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Abstract. Recently a new variant of SARS-
CoV-2 was reported from South Africa. World 
Health Organization (WHO) named this mutant 
as a variant of concern – Omicron (B.1.1.529) 
on 26th November 2021. This variant exhibit-
ed more than thirty amino acid mutations in the 
spike protein. This mutation rate is exceeding 
the other variants by approximately 5-11 times 
in the receptor-binding motif of the spike pro-
tein. Omicron (B.1.1.529) variant might have en-
hanced transmissibility and immune evasion. 
This new variant can reinfect individuals previ-
ously infected with other SARS-CoV-2 variants. 
Scientists expressed their concern about the 
efficacy of already existing COVID-19 vaccines 
against Omicron (B.1.1.529) infections. Some of 
the crucial mutations that are detected in the re-
ceptor-binding domain of the Omicron variant 
have been shared by previously evolved SARS-
CoV-2 variants. Based on the Omicron mutation 
profile in the receptor-binding domain and motif, 
it might have collectively enhanced or interme-
diary infectivity relative to its previous variants. 
Due to extensive mutations in the spike protein, 
the Omicron variant might evade the immunity in 
the vaccinated individuals.
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Introduction

COVID-19 due to SARS-CoV-2 was first 
declared as a pandemic on 11th March 20201,2. 
COVID-19 pandemic is responsible for huge 
mortality and severe morbidity in both devel-
oping and developed nations3-5. SARS-CoV-2, 
a coronavirus has the natural ability to undergo 
mutation and antigenic variation over a period of 
time6,7. Four variants of concern (VOC) SARS-
CoV-2 have been identified between December 
2020-May 2021. They are Alpha (B.1.1.7), Beta 

(B.1.351), Gamma (P.1), and Delta (B.1.617.2)8. On 
11th November 2021, a new variant was discovered 
in Botswana. Later many parts of South Africa 
reported this variant. World Health Organization 
(WHO), on 26th November 2021 classified this 
mutant as a variant of concern and named it as 
Omicron (B.1.1.529) (https://www.who.int/en/ac-
tivities/tracking-SARS-CoV-2-variants). 

New clinical cases of COVID-19 in South Afri-
ca due to Omicron (B.1.1.529) are being identified 
after its discovery (DOI: https://doi.org/10.1038/
d41586-021-03552-w). This new variant had un-
dergone significant mutations when compared to 
its previous variants. The Delta variant (B.1.617.2) 
has 8 mutations whereas Omicron (B.1.1.529) had 
undergone 32 mutations of the spike protein. It is 
to be noted that with eight mutations, Delta vari-
ant had created havoc in India and other countries 
early this year in 20208. Scientists are worried 
about Omicron (B.1.1.529) variant since it had too 
many mutations relative to its previously evolved 
variants and it might be more notorious than the 
Alpha and Delta variants. Virologists have also 
expressed their concern that Omicron variant 
may have increased virulence and pathogenicity. 
In this review, we are focusing on the molecular 
aspects and epidemiology of SARS-CoV-2 vari-
ant, Omicron. 

Molecular Profile 

Omicron mutant has been identified to possess 
32 amino acid changes in the spike (S) protein. 
Some of the mutations that are present in the re-
ceptor-binding domain (RBD) of the Omicron 
variant have been shared by other SARS-CoV-2 
variants that evolved previously. These mutations 
are K417N, E484K, N501Y, D614G and T478K 
(ecdc.europa.eu). In the spike protein, RBD is 
composed of 319-541 residues of the S1 subunit. 
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The K417N mutation (lysine to asparagine 
substitution) is shared between Omicron and 
Beta variants. The mutation at residue 484 in 
which the glutamic acid is substituted to lysine 
(E484K) is found in both Beta and Gamma vari-
ants8. Whereas in Omicron the mutation at 484 
is E484A, the residue glutamic acid is mutated 
to alanine. The E484A mutation in the Omicron 
might be an important mutation that was present 
as E484K (Figure 1) in the Beta and Gamma vari-
ants. In the Gamma variant the E484K mutation 
had the ability to cause reinfection9. This might 
be perhaps due to the substitution of a negative-
ly charged, hydrophilic residue (glutamic acid) 
with a positively charged and relatively high hy-
drophilic amino acid (lysine). In the Omicron 
variant, the mutation of a hydrophilic amino acid 
(glutamic acid) to a hydrophobic amino acid (al-
anine) might alter the interaction between RBD 
and human angiotensin converting hACE2. The 
N501Y mutation (asparagine to tyrosine) present 
in the Omicron variant was also detected earlier 
in the Alpha, Beta and Gamma variants. N501Y 
was identified to have a stronger binding affinity 

Figure 1. SARS-CoV-2 Beta variant spike protein in open state along with E484K (7VX1 – Wang, Y.F., Xu, C., Wang, Y.X., 
Hong, Q., Cong, Y. Conformational dynamics of the Beta and Kappa SARS-CoV-2 spike proteins and their complexes with 
ACE2 receptor revealed by cryo-EM. doi: 10.1093/nar/gkab314).

to hACE2 since it is one of the contact residues 
in RBD. The D614G mutation (substitution of as-
partic acid to glycine) located in the S1 subunit 
of the Omicron variant is shared by Alpha, Beta, 
Gamma, and Delta variants10. Relative to Alpha, 
Beta, and Delta SARS-CoV-2 variants Omicron 
has a 5.5 to 11 times higher mutations rate in the 
receptor-binding motif (RBM). Among all the 
mutations, the crucial mutations in the RBM of 
the Omicron variant are T478K, E484A, Q493R 
and N501Y. Yi et al11 showed that substitution of 
the residues at five different positions P499, Q493, 
F486, A475 and L455 of the SARS-CoV-2 spike 
RBM increases the affinity to receptor binding11. 
Therefore, the Q493R might increase the affinity 
to bind the hACE2. The T478K mutation (thre-
onine to lysine) found in Omicron is shared by 
Delta variants. Several crucial mutations in the S 
protein of RBD and S1 subunit of the Omicron 
variant are shared by other SARS-CoV-2 variants. 
Henceforth, the virulence and infectivity features 
of the Omicron variant might be either surpassing 
the Alpha, Beta and Delta variant reciprocally or 
in a transitional phase between the variants.
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Epidemiology 

Very recently, in November 2021, there was an 
alarming increase in COVID-19 cases in South 
Africa due to Omicron. This variant was suspect-
ed of having an enhanced immune evasion with a 
questionable capability of evading antibodies pro-
duced against existing vaccines. The notable fea-
ture of this variant is that they expressed enhanced 
transmissibility. Very quickly this variant spread 
to nearby provinces of South Africa. Simultane-
ously neighboring countries such as Botswana, 
Namibia, Zimbabwe, Swaziland, and Mozam-
bique were alerted. Many countries have given 
travel restrictions for passengers from South Afri-
ca. Israel, Hong Kong, Egypt, Belgium, Malaysia, 
India and Sri Lanka reported the new cases due to 
the Omicron variant (https://www.cdc.gov/media/
releases/2021/s1126-B11-529-omicron.html). 

The reason for immune evasion, increased 
transmissibility and escape from neutralizing an-
tibodies of already vaccinated individuals might 
be due to several mutations, specifically on the 
S-protein of the Omicron variant. This strain 
might be deadlier than the Delta variant that 
caused several thousands of deaths in India alone 
this year. Delta variant showed only eight muta-
tions on the spike protein whereas Omicron vari-
ant exhibited over 30 amino acid changes. With a 
large number of mutations in the Omicron variant 
it was speculated that the widely used PCR might 
not detect this variant. However, it was detected 
by S-gene drop out or S-gene target failure12. 

Omicron variant with a high reinfection capac-
ity may affect previously infected COVID-19 pa-
tients. Moreover, many patients infected with the 
Omicron variant were found to be young patients 
who were school students (https://www.who.int/
news/item/28-11-2021-update-on-omicron). There 
are no detailed studies available on the Omicron 
variant about the pathogenesis, virulence, and 
mutational profiles (https://www.who.int/groups/
technical-advisory-group-on-sars-cov-2-vi-
rus-evolution). Further research studies should be 
conducted on these areas for a better understand-
ing of this variant. 

Conclusions

With an unprecedented crisis faced by the 
world due to COVID-19, the next challenge to 
bring down the cases of COVID-19 could possi-
bly be posed by the Omicron variant. Due to its 

numerous mutations and transmissibility rate, it 
has the capability to spread rapidly throughout the 
world. Though no new precautionary measures 
are advised, strengthening the existing health 
measures and public health steps are advised to 
curb its spread. 
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