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Abstract: Since the emergence of COVID 19, the authentic SARS-CoV-2 has evolved into a range of novel variants that are of more
global concern. In late November 2021, the Omicron (lineage B.1.1.529) variant was identified as a new variant and considered as the
fifth variant of concern. Omicron harbors a genetic profile that is exceedingly unusual, with a huge number of mutations. Above thirty
mutations are localized in the S protein, while some are found in other structural and non-structural proteins. Half of the mutations in
the S protein are in the RBD, which is a major target of antibodies, showing that Omicron mutations may affect antibody binding
affinity to the S protein. The Omicron variant has been found to result in immune escape, therapeutic or vaccine escape, as well as
increased transmissibility and reinfection risk, explaining its rapid international spread that sparks a global alarm even more serious
than the previously reported variants. Omicron has the capability to bypass at least some of the multi-faceted immune responses
induced by prior infection or vaccination. It is shown to extensively escape neutralizing antibodies while evading cell mediated
immune defense to a lesser extent. The efficacy of COVID 19 vaccines against Omicron variant is decreased with primary vaccination,
showing that the vaccine is less efficient in preventing Omicron infections. However, after receiving a booster vaccine dose, the
immunological response to Omicron significantly improved and hold promising results. Despite the mild nature of the disease in most
vaccinated people, the rapid spread of Omicron, as well as the increased risk of re-infection, poses yet another major public health
concern. Therefore, effort should be devoted to maintaining the existing COVID 19 preventive measures as well as developing new
vaccination strategies in order to control the fast dissemination of Omicron.
Keywords: Omicron variant, VOC, impact, COVID 19 vaccine efficacy, preventive strategies

Introduction
The coronavirus disease of 2019 (COVID-19), which is caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), was first emerged in the Wuhan province of China, in December 2019. SARS-CoV-2 is a 30 kilobase
enveloped single-stranded RNA virus that has been found to be the third beta coronavirus pandemic after severe acute
respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS).1–3 Despite many attempts to contain its
spread, COVID-19 continues to become a significant public health concern and inflict enormous burdens of morbidity
and mortality while seriously challenging the globe to unprecedented strain on health system, economies, and social
life.4,5 This challenge could be due to comorbidities (complications) associated with COVID 19, such as hypertension,
neurological disorders, diabetes, cancer, endothelial injury, CVDs, or hypercoagulability conditions, such as gangrene,
stroke, and pulmonary embolism. These comorbidities have been observed in 75% of hospitalized COVID-19 patients
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and reported to increase the global burden of COVID 19.6 The surging of the COVID-19 pandemic, which is largely due
to the advent of new SARS-CoV-2 variants that are linked with enhanced transmissibility and infectivity as well as
compromised vaccine efficacy, could be another of challenge of COVID 19.7 As per 8 March 2022 World Health
Organization (WHO) report, COVID-19 is continuing to spread around the world, with more than 446 million confirmed
cases and above 6 million deaths across almost 224 countries.8

Constant evolution of the authentic SARS-CoV-2 through high rates of mutations of different viral genes has been
suggested to result in the emergence of new SARS-CoV-2 variants.9 Previously, many SARS-CoV-2 variants that are
associated with increased transmissibility and infectivity were identified. More recently, a novel variant of SARS-CoV-2
has been discovered in South Africa, known as Omicron. The emergence of the Omicron variant has posed new hurdles
in the fight against SARS-CoV-2, putting the entire scientific community in jeopardy by affecting the transmissibility,
disease severity, immunity, and diagnosis or therapy of COVID 19.10 It is therefore of utmost importance to look at the
mutational pattern of the Omicron variant and its negative impacts, as well as possible preventive strategies against the
novel SARS-CoV-2 variant. This review therefore primarily explores the mutational pattern, negative impacts, and
potential preventive strategies of Omicron SARS-CoV-2 variant infection. The information provided in the present
review will be useful in providing current, up-to-date information regarding the Omicron variant, as well as pinpointing
the negative effects of this new variant and its preventive strategies to tackle the spread of SARS-CoV-2, thus reducing
the burden of the COVID-19 pandemic and preventing the emergence of novel variants in the future.

Overview of the Omicron SARS CoV-2 Variant
Several new strains of SARS-CoV-2 have been propagating around the world since the outbreak of the COVID 19
pandemics.7,11 The Alpha, Beta, Gamma, Delta, Epsilon, Eta, Theta, Iota, Kappa, Lambda, and Mu variants have been
previously identified as SARS-CoV-2 variants. For the purpose of monitoring and research priority of these variants, the
WHO has classified them into four categories: variants of high consequence (VOHC), variants of concern (VOCs),
variants of interest (VOIs), and variants under monitoring (VUMs).11,12 VOCs are variants of global concern as they are
linked with increased transmissibility, pathogenicity, disease severity (increased hospitalization and death), immune
escape, diagnostic failure, and vaccine (therapeutic) escape.13

Until late November 2021, there were four VOCs, namely, Alpha (lineage B.1.1.7 or UK variant), Beta (lineage
B.1.351 or South Africa variant), Gamma (lineage P.1 or Brazil variant), and Delta (lineage B.1.617.2 variants) that
substantially results in new waves of pandemic, causing significant number of cases and deaths across several countries
of the globe.14 At the end of November 2021, a novel SARS-CoV-2 variant known as the Omicron variant (lineage
B.1.1.529), was identified and designated as the fifth VOC by the WHO. The Omicron variant was discovered for the first
time in the Gauteng province of South Africa on 24 November 2021 using genomic sequencing and epidemiological
data. Initially, it was considered as a variant under monitoring (VUM) and then, two days later, on 26 November 2021,
the WHO declared B.1.1.529 as a VOC based on evidence that it contains numerous mutations influencing its
characteristics and designated as “Omicron” from the 15th letter of the Greek alphabet.14 The Omicron variant is now
causing fast dissemination in human populations and has become a major global concern, showing its significant
transmission potential.

Research done using whole genome sequencing unveiled the existence of three sub lineages of Omicron (lineage
B.1.1.529). The standard sub lineage of Omicron is designated as BA.1 (B.1.1.529.1), whereas the other two new sub
lineages of Omicron are referred to as BA.2 (B.1.1.529.2) and BA.3 (B.1.1.529.3).15 While BA.1 is the dominant strain
discovered first, the BA.2 and BA.3 sublineages are rare subvariants of Omicron that have been announced later. The
BA.2 subvariant is nearly 30% more transmissible than the BA.1, and it is currently showing a sign of rapid growth, with
BA.2 cases accounting for roughly one-fifth of all global COVID-19 infections.16 As of the 31 January 2022 report, this
subvariant has been detected in 57 countries worldwide.17 Although these sublineages of Omicron variants overlap
several mutations, they are vastly different, even as distinct as other variants, and some scientists believe that they
deserve their own Greek letter. While BA.1 and BA.2 possess 32 mutations in common, they differ by 28 mutations.18

Unlike the BA.2 sub lineage, both the BA.1 and BA.3 sublineages have S gene target failure (SGTF) from Δ69-70
deletion that aids in their detection by SGTF-based PCR diagnostics.15
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Mutational Patterns of the Omicron Variant
Omicron variant exceptionally contains the largest number of mutations among all SARSCoV-2 variants characterized by
far.19 Structural analysis indicated that this variant was found to have 60 mutations, 50 of which are non-synonymous
mutations, 8 are synonymous mutations, and two are non-sense mutations, resulting in amino acid substitution, deletion,
and insertion into the proteins of the Omicron variant (Figure 1).20–22 Omicron unusually contains 34 mutations in the
S protein, which is about 3–4 times higher than the prior four widely circulating VOCs, each possessing twelve or fewer
mutations in the S protein.19 Compared with the original strain, Omicron was identified to contain thirty non-synonymous
substitutions that change the amino acid sequence in the S protein. These substitutions in S protein of Omicron are A67V,
T95I, Y145D, L212I, 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.
There are also three additional small deletions, including deletions of H69/V70 (Δ69-70), G142/V143/Y144 (Δ142-144)
and N211 (Δ211), as well as an insertion of three amino acids (EPE) at position 214 (214EPE) in the S protein of the
Omicron variant.21,23,24 The majority of mutations in various SARS-COV-2 variants, including Omicron, are found in the
S protein, likely as a result of selection for immune evasion.

The receptor binding domain (RBD) is a small patch at the tip of the S protein that binds directly to human angiotensin
converting enzyme 2 (ACE2) for SARS-CoV-2 entry into human cells.25 While there is one RBDmutation in alpha, three in
Beta and Gamma, and two in Delta, the Omicron variant uniquely harbors fifteen mutations. The critical mutations at the
RBD of the S protein of the Omicron variant are G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N, T478K,
E484A, Q493R, G496S, Q498R, N501Y, and Y505H.20 Mutations in this particular region of S protein enhance the affinity
of RBD to ACE2 and hence the transmissibility by 7-folds for alpha, 19-folds for both beta and gamma, and 2-folds for
Delta.26 According to the study by Kumar et al, the Omicron variant has a higher affinity for ACE2 than the Delta variant
due to a significant number of mutations in RBD.27 Based on docking studies, the Q493R, N501Y, S371L, S373P, S375F,
Q498R, and T478K mutations greatly contribute to increased RBD binding with ACE2, transmission potential, pathogeni-
city, and immune escape of Omicron.27–29 Three mutations (H655Y, N679K, and P681H) have been identified in the S1-S2
furin cleavage site, which is one of two cleavage sites in the S protein of SARS-CoV-2 during viral entry, and are linked with
enhanced transmissibility and infectivity of the Omicron variant.27,30,31

Moreover, the remaining mutations (substitutions and deletions) of omicron are found in non-S protein genomic regions,
though they are assumed to be of less significance with regard to the transmissibility and infectivity of SARS-CoV-2.32 In
addition to the S protein, Omicron mutations are present in other structural proteins, including one substitution (T9I) in the

Figure 1 The schematic illustration of the mutational pattern of Omicron SARS-CoV-2 variant. Omicron variant harbors 60 mutations that can be substitution, deletion and
insertion of amino acids. Most (thirty-four) of these mutations are concentrated in the S protein; of which nearly half of mutations (fifteen) are localized in RBD (a key part of
S protein) and three mutations are found in S1/S2-cleavage site (required for viral entry). These mutations are linked with increased transmission potential, reinfection risk,
immune or vaccine evasion, and diagnostic problem. The remaining Omicron mutations, which are less likely associated with the impacts of Omicron variant, are found in
other non-S protein genomic region, including other structural proteins (E-, M-, and N-protein) and non-structural proteins (nsp) in ORF1ab region, as well as in ORF9b.
Abbreviations: E protein, envelope protein; M protein, membrane protein; N protein, nucleocapsid protein; nsp, non-structural protein; ORF, open reading frame; RBD,
receptor binding domain; S protein, spike protein.
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envelope (E), three substitutions (D3G, Q19E, and A63T) in the membrane (M), and three substitutions (P13L, R203K, and
G204R) and a three-residue deletion (Δ31-33) in the nucleocapsid (N) proteins.19 In the Omicron variant, N protein mutations
may result in enhanced sub genomic RNA expression and increased viral loads.33,34

The Omicron variant also harbors nine substitutions (K38R, V1069I, L1266I, A1892T, T492I, P132H, A189V,
P323L, and I42V) and two deletions (Δ1265 and Δ105-107) within ORF1ab. In particular, this variant has five mutations
(K38R, V1069I, Δ1265, L1266I, A1892T) in non-structural protein (nsp) 3, One mutation (T492I) in nsp4, a single
mutation (P132H) in nsp5, two mutations (Δ105-107, A189V) in nsp6, as well as one mutation (P323L) in nsp12 and
a single mutation (I42V) within nsp14 of ORF1ab involving ORF1a and ORF1b. Besides, a P10S substitution and
a three-residue deletion (Δ27–29) are observed in ORF9b.31,35 These mutations may escape innate immunity, presumably
by hampering the ability of infected cells to degrade viral components.

Phylogenetic analysis showed that Omicron is closely related to other variants and carries several mutations that have
also appeared in previous mutated strains, such as alpha, beta, gamma, delta, kappa, zeta, lambda, and mu, suggesting its
shared characteristics to all other variants, at least at the molecular level.36,37 The newly emerged Omicron variant
coincides with several key mutations (D614G, Δ69-70 deletion, T95I, Δ142–144, K417N, T478K, N501Y, N655Y,
N679K, and P681H) with previously identified VOCs, leading to increased transmissibility, viral binding affinity, and
antibody escape.38,39 Omicron has a D614G change in its S protein, which is common in all other VOCs and increases its
infectivity and pathogenicity.40–42 Omicron shares the Δ69-70 deletion with the Alpha variant and causes SGTF.36

Omicron also carries similar mutations with Beta and Gamma variants (K417N, T478K, N501Y) and Delta variant
(T478K), conferring resistance to neutralizing antibodies.36,43 Despite the fact that most of the mutations in the Omicron
variants are shared with other VOCs, there are 23 unique omicron mutations that are not found in any of the prior
variants, some of which raise serious concerns by increasing transmissibility.32,37,39

Negative Impacts of Omicron SARS-CoV-2 Variant
Currently, Omicron SARS-CoV-2 variant is becoming more concerning due to its impact on the virus’s transmissibility,
pathogenicity, risk of reinfection, immune response as well as diagnostic equipment performance and vaccine
effectiveness.28,29,44 The significant sets of genetic mutations observed in the S protein of the newly emerged omicron
variant, particularly those mutations shared with other VOCs, are associated with higher viral binding, transmissibility,
pathogenicity, re-infection risk, as well as a wide spread immune escape and diagnostic failure.37,39 The possible negative
influences of the Omicron variant on immune response, vaccination efficacy, transmissibility, re-infection, disease
severity, and diagnostic modalities are all discussed in this section of the review.

Impacts of Omicron on the Body’s Immune Response
Multi-faceted protective immune responses involving T cell-mediated and antibody led immune defenses have been
developed against SARS-CoV-2 natural infection or vaccination.45–48 The viral ligand S protein, which interacts with the
ACE2 receptor of the host cells, is the principal target of infection and vaccine induced immune responses. Omicron
variants with S protein mutations have been shown to circumvent at least some of the multi-faceted immune response
(humoral and cellular immunity) induced by prior infection or vaccination.49

Humoral Immune Evasion
Humoral immunity is a key part of adaptive immunity for the anti-viral defense, including SARS-CoV-2.50,51 Several
studies showed a severely reduced serum neutralizing capacity of vaccinated and convalescent patients against the
omicron variant, demonstrating its potential for humoral immune evasion.52 Omicron has been found to exhibit an
unprecedented degree of neutralizing antibody escape compared with previously reported SARS-CoV-2 variants.53 This
is supported by recent studies reporting a substantially reduced neutralizing activity of the human serum against Omicron
in COVID-19 convalescent donors in comparison to the original Wuhan, Beta, and Delta variants.54,55 Compared to the
D614G strain, the mean neutralization of the sera of COVID-19 convalescent patients (infected with the original strain)
against Omicron was found to be about 8.4-folds lower, though the neutralization of other VOCs was only about 1.2–
4.5-folds lower.52,56
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Moreover, the Omicron variant has been proven to defy therapeutic monoclonal antibody (mAb) therapy that has been
used to treat other VOCs.44,57,58 This is also evident from the failed neutralization of Omicron by mAb (imdevimab,
casirivimab, bamlanivimab, and etesevimab) while they efficiently prevented Delta or other variant infections, high-
lighting its capability to bypass humoral immunity.59

Overall, Omicron has a substantial ability to evade humoral immune protection developed after vaccination, mAb
treatment, or prior infection (by the original strain or other variants), likely due to the heavily mutated RBD in Omicron
compared to other VOCs.27,52 RBD is the most important part of the S protein for SARS-CoV-2 neutralization (targeted
by more than 90% of neutralizing antibodies from mAb treatment and vaccines) and operates like a “grappling hook” for
Omicron SARS-CoV-2 virus entry and immune escape.60–63

Cell Mediate Immune Evasion
Viruses generally have a high capacity to evade humoral immunity, while they encounter difficulty to escape T-cell
mediated immunity due to the broad and adaptable response produced in a given individual, as well as the variety of
human leukocyte antigen (HLA) haplotypes between individuals.49,64 The Omicron SARS-CoV-2 variant, on the other
hand, appears to elude the cell mediated immune defense to a lesser extent while extensively escaping neutralizing
antibodies.65 Many preliminary evidence suggests that Omicron reduces cellular immunity only mildly, but more
significantly than other VOCs, owing to a heavily mutated S protein.65,66 A report by May et al showed that Omicron
partially escapes the T-cell mediated immunity generated by the COVID 19 vaccines.65 About 20% of CD4+ T-cell
epitopes were reported to be affected by Omicron mutations, but nearly one third of the T-cell immunity was reduced and
the rest two-thirds remained preserved as the higher immunogenicity of some epitopes produces a more robust T-cell
response.65

In contrast, some studies showed that despite the substantial number of mutations in the Omicron, there was no
extensive accumulation of mutations for CD8+ T-cell escape, and thus, convalescent individuals (27 to 62 days after
symptom resolution) elicited a broad range of immune responses to combat Omicron.67,68 A very minimal cross-over was
observed with the identified epitopes associated with mutations in the original strain and other VOCs, suggesting that the
CD8+ T cell response in the earlier infection would almost certainly remain effective against the Omicron variants.68 In
line with this, another study indicates that the existing CD8+ T-cell responses induced by prior SARS-CoV-2 infection
and vaccination still recognize the Omicron variant and provide a significant level of protection from severe disease.49

Collectively, cellular immune responses elicited by infection or vaccination partially offset the abrogation of humoral
immunity and likely play a relatively more important role in protection against novel variants to control infection and
limit progression to severe disease.65,69

Impacts of Omicron Variant on COVID-19 Vaccine Efficacy
As of December 2021, WHO has approved the use of ten COVID 19 vaccines: mRNA-1273 (Moderna), BNT162b2
(Pfizer-BioNTech), AZD1222 (AstraZeneca), Ad26.COV2.S (Johnson and Johnson), NVX-CoV2373 (Novavax),
COVOVAX, Covaxin (Bharar Biotech), Covishield, BBIBP-CorV, Sinopharm (Beijing), and Sinovac (CoronaVac).70

These COVID 19 vaccines are designed based on the ancestral SARS-CoV-2 strain and are prepared to elicit primarily
protective antibody responses against the S protein and, to a lesser extent, T-cell responses.44

Several prior works have indicated that the humoral response induced by the current COVID 19 vaccine was reduced
against the previous widely circulating VOCs.71,72 Many recent preprint and published research results also indicate
dramatically reduced neutralization titers against Omicron and hence it has the most significant escape from the sera of
subjects recently vaccinated with licensed COVID-19 vaccines (Table 1).52,56,73,74 Even in people who have been
immunized, it is found to resist the vaccine-elicited immune response by extensively impairing humoral immunity
and, to a lesser degree, cellular immunity.71–73,75–77 Overall, Omicron has been shown to have a cumulative effect on
diminishing the efficacy of COVID 19 vaccines, although it may partially protective vaccinated persons from severe
diseases, hospitalization, and death likely due to T-cell mediated immunity.

The vaccination escape in Omicron is associated with key mutations in the S protein of Omicron shared with other
VOCs, such as D614G, K417N, E484A, P681H, and N501Y, as well as other mutations that are thought to be vaccine
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Table 1 Summary on the Efficacy of Different COVID 19 Vaccines Against Omicron SARS-CoV-2 Variant

Studies Investigated Vaccine Findings

Liu et al,
2021.10

YS-SC2-010 vaccine The neutralization effect of immune serum from YS-SC2-010 vaccine on
Omicron decreased by 6.29 folds as compared to D614G and other strains.

But the immunization achieved high and long lasting (up to 20 months)

neutralization against Omicron.

Collie et al,

2021.80
BNT162b2 vaccine The vaccine efficacy against Omicron after two doses of BNT162b2 vaccine

was 50–70%, which is lower than Delta variant (90–95%)

Arien et al,
202184

BNT162b2 vaccine A substantial reduction in neutralizing activity of human serum against Omicron
in fully BNT162b2 vaccinated people when compared to the original Wuhan

strain and Delta variants. The third dose of BNT162b2 vaccine confers

effective neutralizing activity against Omicron. Vaccine-induced responses
surpass naturally-acquired immunity but hybrid immunity (infection followed by

vaccination) results in higher neutralization levels against Wuhan and Delta, but

not against Omicron.

Rössler et al,

2021.54
Spikevax (Moderna, ChAdOx1 and BNT162b2

(Comirnaty, Pfizer/BioNTech)

Sera from vaccinated people neutralize the Omicron variant to a much lesser

extent than other variants. Neutralization capacity against this variant was best
maintained by the sera of super immune individuals (infected and vaccinated or

vaccinated and infected), but to lesser than other variants

Hansen et al,

2021.83
BNT162b2 and mRNA-1273 Vaccine efficacy against Omicron variant is 55.2% and 36.7% within a month

from primary vaccination with BNT162b2 and mRNA-1273 vaccines,

respectively. The efficacy is greatly lowered against Omicron than Delta
infection and declines rapidly just within a few months. But the efficacy is

restored (54.6%) by booster BNT162b2 vaccine.

Nemet et al,

2021.55
BNT162b2 vaccine Only limited neutralization activity is shown after two doses of BNT162b2

vaccine. But individuals who received the third dose shows considerable

improvement in neutralizing the omicron variant.

Haveri et al,

2021.116
mRNA (Comirnaty) vaccine High level of neutralizing antibody was detected after 6–9 months of booster

vaccination. Subsequent administration of a single mRNA (Comirnaty) vaccine
dose for previously infected persons induces strong antibody comparable to

the levels following a Comirnaty booster dose.

Wilhelm et al,

2021.52
ChAdOx1, mRNA1273 and BNT162b2

vaccines

Little or no vaccine efficacy against Omicron was observed using sera from

heterologous ChAdOx1 and BNT162b2 vaccinated individuals. The

neutralization capacity of Omicron was 20-fold and 32.8-fold reduced using
sera from double mRNA1273-vaccinated and double BNT162b2-vaccinated

individuals, respectively. The BNT162b2-booster after primary vaccination

showed a significant increase of neutralization titers albeit with a 27.1-fold
reduction in neutralization against Omicron.

Schubert et al,
2021.63

BNT162b2 vaccine A highly reduced RBD binding and neutralization of Omicron by the sera from
BNT162b2 vaccinated persons. But no change has been observed in RBD

binding and immune response by the BNT162b2 booster as compared to fully

vaccinated people.

Dejnirattisai

et al, 2021.44
ChAdOx1 and BNT162b2 vaccine Vaccination with two homologous BNT162b2 or ChAdOx1 doses provides no

or limited protection against Omicron. The neutralizing titers on sera from
homologous ChAdOx1 were reduced below the detectable level, while

neutralizing titers on sera from homologous BNT162b2 was above the

detection threshold but reduced by 29.8-fold.

(Continued)
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efficacy-reducing mutations that evade the immune protection conferred by COVID-19 vaccines.78,79 As compared to
other VOCs, Omicron also possesses several additional RBD mutations that are expected to boost its ability to escape
neutralizing antibodies and signal a major risk of vaccine escape than the prior variants.32,37,39 The efficacy of COVID 19
vaccines with primary and booster immunization is discussed below.

COVID 19 Vaccine Efficacy Against Omicron with Primary Immunization
A study on PIKA-adjuvanted recombinant S protein subunit vaccine (YS-SC2-010) by Liu and his coworkers showed
that the neutralizing antibody in the serum of animals inoculated with YS-SC2-010 was reported to be lower than other
variants in neutralizing the Omicron variant.10 Though immunization with YS-SC2-010 achieved high and long lasting
(up to 20 months) neutralization against the Omicron variant, the neutralization effect of immune serum on Omicron
decreased by 6.29-folds as compared to D614G and other mutant strains.10 Particularly, the antibody titer against
Omicron was observed to decrease by more than 90% when compared with the Delta strain.52

Table 1 (Continued).

Studies Investigated Vaccine Findings

Andrews et al,

2021.71
ChAdOx1 and BNT162b2 vaccine Two doses of BNT162b2 or ChAdOx1 vaccinations are inadequate to protect

against the Omicron variant. The vaccine efficacy after two BNT162b2 doses

was 88.0% after 2–9 weeks of the second dose, lowering to 34–37% from 15
weeks after second dose. But there was no observed effect against Omicron

from 15 weeks after double doses of ChAdOx1 vaccine. After two weeks of

boosting with BNT162b2, the vaccine efficacy against Omicron increased to
71.4% and 75.5% for ChAdOx1 and BNT162b2 primary course recipients,

respectively.

Basile et al,

2021.81
BNT162b2 vaccine Two doses of BNT162b2 have limited ability to neutralize SARS-CoV-2 but the

neutralization titers are boosted by third dose (but at reduced level).

Schmidt et al,

2022.53
Ad26 and mRNA (BNT162b2 or Moderna)

vaccine

Neutralizing antibody titers against Omicron were significantly low in Ad26

vaccine or two dose mRNA vaccine recipients. Sera from recipients of two

mRNA vaccine doses were reported to be 30–180-fold less potent against
Omicron than Wuhan-hu-1. The vaccine boosters significantly ameliorate SARS

CoV-2 neutralization titers. Administering an extra mRNA (BNT162b2 or

Moderna) vaccine booster dose to previously infected or two-mRNA dose
vaccinated individuals increases neutralizing activity against Omicron by 38–

154-fold.

Gruell et al,

2021.82
BNT162b2 vaccine Lack of neutralizing activity against Omicron in polyclonal sera from persons

vaccinated with two doses of BNT162b2 vaccine but mRNA booster

immunizations improve serum neutralization against Omicron

Hoffmann

et al, 2021.85
ChAdOx1 and BNT162b2 vaccines Omicron evades antibody neutralization from BNT162b2-vaccination with 10–

44-fold higher efficiency than the Delta variant. Neutralization of Omicron by
antibodies induced by heterologous ChAdOx1/BNT162b2-vaccine or three

doses of BNT162b2 was more efficient, but less than the Delta variant.

Yu et al,

2021.88
BBIBP-CorV The neutralization activity against Omicron after two BBIBP-CorV doses

declined quickly and could hardly be detected. The booster BBIBP-CorV

vaccine enhances the neutralization titer by 6.1-folds after 28 days of
the second dose, albeit with 20.1-fold reduction relative to the wild-type strain.

Cele et al,
2021.73

Pfizer BNT162b2 Vaccine efficacy for preventing Omicron infection is 73% for vaccinated and
previously infected individuals and 35% for vaccinated only. Efficacy against

severe disease is estimated to be 95% for vaccinated and previously infected

individuals and 77% for vaccinated only.
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Omicron was also shown to escape antibody neutralization by the BNT162b2 vaccine from Pfizer-BioNTech.80

Several recent studies involving neutralization assays showed a highly reduced neutralization of the Omicron variant by
human sera from two dose BNT162b2 vaccinated persons.52,73,81,82 A study by Wilhelm et al also indicated that the
neutralization capacity of Omicron was reduced by 32.8-fold using sera from double BNT162b2-vaccinated
individuals.52 Another study also showed that the vaccine effectiveness after two BNT162b2 doses was 88.0% after
2–9 weeks of the second dose, lowering to 34–37% after 15 weeks of post dose two.71 Similarly, Dejnirattisai et al also
reported that vaccination with two BNT162b2 doses confers no or little protection against symptomatic disease with the
Omicron variant.44 A highly decreased neutralization of Omicron by the sera from BNT162b2 vaccinated people linked
with reduced binding to the RBD has also been reported by Schubert et al.63

Several other recent studies have also confirmed a substantial reduction in the neutralizing activity of the human
serum against Omicron in fully BNT162b2 vaccinated people when compared to the original Wuhan strain, Beta, and
Delta variants.54,55,83,84 Many studies indicate a 20–40-fold reduction in neutralizing activity of the sera from two dose
BNT162b2 vaccine recipients compared to early pandemic viruses, and at least a 10-fold reduction compared to the Delta
variant.7,52,73,85 Collie et al have documented 50–70% of vaccine protection against the Omicron variant after two doses
of the BNT162b2 vaccine, which is lower than Delta (90–95%).80

A substantial decrement in neutralization titers in individuals vaccinated with two BNT162b2 or ChAdOx1
(Vaxzevria, AstraZeneca) doses has also been observed by some other studies. According to a prospective study, post-
vaccination antibody levels significantly increase after the second dose of the BNT162b2 mRNA COVID-19 vaccine,
followed by a significant and rapid decay of anti-SARS-CoV-2 antibodies in infection-naïve healthcare workers four
months after vaccination, suggesting that the vaccine offers little protection against the new variants.86 Vaccination with
two homologous BNT162b2 or ChAdOx1 doses provides no or limited protection against the Omicron variant.
Neutralizing titers on sera from homologous ChAdOx1 dropped to below the detectable level, while neutralizing titers
on sera from homologous BNT162b2 were above the detection threshold but reduced by 29.8-fold.44 A greater reduction
in neutralizing activity was observed from two doses of the ChAdOx1 or heterologous ChAdOx1/BNT162b2
vaccinations.52,73 Andrews et al indicated that 15 weeks after two ChAdOx1 doses showed no effect against
Omicron.71 On the other hand, no vaccine efficacy against Omicron was observed using sera from heterologous
ChAdOx1/BNT162b2 vaccinated individuals, while poor neutralization against Delta was reported.52 In contrary,
neutralization of Omicron antibodies induced upon heterologous ChAdOx1/BNT162b2-vaccination was more efficient.85

The sera of Ad26.COV2.S (from Johnson and Johnson), mRNA-1273 (from Moderna), or AZD1222 (from the
Oxford/AstraZeneca)-vaccinated individuals showed lower RBD binding and thereby neutralization against
Omicron.63,87 The neutralizing antibody titers against Omicron were low, even below the limit of detection in
a considerable fraction of Ad26 or double dose mRNA vaccine recipients.53 The neutralization capacity of Omicron
was 20-fold reduced using sera from double mRNA1273-vaccinated individuals without any booster.52 Another report
also found that antibodies against Omicron are 4.5 times less potent than those against Delta, and the vaccine protection
against symptomatic Omicron infection fell below 20% after two doses.7

COVID 19 Vaccine Efficacy Against Omicron with Booster Immunization
Despite the low vaccine effectiveness after primary vaccination, there are some promising results that the booster dose of
a COVID-19 vaccine does indeed significantly ameliorate SARS CoV-2 neutralizing antibody titers and improve vaccine
effectiveness against the omicron variant.7 The booster dose of COVID 19 vaccines after primary immunization increases
the protection against Omicron but with a reduced level of antibody neutralization titers, suggesting that the Omicron
variant may escape from vaccine elicited immune protection to a greater extent than other variants.88

A plethora of recent studies revealed that sufficient neutralization (albeit with reduced neutralization) conferred
improved protection against Omicron in recipients of the third booster doses of BNT162b2 when compared to the double
doses of vaccinations.54,55,83,84 In spite of the fact that booster dose vaccine-induced responses surpass naturally-acquired
immunity, different studies have reported that the neutralization and protection against this variant remain low. Basile and
his coworkers demonstrated that neutralization titer is boosted from the third dose of the BNT162b2 vaccine, though it is
still reduced by up to 4-folds compared to other variants.81 This is supported by Wilhelm et al showing a significant
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increase in neutralizing titers from the BNT162b2-booster dose, though there was a 27.1-fold reduction in neutralization
against Omicron.52

A higher neutralizing activity was also demonstrated by Andrews et al after a BNT162b2booster dose for ChAdOx1/
BNT162b2 primary course recipients. From two weeks after a BNT162b2 booster, vaccine efficacy was increased to
71.4% and 75.5% for ChAdOx1 and BNT162b2 primary course recipients, respectively.71 In contrast, a study by
Schubert et al demonstrated no change in the interaction of RBD with ACE2 and hence immune response by the
BNT162b2 booster vaccination as compared to BNT162b2 fully vaccinated people. The serum of both BNT162b2
vaccinated and booster vaccinated persons showed a reduced binding to Omicron RBD, revealing no improvement in
immune response with booster dose.63

Recipients of the third booster dose of mRNA-1273 have been shown to significantly increase serum neutralizing
activity and protection against Omicron compared to the two doses vaccinations.54,83 This is in corroboration with
Schmidt et al showing those individuals who have received three doses of mRNA vaccines have substantial neutralizing
antibody titers against Omicron after about one month of a booster jab.53 A report from the UK has also shown that the
protection given by the vaccine against Omicron infection is about 55–80% after a booster dose, but the vaccine
effectiveness against Omicron after 60 days of a booster is 80–86%.7

Neutralization against the Omicron variant has also been enhanced by the booster BBIBP-CorV vaccine following
two-dose priming vaccination.88 Yu and his coworkers showed that a booster dose of BBIBP-CorV results in a significant
rebound in neutralizing immune response against SARS-CoV-2, which is 6.1 times greater in neutralization titer than the
level after 28 days of the second dose. Nevertheless, it is reduced by 20.1-fold as compared with the wild-type strain,
implying that the Omicron variant still has the ability to partially escape from booster-enhanced neutralization.88

Collectively, booster immunizations with COVID 19 vaccines after primary immunization may be critical to
substantially improve the humoral immune response against the Omicron variant, but to a much lesser extent than any
other VOCs (Table 1).54,71,82 Thus, the observation that the primary immunization is insufficient to neutralize Omicron
warrants the rapid administration of a booster vaccine dose to prevent contracting with Omicron infection.55,83,84

Transmissibility of Omicron SARS-CoV-2 Variant
Although further supporting evidence is required, available data indicated that omicron is likely to be highly
transmissible.19 Initially, the Omicron outbreak has been first identified in the Gauteng provinces of South Africa.
Studies showed that the percentage of Omicron infections reached nearly 90% within about 25 days in South Africa,
while the percentage of Beta and Delta variant infections was 50% and 80% respectively, within 100 days since its
outbreak in South Africa, indicating its faster dissemination in the population.19 Omicron was observed to have
a doubling time of 1.2 days, which is faster than that of the Beta and Delta variants, that have doubling times of
about 1.7 and 1.5 days, respectively.36

At the beginning of this outbreak, the Omicron variant was swiftly substituting other circulating variants, including
the dominant Delta variant in the Gauteng provinces of South Africa, and was rapidly spreading in other provinces of
South Africa.89 Then this variant was expanded to other African countries and disseminated outside of Africa as of
24 November 2021. Hong Kong was the first place outside Africa that had confirmed a case of Omicron from a person
who traveled from South Africa in November 2021. One confirmed Omicron case was identified in Israel from a traveler
returning from Malawi on 25 November 2021. The first Omicron case was detected in Romania on December 2021, in
previously vaccinated individuals who developed mild symptoms shortly after returning from the UK and had undergone
multiple rapid antigen tests with negative results, even after being tested by RT-PCR for 7 days in a row.90 Currently, the
Omicron variant is highly expanding to involve several other countries in the world such as Belgium, Germany, Italy,
Netherlands, Australia, Denmark, Czech Republic, Canada, Singapore, Portugal, Sweden, Japan, the UK, Scotland,
Malaysia, New Zealand, and South Korea.91 As of 8 March 2022, WHO report, a total of 2.4 million confirmed cases of
Omicron infection have been identified in 170 nations across the six continents of the globe.14

Altogether, Omicron is believed to be far more infectious than prior VOCs, including the Delta and Beta variants.
Omicron has been found seven times more contagious than the Delta variant, indicating that Omicron is turned out to
be the most transmissible virus yet seen.29 It is now rapidly outcompeting even the most dominant Delta variant and is
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resulting in an unprecedented surge in cases, raising great public health worries.92 Thus far, Omicron has apparently
become the most prevalent variant in countries like South Africa, the UK, the Canadian province of Ontario,
Denmark, Switzerland, Germany, Scotland, the US, Belgium, Portugal, Norway, Italy, France, Romania, and the
Netherlands.91

The presence of key mutations in the S protein of Omicron, particularly D614G, N501Y, E484 N679K, P681H, and
T478K mutations, has been demonstrated to induce higher transmissibility or infectivity.93,94 Omicron, like Alpha,
Beta, and Gamma variants, has D614G and N501Y mutations that are believed to enhance the binding of S protein to
ACE2 and thereby transmissibility.94,95 Similar to the Alpha variant, the transmissibility of Omicron could be further
increased by Δ69-70 deletion.29 Besides, the incorporation of basic amino acids around the furin cleavage site of
Omicron’s S protein as a result of N679K and P681H mutations could facilitate the cleavage of the S protein into S1
and S2, thus enhancing fusion and infectivity similar to the Alpha variant.30,31,96 A higher binding of Omicron to
ACE2 and more infectivity than the Delta variant could be due to E484 mutations.30 As the T470-T478 loop and Y505
of RBD are required for ACE2 binding, mutations like T478K may improve the infectivity of Omicron like Delta
strains.63,97

Risk of Reinfection with Omicron Variant
The Omicron variant has been proven to have a substantial ability to defy prior infection induced immunity, suggesting
an increased risk of reinfection.57,58 Omicron could show a higher risk of reinfection not observed in other variants,
even in people having immunity to prior infection or vaccination.57 There is documented evidence showing that
omicron has a substantially greater propensity to infect individuals who have received vaccines or who have had
COVID than earlier VOCs.89 There is more than five times high likelihood of reinfection of people with the Omicron
variant compared with Delta.98 This could be owing to the greater ability of the Omicron variant to escape immune
defense induced by prior infection or vaccination due to its heavily mutated S protein. The immune evasion in turn may
hamper its capacity to combat omicron, leading to a high incidence of breakthrough infection or re-infection with
omicron strains.

Clinical Presentation and Disease Severity of Omicron Infection
Despite the fact that Omicron is a VOC capable of breaking natural and vaccine-induced immune defenses, there is no
evidence so far indicating that it causes different symptoms from other variants.14,20 Omicron infection has similar
clinical presentations to past variants, such as fever, fatigue, body aches, sore throat, cough, and rhinorrhea, but it
uniquely manifests with repeated episodes of extreme night sweats, soaking clothes and sheets.57,99 The Omicron
infections that were first reported in South Africa were milder than other variants, and raised no alarming clinical
concerns.29 This has now been turned out to be real, as proved by a growing body of data demonstrating the Omicron
variant is less virulent than the previous VOCs, including the Delta strain.57,100 This is evident by the fact that there have
been few or no reports of serious sickness, hospitalization, or death from Omicron infection. According to a recent report,
COVID 19 caused by the omicron variant is 50–70% less likely to result in hospitalization than COVID 19 by Delta
variant.93 In line with this, a report from the UK found that hospital admissions with Omicron were nearly half of those
for Delta variant.7 Another study from Southern California also confirmed that Omicron infection is 91% less fatal than
the Delta variant and has a 51% lower chance of hospitalization.101 A 70-fold quicker proliferation of Omicron in the
bronchi than Delta strain but less capability of penetrating the lung suggested to be the less risk of developing severe
illness and hospitalization by Omicron infection compared to the prior VOCs.100,102 This could be due to the immune
response like non-neutralizing antibodies and cellular immunity, which are less likely to be severely affected by this
variant and may confer some degree of protection against severe disease.44

Even though Omicron infections are reported to be clinically milder, those with comorbidities, immunocompromised
patients as well as unvaccinated individuals may behave differently and are at high risk for complications or severe
COVID 19.103 This supported by Malik et al that reported ICU admissions and deaths are being driven by patients with
comorbidities, people who are immunocompromised, and the aged.6 Regardless of the type variants, people with
comorbidities are the most vulnerable during SARS-CoV-2 infection, even for the Omicron variant.
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Impacts of Omicron Variants on Diagnostic Equipment Performance
Like Alpha and Eta variants, the Δ69-70 deletion in Omicron is helpful for easy detection with PCR testing.36,104 Just as
it did for the Alpha variant, the PCR diagnostics use the deleted S-gene as a marker for early detection of Omicron
known as SGTF or S gene dropout.105 The SGTF serves as a proxy indicator to ascertain whether or not it is the Omicron
variant.15 However, serious concerns have been raised with regard to the diagnostic equipment performance in identify-
ing the Omicron variant due to its high number of mutations. Thus, the B.1.1.529 variant currently poses detection
uncertainty in diagnostic laboratories, and the existing molecular tests that are widely used to diagnose SARS-CoV-2
infection are thought to be less effective in detecting this variant.32 Epidemiological evidence also showed an increased
detection failure by S-gene targeted-PCR testing for the Omicron variant.19 The SGTF based diagnosis may result in
false-negative readings in the S gene assay of the commonly used PCR test (TaqPath, Thermo Fisher Scientific, Waltham,
MA, USA).29,104,106 Specifically, the BA.2 subvariant of Omicron, which does not show the SGTF feature, potentially
leads to detection problems and underestimation by SGTF-based PCR diagnostics, thus it is also named as stealth
Omicron. However, the BA.1 and BA.3 sublineages do not result in potential detection problems associated with SGTF
based PCR diagnostics since they have the characteristics of SGTF.15,105 Therefore, PCR testing using SGTF is
inadequate to detect and monitor Omicron variant.107

To rule out the presence of other variants and to definitively confirm the Omicron variant, whole genome sequencing,
sanger sequencing of the S gene, or a variant-specific PCR could be employed.29,105 The ultimate diagnostic method for
detecting gene mutations in Omicron is whole genome sequencing, though sanger sequencing and variant-specific PCR
are less expensive but provide less sequencing information.105 The N501Y-specific PCR, which was used to diagnose
alpha variant, could be an option to detect Omicron variant since alpha variant is currently almost negligible. On the
other hand, the L417N, L452R or E484A-specific PCR assays, can be used as alternative targets specific for omicron
diagnosis.29,105 Otherwise, molecular diagnostic assays targeting conserved genomic sequences with the least risk of
mutating should be developed to ensure that the existing circulating variants continue to bind efficiently with a primer.105

Despite diagnostic ambiguities associated with Omicron detection, accumulated evidence shows that the current
SARS-CoV-2 PCR diagnostics are still effective for detecting Omicron variant without getting delayed by the long
process of comprehensive genome sequencing. The PCR test can, therefore, be used to identify the Omicron variant as
early as possible, allowing for prompt therapy while awaiting for sequencing confirmation.29,105 In fact, the Omicron
variant is currently becoming a dominant variant throughout several countries of the world.17 Thus confirmation of
Omicron is more a matter of curiosity than concern. Extensive sequence changes in Omicron are being studied to see if
they have any effect on other types of diagnostic tools, such as rapid antigen detection tests.

Preventive Strategies to Curb the Spread of the Omicron Variant
Neutralizing antibody titers against Omicron were found to be low, even below the threshold of detection, in a substantial
number of convalescent or vaccinated people.53 The immune protection elicited by prior SARS-CoV-2 infection and
primary immunization with authorized COVID 19 vaccines reported to be less effective in preventing Omicron
infections.44 Furthermore, Omicron may have evolved to be more easily spread among people and resistant to currently
available mAb treatments.44,52,53 Overall, as a result of its antigenic distance from ancestral strains, omicron leads to
a high rate of dissemination and evasion of the body’s immunity and vaccine-induced immune response, making it
a grave public health concern, even worse than other VOCs.63 Therefore, modern public (social) health preventive
strategies, as well as vaccination strategies, are required to battle current pandemics or prevent the occurrence of future
pandemics.19

Public Health Prevention Measures
To curb the spread of Omicron, efforts should be made to maintain existing public health prevention measures.19 The
same preventive measures that have been utilized to stop the spread of prior SARS-CoV-2 variants, such as wearing
masks, adequate ventilation, social distancing, and hand washing, should be employed to effectively interrupt the
transmission of the Omicron variant. Besides, early case detection using improved diagnostic tools, treatment of
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diagnosed patients, and timely isolation and strict quarantine of suspected or confirmed cases are also crucial to curb the
spread of this variant.19,108

Appropriate and timely treatment of COVID 19 caused by Omicron SARS-CoV2 variant is of paramount importance
to curb the spread of this variant to other individuals.19,108 Multiple reports, however, have revealed substantial
therapeutic resistance to the available mAb agents such as imdevimab, casirivimab, bamlanivimab, and etesevimab
that are used to treat other variants.59 Hence, in light of the most recent available data, the Food and Drug Administration
(FDA) has banned many mAbs for use in treating Omicron infection in the US as of January 24, 2022.109 It is because
most of the COVID 19 cases are due to Omicron variants and non-omicron variants are rare, and the therapeutic activities
of these mAbs against the omicron variant are markedly reduced.

Although most mAbs are evaded by Omicron, Hoffmann et al found that Sotrovimab remains efficient against
Omicron infection, possibly because sotrovimab targets a part of the S protein that is unchanged across many related
coronaviruses.85 But several other mAbs, such as Paxlovid, Veklury (remdesivir), and molnupiravir, are also expected to
work against the omicron variant, and are approved by the FDA to treat patients with mild-to-moderate COVID-19 who
are at high risk of progression to severe disease, including hospitalization or death.109,110 In addition, as of February 25,
2022, the FDA has authorized the use of bebtelovimab as an emergency treatment for COVID-19 patients who are at risk
of progressing to severe disease or requiring hospitalization.111 Generally, the concentration of mAbs required to halve
viral replication is higher for Omicron than for other variants, and their potency is significantly reduced. Hence,
designing a variant specific mAb treatment approach could be employed as an option to treat the Omicron variant.52

However, the acceptance of these public health measures has been hampered by people’s erroneous perceptions about
the impact that COVID-19 can have on adults and children. While parents continued to protect their children from
COVID-19 by closing schools and kindergartens and limiting other educational or recreational activities, adults
continued to work or maintain social interactions with friends or other family members. Besides, due to the fear of
contracting the new SARS-CoV-2 infection or having their children hospitalized, parents opted to seek medical advice
over the phone, or to self-medicate, which may result in the detrimental consequences of the COVID-19 pandemic on
children. To lessen the negative impact on children, the adult population, especially parents, should follow the COVID 19
preventive rules, be aware of correct information by effectively communicating with medical staff, and get vaccinated.112

Vaccination Strategies
Additionally, development of new vaccination strategies against Omicron needs to be considered to control its
dissemination.19 Like the Omicron variant, several additional VOCs could be seen in the future that potentially lead to
a catastrophic pandemic. Increased viral transmission may enhance the opportunity for SARS-CoV-2 mutations to
become new variant.113 As a result, in the current global COVID 19 pandemic, safe and effective vaccines against
circulating variants are the only way to halt the COVID 19 pandemic and also the most cost-effective solution to reduce
its worldwide burden.114 The global average COVID 19 vaccination coverage was, however, reported to be low (about
42%), thus accelerating the transmissibility of SARS-CoV-2, including Omicron, and promoting the evolution of novel
variants.15,19 This highlights that full immunization of the global population with the COVID 19 vaccine to attain herd
immunity may be the solution, even to avert the lurking threat of the evolving new and more dangerous SARS-CoV-2
variants. For SARS-CoV-2, the threshold level for herd immunity ranges between 60% and 83%.115

There is a new notion proposing that a combination of infection and vaccination could generate high neutralization
capacity, preserving reasonable effectiveness against Omicron.73 Thus, universal COVID 19 vaccination should also
involve those who have previously been infected with SARS-CoV-2, as subsequent vaccination of previously infected
individuals has been reported to retain relatively high neutralization titers to protect against Omicron.73 This is also
supported by other studies indicating that individuals who had been previously infected with SARS-CoV-2 (or con-
valescent individuals) and subsequently received mRNA vaccines showed substantial neutralizing antibody titers against
Omicron.53,82,116 Individuals who have been previously infected and vaccinated with Pfizer BNT162b2 were estimated to
have 73% protection against Omicron infection, while those who had never been infected were reported to retain only
about 35% protection.73 Despite the necessity for universal COVID l9 vaccination, public hesitation about the vaccine’s
efficacy is a major global health challenge.113 This public apprehension can be alleviated by raising public awareness and
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trust in COVID 19 vaccinations, and thereby enhancing herd immunity, which in turn, ultimately controls SARS-CoV-2
spread, such as Omicron variants.

In light of several reports demonstrating that the booster dose of COVID 19 vaccines after primary immunization
enhances immune protection against Omicron, we suggest that adding a booster dose could be a helpful vaccination
strategy as a control measure for omicron infection and transmission. Furthermore, as reported by many studies, the
current COVID-19 vaccines are found to be poorly effective against Omicron and develop less immunity than other
VOCs.44,58,71 This observation will provide further understanding that developing vaccines specific to omicron using
mutated S protein could be another option, though it is unlikely to provide protection against prior strains. Thus, there is
a need to develop vaccines that will be efficacious against the newly emerged globally circulating worldwide mutants.113

On the other hand, switching from the existing monovalent vaccine strategy to multivalent vaccine formulations,
primarily to cover both the previous variants and Omicron, could potentially be an alternative to halt the progress of
COVID 19.44,113 Overall, much effort should be made to develop effective vaccines against SARS-CoV-2 variants using
strategies such as DNA-based vaccines, RNA-based vaccines, non-replicating viral vectors, replicating viral vectors,
inactivated vaccines, live-attenuated vaccines, and protein subunits in order to tackle the current wave of COVID 19
pandemic and prevent another wave of the pandemic in the future.117 Thus, more clinical studies are required to find the
most successful vaccine that reduce COVID- 19 case surging while also combating the emergence of new variants.

Conclusion
In summary, the newly emerged Omicron SARS-CoV-2 variant possesses the most mutations of all the variants that have
been discovered so far during the COVID 19 pandemic. Owing to the heavily mutated S protein, Omicron is highly
scrutinized to be linked with immune escape, increased transmissibility and risk of reinfection, diagnostic or therapeutic
escape, albeit with a milder disease nature. This variant substantially dodges immune responses, including infection-
blocking antibodies and cell mediated immune responses elicited by prior infection or vaccination. Omicron has also
been reported to have an extremely high-rate of dissemination in the community, and is believed to be far more infectious
than prior VOCs, with a higher risk of reinfection due to its high potential for immunological evasion. Besides, this novel
variant poses detection uncertainty in diagnostic laboratories. The current PCR testing may not detect Omicron variants,
particularly the BA.2 sublineage missing SGTF feature, necessitating the development of new diagnostics. As a result,
Omicron is now the VOC, prompting grave public worries even worse than the previously reported variants, and it will
become the dominant strain worldwide.

Modern preventive public health measures as well as vaccination strategies are needed to battle current pandemics or
prevent the occurrence of future pandemics. The existing COVID 19 preventive measures need to be maintained to
prevent the spread of the Omicron variant. In addition, new vaccination strategies, such as universal vaccination
(extensive and fair) of the global population as well as booster vaccines, multivalent vaccines, or variant-specific vaccine
development, should be considered to treat Omicron and other emerging VOCs. These may be also the solutions to avert
the future threat of the evolving SARS-CoV-2 variants.
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