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Abstract

As the latest identified novel severe acute respiratory syndrome coronavirus 2

(SARS‐CoV‐2) variant of concern (VOC), the influence of Omicron on our globe

grows promptly. Compared with the last VOC (Delta variant), more mutations were

identified, which may address the characteristics of Omicron. Considering these

crucial mutations and their implications including an increase in transmissibility,

COVID‐19 severity, and reduction of efficacy of currently available diagnostics,

vaccines, and therapeutics, Omicron has been classified as one of the VOC. Notably,

15 of these mutations reside in the receptor‐binding domain of spike glycoprotein,

which may alter transmissibility, infectivity, neutralizing antibody escape, and vac-

cine breakthrough cases of COVID‐19. Therefore, our present study characterizes

the mutational hotspots of the Omicron variant in comparison with the Delta variant

of SARS‐CoV‐2. Furthermore, detailed information was analyzed to characterize the

global perspective of Omicron, including transmission dynamic, effect on testing, and

immunity, which shall promote the progress of the clinical application and basic

research. Collectively, our data suggest that due to continuous variation in the spike

glycoprotein sequences, the use of coronavirus‐specific attachment inhibitors may

not be the current choice of therapy for emerging SARS‐CoV‐2 VOCs. Hence, we

need to proceed with a sense of urgency in this matter.
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1 | INTRODUCTION

A novel severe acute respiratory syndrome coronavirus 2 (SARS‐

CoV‐2) B.1.1.529 variant of concern (VOC), designated as Omicron

(Ο) has been reported on November 25, 2021, with first cases re-

ported from Botswana and South Africa on November 11 and 14,

2021, respectively.1–5 At least 260 million SARS‐CoV‐2 infections

and 5.2 million deaths worldwide have been detected over 23

months since the first case of COVID‐19 was reported.3 Previously

identified VOCs (alpha, beta, gamma, and delta) emerged when the

vaccination and the natural immunity to COVID‐19 were not

achieved6. Importantly, Omicron has emerged at a time when

we are about to achieve global immunity through various available

COVID‐19 vaccines. Global transmission of Omicron will likely be

driven by international travel as already evidenced by imported cases

in Belgium, Hong Kong, and Israel.4 Currently, the Omicron variant is

reported in several countries (Figure 1A,B). Therefore, we have

evaluated the divergence of Omicron based on the number of
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F IGURE 1 Global emergence of Omicron SARS‐CoV‐2. (A) Worldwide prevalence of Omicron showing its recent emergence based on the
sequencing.10 (B) Country‐wise number of Omicron sequences (GISAID, accessed on December 11, 2021). (C) The phylogenetic tree between
S1 mutations and clade shows the mutational divergence of the Omicron variant of SARS‐CoV‐2. The divergence of Omicron was evaluated
based on the number of mutations in the spike glycoprotein of SARS‐CoV‐2 sequenced samples that have been classified as characteristic
variants based on S1 mutations notified as specific color dots and phylogenetic trees (lines) on Nextstrain.11 The divergence among the
SARS‐CoV‐2 variants is visible upon plotting the phylogenetic tree in scatter format where the x‐axis is representing the S1 mutations and the
y‐axis is representing the Clade. SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2
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mutations in the spike glycoprotein of SARS‐CoV‐2 sequenced

samples classified as characteristic variants based on S1 mutations

notified as specific color dots and phylogenetic trees on Nextstrain.

The divergence in these variants is visible upon plotting the phylo-

genetic tree in scatter format where the x‐axis is representing the S1

mutations and the y‐axis is representing the Clade. The farther that

specific dots lie on the x‐axis, the more divergent the variant would be.

We have observed that the Omicron variant is the most divergent

SARS‐CoV‐2 variant (identified as specific color dots) based on the

highest number of mutations identified in spike glycoprotein (Figure 1C).

This raises concerns that the new variant might have increased trans-

missibility and infectivity, and escape immunity generated both by

natural infections with the known genetic variants and vaccines in

current use.7‐9 Consequently, the present study reveals our under-

standing of the current global prevalence and mutational hotspots of the

Omicron variant in comparison with the Delta variant of SARS‐CoV‐2

for a better understanding of global transmissibility, pathogenesis, and

development of effective preventive and therapeutics.

2 | MATERIALS AND METHODS

2.1 | The global prevalence of Omicron
SARS‐CoV‐2

To identify the global prevalence of Omicron SARS‐CoV‐2

(B.1.1.529), we have used the phylogenetic assignment of named

global outbreak (PANGO) lineage which provides a nomenclature that

is being used by public health agencies and researchers to track the

transmission and spread of SARS‐CoV‐2 including VOCs.10

2.2 | Divergence of Omicron SARS‐CoV‐2

To identify the divergence of Omicron SARS‐CoV‐2, we have used

the Nextstrain which provides the latest global analysis of SARS‐

CoV‐2 genome as soon as they are being shared by GISAID.11 Mu-

tational divergence of Omicron SARS‐CoV‐2 was observed upon

phylogenetic tree analysis performed in the scatter format where the

x‐axis representing the S1 mutations and the y axis representing

the Clade was selected. The farther that specific dots lie on the x‐axis,

the more divergent the variant was identified.

2.3 | Mutational hotspots of Omicron SARS‐CoV‐2

To identify the mutational hotspots of Omicron SARS‐CoV‐2, we

have used the Outbreak.info to comparatively understand the mu-

tational hotspots of Omicron (B.1.1.529) and Delta (B.1.617.2), where

the gradient dark purple color coding of the box represents the

prevalence of that mutation in overall SARS‐CoV‐2 sequenced sam-

ples and labeling with red and green color showing the VOC variant

of interest, respectively, that has been identified in previous

variants.12 The overall mutations specific to the spike glycoprotein

structure (PDB: 7DF3) were designated using Chimera 1.15.

3 | RESULTS AND DISCUSSION

3.1 | Mutational hotspots of omicron

Spike glycoprotein of SARS‐CoV‐2 interacts with human angiotensin‐

converting enzyme 2 (ACE2) receptors for attachment and internaliza-

tion.13 Therefore, to combat the attachment, most of the therapeutics

and vaccines approved for emergency use have been designed to neu-

tralize the spike and ACE2 interactions.14 Hence, understanding the

mutational hotspots of Omicron is crucial in designing effective ther-

apeutics and preventive strategies. The Omicron variant has at least 30

amino acid substitutions in the spike glycoprotein, three small deletions,

and one tiny insertion where 15 of the mutations reside in the receptor‐

binding domain (RBD).7 The Omicron variant belongs to PANGO lineage

B.1.1.529, in comparison to the original SARS‐CoV‐2 strain, the Next-

strain clade 21K has 30 amino acid modifications, three modest deletions,

and one short insertion in the spike protein.11 These mutations are

identified as Ala67Val, Δ69‐70, Thr95Ile, Gly142Asp, Δ143‐145, Δ211,

Leu212Ile, ins214EPE, Gly339Asp, Ser371Leu, Ser373Pro, Ser375Phe,

Lys417Asn, Asn440Lys, Gly446Ser, Ser477Asn, Thr478Lys, Glu484Ala,

Gln493Arg, Gly496Ser, Gln498Arg, Asn501Tyr, Tyr505His, Thr547Lys,

Asp614Gly, His655Tyr, Asn679Lys, Pro681His, Asn764Lys, Asp796Tyr,

Asn856Lys, Gln954His, Asn969Lys, and Leu981Phe where 15 (residues

319–541) of these modifications reside in the RBD (Figure 2A,B).4,12 In

addition to these mutations, a number of substitutions and deletions in

other genomic areas are also present in Omicron. These mutations are

identified in nonstructural protein (NSP) 3 as Lys38Arg, SΔ1265,

Leu1266Ile, Ala1892Thr; NSP4 as Thr492Ile; NSP5 as Phe132His; NSP6

as Δ105‐107, Ile189Val; NSP12 as Pro323Leu; NSP14‐Ile42Val; envel-

ope (E) as Thr9Ile; membrane (M) as Asp3Gly, Gln19Glu, Ala63Thr; and

nucleocapsid (N) as Pro13Leu, Δ31‐33, Arg203Lys, Gly204Arg

(Table 1).4,7 In comparison to other predominant VOCs such as Delta

which is classified as B.1.617.2, Omicron has been highly mutated

(Figure 2C). Importantly, these mutations in Omicron may be linked with

more transmissibility, stronger viral binding affinity, and antibody escape.

Omicron mutations with documented consequences include those that

improve transmissibility and alter binding affinity.9,15 The variation in the

spike glycoprotein sequences suggests that the use of coronavirus‐

specific attachment inhibitors may not be the current choice of therapy

for SARS‐CoV‐2 Omicron (B.1.1.529).

3.2 | Transmission dynamics of Omicron

Due to the high mutations in spike glycoprotein, the Omicron variant

appears to be more transmissible than the previous SARS‐CoV‐2 variants,

but it is nonviable to say whether it is more deadly than the Delta

variant.16 Asn501Tyr improves ACE2 receptor binding, which may im-

prove transmission; however, additional Omicron spike protein
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F IGURE 2 Mutational hotspots in the spike glycoprotein of Omicron SARS‐CoV‐2. (A) Comparative mutational hotspots of spike
glycoprotein of Omicron and Delta variant of SARS‐CoV‐2 where the gradient dark purple color coding of the box represents to the prevalence
of that mutation in overall sequenced samples and labeling with red and green color showing the variant of concern variant of
interest, respectively, that has been identified in previous variants.12 (B) Structures of spike glycoprotein of Omicron SARS‐CoV‐2 showing the
comparative mutations. (C) Structures of spike glycoprotein of Delta SARS‐CoV‐2 show the comparative mutations. SARS‐CoV‐2, severe acute
respiratory syndrome coronavirus 2
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modifications may alter the affinity towards the ACE2 receptor.17 As a

result, the whole range of spike protein changes present in the Omicron

variant must be used to determine receptor binding affinity. Because

His655Tyr is adjacent to the furin cleavage point, it could speed up spike

cleavage and assist transmission and may lead to resistance towards

monoclonal antibody therapy.8,18 Asn679Lys is close to the furin cleavage

site and contributes to its polybasic character, which may enhance spike

cleavage and help transmission.8,19 It is still unsure how well the Omicron

variant can be transmitted from one person to another person. The risk of

high transmissibility of the Omicron variant may be envisaged considering

the displacement of the Delta variant as the frequent circulating variants

of SARS‐CoV‐2 in South Africa. The sudden sharp increase with 16366

new COVID‐19 cases in South Africa is an alarming situation that may be

associated with global transmission of Omicron.20

3.3 | Effectiveness of current diagnosis

Commonly used reverse transcription‐polymerase chain reaction as-

says continue to detect SARS‐CoV‐2 infection.21 However, the

Omicron‐related case identification in South Africa is based on the S‐

genome target failure approach. However, the confirmation of the

Omicron variant relies on the whole genome sequencing so far.22

Rapid antigen detection tests need urgent evaluation for their validity

in the detection of Omicron cases. On the basis of known changes

and associated implications, it is probable that Omicron would spread

faster and evade antibodies more easily than the previous variants in

vaccinated people, resulting in a higher reinfection rate. According to

statistics from previous VOCs, those who have been vaccinated had a

significantly lower chance of major Omicron illness. However, a re-

duced level of neutralization of Omicron has been observed by

vaccines sera and monoclonal antibodies. To better understand the

potential of Omicron to escape immunity acquired via vaccination

and infection in vitro research examining the ability of both vaccine

and convalescent sera to neutralize live Omicron pseudo or viral

isolates is urgently needed.23 Importantly, an intensive surveillance

program to detect Omicron will help us to understand the trans-

mission dynamics, to identify recent outbreaks.

3.4 | Immunity against Omicron after COVID‐19
vaccination

There is presently no information on whether sera from patients who

have been vaccinated or who have previously been infected with SARS‐

CoV‐2 can neutralize the Omicron variant of SARS‐CoV‐2. Vaccine‐

induced immunity mostly targets the spike protein via neutralizing the

spike and ACE2 interaction. The spike protein in the Omicron version

contains more modifications than in other variants, including 15 in the

RBD.4 This results in mutation in the antigenic epitopes which has been

reported in previous strains of SARS‐CoV‐2.24 While several RBD mu-

tations of Omicron variant's spike protein imply a significant risk of im-

munological escape from antibody‐mediated protection,25 immune

escape from memory T cells aimed towards non‐surface proteins fol-

lowing infection or vaccination is more difficult to assess. When virus

evolution results in spike glycoprotein changes that escape pre‐existing

neutralizing antibodies, memoryT cell responses may offer a path to long‐

term protection. This could be demonstrated by providing major effec-

tiveness to assist activated naive B cells by CD4+ T cells responding to the

altered spike protein, or by directly lysing infected SARS‐CoV‐2 cells

mediated by CD8+ T cells. There is currently no virus‐specific information

available to estimate if monoclonal antibody therapy will be successful

against the Omicron strain. The Omicron variant is likely to be susceptible

to some monoclonal antibody treatments, while others may be non‐

successful, based on data from other variants with far fewer mutations in

the RBD.26

4 | CONCLUSION

Collectively, for the first time, have characterize the novel SARS‐

CoV‐2 Omicron Variant of Concern and its mutational hotspots in

comparison with Delta variant of SARS‐CoV‐2. The Omicron exhibits

highest number of amino acid substitutions in the spike glycoprotein.

These crucial mutations of Omicron may result in an increased rate of

SARS‐CoV‐2 Omicron variant transmission due to its higher affinity

TABLE 1 Spike amino acid changes in SARS‐CoV‐2 Omicron
variants of concern (WHO label)/PANGO lineage•B.1.1.529/GISAID
clade•GR/484A/Nextstrain clade•21K

Deletions Δ69–70 Δ143–145 Δ211

Insertions 214EPE ‐ ‐

Receptor‐binding domain (residues 319–541)

G339D S371L S373P S375F

K417N N440K G446S S477N

T478K E484A Q493R G496S

Q498R N501Y Y505H ‐

Other amino acid changes in the spike

A67V T95I G142D L212

T547K D614G H655Y N679K

P681H N764K D796Y N856K

Q954H N969K L981F ‐

Effects on transmissibility

Possibility: High to very high

Vaccine escape potentiality

Possibility: Possible

The cross‐neutralizing capacity of the Omicron variant needs to be
evaluated.

Abbreviations: PANGO, phylogenetic assignment of named global
outbreak; WHO, World Health Organization.
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towards the ACE2 receptor. The variation in the spike glycoprotein

sequences suggests that the use of coronavirus‐specific attachment

inhibitors may not be the current choice of therapy for SARS‐CoV‐2

Omicron (B.1.1.529) and we need to proceed with a sense of urgency

in this matter. Foremost, our data provide the evidence of mutational

comparison of spike glycoprotein of Omicron with Delta variant of

SARS‐CoV‐2, for a better understanding of global transmissibility,

pathogenesis, and development of effective preventive and

therapeutics.
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