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Abstract

ince the first coronavirus disease-19 (COVID-19) outbreak, variants of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) have continued to dominate the global population. The repeated waves of

emerging variants, each replacing the previous one with a greater rate of transmissibility and mutations,
are the primary cause of the global pandemic. Public health concerns dramatically rose when a highly mutated
variant, omicron (B.1.1.529) emerged in late 2021. Omicron has more than 50 mutations, and over 30 mutations
are in their spike protein that contributes to the virologic characteristics of the variant. Omicron is more
contagious than previously reported SARS-CoV-2 strains and can re-infect people who have already contracted
other SARS-CoV-2 infections. The variant has acquired a unique immune escape mechanism against
monoclonal antibodies and vaccines. Currently, there are no specific therapeutic drugs or vaccines available to
prevent omicron infection and sub lineages emergence. The review was designed to search the recent research
or literature papers and compile the most pertinent data on the virologic characteristics of the variant of
concern. The study reviewed and discussed the present prevalence, infectivity, dominance, immune evasion,
therapeutic options, vaccine efficacy, and the future prospect of the omicron variant. Omicron variant has
become a global public health concern due to the emergence of highly mutated sub lineages. Developing
variant-specific therapeutic drugs or vaccines is desirable to prevent the spread of these contagious variants
globally.
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Introduction

The coronavirus disease-19 (COVID-19) was initially
reported in December 2019 from China’s Wuhan City
and then spread across the world. Later on March 11,
2020, the Covid-19 pandemic was declared upon
reporting from many countries [1]. Since the Covid-19
pandemic, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) worldwide, has caused
millions of deaths and severe hospitalizations [2]. After
the influenza pandemic in 1918, Covid-19 has appeared
to be the leading world health crisis. Globally the SARS-
CoV-2 infections have created a significant challenge for
healthcare workers and researchers due to the
contagious nature and incessant mutation in the viral
genome since its emergence [3]. The repeated waves of
newly emerging SARS-CoV-2 variants, each of which
replaced the previous one with a greater rate of
transmissibility and mutations, were the major cause of
the global pandemic [4]. SARS-CoV-2 is mostly
transmitted through close contact with the infected
persons, either symptomatic, asymptomatic, or pre-
symptomatic, having the virus in their respiratory
droplets [5]. The incubation period for SARS-CoV-2
ranges from 5 to 14 days. However, most patients
develop symptoms on the 11th days after infection [5].
The symptoms for the symptomatic patients include
fever, cough, sore throat, shortness of breath, loss of
taste, smell, nausea, myalgia, and malaise [6]. Similar
symptoms were also reported for the infection caused by
emerging variants [5].

In late 2020, the World Health Organization (WHO)
identified the various variant of SARS-CoV-2 including
Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta
(B.1.617.2) [4]. In November 2021, a highly transmissible
and mutated variant of omicron (B1.1.529) emerged in
Botswana, and South Africa and abruptly spread across
the world [7]. In contrast to the other variants, omicron
has more than 50 mutations, including over 30 in their
spike protein, many of which are present in the
receptor-binding domain (RBD), that help in substantial
immune escape [8]. Among the RBD mutations, the
N501Y and Q498R have a higher receptor binding
affinity for the angiotensin-converting enzyme (ACE-2),
which makes the variant more transmissible and
contagious [9]. A preliminary shred of evidence in
clinical studies has documented that the higher
transmissibility and immune evasion mechanism in the
omicron variant could lead to severe consequences [10,
11]. Studies showed that the omicron variant escapes
from humoral immunity elicited by either infection or
vaccination [4]. According to Chinese scientists, the
omicron variant in vitrostudies have an immune
evasion mechanism from mutations at N440K, T478K,
and N501Y amino acid residues [12]. Omicron was
classified as a variant of concern (VOC) due to its higher

rate of infectivity, which is more than ten times higher
than the original SARS-CoV-2 and two times than the
Delta variant [13, 14]. Extensive research has been done
to observe the transmission mechanisms of these
variants, reinfection, presenting symptoms, immune
evasion, and disease severity [15, 16, 17]. It is terrifying
that cases of omicron infection are on the rise globally
and possibly the disease may cause a tremendous burden
on the fragile healthcare system that has already been
harmed by the SARS-CoV-2 pandemic [18, 19]. The
higher number of mutations in the omicron variant has
raised overwhelming concerns within medical and
scientific communities [20]. Therefore, the purpose of
this review was to summarize the pathogenicity,
transmissibility, and therapeutic options along with
vaccine efficacy against the contagious SARS-CoV-2
omicron variant. We also discussed the disease’s
prevalence, preventive measures, and prospects.

Methods

Literature Search and Selection Criteria

The most current publications and data reports on
variants of concern (VOC) were included in the study.
The related research articles were collected from the
worldwide COVID-19 data tracker websites, Webs of
Google, Google Scholar, PubMed, Preprint, World
Health Organization (WHO), Center for Disease Control
and Prevention (CDC), and National Center for
Biotechnology Information (NCBI) Databases. We used
the keywords of omicron variant, vaccine efficacy
against VOC, therapeutic option, COVID-19, and SARS-
CoV-2. In all, 602 papers were accessed; however, 62
were disregarded because of duplication. The remaining
papers' titles and abstracts were analysed by the
authors, among them, 320 and 148 papers were excluded
respectively because of irrelevance and published before
2019. The remaining 72 most recent and relevant papers
were included in the study. We also accessed multiple
data tracker websites such as worldometer, statistica,
update of COVID, etc., and the most cited data sites
globally were included in the study shown in Figure 1.

Discussion

Causes of Viral Mutations

Among the RNA viruses that undergo rapid mutations,
SARS-CoV-2 and influenza have been reported as the
most mutated viruses [9]. During a pandemic-like
situation, viruses continuously replicates and spreads to
the environment, which causes an excessive rate of viral
transmissions [21]. Thus, any error during the
replication process can lead to mutations affecting the
characteristics of the virus in virulence, transmission,
and immune escape [22]. SARS-CoV-2 has the highest
number of replications, with over one billion copies in
an infected individual. Hence, it has more chances of
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genomic mutations [23]. Viral mutation can occur either
by antigenic drift or shift. In the antigenic drift
mechanism, genes undergo arbitrary copying errors that
lead to alteration in virus surface proteins and antigens.
In contrast, in the antigenic shift, two different but
related virus strains simultaneously affect one cell.
During the re-assortment of the viral genome, segments
combine and produce a new variant [24]. The entry
mechanism of omicron into the host cell is through the
endocytic pathway, whereas the Delta variant uses the
transmembrane serine protease 2 (TMPRS22) [25].
TMPRS22 is strongly expressed in alveolar lung cells,
and omicron may not depend on this route for
reproduction, which might result in minor or
nonexistent lung involvement after exposure [26]. The
differences in host cell infectivity mechanisms may have
contributed to the SARS-CoV-2 variant's disease
presentation. The formation of syncytia (cell fusion) was
more in Delta infection than omicron variant; therefore,
Delta variant had a severity in the clinical manifestation
and tissue tropism [27].
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Figure 1: Systematic literature review flowchart.
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Figure 2: Schematic representation of Omicron variant of SARS-
CoV-2 spike gene domain with amino acid mutations.

SARS-COV-2 Variants Classification

Since 2020, the World Health Organization (WHO) has
classified distinct variants of SARS-CoV-2 into the
variants of interest (VOI) and the VOC. Currently, the
VOI includes the Lambda C.37 and Mu B.1.621 variants,
while the VOC includes the Alpha B.1.1.17, Beta B.1.351,
Gamma P.1, Delta B.1.617.2, and omicron B.1.1.529
variants [28]. Among them, the VOC pathogenicity is
more severe with a higher rate of infectivity, antibody
escape, and failure or insufficient response to treatment
[29].

The Omicron (B.1.1.529) Variant

Omicron as VOC has been classified into two major
clades and lineages, the Nextstrain clades and Pango
lineages. These lineages of omicron have rapidly split up
further into sub-variant lineages. In the Nextstrain
clade, the subclades of omicron are 21K, 21L, 21M, 22A,
22B, 22C, and 22D. The Pango lineage includes sub-
lineages of BA.1.1, BA.2, BA.2.12.1, BA.4, BA.5, BA.2.75,
BJ.1, BA.4.6, XBB, and BA.2.3.20 [30, 31]. The omicron
variant is of broad concern to the world today because of
the multiple mutations in the viral genome [32]. Many
of these mutations are within the RBD. These mutations
have a significant impact on escaping from host cell
receptors and antibody evasion against SARS-CoV-2
[33]. Omicron spike protein secures a maximum of 36-
point mutations, three deletions, and one insertion
mutation compared to the initial SARS-CoV-2 spike
proteins shown in Figure 2 [34]. Among these mutations,
15 mutations are in the RBD, including 10 of them in the
receptor-binding motif [34]. The mutations in the
receptor-binding motif directly interact with most
monoclonal antibodies (mAbs) and human ACE-2 [35,
36]. In contrast, dominant Delta variant has seven
mutations in the spike protein and only two mutations
in the RBD. Therefore, the omicron variant might
significantly affect the binding affinity to ACE-2 and the
efficacy of mAbs [37]. Because the interaction of the
SARS-CoV-2 spike protein with ACE-2 receptor is
directly related to the host infectivity [38].

In comparison to the native SARS-CoV-2, the omicron
spike protein contains tens of mutations, including all
those observed in other major variants [39]. The N-
terminal domain of the spike protein is a target site for
the therapeutic monoclonal neutralizing antibodies.
Any deletions in the N-terminal domain can make the
variant more resistant to antibody interaction [39]. The
omicron variant currently experiences six deletions in
the N-terminal domain, such as 69, 70, 143, 144, 145,
and 211 [40]. Deletion 211 is unique to omicron, while
the rest are found in other major variants. The
mutations in the N-terminal domain are A67V, T95I,
and G142D. Insertion is present at the position of 214,
which includes three amino acids in the viral genome
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[40]. The RBD of spike proteins has direct contact with
the host ACE-2 receptor and represents a key role in
virus transmissibility [41]. There are four mutations in
the RBD: E484A, N501Y, S477N, and K417N [42]. In
addition, omicron shares several mutations with other
variants, specifically on the furin cleavage region,
including H655Y, T547K, P681H, and N679K. The
mutations D796Y, L981F, N764K, N856K, N969K, and
Q954H are within the S2 subunit [40]. The omicron
variant has a significant evolution advantage with a
sophisticated level of secondary attack and an increased
reproduction rate compared to the Delta variant [43].
Wang and Cheng reported that the sequence analysis of
the Omicron variant has two sub-clades and suggested
that it is from the 20B clade of SARS-CoV-2 instead of
the delta variant [27]. Phylogenetic analysis revealed
that omicron is interrelated to the gamma variant via the
multiple sequence alignment program on signature
mutations [44]. The mutated omicron variants have
upraised public health concerns worldwide [45].

Infectivity Value (R’) and Effective Reproduction
number (Re) of Omicron Variant

R’ (R naught) represents an epidemiological term that
shows the contagiousness of an infectious disease by
measuring the number of replications. The value is
derived from the infectivity period of infection with the
mode of transmission, the type of contact, and the state
of herd immunity [46]. The R” of the original COVID-19
was between 2.4 to 2.6, and for the Alpha strain, it was 4
to 5 [47]. It was 5 to 8 for the Delta variant, in contrast,
the R” of omicron was reported up to 10 by the experts
in the London School of Hygiene and Tropical Medicine
[30, 31]. This was further supported by Burki as well [48].
These data shows that the omicron variant (B.1.1.529) is
more contagious than all SARS-CoV-2 variants, as well
as smallpox, which had an R’ of 4 to 6. However, the R’
of omicron is lower than that of measles, frequently
cited as 12 to 18 [49, 50]. Omicron's effective
reproduction number (Re) is higher than other SARS-
CoV-2 variants [51]. The reports in the early days of the
outbreak suggested that the omicron Re was ranged
from 1.5 to 3. The omicron Re is recently reported to be
lower than 1; however, the latest estimates should not
be taken for granted because several factors might have
contribution to it, and shreds of evidence suggest that
omicron has greater potential to re-emerge and cause
infections [52].

Prevalence of COVID-19 Omicron Variant

On March 6, 2022, a worldwide report revealed over 433
million confirmed cases of the omicron variant,
including over 5.9 million deaths. The Western Pacific
Region had a progressive increase of 46% in morbidity at
the regional level, while the other areas experienced a
minor decline [53]. The weekly fatalities rate increased

in the Western Pacific and Eastern Mediterranean areas,
while a drop was reported from the continents, such as
Africa at 39%, Europe at 15%, the United States of
America at 9%, and South-East Asia at 3%, respectively
[53]- As of October 5, 2022, the worldwide COVID-19
prevalence has surpassed 624 million cases, with a
higher rate in the United States, India, France, Brazil,
and Germany, with over 30 million cases, respectively
[54]- The data further showed that until now, Pakistan
had reported over 1.5 million confirmed cases, including
32 thousand deaths. On January 27, 2022, 68,624 people
tested with 8,183 positive and 30 death cases for COVID-
19, which was the most significant prevalence in
Pakistan [55].

Diagnostic Test for Omicron Variant

The Reverse Transcription Polymerase Chain Reaction
(RT-PCR) is one of the standard tests for detecting
COVID-19 variants [56]. The effectiveness of the rapid
antigen detection tests (RADTSs) has been reported even
at a lower dilution to detect the omicron variant [56].
Omicron may be screened using RT-PCR-based S-gene
target failure (SGTF) tests that cannot detect the S-gene
with deletions of 69 and 70 amino acid residues. RT-PCR
single nucleotide polymorphism assay can also be
utilized to detect VOC, including omicron [57]. The
United States Food and Drug Authority (FDA) has listed
the identified molecular tests which might be impacted
by the omicron variant [58]. Real-time RT-PCR is
currently the widely used test that can easily detect the
omicron variant, while in this regard, the RADTs may
require additional studies [57].

Comparison of Omicron with Other Variants

Recent studies showed that omicron's severity was
lesser than other variants in post-hospitalization and
disease symptoms. The current risk for omicron
hospitalization ranges from 40% to 80%, which is lesser
than that for Delta variant [58]. In fully vaccinated
people, omicron is possibly not causing severe
infections, specifically in those who have received
booster doses [59]. Most reported cases were of mild
illness or even clinically asymptomatic. The Hong Kong
University researchers revealed from their ex-vivo
culture studies that the omicron replication rate is 70
times faster in a human bronchus. In contrast, the Delta
variant is ten times slower in human lung tissue. In
infected patients, it might represent the reason for
omicron’s lower disease severity [60, 61]. Omicron
exhibits mild clinical characteristics in cases of
reinfection; the risk of hospitalization was 29% lower in
the omicron-infected individuals’ than those of the early
strain’s infections, as stated by a South African private
health insurer department in Johannesburg on the 4th of
December [62].
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Therapeutic Options

Currently, there are no effective antiviral drugs are
available, although many compounds have shown
effectiveness against SARS-CoV-2 [63]. The FDA has
issued some of them as emergency use authorization for
the treatment of COVID-19. The antiviral drug Paxlovid
with the combination of nirmatrelvir and ritonavir, are
approved for oral therapy to inhibit viral protein [64].
Paxlovid is recommended by the National Institutes of
Health (NIH) as the first-line therapy for mild-to-
moderate COVID-19 patients of 12 years age and older
at high risk of the disease [65]. Molnupiravir is a
nucleoside analogue that has been given emergency use
authorization for high-risk people older than 65 years of
age [64].

Similarly, Remdesivir is a second-choice drug for non-
hospitalized high-risk COVID-19 patients at least 12
years of age [66]. The effectiveness of drugs against the
omicron variant is currently being investigated, and the
efficacy of bioequivalent monoclonal antibodies against
omicron has not been thoroughly investigated. Some
reports show the effectiveness of Sotrovimab,
neutralizing antibodies against omicron [67]. The effect
of currently available monoclonal neutralizing
antibodies, such as Sotrovimab, Etesevimab, and
Bamlanivimab needs to be assessed thoroughly. There
are currently no clinical or laboratory data on the
efficacy of remdesivir and other more recent oral
antivirals against omicron [68]. The non-structural
proteins of the virus may serve as a therapeutic target
for future drug discoveries [69].

Vaccine Efficacy to Omicron Variant

Omicron has more spike mutations than the original
SARS-CoV-2 strain. Therefore, the vaccines designed
against the other variants might be compromised
because omicron has a vast ability to evade neutralizing
antibodies, and the vaccine's effectiveness [69]. The
mRNA vaccines such as Moderna and mRNA-1273
encode the entire spike protein of the SARS-CoV-2
strain. Hence, the neutralization titer of antibodies
against the omicron variant was reported 35 times lower
than those against the original SARS-CoV-2 strain
following two doses of the vaccine mRNA-1273.
However, neutralization titers against omicron were 20
times greater after the third dose of the mRNA-1273
vaccination [70]. The mRNA-1273, mRNA-1273.211, and
mRNA-1273.213 booster doses all at 100pg, produced
nearly identical neutralizing titers against the omicron
variant with 2.5 to 2.6 times higher than of 50pug booster
dose [71]. The sub lineages BA.2.12.1, BA.4, and BA.5
have shown stronger antibody neutralization than BA.2
against both the plasma from three-dose vaccinations
and infections following vaccination. Because of this, it
was suggested that an omicron BA.1-based vaccination

would not be the best antigen to produce broad-
spectrum protection against new omicron sub
lineages[71, 72].

People who received two doses of an inactivated
vaccine cannot counter omicron transmission by
producing immune molecules [73]. Laboratory evidence
suggests that the most widely used COVID-19 vaccines
globally have limited or no response to the rapidly
spreading omicron variant infection. Individuals
receiving inactivated vaccines with a third dose produce
a moderate level of neutralizing antibodies that provide
potent protection against viral infection [73]. Although,
the booster dose of mRNA and purified protein-based
vaccines seem to retain better protection against
omicron infection [72]. A nationwide cohort study from
Denmark on vaccine effectiveness estimated for Pfizer
BioNTech-Comirnaty and Moderna, mRNA-1273 with
55% and 37% respectively against the omicron variant
infection [73].

At all post-vaccination intervals and for all
combinations of primary courses and booster doses
examined, the omicron variant vaccine efficacy was
lower than that of the Delta variant [72, 73]. Similarly,
the study on vaccines effectiveness in England-based
204036 symptomatic omicron cases resulted from those
individuals who received two doses of Pfizer BioNTech-
Comirnaty vaccine, the effectiveness of the first dose
was 63% which retained two to four weeks, whereas
effectiveness dropped to 10% after 25 weeks of the
second dose. For individuals who had received two doses
of mRNA-1273, the vaccine effectiveness was 68%
retaining for two to four weeks and dropped to 7% after
25 weeks of the second dose [74]. The efficacy of the
AstraZeneca-Vaxzervria vaccine among those who
received two doses exhibited no preventive effect after
20 weeks in the symptomatic infection of omicron.
However, individuals who received AstraZeneca-
Vaxzervria as the primary course and Pfizer BioNTech-
Comirnaty vaccine as a booster dose recorded 64%
efficacy and 69% in those who had Pfizer BioNTech-
Comirnaty as the primary course [74]. Uncertainty exists
over the effectiveness of the available vaccinations in
protection against the omicron sub lineages. The
currently available data indicated that the BA.2.12.1,
BA.4, and BA.5 subvariants evade neutralizing
antibodies to a large amount, produced by both infection
and immunization [69].

Medicinal Compounds used as Inhibitors Against
Omicron Variant

The omicron variant poses a substantial health threat
globally because of the less therapeutic efficacy of
universal vaccines [75]. The omicron variant's RBD has
the maximum number of mutations, which increases the
likelihood of reinfections [76]. The disease condition has
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become more difficult due to the emergence of omicron
variant sub lineages, necessitating the urgent discovery
of some effective therapies [77]. Hakami et al, have
discovered four novel and effective pharmacological
compounds from sources of medicinal plants [78]. By
concentrating on the RBD of the spike protein from
SARS-CoV-2 and docking them against the omicron
variant, they discovered the antiviral properties of plant
compounds [79]. Similarly, the efficacy of L-theanine
derivatives from the tea plant against the SARS-CoV-2
variants, including omicron, was reported. According to
the study, the compound suppresses the major protease
of SARS-CoV-2 and ACE2 activities [80]. Naturally
occurring compounds from various plant extracts
showed an inhibitory effect against the non-structural
proteins (nsp7, nsp8) of the omicron variant [81].
Studies are being conducted to fully investigate the
exact mechanisms and inhibitory effect of different
natural compounds against the emerging SARS-Cov-2
Variants [82].

Prevention of New Variants from Emergence
SARS-CoV-2 transmission prevention is compulsory to
prevent the new variants. Preventive measures should
be followed to prevent the emergence of new variants,
including social distancing, hand washing with
sanitizers, face masks or shields, and avoiding crowded
places. The emergence of new variants is incredibly low,
reducing viral transmissibility [79]. To avail herd
immunity, the availability of SARS-CoV-2 vaccines is
crucial worldwide [40]. To assess the increase of
prevalence in communities, methods such as molecular
surveillance, whole-genome sequencing, and spike
dropout evaluation are extremely useful in concocting
healthcare systems to manipulate recent cases well
ahead of time [83].

Conclusion

The omicron variant is distinguished due to many
mutations in its spike protein which contribute to its
high transmission rate, pathogenicity, and reinfection.
Currently, no therapeutic drugs or vaccines are available
against the SARS-CoV-2 omicron variant. The quick
replication and higher transmission rate with emerging
omicron sublineages worldwide have raised public
health concerns. The decline in viral transmissibility is
crucial to contain and prevent the emergence of new
variants. In particular, the development of novel
therapeutics and variant-specific vaccines may be
helpful in preventing the spread of omicron variants.
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