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a b s t r a c t

Newly emerging variants of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are con
tinuously posing high global public health concerns and panic resulting in waves of coronavirus disease 
2019 (COVID-19) pandemic. Depending on the extent of genomic variations, mutations and adaptation, few 
of the variants gain the ability to spread quickly across many countries, acquire higher virulency and ability 
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to cause severe disease, morbidity and mortality. These variants have been implicated in lessening the 
efficacy of the current COVID-19 vaccines and immunotherapies resulting in break-through viral infections 
in vaccinated individuals and recovered patients. Altogether, these could hinder the protective herd im
munity to be achieved through the ongoing progressive COVID-19 vaccination. Currently, the only variant of 
interest of SARS-CoV-2 is Omicron that was first identified in South Africa. In this review, we present the 
overview on the emerging SARS-CoV-2 variants with a special focus on the Omicron variant, its lineages and 
hybrid variants. We discuss the hypotheses of the origin, genetic change and underlying molecular me
chanism behind higher transmissibility and immune escape of Omicron variant. Major concerns related to 
Omicron including the efficacy of the current available immunotherapeutics and vaccines, transmissibility, 
disease severity, and mortality are discussed. In the last part, challenges and strategies to counter Omicron 
variant, its lineages and hybrid variants amid the ongoing COVID-19 pandemic are presented.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li
censes/by-nc-nd/4.0/).
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1. Introduction

The pandemic of coronavirus disease 2019 (COVID-19), caused by 
the novel severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2), has resulted in over 617 million cases and over 6.5 million 
deaths globally as of October 9, 2022 [1] with significant persistent 
symptoms [2,3]. Ongoing wave along with previous waves have 
posed significant health concerns and socio-economic threats to the 
world, the worst scenario ever after the 1918 Spanish Flu pandemic 
[1,4–7]. COVID-19 closely resembles earlier cases of the severe acute 
respiratory syndrome (SARS) (2002) and Middle East respiratory 
syndrome (MERS) (2012); however, SARS-CoV-2 gained higher 
transmissibility and greater disease severity, affecting multiple or
gans along with additional public health threats imposed by various 
new developing SARS-CoV-2 variants and mutants [8–14].

Face masks, hand hygiene, appropriate sanitation, contact tracing 
as well as lock downs with quick confirmatory diagnosis and 
strengthening of medical facilities altogether have aided in re
stricting the rapid spread of SARS-CoV-2 to some extent. However, 
the virus could not be controlled yet despite active vaccination drive 
is being in progress worldwide for rendering protection and devel
oping herd immunity to prevent the spread of infection. This is 
mainly owing to the emerging new variants and mutants of SARS- 
CoV-2 from time to time resulting multiple waves as well as posing 
current huge influx in COVID-19 cases as the fourth wave that 
mainly due to the recently emerging Omicron variant 
[1,4,5,12,15–20]. Several antiviral drugs and therapies have been 
proposed for use in emergency settings to improve the clinical of 
COVID-19 and to reduce mortality. However, any effective choice of 
drugs and medicines is still awaited, and for this purpose, various 
research and clinical trials are on the way to find out a solution for 

this pandemic virus which is threatening the live of millions of 
people globally [19,21–26].

Vaccination against several pathogens has saved live of millions 
of people in the past decades and centuries. High research efforts 
have paved the ways to the development of currently available 
COVID-19 vaccines, though with varied efficacy and potency to 
provide 65–95% protection levels in vaccinated people to counter 
COVID-19, while several other vaccines are under development and 
in clinical trials [27–29]. The massive vaccination drive globally is 
one of best options in the current scenario of the ongoing pandemic 
to achieve herd immunity against SARS-CoV-2 infection. The barriers 
to achieve the herd immunity need to be addressed appropriately, 
including tackling the emerging SARS-CoV-2 variants such as Omi
cron that causes vaccine break-through infection in COVID-19 vac
cinated and recovered individuals [1,11,15–20,30–36].

This article provides an overview on the emerging Omicron 
variant (its lineages and hybrid/recombinant variants) including the 
possible origin, mutations and molecular mechanism behind phe
notypic changes and immune evasion. We also discuss the impacts 
of immunotherapeutic, vaccine efficacy, transmissibility, disease 
severity, and mortality. In addition, we highlight strategies to 
counter and halt the spread of these variants in the midst of the 
ongoing COVID-19 pandemic.

2. Emerging SARS-CoV-2 variants

Emerging variants and mutants of SARS-CoV-2 owe to their 
evolution and adaptation in the host, environmental factors, 
genomic mutations involving gene insertions or deletions, amino 
acid modifications, and recombination events at the virus genomic 
level. A few of these variants have the ability to spread quickly to 
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many countries across the globe leading to the emergence of mul
tiple waves of COVID-19 pandemic [5,9,14,19,37]. Depending on the 
extent of genomic variations and adaptation, these could cause more 
severe disease severity and higher mortality due to higher virulency. 
Moreover, these could also limit the efficacy of the presently ac
cessible COVID-19 vaccines and immunotherapies. As the results, 
breakthrough SARS-CoV-2 infections in both vaccinated and re
covered patients, re-infection, and impeding the protective herd 
immunity might occur [12,19,33,38–46].

The emerging SARS-CoV-2 variants are classified into four cate
gories: variants of concern (VOC), variants of interest (VOI), variants 
being monitoring (VBM), and variant of high consequence (VOHC). 
This classification is based on their transmissibility, virulency, and 
ability to cause severe disease. Consequently, these categories could 
also impact the diagnostics and efficacy of vaccines and im
munotherapies [20,45]. New SARS-CoV-2 variants have shown their 
higher visibility during the pandemic’s second and third waves, 
giving rise to a rapid increase of COVID-19 cases in many countries 
[19,20,40,46,47]. Classification of SARS-CoV-2 variants is changing 
overtime. Previously, SARS-CoV-2 VOCs include Alpha (B.1.1.7), Beta 
(B.1.351), Gamma (P.1), Delta (B.1.617.2), and Omicron (B.1.1.529); VOI 
include Lambda (C.37) and Mu (B.1.621); and VBM including AZ.5, 
C.1.2, B.1.617.1*, B.1.526*, B.1.525*, and B.1.630, B.1.640 [48]. As of 
October 9, 2022, the only VOC is Omicron [49].

3. Origin of Omicron variant and its lineages: possible theories

Omicron was the fifth VOC of SARS-CoV-2 and as is the only VOC. 
This variant has recently posed high global public health threats, the 
most mutated, highly transmissible, and is comparatively resistant 
to prevailing immunotherapeutics or vaccines [19,38,50–52]. The 
emergence of Omicron (B.1.1.529) variant of SARS-CoV-2 was re
ported to the WHO in November 2021 and termed as Omicron by 
WHO [53]. Apart from B.1.1.529, there are other lineages of the 
Omicron variant: BA.1, BA.1.1, BA.2, BA.3, BA.4 and BA.5 lineages 
[49,54]. Omicron was initially detected in samples collected from 
Botswana and several areas of South Africa, particularly Gauteng 
province, in the early and mid-November 2021, respectively [55,56]. 
It has been speculated that the emergence of the Omicron variant in 
western Europe occurred prior to its first report by South African 
scientists [57]. In the USA, the Omicron was confirmed in California 
on December 1, 2021 [58]. It soon became a global concern as nearly 
150 countries, including the USA, UK, Australia, France, Germany, 
Denmark, Japan, Netherlands, India, and other countries are facing a 
surge in Omicron cases [59–62].

Few theories have been hypothesized with regards to the origin 
and evolution of the Omicron variant [63–66]. It has been suggested 
that the rapid spread of the Omicron variant among South Africans is 
due to the high presence of the nation’s immunodeficient popula
tions [60]. Immunodeficient people, including the ones with HIV/ 
AIDS, might suffer from prolonged non-lethal COVID-19 infection 
[60,67], and therefore likely to serve as a suitable host with persis
tent COVID-19. This is in line with the notion that the rise of a new 
SARS-CoV-2 variant with multimutational signatures can occur in 
patients with persistent COVID-19 [68–71]. Nevertheless, while this 
is plausible, the role of immunodeficient patients in the emergence 
of the Omicron variant remains difficult to be concluded due to the 
lack of experimental and clinical evidence. In addition, Omicron 
variant might have evolved in areas with poor healthcare systems 
and a low vaccination rate [55]. The African countries with low 
COVID-19 vaccination coverage may be a favorable environment for 
the emergence of Omicron variant [72–74].

Inter-species evolution is also has been suggested as possible 
mechanism of Omicron variant emergence. SARS-CoV-2 spillover 

event to animals might have given rise to the origin of Omicron. One 
of the theories supporting this fact is infections (epizootic) con
tracted by animals from humans where there is reintroduction of the 
virus to humans after its mutation under several immune pressures 
[19]. The virus could have jumped from humans to mice, gathered 
mutations facilitating infection of mice, thereafter reinfection oc
curred to a human host, suggesting an inter-species evolution 
(human-mice-human) as analyzed with the presence of mouse- 
adapted mutation sites and adaptation to mouse [63–66].

As Omicron is not a direct descendent of Delta variant or earlier 
variants and has genomic differences with SARS-CoV-2, it may have 
diverged at initial phases from other strains [75,76]. Metric and ul
trametric methods revealed that the Omicron variant is distant from 
other SARS-CoV-2 variants and has formed a separate monophyletic 
clade. Despite multiple of sequencing have been done, researchers 
have missed mutations that led to the emergence of Omicron [77]. 
The possibility of recombination mechanism as the origin of the 
Omicron variant also have been proposed recently. A study has re
ported that the Omicron variant might be resulted from the re
combination of B.35 lineage (SARS‐CoV‐2/human/IRN/Ir‐3/2019) and 
SARS‐CoV‐2 parent strain (SARS‐CoV‐2/human/USA/COR‐21–434196/ 
2021) [78]. Other view is that it may have evolved from chronically 
affected COVID-19 patient [75,76].

4. Genetic mutations of Omicron variant

Sequencing analysis revealed that the Omicron variant harbors a 
large number of mutations, about 50 mutations, in comparison to 
the SARS-CoV-2 originally isolated from Wuhan, in which several of 
them are uncommon or novel [52,59]. More than half of the muta
tions were found in the sequence encoding for S protein [52], a 
primary antigenic target of antibodies produced by adaptive im
mune B cells during infection or in response to vaccination. Of all 
mutations in the S protein, 15 are in RBD, expressing concern that 
the host antibodies might not work efficiently to detect and bind the 
S protein of this new variant, thus leading to the host's failure to 
mount proper immune responses. Deletion in the S protein of 
(Δ69–70) in the Omicron variant is being explored as a diagnostic 
marker as TaqPath PCR test results negative for the S gene in Omi
cron and positive in other SARS-CoV-2 variants [79,80]. Mutations 
have also been observed in the genomic regions that encode ORF1ab 
(nsp3–6, nsp12, and nsp14), envelope protein, membrane protein, 
and nucleocapsid protein of the Omicron variant.

Mutation of Q498R, S477N, and N501Y in Omicron are associated 
with increased ACE2 receptor binding and improve viral infection 
rates in the host cells [81]. K417N mutation can moderately increase 
RBD promoter activity and resistance to neutralizing mAbs [46]. An 
investigation has been conducted to determine the strength of 
binding of Omicron with ACE2 receptor found that the binding be
tween ACE2 and the RBD of Omicron is 2.5 times stronger than with 
prototype SARS-CoV-2 [51]. It is interesting to note that there is 
suppression of the Omicron by antibodies that target ACE2 [82].

Substitutions of Ser446, Arg417, Arg493 and Arg498 in RBD of 
Omicron variant are responsible for interactions with ACE2 and this 
reduces the interactions with complementarity-determining regions 
(CDRs) (1−3) in the monoclonal antibodies [83]. Fusogenicity of 
Omicron less compared to Delta making Omicron having less pa
thogenicity than Delta due to rearrangement (geometric) of the S1- 
S2 cleavage location [84]. Omicron adopts cathepsin-dependent 
(E64d-sensitive) entry path unlike Delta variant that uses TMPRSS- 
like proteases-dependent (Camostat-sensitive) entry pathway hence 
difference in tissue tropism and probably treatment targets [85]. 
Reduced fusogenicity may contribute to its weakness [85]. Omicron 
S protein has a tempered proinflammatory effect [85].
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5. Impacts on immune responses and immunotherapeutics

Mutations, including novel insertions and deletions, may decrease 
the vaccine's efficacy and antibody neutralization against Omicron as 
the antibodies may lack specificity to mutated S protein or may be 
unable to recognize the mutated conformation [50,59,86]. Omicron 
has several mutations in (or near) RBD, NTD, RBM, S2 domains and 
furin cleavage site, which may affect antibody binding and ACE2 
binding [87,88]. More specifically, on the RBD of Omicron, there are 
about 15 mutations [89]. Particularly, the RBD mutations are re
sponsible for improving the viral binding to the ACE2 receptor. As a 
result of such mutations, antibodies arising from the previous in
fection or vaccination might be unable to bind to the Omicron variant 
[90]. Importantly, numerous changes around the furin cleavage site 
have been observed surrounding the RBD at the extreme point of the 
S protein [76]. The large number of mutations is the main reason why 
the Omicron variant is more infectious and shows vaccine resistance 
as compared to other VOCs. Moreover, the Omicron interacts less 
efficiently with neutralizing convalescent mAb [91].

An animal study compared the effectiveness of mRNA vaccines 
synthesized from the wild-type strain and the variant-specific (BA.1 
and BA.2) in a lipid nanoparticle (LNP) [92]. The results demon
strated that the animals inoculated with the variant-specific vac
cines (BA.1 LNP-mRNA) showed a 2-fold increase in the 
concentration of nAbs compared to those animals that have received 
a WT vaccine. Moreover, both heterologous and homologous boos
ters with the WT vaccine was responsible for a significant waning of 
the nAbs against BA.1 and BA.2 variants. However, a booster dose 
with the variant-specific vaccine was responsible for a 3-fold in
crease in the nAbs against the newer variants. This study confirms 
the urgent need for improving the available vaccines to mitigate the 
current as well as the future variants of SARS-CoV-2.

6. Impacts on COVID-19 vaccine effectiveness

SARS-CoV-2 reinfection is common to occur [93]. The National 
Institute for Communicable Diseases (NICD) in South Africa has re
leased an early report that suggested the possibility of the Omicron 
variant reinfecting people who were previously contracted COVID-19 
[60] or even received COVID-19 vaccines [59]. This has raised a 
concern that humans’ immunological memory might not work 
properly against Omicron variant. This has significant impacts to the 
worldwide current effort to provide COVID-19 protection through 
vaccination. Studies to examine whether the Omicron variant could 
evade the host's innate and adaptive immune systems are urgently 
required. A previous study using an engineered SARS-CoV-2 variant 
with similar polymutational signatures on its S protein to the Omi
cron variant demonstrated a resistant viral phenotype to the neu
tralizing antibodies [94]. While antiviral protection of neutralizing 
antibodies against this newly identified variant is being studied [59], 
the protective role of innate immune cells and adaptive T cells re
mains to be explored. Another piece of data from a study is sug
gestive of the fact that the immune response mediated by T cells in 
persons infected previously and most likely in persons receiving 
vaccines should be effective against Omicron variant [95].

Initial study revealed low levels of neutralizing antibodies 
against the Omicron in convalescent or fully vaccinated people [96]. 
Only about 20% protection from a previous infection, around 70% 
protection from hospitalization after two doses of COVID-19 vaccine 
and 90% after three doses has been reported, indicating the rise of 
protection due to booster vaccine shots which may be due to re
storing and increasing the levels of neutralizing antibodies [70,96]. 
This may be a result of increasing the breadth of humoral immunity 
and cross-reactivity to variants [96]. Omicron is highly contagious 
and gives rise to vaccine breakthrough infections; however, the 

current mRNA booster is still protective against the severe COVID- 
19-related outcomes [97]. The COVID-19 vaccine booster dose may 
significantly enhance the protection against the Omicron variant 
[98]. Neutralizing response against Omicron is generated by ad
ministering a booster dose of the BNT162b2 vaccine, but the titers 
have been found to be much lower than that against Delta. This 
indicates that this variant escapes a greater extent of the antibodies 
elicited by vaccination as well as monoclonal antibodies (mAbs) 
administered therapeutically. But the antibodies generated by a 
booster dose of the vaccine can neutralize the Omicron variant [99]. 
Another study even found that there is an increase in serum neu
tralizing activity against the variant significantly by a booster im
munization with mRNA vaccine both in convalescent individuals as 
well as individuals vaccinated [100]. Their study reveals that there is 
a critical improvement in the humoral/antibody-mediated response 
against the virus by booster immunization. There are reports that 
following immunization (primary series) with double doses (pri
mary) of BNT162b2 or mRNA-1273 or single dose (primary) of Ad26. 
COV2, a reduction of immunity induced by these vaccines was ob
served. Thus another dose of vaccine is recommended additionally in 
immunocompromised (moderate to severe) individuals. A booster 
vaccine dose is also recommended for persons 12 years and above 
[101]. The prior SARS-CoV-2 infection-induced immunity offers no 
protection against Omicron; however, previously COVID-19 infected 
and recovered people with at least a dose of mRNA vaccine may be 
protected from Omicron [100]. It is also interesting to note that 
Omicron-specific cross-neutralizing activity may be induced in 
convalescent patients through immunization with double doses of 
mRNA vaccine [102]. The persons previously infected or vaccinated 
may also provide significant protection against Omicron infection 
[103–105]. Still, the country-wise used vaccine effectiveness against 
Omicron should be evaluated.

Omicron can be cross-recognized by immunological T cell 
memory upon vaccination [106]. Alone, inactivated-virus vaccines or 
mRNA-based vaccines have not been found effective [107,108]; thus 
application of different or multiple vaccines has been evaluated and 
produced considerable immunity against Omicron [108–111]. A 
study has evaluated the effect of a second booster shot on ChAd/ 
ChAd and ChAd/BNT vaccinated recipients [112]. The study found 
that the second booster enhanced the S protein-specific CD8+ and 
CD4+ T cells in both groups moderately. Moreover, after the second 
booster, the neutralizing antibody responses against Omicron stayed 
severely impaired. A current study found that two doses of 
BNT162b2 provided only partial protection against Omicron lineages 
(BA.1 and BA.2) while three doses had ≥ 70% protection against 
hospital and emergency department admissions [113]. Pfizer and 
BioNTech have started a vaccine trial in adults aged 18–55 year-old 
for the Omicron-based COVID-19 vaccine [114]. The fourth dose of 
the Omicron mRNA vaccine has been shown to be immunogenic, 
safe, and efficacious to prevent disease [115]. Initial humoral im
mune response and antibody titers specific to Omicron against the 
fourth dose showed no significant difference with peaks of the third 
dose [115].

Since countries having high COVID-19 vaccination rates and 
providing booster-dose associated with reduction of disease severity, 
hospitalization and death from Omicron variants [116], vaccination 
programs must be carried out widely and ramped up to counter such 
new emerging SARS-CoV-2 variants including Omicron [117]. Proper 
initiatives must be taken to obtain and distribute vaccines uniformly 
throughout the globe. Unless the entire global population is vacci
nated, there will be a growing concern about the emergence of new 
variants from low-income countries [118]. In addition, booster doses 
of vaccines can help in minimizing hospitalization due to Omicron. 
The limited protection by ChAdOx1 nCoV-19 or BNT162b2 vaccina
tion can be boosted by BNT162b2 or mRNA-1273 booster [119].
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7. Impacts on transmission, disease severity, and mortality

The changes in the basic amino acids of the S‐RBD are responsible 
for enhancing the transmissibility of the Omicron variant [120]. The 
mutations, particularly Q498R, S477N, and N501Y improve viral in
fection rates in the host cells [81]. Omicron was 3.3 times more 
transmissible than the Delta variant and had 4.2 times effective re
production number of the Delta variant [121].

Omicron is hyped to be milder than its predecessors SARS-CoV-2 
variants and frequently affects the upper respiratory tract [122,123]
with considerable clinical symptoms but with low mortality 
[60,104]. The prime predictor manifestations for this variant are the 
presence and absence of odynophagia and dysgeusia, respectively 
[124]. Omicron has been found to cause attenuated / milder disease 
in mice and hamsters as revealed by human clinical data [122]. In 
South Africa, the disease severity of Omicron was relatively low 
[125]. However, a Denmark-based study of 785 Omicron cases sug
gests that Omicron may not be less severe than the Delta var
iant [126].

Data extracted from early case reports in South Africa indicated 
that the mortality rate of Omicron-infected patients did not increase 
significantly, despite the rapid surge of COVID-19 cases [60,125]. In 
addition, the epidemiological trend seems to indicate that young 
people, particularly children under 5 years old, were the most af
fected ones [60]. Again, it is interesting to note that in South Africa, it 
has been found during the Omicron wave that the comorbidities as 
well as hospitalization rates are less in younger patients during the 
early phase of the wave [125].

The summary of the effects of SARS-CoV-2 variants on immune 
responses and the transmission of the disease is provided in Fig. 1.

8. Multiple Omicron lineages and recombinant variants: Further 
challenges

Mutations are happening continuously within Omicron variant. 
Some lineages emerged such as BA.1, BA.1.1, BA.2, BA.3, BA.4 and 
BA.5. Lineage BA.1 getting replaced by BA.2 and BA.3; BA.2 has more 
transmissibility but without major changes than predecessor variant 
BA.1 [127–130]. BA.2 surge is presumably due to higher transmissi
bility rather than enhanced immunological escape [131]. The BA.2 
lineage may have cross-reactions with BA.1 as robust antibody re
sponse has been noted in persons on vaccination against BA.2 that 
were infected previously with BA.1 [89]. The BA.3 lineage result from 
mutations in BA.2 and BA 0.1 S proteins [132].

These three lineages emerged concurrently from the same loca
tion (Botswana, South Africa); BA.1 was the dominant lineage and 
spread faster than BA.2 initially, while BA.3 lineage spread slowly. 
After a few weeks, BA.2 ousted BA.1 and became a dominating var
iant worldwide as of late April 2022. BA.2 was shown to be more 
transmissible and immune-evasive than BA.1. BA.2 also reduces the 
efficacy of COVID-19 vaccination [129]. The BA.2 has a higher rate of 
secondary attack in households (39%) than BA.1 lineage (29%) [133].

Recently, multiple lineages and sub-lineages of Omicron, mainly 
BA.4, BA.5, BA.2.11, and BA.2.12.1, have also been identified [134]. The 
newly emerged Omicron lineages particularly BA.4 and BA.5, are 
rapidly replacing BA.2 in many countries (South Africa, Portugal) and 
have caused fifth wave in South Africa beginning in April 2022 [134].

BA.4 and BA.5 lineages distinct from BA.1, such as L452R and 
F486V mutations in the S protein RBD [134]. A study investigated 
immune neutralization in vaccinated and unvaccinated individuals 
who had been exposed to Omicron/BA.1 [135]. Neutralizing anti
bodies titers against the newer BA.4 and BA.5 lineages were sig
nificantly lower (> 7-fold) than the previous sub-lineage (BA.1) [135]. 
Hence, these newer lineages may cause symptomatic infection 
among the vaccinated individuals. An overview of Omicron lineages, 

mutations, higher infectivity and transmissibility is depicted 
in Fig. 2.

Recently, hybrid variants of Omicron due to recombinant me
chanism was also emerged. Three recombinant forms (XD, XF, and 
XE) of SARS-CoV-2 have been identified. The XE variant is a hybrid of 
BA.1 and BA.2 Omicron variant, XD is believed to be the result be
tween Delta and BA.1 (Omicron) recombination, and XF is a hybrid 
between BA.1 (Omicron) and the UK Delta variant [129,136].

Although, pathological characteristics of these hybrid variants 
are unknown, preliminary data found that the XE variant may be 10- 
fold more contagious than the BA.2 subvariant of Omicron [129]. 
These recombinant variants are believed to have high resistance to 
COVID-19 antiviral drugs or vaccines, high transmissibility, and im
mune evasion due to genetic diversity and viral genetic alterations, 
which require further explorative studies in this direction to reach a 
conclusive hypothesis [129,137]. Since there is limited data on the 
vaccine effectiveness of the patients infected with the recombinant 
strains, it is too soon to comment on the specific efficacy of the 
ongoing vaccines. Moreover, it is speculated that the new XE variant 
will eventually become the dominant strain. So, it is highly re
commended to monitor the progression of these recombinant var
iants of SARS-CoV-2 globally.

9. Rapid confirmatory diagnostic method challenges of Omicron 
variant

Diagnostics need to be upgraded to detect either Omicron spe
cifically or other variants simultaneously. High-resolution melting 
analysis [138] and multiplex PCR and MALDI-TOF MS [139] have 
been evaluated for simultaneous detection of SARS-CoV-2 variants, 
including Omicron. These can facilitate early, rapid and timely de
tection. In Malaysia, scientists have used Allplex Master Assay 
(SARS-CoV-2 specific) (having 98.7% sensitivity) along with Variants 
I assay (having 100% sensitivity) for detection of the S protein mu
tation of Omicron and other VOCs [140]. By the combined use of 
single nucleotide polymorphism (SNP) PCR (targeting the S protein 
region) and sequencing of the viral genome, Omicron variant can be 
quickly detected [141]. There is a report on sequencing of the whole 
genome in Italy for B.1.1.529 variant identification [142]. Phyloge
netic analysis of Omicron on the basis of several evolutionary sub
stitution models including metric and ultrametric clustering 
methods has also been done [143].

In India, Omicron diagnostic kit called OmiSure kit has been 
developed by Tata MD company. It is believed to be able to detect 
Omicron along with other variants of SARS-CoV-2 [144]. It uses a 
combination of two S-gene viral targets to identify Omicron. The kit 
has shown 100% sensitivity and 99.2% specificity [144]. Though some 
tests, such as RT-PCR (NAAT), may be unaffected by Omicron, others, 
such as specific S-gene target failure (SGTF) may be affected. Hence 
there is a need for targeting multiple genomic regions to prevent the 
chances of false-negative tests due to changes in the targeted re
gion [145].

10. Strategies to control Omicron

To limit the transmission of Omicron and emerging variants, 
proposed preventative measures are required to be implemented 
rigorously while keeping in mind the lessons learned from previous 
waves of the COVID-19 pandemic. Rapid confirmatory diagnosis 
along with genomic surveillance and sequencing of a larger number 
of SARS-CoV-2 isolates is to be carried out globally. SARS-CoV-2-host 
interactions, adaptation, evolutionary dynamics, mechanisms of 
genomic mutation or variation need deeper studies to understand 
higher transmissibility and pathogenicity acquired by emerging 
variants. This could be performed by strengthening medical research 
facilities and trained staff for conducting gene sequencing, 
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identification and characterization of emerging variants, and a 
highly collaborative approach at the global level for updating 
genomic and epidemiological data repository which would alto
gether facilitate to tackle the emerging variants in a more effective 
manner [41,43,146–152].

Enhancing the COVID-19 mass vaccination drives with equitable 
global access and wider acceptance and reduce the vaccine hesitancy 
[153,154] could protect the health of the worldwide population by 
achieving herd immunity at the earliest in coming time 
[29,30,155–159], but their long-term protection and achieving herd 
immunity is still under threats of SARS-CoV-2 adverse effects 
emerging variants on efficacies and protective immunity, which 
need to be evaluated and addressed adequately [19,41,46,160,161]. 
COVID-19 vaccines, such as BNT162b2, mRNA-1273, CoronaVac, 
Sputnik V, and AZD1222, have been evaluated as safer and more 
protective in preventing from developing of severe COVID-19 from 
infection with VOCs though with varying levels prevention and 
protection [14,47,162]. Strategic planning of strengthening vaccina
tion with highly efficacious vaccines and booster doses of vaccina
tion options could limit the ability of the virus to acquire mutations 

owing to lesser availability of susceptible population (host) com
pared to the slow or delayed vaccination approaches, especially in 
low-income countries. Special attention to speed up the develop
ment of effective and improved vaccines which could pace up 
against newly emerging variants of SARS-CoV-2, necessary mod
ifications and/or updates in the presently available COVID-19 vac
cines, and designing newer vaccines.

Collaborative approaches and programs of WHO, Gates 
Foundation, Coalition for Epidemic Preparedness Innovations (CEPI), 
COVID-19 Vaccines Global Access (COVAX), and Global Alliance for 
Vaccines and Immunizations (GAVI) need to be promoted, advanced 
and implemented adequately in a wider horizon for a universal and 
equal convenience of COVID-19 vaccines to all the countries for re
straining the pandemic waves of the SARS-CoV-2 and lessening the 
impacts of its emerging variants [41,155,163]. Conducting research 
with regards to testing the efficacies and potencies of the currently 
available COVID-19 vaccines against Omicron and its lineages for 
evaluating breakthrough scenarios of infections are critical.

Strict implementation of recommended public health measures 
such as COVID-19 appropriate behaviors with following social 

Fig. 1. Mutations of spike protein amino acids of Omicron variant of SARS-CoV-2 causing in higher infectivity (by strengthening the binding with host ACE2 receptors) and 
reduced neutralization by antibodies (mAb, T-cell, or convalescent plasma). These changes of biological characteristics encourage higher transmissibility of the virus infecting both 
people with and without antibodies.
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distancing, wearing of face mask, hand hygiene, restricting move
ments and mass gatherings as well as sanitization and disinfection 
practices are the need of the hour to avoid infection with SARS-CoV- 
2 and variants [152,164,165]. Special focus on vulnerable groups, 
including unvaccinated, aged and those with underlying illnesses, 
should be laid to avoid the risk of infection and disease spread 
[29,166]. Compulsory vaccination and the significance of vaccination 

/ immunization certificates while travelling, crossing international 
borders, and ensuring targeted vaccination drives would act as a 
protective shield against community transmission of emerging var
iants and mutants of SARS-CoV-2 [150,167]. Evaluating transmissi
bility, degree of severity, sensitivity specificity of diagnostic tests, 
efficacy of vaccines, and treatment effectiveness will help tackling 
Omicron and the future variant outbreaks [168]. The summary of the 

Fig. 2. Newly emerging Omicron and its lineages with increased infectivity infect both adults and kids and mainly target respiratory lung system, intestines and brain. Major 
Omicron lineages that spreading include BA.1, BA.2, BA4/5, with minor difference in RBD mutations in their spike. Omicron also alters and increases its binding affinity to human 
ACE2 to allow more efficient entry into host cells, leading higher infectivity and transmissibility.

Fig. 3. Strategies to tackle SARS-CoV-2 emerging variants. 
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strategies to tackle SARS-CoV-2 emerging variants is provided 
in Fig. 3.

11. Conclusions and future prospects

Emerging Omicron variant and its lineages have resulted a rapid 
and significant increase in COVID-19 cases globally while adversely 
impacting the protective efficacies of existing vaccines and anti
bodies-based therapies. Promoting equitable global access to vac
cines, vaccine production, and ramping up progressive ongoing 
massive vaccination campaigns need to be given due priority. 
Necessary strategies to combat the impacts of emerging variants on 
vaccine efficacy and to limit the rising vaccine break-through in
fections are to be adopted. Appropriate mitigation and counter
measures comprising of wearing face masks, hand hygiene, social 
distancing, sanitation, hygiene and disinfection, and strengthening 
of medical facilities and infrastructure, are the top priorities for 
preventing SARS-CoV-2 from spreading quickly, along with for
mulating proactive control measures and advanced future pandemic 
preparedness plans.

Explorative studies are needed for investigating molecular me
chanisms underlying the higher transmissibility, the evolutionary 
dynamics and the host adaptation of the newer variants, and un
derstanding immunological correlation of protection and immune 
evasion events of previous infections with SARS-CoV-2. Advanced 
strategies need to be designed for modifying and updating the ex
isting COVID-19 vaccines and vaccination schedules, adding booster 
shots, finding out newer vaccines with higher efficacies, and devel
oping variant-specific vaccines, multivariant (multiple antigen- 
based), and mutation-proof vaccines. Additional monoclonal anti
bodies-based therapies, as well as efficient drugs of choice, are 
needed to be developed optimally to effectively treat patients with 
COVID-19. These advances would help in effectively countering the 
emerging SARS-CoV-2 variants having higher rates of infection, 
virulence, disease-causing ability and mortality amidst the ongoing 
pandemic.
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