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Abstract:

Two years after the emergence of the SARS-CoV-2 pandemic, multiple variants of the
virus have emerged such as Alpha, Beta, Gamma and Delta variants. The latest variant of SARS-
CoV-2, B.1.1.529 (Omicron), was first reported to the World Health Organization (WHO) by
South Africa on November 24, 2021, and was classified as a variant of concern two days later.
However, Omicron exhibits even higher mutation levels than previous SARS-CoV-2 variants, with
37 amino acid substitutions in the spike (S) protein, 15 of which are in the receptor-binding
domain(RBD). Due to numerous mutations in the spike protein, Omicron is capable of increasing
viral transmissibility, conferring resistance to therapeutics, or partially escaping infection or
vaccine-induced immunity. This review summarizes the mutations in Omicron and other Variant
of concern (VOCs) (Alpha, Beta, Gamma, Delta), the global VOC transmission using Pango, the
impact on vaccine development monoclonal antibodies, and compares Omicron’s mutation impact
on B cell and T cell response.
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Introduction:

It is possible for a viral genome to undergo evolutionary changes over time, and even a
single amino acid exchange can cause the virus to become immune-evading, complicating vaccine
development (Giovanetti, Benedetti et al. 2021). As a RNA virus, SARS-Cov-2 will evolve
genetically through mutations over time as it adapts to its new host, which would lead to the
emergence of many variants that may differ significantly from the ancient strain.



In the early stages of the pandemic, relatively little change occurred in the genetic makeup
of SARS-CoV-2. The appearance of a globally dominant genetic variant, the D614G mutation in
the S protein , resulted in an increased transmission without enhanced virulence.(Korber, Fischer et
al. 2020)For the past two years, new genetic variants of SARS-CoV-2 have been identified
utilizing periodic genomic sequencing of viral samples. A few are considered variants of concern
(VOCs), due to their impact on public health which are associated with increased virulence, the
ability to evade detection, a reduction in neutralization by antibodies, or decreased efficacy of
therapeutics or vaccines. Five SARS-CoV-2 VOCs have been designated since the beginning of
the pandemic by WHO on December 11, 2021. They are Alpha (B.1.1.7), Beta (B.1.351), Gamma
(P.1), Delta (B.1.617.2) and Omicron (B.1.1.529).

Mutations in the receptor binding domain (RBD) and the N terminal domain (NTD) are
found in the five VOCs. The N501Y mutation in RBD is not shared in the Delta variant, which
increases viral attachment through affinity for Angiotensin-converting enzyme 2 (ACE2) receptors
and facilitates entry into host cells (Harvey, Carabelli et al. 2021)

The continued mutations of this RNA virus have significantly blocked the progress of the
fasting speed of vaccine development and mass vaccination efforts against COVID19 made so far
in curtailing the SARS-CoV-2 transmission. In this review, we will investigate the efficacy of
different available vaccines against this virus and its new variants. We highlight the mutations in
Omicron and other VOCs (Alpha, Beta, Gamma, Delta), their global transmission using Pango,
(https://cov-lineages.org/) the impact on vaccine development monoclonal antibodies, and the
comparison of Omicron's mutation impact on B cell and T cell responses.

How SARS CoV-2 Variants are Named:

Scientists continue to use the established nomenclature systems to name and track SARS-
CoV-2 genetic lineages by GISAID, Nextstrain, and Pango. The WHO Technical Advisory Group
on Virus Evolution, comprised of scientists from the WHO Virus Evolution Working Group (now
called the Technical Advisory Group on Virus Evolution), the WHO COVID-19 reference
laboratory network, as well as experts from GISAID, NextStreet, Pango, and other countries and
agencies in microbial nomenclature, communication, and virology, convened to consider easy-to-
pronounce and non-stigmatizing labels for VOCs and VOIs (Virant of interested). This expert
group assembled by the World Health Organization (WHO) has recommended utilizing letters of
the Greek alphabet, i.e., Alpha, Beta, Gamma, and Delta, which are easier and more practical to
discuss by individuals who are not scientists.

SARS Cov-2 Variants of Concern (VOC):

Thousands of SARS-CoV-2 variants have emerged since China's report began in December
2019. SARS-CoV-2 variant of concerns (VOC) are defined by the WHO as having increased
transmissibility, virulence, and decreased response to diagnostics, vaccines, and therapeutics.


https://cov-lineages.org/

Current VOCs include Alpha, Beta, Gamma, Delta and Omicron (Table 1 details the 5 variants of

concern).

Table 1: Sars Cov 2 variant of concern (VOCs):

WHO Pango Location Date First Spike Mutations of Interest:
Label lineage Earliest Detected
Documented
Alpha B.1.1.7 United September N501Y, A570D, D614G, P681H, T716l,
Kingdom 2020 S982A, D1118H
Beta B.1.351 South Africa | October 2020 K417N, E484K, N501Y, D614G, A701V
Gamma P.1 Brazil January 2021 K417T, E484K, N501Y, D614G, H655Y
Delta B.1.617.2 | India October 2020 L452R, T478K, D614G, P681R
Omicron | B.1.1.529 Multiple December 2021 | A67V, A69-70, T951I, G142D, A143-145,
Countries N2111, A212, ins215EPE, G339D,

S371L, S373P, S375F, K417N, N440K,
G446S, S477TN, T478K, E484A, Q493R,
G496S, Q498R, N501Y, Y505H, T547K,
D614G, H655Y, N679K, P681H, N764K,
D796Y, N856K, Q954H, N969K, L981F

Table description:
1. WHO label: A WHO proposal was published on 31st May 2021 for the labeling of global SARS-
CoV-2 variants of concern and variants of interest alongside scientific nomenclature. This list
includes variants on WHQ’s global list of VOCs, and is updated as WHO’s list changes.
2. Lineage and additional mutations: The variant designation is specified by one or more Pango
lineages, as well as any additional characteristics of its spike protein. Each lineage in the table is
linked to the respective lineage page on the Pango lineages website.
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Location earliest documented: The first country of detection.

Date first detected: The first date of detection

5. Spike mutations of interest: Not all spike protein amino acid changes are included but includes
changes to spike protein residues 319-541 (receptor binding domain) and 613-705 (the S1 part of the
S1/S2 junction and a small stretch on the S2 side), and any additional unusual changes specific to the
variant.

B

Epidemiological update of VOCs:

During the week of January 24, 2022, there were over 22 million new cases and over 59
000 new deaths reported globally (WHO, 2022). Over 370 million cases and over 5.6 million
deaths have been reported as of March 2022. In the Western Pacific, the Eastern Mediterranean,
and the European regions, new cases have risen, while in the Americas and South-East Asia
regions, cases have declined. The number of new cases reported in the African Region remained
stable while weekly deaths continued to increase in the South-East Asia Region, the Eastern
Mediterranean Region and the Region of the Americas. There has been a decrease in the incidence
of deaths reported in the African region, while numbers in the European and Western Pacific
regions remained similar to the previous week. The WHO website may need to be re-visited for
new updates to these numbers.

SARS Cov-2 Variants of interest (VOI):

Variants of interest carry specific genetic markers associated with receptor binding,
reduced neutralization by antibodies against previous infections or vaccinations, reduction in
treatment efficacy, potential diagnostic impact, or predicted increases in disease transmission or
severity. Although genomic properties, epidemiological evidence, and in-vitro evidence exist for
these variants that could indicate significant impacts on transmission, severity, and/or immunity,
the evidence is preliminary or associated with significant uncertainty. Variants of interest may
require public health measures, such as surveillance or epidemiological investigations to assess
how quickly the virus spreads, the severity of the disease, the effectiveness of therapeutics, and
whether vaccines are effective (CDC 2021).

SARS Cov-2 Variants Under Monitoring (VUM):

The SARS-CoV-2 variants under monitoring have been detected as signals through
epidemic intelligence, rules-based genomic variant screening, or preliminary scientific evidence.
WHO, CDC and ECDC haven't yet assessed whether they have properties similar to VOCs, but
some evidence indicates they might. It is required that the variants listed here have been present in
at least one outbreak, detected in at least one community within the European Economic Area, or
there must be proof that the variant is transmitted internationally (ECDC 2022).



Omicron Mutations in comparison to other Sars-CoV-2 Variants of Concern:

In a number of countries and areas, researchers and public health agencies use Pango
nomenclature to identify SARS-CoV-2 variants of concern and track their transmission and spread.
Figure 1 showed the spike (S) protein mutations of the omicron and other four variants of concern
(VOCs). (Alpha, Beta, Gamma, Delta variants) discovered between the end of 2020 and the
beginning of 2021 share many similar amino acid mutations (Tao, Tzou et al. 2021). The
mutations include substitutions, deletions, and insertions.
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Fig 1: This figure illustrates the Amino acid changes to the spike (S) protein in SARS-CoV-2 variants of concern
(VOCs). The variants shown include Omicron, Alpha, Beta, Gamma and Delta with the RBD (receptor binding
domain) specified. The mutations, including substitutions, deletions, and insertions, are from the covariants database
at https://covariants.org.
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There are four descendants of Pango lineage B.1.1.529 in Omicron: BA.1, BA.1.1, BA.2,
and BA.3 (Desingu and Nagarajan 2022) The Omicron-defining mutations from Pango lineage
BA.1 account for the majority of sequences found. Consequently, most of the information we have
regarding VOC Omicron pertains to Pango lineage BA.1. However, studies of BA.2, which exhibit


https://covariants.orgvariant/

Immune escape properties and virulence, were prioritized independently of BA.1 as it is becoming
more prevalent (WHO, 2022).

The lineage BA.2 was first identified in early December and has since spread to 49
countries including the United States. BA.2 like Omicron has multiple changes (28 mutations)
concentrated in the spike protein, the part of the virus that's targeted by vaccines (VanBlargan,
Errico et al. 2021). In contrast to Omicron, however, it is nicknamed “the stealth variant” as it does
not show a spike gene deletion at 69-70 that causes S-gene target failure (Rahimi and Talebi
Bezmin Abadi 2022), which means it may look like other SARS-CoV-2 variants at first glance.
Whereas the BA.1 family is causing nearly all Omicron infections in the U.S, the BA.2 clade is
present in 40 countries and appearing mainly in India, Denmark, South Africa, and the United
Kingdom.

BA.1 and BA.2 possess 34 and 28 mutations in the S glycoprotein, respectively, raising concerns
whether they are more likely to transmit, escape immunity, and be more virulent than other
circulating SARS-CoV-2 strains. However, no indication exists that BA.2 causes a more severe
disease or spreads more readily than the original strain of Omicron, and it's been proven that
current vaccines protect as well against BA.2 as they do against its original variant, with improved
protection against symptoms (WHO 2022).

Several non-synonymous mutations have been found in the genome of the Omicron variant,
among them several ones in spike that have been implicated in virulence, disease propensity and
immune evasion. The Omicron variant has been identified as having over 60
substitutions/deletions/insertions, making it the variant with the highest number of mutation sites
of all SARS-CoV-2 variants studied so far.

There are six substitutions within ORF1a in the Omicron variant including K856R, L20841,
A2710T, T3255I, P3395H, and 13758V. It also has two deletions, making a total of four amino
acids (2083 and 3674-3676). Two substitutions are found within ORF1b including P314L and
11566V. A P10S substitution and a deletion of three residues at positions 27-29 can be observed in
ORF9b. A T91 substitution can be found in the envelope, three D3G substitutions (Q19E, A63T,
and D3G) in the membrane, and three substitutions and a three-residue deletion in the nucleocapsid
proteins.

In the Omicron virus, more than half of the mutations are seen in the spike. There is one
insertion of three amino acids at position 214, and three deletions including H69/V70,
G142/V143/Y144 and N211. Additionally, there are 30 substitutions including 67V, T951, Y145D,
L2121, G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R,
G496S, Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K, P681H, N764K, D796Y,
N856K, Q954H, N969K, and L981F(Quaglia, Salladini et al. 2022).



These deletions and mutations have been found to increase viral binding affinity, increase
antibody escape, and increase transmissibility. Among other omicron mutations known to affect
binding affinity and transmissibility, some confer increased vaccine escape. Moreover, we do not
know how most of the remaining omicron mutations will affect viral behavior and vulnerability to
natural and vaccine-mediated immunity since most of the remaining mutations are not known.

It has been shown that D614G in S protein is correlated with viral loads in the upper respiratory
tract along with reduced age. In the spikes of all VOCs, this amino acid change is observed. Study
findings have shown that mutation N501Y enhances the binding between spike and angiotensin-
converting enzyme 2 (ACE2) and increases the transmission of the disease (Yang, Yu et al.
2021).This mutation is shared between Omicron, Alpha, Beta and Gamma variants and might be
further enhance the transmissibility with the H69/\VV70 deletion. A cleavage site for furin can be
further facilitated by basic amino acids, thereby allowing the spike to be cleaved into S1 and S2
components, thus enhancing virus infection. As a matter of fact, the P681H mutation has also been
identified in the Alpha variant (Fig 1).

Omicron has some deletions and more than 30 mutations, several of which (eg, 69—70del,
T951, G142D/143-145del, K417N, T478K, N501Y, N655Y, N679K, and P681H) overlap with
those in the alpha, beta, gamma, or delta VOCs. These deletions and mutations are known to lead
to increased transmissibility, higher viral binding affinity, and higher antibody escape. Some of the
other omicron mutations with known effects confer increased transmissibility and affect binding
affinity. Importantly, the effects of most of the remaining omicron mutations are not known,
resulting in a high level of uncertainty about how the full combination of deletions and mutations
will affect viral behaviour and susceptibility to natural and
vaccine-mediated immunity. (Karim and Karim 2021)
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Figure 2: shows the mutation landscape in the Delta and Omicron variants. The structures are depicted based on the
cryo-electron microscopy spike trimer structure of the protein data bank code 6VVB and the crustal RBD/ACE2
complex structure of PDB code 6LGZ. The protomer of the spike trimer is highlighted in green, and the RBD in cyan.
The ACEZ2 receptor is magenta, and the mutations in both variants are highlighted in red (He, Hong et al. 2021)

There is evidence that Omicron may increase SARS-CoV-2's infectivity. There are only two RBD
mutations present in the Delta variant, the L452R and the T478K, while 15 mutations have been
accumulated in the RBD of the Omicron variant (He, Xuemei et al. 2021). In particular, it is
noteworthy that the spike RBD region is the major target for neutralizing antibodies, and Omicron
has acquired 15 substitutions within the spike RBD over time. (Fig2?=Fig 4) Close to the bound
ACE2 receptor, various residues are seen to locate closeby among Omicron’s numerous
substitutions.

Immune escape, B cell response and the omicron’s mutation

An increase in reinfection was reported and this immune escape is another concern based
on information on positive PCR tests in people who have previously tested positive. However, it
has become more difficult to interpret test positivity rates, which are four times the previous rate
after the increased use of rapid antigen tests and incomplete capture of negative results. Despite
this limitation, our growing number of repeat infections is consistent with omicron’'s mutations that
allow it to escape immune surveillance.

Clinical trials have reported lower efficacy for some vaccine variants that are dominant in
COVID-19 vaccines, despite conflicting reports on whether all four VOCs prior to omicron have
consistently retained high efficacy. As a result of previous variants, vaccine efficacy has been
decreased - for instance, the D614G variant of the ChAdOx1 vaccine in the UK produced 70%
protection against clinical infections, while the beta variant in South Africa produced 10%
protection (Madhi, Baillie et al. 2021). In spite of this, both the beta and D614G variants of
BNT162b2 were effective in preventing clinical infections. The presence of more mutations in
omicron compared with previous VoCs may have an adverse effect on the clinical efficacy of
vaccines.

T cell response and the omicron’s mutation

In the absence of severe COVID-19, hospitalization, and death, most COVID-19 vaccines
have remained effective because this efficacy may be due more to T-cell immune responses than
antibodies (Tenforde, Self et al. 2021). There was more than 90% efficacy of the vaccine in
preventing hospital admissions even six months after vaccination, based on observational studies
from Qatar and Kaiser Permanente (Bruxvoort, Sy et al. 2021). A study from the state of New
York, USA showed high vaccine efficacy in preventing severe disease in people over the age of
65. Among all of the vaccines tested, protection varied, including 95% for BNT162b2, 97% for
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MRNA-1273, and 86% for Ad26.COV2.S, with minimal declines in protection six months after the
vaccine was given (Rosenberg, Dorabawila et al. 2022).

Omicron mutation and transmission

The impact on RBD and ACE2 binding free energy (BFE) has shown that the mutation of
Omicron directly impacts transmission. T478K, Q493K, and Q498R three substitutions,
significantly contribute to the binding energies and almost doubled the electrostatic potential

(ELE) of the RBDOmic—ACE2 complexMany of the most concerning mutations occur in the
virus's receptor-binding domain, and these mutations may affect the spike protein's affinity for
ACE 2 (ACEZ2). The binding ability to ACE2 remains a critical aspect of the virus's pathogenicity.
The specific concern is when mutations enhance their binding ability to these cell surface receptor
proteins. The Omicron variant has two mutations that may increase the spike protein's affinity to
ACEZ2, contributing to the current concern. Omicron RBD binds ACE2 ~2.5 times stronger than
prototype SARS-CoV-2 confirmed by Computational mutagenesis and free energy perturbation.

Omicron mutation impact on Monoclonal Antibody Treatments

Currently, there are no virus-specific data available to assess whether monoclonal antibody
treatments will retain efficacy against the Omicron variant. Based on data from other variants with
significantly fewer changes in the RBD, the expectation is that the Omicron variant will remain
susceptible to some monoclonal antibody treatments, while others may have less potency.
Mutations within the RBD are most relevant for monoclonal antibody therapeutics available under
Emergency Use Authorization (EUA) (CDC2021)

Impact on Vaccine-Induced Immunity or Immunity from Previous Infection:

Currently, there is no data available to assess the ability of sera from vaccinated persons or
those with previous SARS-CoV-2 infection to neutralize the Omicron variant. However, the U.S.
Government SIG and global public health partners are working to generate these data in laboratory
settings and will also continue to monitor epidemiological and clinical indicators. The spike
protein is the primary target of vaccine-induced immunity. The Omicron variant contains more
changes in the spike protein than have been observed in other variants, including 15 in the RBD.
Based on the number of substitutions, the location of these substitutions, and data from other
variants with similar spike protein substitutions, significant reductions in neutralizing activity of
sera from vaccinated or previously infected individuals, which may indicate reduced protection
from infection, are anticipated.

Laboratory and epidemiological studies are needed to assess the impact of the Omicron
variant on vaccine effectiveness and breakthrough infections, including in individuals who have
received booster doses. However, vaccination is anticipated to continue to offer protection against



hospitalization and death, and vaccines continue to play a critical role in controlling the COVID-19
pandemic.

Summary, so the residue substitution in E484 as well as other D614G, N501Y, K417N,
P681H, and K417N mutations has been shown to result in enhanced binding affinity with ACE2,
enhanced transmissibility, and reduced ability of neutralization by monoclonal antibodies and
immune evasion (Cheng, Krieger et al. 2022). The cocktail consisting of Bamlanivimab and
Etesevimab that is used in clinical applications for antibody therapy has been authorized for
emergency use. There have been previous studies demonstrating that the mutations at 484 and 417
positions of the spike could be involved in immune evasion. Both Beta and Gamma variants have
been observed to resist the neutralization of LY-CoV555 and LY-CoV016 due to mutations E484A
and K417N. Since the Omicron variant also contains E484A and K417N mutations, it is likely that
Omicron would also resist these two antibodies (He, Hong et al. 2021).

Other Sars-CoV-2 Variant of Concerns

Alpha variant (B.1.1.7)

The B.1.1.7 alpha variant was reported on 2020-09-03, which was originally associated with a UK
lineage, which carried mutations including N501Y, P681H, and numerous others. Its rapid growth
in the UK and internationally has been attributed to its higher transmissibility than other lineages
(PHO 2022).

Beta variant (B.1.351)

The B.1.351 Beta variant is a lineage first detected in South Africa and has been characterized by
the new variant of concern 501Y.V2 (Tegally, Wilkinson et al. 2021) An additional sublineage of
SARS-CoV-2 (501Y.V2) can be defined by eight mutations in the spike protein, including three
found in the receptor-binding domain that could be functionally significant (K417N, E484K, and
N501Y). Nelson Mandela Bay, located on the coast of the Eastern Cape Province, was severely
affected by the first epidemic wave, which gave rise to this lineage. A lineage of this strain quickly
spread, becoming the dominant lineage in both the Eastern Cape and Western Cape within weeks.
Even though the full significance of the mutations has not yet been determined, the genomic data
indicating that this lineage is displacing other lineages indicates a possible link to increased
transmissibility.

Gamma variant (P.1 B.1.1.28)

The P.1 strain reported in January 2021, is an alias of the B.1.1.28.1 strain first identified in Brazil
with variants E484K, N501Y and K417T) (Sahay, Patil et al. 2022). This variant was first
observed in December in Manaus, Amazonas state in north Brazil, where very high attack rates
have previously been estimated. This new lineage, named P.1 (descendant of B.1.1.28), exhibits a
constellation of specific mutations that define the lineage. These mutations, such as E484K,
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K417T, and N501Y, have been shown to be of biological significantly (Henriques-Santos, Farjun
et al. 2021). The P.1 lineage was identified in 42% of RT-PCR positive samples extracted between
15 and 23 December, but it was not detected in 26 publicly available genome surveillance samples
collected in Manaus between March and November 2020. According to these results, a new
lineage from the Amazon region has been transmitted locally and may have recently increased in
frequency. There is an increasing concern due to variants with multiple shared mutations in spike
that convergent evolution may result in a new phenotype that is associated with an increase in
infection potential or re-infection. The P.1 variant, containing mutation E484K, may increase the
risk of re-infection or infection in vaccinated individuals containing earlier strains of SARS-CoV-2
by aiding SARS-CoV-2 variants to evade antibodies (PHO, 2021).

Delta variant

The Delta variant (B.1.617.2 lineage) was identified in December 2020 in India and was
responsible for the second wave of COVID-19 infections in April 2021 (Page, M. L. 2021).
However, this variant rapidly spread around the world prompting the WHO to classify it as a VOC
in May 202. This variant became the dominant SARS-CoV-2 strain in the US until Omicron was
identified in November of 2021 being replaced in December 2021. This variant consists of ten
mutations including T19R, G142D, 156del, 157del, R158G, L452R, T478K, D614G, P681R,
D950N in its spike protein.

Discussion and Conclusion

By virtue of their increased transmissibility, virulence, and evasion of vaccine and natural
immunity, VOCs present new global threats to health in the midst of COVID-19's transition from
pandemic to an endemic disease. Similar to the nature of all viruses, the evolution of SARS-CoV-2
virus changes with time. It is generally true that, while viruses change their forms, their properties
remain the same or are not radically different. The World Health Organization (WHO) has recently
reported the latest SARS-CoV-2 variant called Omicron, which differs from other SARS-CoV-2
variants like Alpha, Beta, Gamma, and Delta. Thus, the scientific community is investigating the
impact of this variant on SARS-CoV-2, such as its transmissibility, disease severity, diagnostic
method, efficacy of existing vaccines, and other COVID-19 protocols. Additionally, SARS-CoV-2
spike protein antigenicity and amino acid changes affecting antibody neutralization are now clearly
evident. Viruses worldwide show significant variations in amino acid substitutions and deletions
affecting neutralizing antibodies. There is further evidence that some virus variants may be
resistant to antibody-mediated immunity induced by vaccines while T cell mediated immunity
induced by vaccines still have a protective role. Despite the inclusion of the new variant Omicron
with the previous variant of concern, recent research indicates no rapid changes or sudden
acceleration in the pattern of epidemic curves. Using present studies, we can answer the question
of whether new Omicron variants can evade vaccine-induced immunity, but the consistency of
results depends on the answer to that question (Gowrisankar A, Priyanka TMC, Banerjee S. 2022)

The emergence of the Omicron variant indicates that surveillance of SARS-CoV-2 variants
should be conducted in economically underdeveloped countries and in the environment to avoid
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the continuous emergence of new variants of unknown origin. Understanding the threat posed by
the Omicron variant will require researchers to gather and analyze a great deal more data in a brief
period. Determining the origin of Omicron requires surveillance of animals, especially rodents,
because they may have come into contact with humans carrying a strain of the virus with adaptive
mutations. Future work should focus on SARS-CoV-2 variants isolated from other wild animals to
investigate the evolutionary trajectories and biological properties of these variants both in vitro and
in vivo. If Omicron is determined to have been derived from animals, the implications of it
circulating among non-human hosts will pose new challenges in the prevention and control of the
epidemic.’
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