than 90% even after 6months of
vaccine administration. Similarly, data obtained from the USA
showed vaccine effect in the prevention of the infection severity
in population above 65 years with good protection ability even
after 6months of vaccination.

Diagnosis of Omicron is widely done through PCR technique in
South Africa. But there is no specific reason to accept as truth
that present SARS-CoV-2 treatment and prevention protocol might
also be similar in terms of activity against Omicron infection,
except MABs.

Moreover, BA2 is a new sub-variant of Omicron (BA1) that
accounts for the increase in the number of cases worldwide.
According to WHO, this new subvariant has been found in around
57 countries and is responsible for about half of the Omicron
cases globally. There is a sharp rise in the number of cases of new
sub-variant. BA2 variant in Denmark, followed by India that
replaced both Omicron and delta variant. As per the UK Health
Security Agency (UKHSA) more than 1000 cases of BA2 variant
have been confirmed. By British health authorities, the BA2 variant
is designated as the ‘variant under investigation’. In Germany,
infection with the BA2 variant is rapidly increasing as compared
to the other COVID-19 variants. Denmark’s SSI conducted a study
on 18,000 individuals amongst which 8000 of them showed BA2
variant to be highly transmissible as compared to the BA1 variant
which is successful in evading vaccines. Unlike reports from the
UK revealed that BA2 has higher transmissibility than BA1 but the
primary findings suggest no evidence about the decreased effect-
iveness of vaccination against any of the variants. To date, no
data shows that BA2 will cause more severe disease as compared
to the older variants.

Most significantly, current public health measures like physical
distancing, hand hygiene, mask-wearing, and avoidance of
unnecessary travelling are thought to be effective against
Omicron as these measures were effective in previous VoCs as
well till we get a preparation with 100% efficacy.

Conclusion

Starting from Wuhan and reaching every corner of the world,
SARS-CoV-2 has been demonstrated as the most devastating virus
in the history of the pandemic. Despite extensive vaccination
drive, social distancing, and enormous efforts to combat the pan-
demic, the healthcare system trembled extensively. The virus kept
changing its dimension from being alpha, beta, gamma, and delta
variants to the novel variant of concern (VoC) called Omicron.
Natural immunity is the security system for the previous four VoC
which in combination with current vaccine immunity posed a
prime defense barrier. Delta variant, due to high infectivity, longer
duration, high degree of reinfection along the ability to escape
from the natural defense system made it the world’s most domin-
ant COVID-19 strain. The major reason for the advent of Omicron
could be the accretion of mutants in a closed circle of individuals
followed by its proliferation to the larger section of the population
that made it variant with a higher rate of mutation. If Omicron
would have the same capacity of affecting health as the delta
variant, then the new covid wave would have a more devastating

impact that could drastically cost the life of humans. Previous
VoCs had given the idea and importance of vaccination with
social prevention measures that make a safe pathway to living a
healthy life. Most significantly, current public health measures like
physical distancing, hand hygiene, mask-wearing, avoiding
unusual travelling, healthy diet will be effective against Omicron
as these measures are effective in previous VoCs until the devel-
opment of strong medications. Statements interpreted with cau-
tion can be made based on identified mutations that Omicron
might spread swiftly and might escape the immune system better
than previous VoCs aggravating the chance of reinfection.
Moreover, cases of mild infection in the vaccinated population
might still be present due to the presence of B.1.1.529. However,
the vaccinated population is at lower risk of this deadly infection.
These combinational safety approaches comprising of public
health measures and vaccination will prove to be an effective
strategy for healthy well-being.
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