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A B S T R A C T   

Since the appearance in the late of December 2019, SARS-CoV-2 is rapidly evolving and mutating continuously, 
giving rise to various variants with variable degrees of infectivity and lethality. The virus that initially appeared 
in China later mutated several times, wreaking havoc and claiming many lives worldwide amid the ongoing 
COVID-19 pandemic. After Alpha, Beta, Gamma, and Delta variants, the most recently emerged variant of 
concern (VOC) is the Omicron (B.1.1.529) that has evolved due to the accumulation of high numbers of mu
tations especially in the spike protein, raising concerns for its ability to evade from pre-existing immunity ac
quired through vaccination or natural infection as well as overpowering antibodies-based therapies. Several 
theories are on the surface to explain how the Omicron has gathered such a high number of mutations within less 
time. Few of them are higher mutation rates within a subgroup of population and then its introduction to a larger 
population, long term persistence and evolution of the virus in immune-compromised patients, and epizootic 
infection in animals from humans, where under different immune pressures the virus mutated and then got 
reintroduced to humans. Multifaceted approach including rapid diagnosis, genome analysis of emerging variants, 
ramping up of vaccination drives and receiving booster doses, efficacy testing of vaccines and immunotherapies 
against newly emerged variants, updating the available vaccines, designing of multivalent vaccines able to 
generate hybrid immunity, up-gradation of medical facilities and strict implementation of adequate prevention 
and control measures need to be given high priority to handle the on-going SARS-CoV-2 pandemic successfully.   

1. Introduction 

It has been almost two years since the start of the coronavirus disease 
(COVID-19) pandemic, caused by severe acute respiratory syndrome 
coronavirus – 2 (SARS-CoV-2), leading to more than 5.5 million deaths 
out of over 340 million confirmed cases reported worldwide as of 

January 21, 2022 (WHO, 2022). The virus has shaken the world econ
omy, restricted the free movements, affecting millions of people and 
putting a burden on medical staff, that made them tired both mentally 
and physically, and emotionally fragile (Kutscher, 2021). The World 
Health Organization (WHO) is collaborating continuously with the 
public health institutions and scientists, and closely ministering the 
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evolution and emergence of SARS-CoV-2 since January 2020 (WHO 
2021a; WHO 2021b). In May 2021, WHO proposed nomenclature as 
variants of concern (VOC) and variants of interest (VOI) for classifica
tion of SARS-CoV-2 emerging variants for easy-to-pronounce and 
non-stigmatizing labels along with the scientific nomenclature that is 
used by researchers and academicians (WHO 2021b). The continuous 
emergence of several variants and mutants of SARS-CoV-2 from time to 
time has led to increased morbidity and mortality amidst different waves 
of pandemic within the ongoing pandemic resulting into high global 
health concerns and panics (Boehm et al., 2021; Thakur et al., 2021). 
After Alpha, Beta, Gamma and Delta SARS-CoV-2 variants, Omicron 
(B.1.1.529) variant has emerged recently during November 2021 as a 
highly mutated virus variant, classified as VOC by WHO on 26 
November 2021, that is now attaining position of a dominant strain in 
several countries owing to its very high transmissibility (NewsNodes, 
2022; WHO, 2021a; WHO, 2021c). The pattern of infection rate, higher 
transmissibility, and cases of immune evasion against acquired immu
nity with breakthrough infections in vaccinated individuals are so 
impulsive that Omicron spread rapidly worldwide in a short period of 
few weeks (Rahmani and Rezaei, 2021). 

As per WHO, the VOI is a variant that contains the genetic changes 
that could be possibly linked to enhanced transmissibility, immune or 
diagnostic evasion, disease severity, identified as the cause of significant 
community transmission and increased prevalence, and having epide
miological impacts. On the other hand, a SARS-CoV-2 VOC is a variant 
that fulfills all the requirements of VOI, however, upon comparative 
assessment with other variants, it poses a threat of enhanced trans
missibility, detrimental impacts on epidemiology, increased virulence or 
variability in clinical presentation, and decreased diagnostic, thera
peutic, and vaccine interventions (WHO 2021a). The WHO established a 
group of experts as Technical Advisory Group on SARS-CoV-2 Virus 
Evolution (TAG-EV) to track, monitor, and evaluate the evolving situa
tion on the pandemic virus, the WHO COVID-19 reference laboratory 
network, members of GISAID, Nextstrain, Pango, and scientific repre
sentatives from several nations and institutions. One of the tasks given to 
this group is to introduce non-stigmatizing and simplified labels of VOI 
and VOC into public audiences. Based on its easy-to-pronounce and 
practicability, the use of Greek Alphabet letters such as Alpha, Beta, 
Gamma, Delta, and presently Omicron, in the SARS-CoV-2 nomencla
ture, have been proposed by this expert group to mediate non-scientific 
public discussions, so as to improve public health awareness (WHO, 
2021b). 

The present article highlights the emergence of SARS-CoV-2 Omicron 
variant, its salient features and high global health concerns, and stra
tegies to tackle it amid the ongoing COVID-19 pandemic. Various mu
tations present in Omicron that lead to enhanced transmissibility and 
immune evasion from vaccine induced or natural immunity obtained 
post infection have been discussed. We have done comparative analysis 
between other VOCs and Omicron in order to understand the similarities 
and differences. Various computational models have been developed to 
predict the mutants that might escape the immunity and were found 
efficient (Greaney et al., 2021; Miller et al., 2021). Escape mutants 
brings threat of rendering convalescent serum, vaccine and monoclonal 
antibodies (mAbs) ineffective (Planas et al., 2021; Dejnirattisai et al., 
2021; Taylor et al., 2021), and this is true in case of Omicron also, it is 
found that after two doses of SARS-CoV-2 vaccine the Omicron 
neutralization is far less than Delta or parent SARS-CoV-2 virus (Gar
cia-Beltran et al., 2021; Natario, 2021; Barda et al., 2021). The experi
mental trials conducted by different groups of scientists and commercial 
companies revealed that the third dose of the vaccine (booster) signifi
cantly enhance neutralization of the Omicron (Nemet et al., 2021; 
Garcia-Beltran et al., 2021). Various diagnostic advances have been 
discussed here along with various therapeutic advances like ribonucle
oside analogs, antivirals and monoclonal antibodies (Ferré et al., 2022; 
Graham, 2021; Wang and Yang, 2021, Falcone et al., 2021; Cameroni 
et al., 2021). Experimental evidences are suggestive of 70 times faster 

replication of Omicron in human bronchus while ten times slower in 
human lung tissue (Chi-wai, 2021; Dyer, 2021) that probably results in 
low disease severity. Despite presenting low disease severity, its higher 
transmissibility might present a threat for co-morbid patients (WHO, 
2021a). Various strategies to tackle the rising Omicron pandemic that 
encompass the involvement of government organizations to ensure 
effective implementation of prevention, control and preparedness in
terventions (Luo et al., 2021), tie-ups with both public and private 
sectors to enhance the number of testings (CDC, 2021b) and introduc
tion of strict measures and decisions by government based on scientific 
facts (Queen, 2022) are also discussed. 

2. Emergence of omicron 

The most recent novel SARS-CoV-2 variant was first reported from a 
specimen collected on 9 November 2021, which was initially named 
B.1.1.529 and later, on 26 November 2021, WHO designated the variant 
B.1.1.529 a VOC namely ‘Omicron” (WHO 2021c). Omicron is the most 
mutated SARS-CoV-2 variant with nearly 50 mutations accumulated in 
its genome, and is of particular interest and concerns since 26–32 mu
tations are in the viral spike (S) protein region (WHO 2021c), and out of 
these, 15 are in the receptor-binding domain (RBD) (ECDC, 2021a). Just 
three days after announcing the Omicron as VOC, on 29 November 
2021, it was detected in Austria, Australia, Belgium, Canada, Czech 
Republic, Denmark, France, Germany, Italy, the Netherlands and the 
United Kingdom, and most of the cases being travel-associated (Petersen 
et al., 2022; Maxmen, 2021). Recently in Japan Omicron has been 
detected in two international travellers who travelled to Omicron un
detected areas (Maruki et al., 2022). Subsequently, this newer variant 
rapidly spread to many countries, and as of January 22, 2022, Omicron 
has been reported from 150 countries and territories with nearly 0.5 
million confirmed cases and 115 deaths (ECDC, 2021b; Mohapatra et al., 
2021; NewsNodes, 2022). The effective (instantaneous) reproduction 
number of Omicron has been found to be 3.19 (95% CI 2.82–3.61) times 
higher than that of the Delta variant, therefore a rapid increase in 
Omicron cases may be observed in the coming time owing to its 
considerable advantage of higher transmissibility (Ito et al., 2021). 

In addition, Omicron presents a shorter incubation period and clin
ical symptoms similar to or milder than the previous variants (Jansen 
et al., 2021). Preliminary data from disease surveillance program in 
Japan conducted by National Institute of Infectious Diseases, suggested 
that the viral RNA amount peaks at three to six days after onset of 
symptoms (NIID, 2022). This issue becomes particularly important 
when the isolation period in several countries such as England is reduced 
from 10 days to 7 days (Torjesen, 2022). 

Though it appears that this variant has replaced older variants in 
South Africa, however, such reports could be biased considering that the 
virus characterization increased with the increase in the number of cases 
and remained primarily confined to the Omicron infected areas. 
Furthermore, a comparison of various Omicron strains revealed its 
origin in late September or early October, indicating that it is probably 
spreading more slowly than as being considered presently (Kupfersch
midt, 2021a; Quarleri et al., 2021). In South Africa, since the start of the 
SARS-CoV-2 pandemic, children aged 10–19 years accounted for 9.2% 
of total COVID-19 cases, and this population is vulnerable to Omicron 
risk also (Lima et al., 2021). 

Preliminary evidence from South African clinical study suggested a 
potential of Omicron variant to escape from immune responses and 
possess higher transmissibility that could lead to severe consequences 
(Cele et al., 2021; Vaughan, 2021). The possibility of such immune 
evasion by the Omicron variant is supported by an in vitro data obtained 
by Chinese scientist’s that mutations at N440K, T478K, and N501Y sites 
attribute to ten times and two times higher infectivity to Omicron in 
comparison to initial SARS-CoV-2 variant and Delta variant, respectively 
(Chen et al., 2021a). In absence of Omicron specific vaccine, already 
approved vaccines form competent authorities might be used as 
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countermeasure to reduce the circulating Omicron infection (Thakur 
and Kanta Ratho, 2021). Later, several researchers have reported evi
dences that Omicron variant could reduce the efficacy of COVID-19 
vaccines and neutralization antibodies (antibodies-based immunother
apies) owing to its vast mutations (Callaway, 2021a; Cele et al., 2021; 
Chen et al., 2021a; Kozlov, 2021; Lu et al., 2021; Torjesen, 2021; Dej
nirattisai et al., 2021; Kannan et al., 2022; X. Zhang et al., 2021, L. 
Zhang et al., 2021). 

An artificial intelligence (AI) model, trained and validated with good 
number of experimental data point revealed that the Omicron variant 
could be ten times more contagious and twice more infectious than the 
Delta variant (Chen et al., 2021a). Since it is a common biological 
phenomenon to get mutations in virus and have multiple variants with 
ability to escape immune responses, it is too early to tell that Omicron is 
more benign than its previous variants. In fact, early indications are 
there revealing less severe symptoms than those of previous one and 
doctors attended larger number of mild cases in comparison to earlier 
waves. Also, current data as on 6th December 2021, indicated lesser 
number of patients seeking medical care with serious lung damage and 
demand of oxygen support than previous waves of COVID-19 pandemic 
(Vogel and Kupferscgmidt, 2021). However, as of 20 December, 132 
hospitalized persons were diagnosed as confirmed Omicron, 17 of them 
had received a booster vaccine (a total of three doses), 74 had received 
two doses, eight had just got one dosage, 27 had not been vaccinated, 
and the vaccine status of 6 people was unknown. Additionally, within 28 
days of omicron diagnosis, 14 patients from 52 to 96 years old died 
(Mahase, 2021a). 

3. Where omicron fits in classical virology? 

Coronaviruses (CoVs) are indifferent from other RNA viruses and are 
highly adaptable to the changing ecological niche through the high 
mutation rates attributed to several factors. Low fidelity RNA dependent 
RNA polymerase enzyme that accumulates mutations in the RNA 
genome (approximately 10-4 nucleotide substitution/site/year) and 
even higher mutation rates are present in SARS-CoV-2 that is causing the 
virus to adapt under even unfavorable conditions and may perpetuate to 
stay in the human host (Banoun, 2021). Further diversity in the genome 
is added by unique mechanism of viral replication, which is mediated 
through the “copy-choice” method and viral recombination (Terada 
et al., 2014). RNA-dependent RNA polymerase forms nascent cRNA and 
nascent RNA in the copy-choice model. Then, it dissociates from the 
original template and again binds to another RNA template at the 
identical or near-identical position and RNA synthesis is reinitiated, 
leading to recombination (Herrewegh et al., 1998). Template switching 
may occur at various sites. This template-switching results in the syn
thesis of new viruses as in case of Feline Coronavirus Type II Strains 
(viruses 79–1683 and 79–1146), which originated by event of dual 
recombination between Feline Coronavirus Type I and Canine Corona
virus (Herrewegh et al., 1998). It is clear that recombination in CoVs is 
possible between two genetically different parent viruses and progeny 
viruses may differ in cell culture and receptor usage (Terada et al., 
2014). The emergence of VOC is very much likely due to the circulation 
of various strains. This Omicron variant picked up at least one mutation 
from another virus, presumably one that causes the common cold that 
makes it appear “more human,” helps it to escape from the human im
mune system and transmitted more easily while inducing a mild form of 
the disease (Lapid, 2021). 

Generally, fitness and virulence attributes are considered a coupled 
phenomenon, but significant deviations have also been reported. If we 
take examples of vesicular stomatitis virus (VSV) and most RNA viruses 
having compact genomes, these are susceptible to point mutations and 
adaptability changes by only a few substitutions (Holmes, 2008; Dom
ingo and Perales, 2018). On the other hand, viral fitness and virulence 
have complex determinants and are affected by complex cell specific
ities, viral-host, and virus-virus interactions. In a study done by Furio 

et al. (2012), quantification of the fitness and virulence of 21 single- or 
double-nucleotide mutants of the VSV was done, and a positive corre
lation between virulence and fitness was observed, however in a few 
mutants, both of these traits are independent. These workers found both 
the mutants with reduced fitness but unaffected virulence (single 
mutant) and high within-host fitness and low virulence (double mutant). 
Due to mutations owing to immune pressures, changing environment, or 
simply by error-prone replication machinery, viral quasispecies, which 
are well-defined mutants resulting from the complex mutation-selection 
process, are always present in a host cell niche. Out of them, it is likely to 
have the emergence of VOC, which are both high in fitness and viru
lence. In the case of Omicron, enhanced fitness is reported as evidenced 
by high transmissibility (WHO, 2021a); however, data on enhanced 
virulence is not so evident in the present scenario, which is somewhat 
relieving. 

4. Theories on omicron emergence 

A preliminary population-level unpublished study of Pulliam et al. 
(2021) indicated substantial immune evasion by the Omicron variant. 
However, the variant displays a decrease in the hazard coefficient for 
primary infection and an increase in reinfection hazard coefficient. The 
occurrence of mutations is common in viruses, and SARS-CoV-2 is not an 
exception; however, the scientific community’s main concern owes to 
the accumulation of such a high number of mutations in the genome of 
Omicron variant (Kupferschmidt, 2021b). 

Phylogenetic analysis of the Omicron variant was done by sequence 
alignment, pair-wise comparison, and identity matrix was generated. 
Evaluated using different model, Kimura model was found to make an 
entirely new monophyletic clade distant from other SARS-CoV-2 vari
ants, however Jukes-Cantor model revealed a close relationship between 
alpha and Omicron variant, and it might be predicted that Omicron is 
between us possibly longer than we assume (Kandeel et al., 2021). 

Sequence analysis of the Omicron variant revealed that mutagenic 
pressure is more significant on S1 than on S2, and is free from backbone 
hydrogen bonds, which increases the mutability. This fact may serve to 
predict the future possible mutation sites and be helpful in vaccine 
designing (Penner et al., 2021). Recently, Omicron has been classified 
into two different lineages BA.1 and BA.2, and few of the variations are 
unique while few are common to both. Both the BA.1 and BA.2 lineages 
contain 51 mutations, and among them, 32 are common in both while 
each lineage has 19 signature mutations. Among the 19 unique muta
tions in the S glycoprotein region, BA.1 include 13, whereas BA.2 con
tained seven unique mutations (Majumdar and Sarkar, 2021). One more 
lineage BA.3 is reported now (Desingu et al., 2022). 

There are four possible theories/hypotheses behind the emergence of 
Omicron like VOC (Du et al., 2022; Lennerstrand et al., 2022; Sun et al., 
2022). The first one is that virus started circulating and mutating in an 
isolated group of people, where it changes itself dramatically to be very 
different from the variants outside of that group and then it introduced 
itself into the wider population (Naveca et al., 2019; Sarah, 2021). 
Alternatively, the virus could have significantly remained for a more 
extended period in an immune-compromised person as in the case re
ported by Karim et al., (2021), where SARS-CoV-2 infection persisted 
longer than six months in a patient with advanced Human Immunode
ficiency Virus (HIV) presented with antiretroviral treatment failure. 
Also, in the same patient, the emergence of the E484K substitution 
associated with immune escape and the N501Y substitution associated 
with most VOC were reported, strengthening the hypothesis of 
intra-host evolution of VOCs (Kupferschmidt, 2021c). mRNA- and 
non-mRNA-based vaccines may have a role in generating Omicron 
variants in a chronically infected COVID-19 patient, offering the chance 
for the virus to evolve and mutate, and acquire the ability to escape the 
body’s immune response (breakthrough vaccine-induced immunity) (Li, 
2021). 

Another possibility of getting mutations so fast could be the back 
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spillage of the virus into animals from the human host as it was reported 
by Oreshkova et al. (2020), where mink received the infection from 
humans, and the viral sequences from both the mink and human isolates 
were closely related. Zooanthroponotic transmission and implications of 
reintroduction into human populations, and zoonotic concerns of 
SARS-CoV-2 require deeper investigations, mink-to-human transmission 
of the virus has already been reported, and studies are underway to trace 
the origin of this pandemic virus (Banerjee et al., 2021; Holmes et al., 
2021; Korath et al., 2021; Sharun et al., 2021a, 2021b). In different 
species, immune pressure might be different, which might contribute to 
the enhanced mutation rate. It is to be noted that SARS-CoV-2 emerging 
variants including delta variant have been reported from animals 
(Bonilla-Aldana and Rodriguez-Morales, 2021; Karikalan et al., 2021). 
SARS-CoV-2 vaccines for animals have also been developed recently, 
which could tackle this pandemic virus at the human-animal interface 
by reducing its circulation in animal population along with imple
menting one health strategies holistically (Chavda et al., 2021; Sharun 
et al., 2021c; Vandeputte et al., 2021). Moreover, one more theory is 
that if a person is infected with two coronaviruses, the chances of 
recombination are there, and Omicron could have gained so many 
mutations. Though the theory is skeptical, recombination events be
tween SARS-CoV-2 variants are evident (Le Page, 2021). Insertional 
mutation ins214EPE is found in Omicron only and is absent in any of the 
previous SARS-CoV-2 lineage. Possibly this insertion has arose due to 
template switching during co-infection in the same host cell with other 
or SARS-CoV-2 virus (Venkatakrishnan et al., 2021). Recently, Wei et al. 
(2021) proposed a theory of mice origin of Omicron. The scientists 
explained molecular spectra of mutations, the relative frequency of 12 
kinds of base substitutions. The phenomenon may be understood well 
with the example of G > U transversion that occurs in reactive oxygen 
species while cytidine deamination results in C > U transitions. Polio
virus, Ebola virus, and SARS-CoV-2 have shown similar molecular 
spectra of mutations if these mutations occur in the same host species, 
while different molecular spectra are exhibited if the species changes 
(Shan et al., 2021). Since the molecular spectrum of mutations is highly 

host-specific, the host for the Omicron virus can be determined by 
analysing the spectrum of mutations in Omicron. Upon investigation 
whether the mutational spectra of Omicron is consistent with the human 
cellular environment, a dissimilarity has been observed in the molecular 
mutation spectra of Omicron, and mutational molecular spectra in vi
ruses evolved in human. Further investigation based on a comparison of 
molecular mutation spectra of various host species and then molecular 
docking revealed that pre outbreak Omicron mutations in the Spike 
protein significantly match the mutations present in mouse-adapted 
SARS-CoV-2, which could promote adaptation to mouse as a host, 
particularly via enhanced S protein binding affinity for the mouse cell 
entry receptor (Wei et al., 2021). The findings of this study suggest that 
the progenitor of Omicron might have jumped from humans to mice, 
gained mutations rapidly that facilitated the virus to infect the mice, 
then the virus jumped back into humans, reflecting an inter-species 
(human-mice-human) evolutionary trajectory to be responsible for the 
current outbreak of the Omicron variant. 

The hypotheses concerning the emergence of Omicron are given in 
Fig. 1. 

5. Mutations in omicron and their biological consequences 

Previously the deadly combination of K417N + E484K + N501Y 
mutations reported in beta and gamma were found to increase the 
transmissibility by 50% and resulted in higher hospitalization rates, ICU 
admissions, and deaths (Wahid et al., 2021). The Omicron variant 
contains at least 30 mutations (Kupferschmidt and Vogel, 2021) in spike 
protein, which includes Ala67Val, Δ69-70, Thr95Ile, Gly142Asp, 
Δ143-145, Δ211, Leu212Ile, Gly339Asp, Ser371Leu, Ser373Pro, 
Ser375Phe, Lys417Asn, Asn440Lys, Gly446Ser, Ser477Asn, Thr478Lys, 
Glu484Ala, Gln493Arg, Gly496Ser, Gln498Arg, Asn501Tyr, Tyr505His, 
Thr547Lys, Asp614Gly, His655Tyr, Asn679Lys, Pro681His, Asn764Lys, 
Asp796Tyr, Asn856Lys, Gln954His, Asn969Lys, and Leu981Phe, where 
15 (residues 319–541) of these modifications reside in the RBD (Saxena 
et al., 2021). These mutations might affect the transmissibility of 

Fig. 1. SARS-CoV-2 variant (1) In a closed subgroup of the population, the virus circulates and mutates, which further infects the large population (Naveca et al., 
2019); (2) In an immune-compromised individual the virus stays for a more extended period resulting in the accumulation of a more significant number of mutations 
(Karim et al., 2021); (3) From an infected individual, the virus transmits to animals, where the fast mutation occurs due to heterologous immune system, which could 
then possibly may infect a healthy human population (Wei et al., 2021); and (4) If one person, infected with two SARS-CoV-2 variants, there is a chance of 
recombination, and as a result, Omicron managed to gain so many mutations (Le Page, 2021). 
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Omicron. Asn501Tyr enhances ACE2 receptor binding (Ali et al., 2021), 
thereby may help in transmission. D614G, N501Y, and K417 will likely 
make the Omicron more infectious (Poudel et al., 2022). D614G muta
tion is present in all the VOCs, and N501Y is also present in all VOCs, 
excluding the Delta variant (Shanmugaraj et al., 2021; Corum and 
Zimmer, 2021). Omicron contains several deletions and mutations those 
overlap with other VOCs (Dhawan et al., 2022). 

While N501Y is associated with increased transmissibility, other 
mutations also enhance the affinity of spike towards ACE2 like in the 
B.1.429 lineage, the L452R showed higher ACE2 interaction (Gong 
et al., 2021). Kinases including PI3K/AKT are imperative to signalling in 
SARS-CoV-2 entry. Structure-prediction-based molecular docking anal
ysis revealed that epidermal growth factor receptor might act as another 
potential acceptor in mutants having N501Y. Since several kinases are 
elevated in cancer patients, N501Y mutation containing lineages might 
have more detrimental consequences (Kazybay et al., 2021). 

Furthermore, His655Tyr is adjacent to the furin cleavage point that 
can fasten the spike cleavage and help in transmission (Chen et al., 
2021b). The mutations at position N679K, and P681H, which also exist 
in Alpha and Delta variants, could also increase the transmission ability 
of the virus (CDC, 2021a, Poudel et al., 2022, Thakur and Kanta Ratho, 
2021). Asn679Lys present near the furin cleavage site enhances the 
polybasic nature and, therefore, might enhance cleavage and help in 
transmission (Tao et al., 2021). Pawłowski (2021) proposed that elec
trogenic mutations that cause the changes in the electrostatic force be
tween the RBD of spike protein and ACE2 might be used as a strategy by 
the virus and resultant Coulomb attraction is higher and stronger in 
Omicron in comparison to the ancestral SARS-CoV-2 virus. Since ACE2 
possesses patches of negative electrostatic surface potential, it is evident 
that higher positive potential of RBD will enhance the virus tropism, and 
indeed, the relationship between positive electrostatic potential and 
affinity of Delta variant for ACE2 has been evidenced by multiple re
placements of neutral or negatively charged amino acids with positively 
charged amino acid (Pascarella et al., 2021a). If any direct relationship 
between the electrostatic potential and receptor affinity and infectivity 
persists, Omicron is anticipated to have more transmissibility and 
interact with other molecules like antibodies (Pascarella et al., 2021b). 
In-vivo studies must support this in-vitro data since the interaction be
tween ACE2 and RBD is a complex process and is affected by the pres
ence of several other mutations present in the spike protein, including a 
unique insertion at position 214 that might significantly affect the 
structure and function (Venkatakrishnan et al., 2021). Cryo-EM struc
tural analysis of the Omicron variant spike protein complexed with 
human ACE2 showed formation of new salt bridges and hydrogen bonds 
involving the mutations at R493, S496 and R498 in RBD. These muta
tions possibly compensate for the other Omicron mutations like K417N 
known to reduce the affinity between the ACE2 and S protein (Mannar 
et al., 2022). 

All the above data point towards the increased transmissibility po
tential of the Omicron variant. RNA-dependent RNA polymerase 
(Nsp12) and nonstructural protein 14 (Nsp14) are the proteins indis
pensable for viral replication, and it is still questionable whether mu
tations in these regions might confer higher mutation rates of Omicron 
(Gao et al., 2021). Omicron also possess mutations in the nucleocapsid 
protein (R203K and G204R), which are though not unique to the Omi
cron but are linked with enhanced subgenomic RNA expression (Leary 
et al., 2021) and viral replication (Mourier et al., 2021 Quarleri et al., 
2021). The original SARS-CoV-2 has an R0 of 2.5, while Delta variant 
had an R0 below 7. The Omicron variant is suspected to have an R0 
value as high as 10 (Burki, 2021) and its high doubling time is every 2–3 
days which is making contact tracing difficult. The interaction between 
wild type ACE2-RBD and ACE-2-Omicron RBD was modelled using the 
CHARMM36 force fields. Atomistic molecular dynamics simulation 
studies was carried out using the GROMACS 5.1.2 package and muta
tions on RBD Omicron variant have been reported to result in stronger 
binding to human ACE2 receptor than wild type virus (Lupala et al., 

2022). A comparative computational analysis between the Omicron and 
Delta variants showed that Omicron has a higher affinity for ACE2 re
ceptors than the delta variant. Docking studies revealed that Q493R, 
N501Y, S371L, S373P, S375F, Q498R, and T478K are the mutations that 
contribute to higher affinity for ACE2 receptors. The Omicron variant 
possesses many hydrophobic amino acids such as leucine and phenyl
alanine in the RBD region that are essential for structural stability. 
Disordered regions of viral proteins are linked to viral pathogenicity and 
infectivity. Disorder scores more than 0.5 suggest inherent disorder, 
while scores between 0.2 and 0.5 are considered flexible. According to 
the intrinsic disorder score predicted by PONDR® VLXT, the Omicron 
variant has less disordered area than other variants and exhibits the 
disorder-to-order transition. In Omicron, this disorder-order transition 
region lies between 468 and 473 amino acid of spike protein (Kumar 
et al., 2021). The sequence analysis by Wang and Cheng (2021) revealed 
that the variant has two subclades and possibly it has arisen from clade 
20B instead of currently circulating delta variant and alterations in the 
sequence might affect ACE2 receptor and/or antibody bindings. One 
more phylogenetic analysis based on the relative abundance of signature 
mutations revealed that Omicron is closely related to the Gamma 
variant. The analysis used the MAFFT program, and ten sequences were 
taken for each of the alpha, Beta, Gamma, Delta, and Mu variants 
(Kannan et al., 2022). 

6. Major public health concerns related to omicron 

Since the appearance of SARS-CoV-2, numerous mutations have been 
identified in different variants of this pandemic virus reported across the 
world. Modelling results of (ECDC 2021d) indicated that, by March 1, 
2022, the Omicron VOC would become the majority variant (>50%) of 
SARS-CoV-2 infections in the European Union and European Economic 
Area (EU/EEA) countries. In the Kingston, Frontenac, Lennox & 
Addington (KFL&A) region of Canada, initial modelling estimated 
revealed the Re for Omicron at 1.5 (A. Li et al., 2021). The emergence of 
Omicron variant has raised high concerns owing it to be a most mutated 
SARS-CoV-2 variant with nearly 50 mutations being gathered in its 
genome and mainly because it had at least 30 mutations in the viral 
spike (S) region, particularly at the receptor binding domain (RBD). This 
increases the likelihood of reducing the efficacy of neutralizing anti
bodies obtained through infection with previous SARS-CoV-2, its vari
ants or vaccination (Callaway, 2021b). The preliminary data is 
suggestive of the increased rate of reinfection in South Africa. Emerging 
evidence are there stating the reduced neutralization of some 
SARS-CoV-2 variants by post-vaccination serum (Harvey et al., 2021) as 
well as evasion of immunity from a prior infection in contrast to the Beta 
and Delta variants of SARS-CoV-2 (Pulliam et al., 2021). Contact tracing 
studies for Omicron conducted in Israel among multiple patients and 
healthcare workers exposed to a pre-symptomatic physician, who was 
triple vaccinated with BNT162b2 vaccine, revealed that out of 51 con
tacts, 88% were boosted (3 doses) with BNT162b2 vaccine and 92% 
were masked. And among all 51 contacts only one boosted primary 
contact was infected with Omicron. This shows the efficacy of vaccine 
and importance of infection preventive measures like masks (Leshem 
et al., 2022). Hereby in the below section the immune escape form 
natural infection induced immunity, vaccine induced immunity, mAbs 
and immune escape in presence of selective pressure have been 
discussed. 

6.1. Natural immunity escape 

When the convalescent sera of early strains infected subjects and 
Delta strain-infected patients were neutralized with pseudotyped Omi
cron S protein-expressing virus, the neutralizing antibody titre was 36 
times lower for convalescent sera obtained from patients infected with 
early strains and 39 times lower for convalescent sera obtained from 
patients infected with Delta strain, suggestive of natural immune escape 
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by Omicron (X. Zhang et al., 2021). A testing of 115 sera from vaccine 
recipients or convalescent individuals, revealed that Omicron partially 
or completely escape neutralization (Planas et al., 2021). 

6.2. Evasion against vaccine-induced immunity 

Even the vaccine-induced immunity can be evaded by Omicron 
variant, causing breakthrough infections in COVID-19 vaccinated in
dividuals that are mainly characterized by either asymptomatic or mild 
symptoms. For example, within three weeks of the Omicron-emerged 
wave in South Africa, epidemiological surveillance concluded that two 
vaccine doses still protected individuals from severe disease (SAMRC, 
2021). However, a little protection against infection with the Omicron 
variant was reported by two doses of the AstraZeneca or 
Pfizer-BioNTech vaccines (Dejnirattisai et al., 2021). The patients 
infected with multiple spike variant produce wider breadth of protection 
in cross neutralizing the Omicron and hence contribute knowledge to
wards booster strategies (Laurie et al., 2021). In a live virus micro
neutralization assay, Omicron variant strains HKU691, and 
HKU344-R346K were tested with sera from 25 BNT162b2 and 25 
Coronavac vaccine recipients. In 20% and 24% of BNT162b2 recipients, 
detectable neutralizing antibodies against HKU691 and HKU344-R346K 
were observed, respectively, while none of the Coronavac recipients 
showed detectable neutralizing antibodies against any of these two 
Omicron variant strains (Lu et al., 2021). The UK Health Security 
Agency suggested that 25 weeks post-vaccination with two shots of 
SARS-CoV-2 vaccine, the protection against symptomatic infection is 
only 10% compared to 40% protection against Delta variant (Burki, 
2021). More details have been presented in the later section “SAR
S-Cov-2 vaccine efficacy against Omicron” of this review. 

6.3. Immune escape against monoclonal antibodies 

A computational analysis revealed that insertions and deletions in 
the N3 and N5 domains of spike protein hinder the binding of neutral
izing antibodies (NAbs) (Andreano et al., 2021b). Andreano et al. 
(2021b) experimented with taking serum from 10 vaccinated donors 
with BNT162b2 mRNA vaccine. In the experiment, scientists attempted 
to evaluate the virus neutralization against different VOC by B cells and 
antibody response generated against vaccines at the individual cell level. 
Approximately 6000 cells were sorted, and near 3000 cells could pro
duce monoclonal antibodies (MAbs) against S protein. Antibodies from 
more than 400 cells neutralized the wild-type SARS-CoV-2 virus that 
originated in Wuhan. However, variants showed variable degrees of 
neutralization and escaped from neutralization. The beta and gamma 
variants escaped 70% antibodies compared, while comparatively a 
smaller portion of antibodies are escaped by Alpha and Delta (Andreano 
et al., 2021b). Nine mAbs those are either clinically approved or in 
development for treatment (Taylor et al., 2021), completely failed to 
neutralize Omicron (Planas et al., 2021). For the mutations at E484A 
and K417N, many of the commercial mAbs preparations are ineffective, 
and greater resistance is exhibited (Ai et al., 2021). The lower level of 
protection could be attributed to the immune escape since several of the 
mutations in the Omicron are present in the area likely to bind 
neutralization antibodies and compromise the immune defence against 
Omicron (Callaway and Ledford, 2021). Casirivimab and Imdevimab 
mAbs presented robust neutralization against Delta variant but 
remained ineffective against Omicron when assessed using a peusotyped 
SARS-CoV-2 virus-like particles having mutations in all four structural 
proteins (Syed et al., 2022). A panel of anti-RBD mAbs encompassing 
S309 (parent mAb of sotrovimab), COV2-2196, COV2-2130 (parent 
mAbs of AZD8895, AZD1061), REGN10933, REGN10987, LY-CoV555 
LY-CoV016 and Celltrion (CT-P59) intended for clinical use were 
tested for Omicron neutralization. LY-CoV555, LY-CoV016, 
REGN10933, REGN10987 and CT-P59 mAbs were completely ineffec
tive against Omicron in both Vero-TMPRSS2 and Vero-hACE2-TMPRSS2 

cells while combination of COV2-2196 and COV2-2130 or S309 were 
minimally effective (VanBlargan et al., 2022). 

More details about effectiveness of different mAbs have been dis
cussed in the later section “Therapeutic advances against Omicron” of 
this review. 

6.4. Immune escape in presence of selective pressure of antibodies 

How could the selective pressure of polyclonal immunity in conva
lescent or vaccinated people, responsible for generating variants that 
could be VOC, tested? Immune escape against natural To determine 
whether the currently available vaccines will remain efficacious against 
the emerging VOCs, an experiment was conducted by Andreano et al. 
(2021a) to estimate the escape of viral particles from herd immunity and 
antibody treatment. In the experiment, plasma from 20 convalescent 
patients was collected and incubated with the virus isolated from Wuhan 
for three months. Up to seven passages, the serum was able to neutralize 
the virus; however, after 45 days, the deletion of F140 in the spike 
protein resulted in a partial reduction in neutralization. On day 73rd, 
E484K substitution in the RBD and on day 80th, an insertion led to the 
generation of a new glycosylation site resulting in an entirely new 
variant that was completely resistant towards plasma neutralization 
(Andreano et al., 2021a). This E484K substitution is present in Omicron 
(Kupferschmidt, 2021c). 

7. Prediction of escape mutants through bioinformatics analysis 

Deep mutational scanning experiments facilitate to measure the 
impact of viral mutations on antibody binding or neutralization. Grea
ney et al. (2021) developed an escape calculator based on experimental 
data obtained for 33 monoclonal antibodies to assess antigenic effects of 
various mutations in the RBD region of SARS-CoV-2. An interactive 
version of the calculator is at https://jbloomlab.github.io/SARS2_RB 
D_Ab_escape_maps/escape-calc/, and the calculator suggests that 
extensive changes are present in the new omicron variant. Furthermore, 
the results of the escape calculator are correlated well with the 
neutralization assays of human polyclonal sera (Greaney et al., 2021). 
Miller et al. (2021) described the mutational landscape of the Omicron 
variant using amino acid interaction (AAI) networks, and the study 
revealed that antibody escape breadth is increased in the Omicron owing 
to the mutations in class 3 and 4 antibody epitopes and simultaneously 
escape depth is also increased owing to the mutations in the class 1 
antibody epitopes. In particular, subclades bearing R346 S/K mutations 
are advised to be taken care of for escape. 

8. Is natural infection followed by vaccination provides superior 
protection against omicron? 

Reports are there which are stating that vaccination post natural 
infection (hybrid immunity) generates more NAbs against Omicron 
variant (Callaway, 2021a; Schmidt et al., 2021a) instead in vaccinated 
people who don’t have previous infection history. Similar results were 
obtained by Cele et al. (2021), who performed a focus reduction 
neutralization test (FRNT50) with plasma obtained from BNT162b2 
vaccinated and both BNT162b2 vaccinated and previously infected pa
tients either with Delta variant or ancestral strains. They found that the 
Omicron live virus neutralization was 22 folds less than the ancestral 
D614G strain for the vaccinated and prior infected people. Using the 
same FRNT50 assay, BNT162b2 vaccine efficacy was estimated in pre
venting Omicron symptomatic infection, and the vaccine efficacy was 
73% (95% CI 58–83%) for vaccinated and prior infected individuals and 
35% (95% CI 20–50%) for vaccinated only participants. 

9. Booster shots of vaccines 

The importance of third vaccination with BNT162b2 is underscored, 
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owing to at least 100 factors high neutralization efficacy after a third 
shot against the omicron variant (Nemet et al., 2021); and other re
searchers have also obtained similar results (Garcia-Beltran et al., 2021), 
who revealed that the vaccine’s ability is compromised in protecting 
against infection (Cele et al., 2021). In accordance with the results of 
Cele et al. (2021), Schmidt et al. (2021b) also found that the sera from 
people who had been vaccinated with two mRNA vaccine doses were 30- 
to 180- fold less effective in neutralization against Omicron, while the 
sera from patients previously infected or patients vaccinated with three 
doses of mRNA vaccine showed 38–154 fold increase in the neutrali
zation of Omicron. Doria-Rose et al. (2021) reported 49–84 folds less 
neutralization than the initial SARS-CoV-2 strain in serum samples ob
tained from subjects vaccinated with 100 μg mRNA-1273. All the results 
suggest the importance of boosting doses in increasing the neutralization 
against Omicron (Garcia-Beltran et al., 2021; Natario, 2021; Barda et al., 
2021). There is a requirement for vaccine manufacturer to be alert to 
customize the vaccine as per need of heavily mutated coronavirus 
strains. Such preparedness programs will help in mitigating the serious 
consequences arose due to emergence of new mutated variants. Both the 
Pfizer and BioNTech have claimed after necessary laboratory testing 
that the three doses of their mRNA vaccine are able to contest Omicron 
variant effectively (Sohan et al., 2022). A data driven analysis using a 
library of 132 known antibody and S protein complexes, binding free 
energy changes for 15 RBD mutations on these complexes were evalu
ated to determine the possible impact of Omicron mutations on vaccine 
efficacy. The study revealed that Omicron RBD mutations might 
significantly change the binding patterns of known antibodies and 
overall analysis indicated that the changes that reduced the binding 
between the antibody and RBD complexes were more prominent than 
those enhanced the binding, indicative of severe disruptive impacts. It 
further suggests that the changes occurred in Omicron are favoring 
vaccine escape. Among the 15 RDB mutation, K417N (a mutation 
common with beta variant), and E484A are the mutations that lead to 
overwhelmingly disruptive effects to many known antibodies (Chen 
et al., 2021a). The sera from the individuals vaccinated by two doses of 
inactivated whole-virion vaccines (BBIBP-CorV) showed reduced 
neutralization by Omicron, however homologous or heterologous 
vaccination with protein subunit vaccine (ZF 2001) enhance neutrali
zation against the Omicron (Wang et al., 2022). Homologous boosting 
with BBIBP-CorV vaccine 9 months post two dose vaccination schedule 
in a cohort of 292 participants, revealed that in 78.08% participants 
Omicron got neutralized (Yu et al., 2022). Nevertheless, this increased 
protection against Omicron may decrease more quickly than against 
Delta, with a 15–25% reduction in protection after ten weeks following 
the booster (Mahase, 2021a). Vesicular stomatitis virus (VSV) pseudo
particles expressing spike of SARS-CoV-2 was used to evaluate the 
magnitude and breadth of the neutralizing antibodies in infected and 
vaccinated individuals with mRNA-vaccine. The analysis revealed that 
though boosting with third dose enhanced the neutralization capacity, 
however Omicron is most resistant to neutralization in comparison to 
other VOCs and the boosting remained unable to evoke high response in 
pregnant vaccinated women. The findings are suggestive of considerable 
heterogeneity in the magnitude and breadth of neutralization responses 
of Omicron in different groups (Sievers et al., 2022). After 2 doses of 
Heterologous vaccination with CoronaVac vaccine there was no 
detectable Omicron neutralization but when boosted with BNT162b2, it 
showed 1.4 fold higher neutralization in comparison to 2 doses of mRNA 
vaccine (Pérez-Then et al., 2022). 

10. What if neutralizing antibodies are partially effective 
against omicron 

Multiple evidences are reflecting that Omicron variant escape 
neutralizing antibodies and therefore less neutralizing abilities of 
convalescent serum is observed. However immune system still can fight 
Omicron owing to the opsonizing function of non-neutralizing 

antibodies and cell mediated immunity. 

10.1. Efficacy of non-neutralizing antibodies 

Neutralizing antibodies at one hand target limited region of viral 
spike specifically involved in attachment and/or fusion, while on the 
other hand antibodies mediating Fc activity may bind across the entire 
antigenic area. The Fc activity only requires the antigen-antibody 
complex in such a manner that Fc region of antibodies are accessible 
to immune cells. Thus even in the absence of neutralizing antibodies, 
non-neutralizing antibodies may continue to opsonize the Omicron and 
Omicron infected cells. The three vaccines viz. BNT162b2 and mRNA- 
1273 mRNA vaccines, and CoronaVac presented a persisting higher 
opsonophagocytic FcγR2a and cytotoxic FcγR3a receptor binding ac
tivity that continued to recognize, bind, and clear the virus even in the 
absence of antibody mediated neutralizing activity (Bartsch et al., 
2021). 

10.2. T cell immunity obtained from natural infection and vaccination 

While it is critical to know the extent to which humoral response will 
be effective against Omicron, it is generally difficult for the virus to 
escape T cell response due to a broad response generated and a variety of 
HLA haplotypes present. T cell response lasts longer after infection or 
vaccination than antibodies, and the T cells recognize more sites on S 
protein than antibodies, this present greater ability to recognize altered 
variants (Ledford, 2022). In an analysis of estimating the impact of 
Omicron mutations on the binding of CD4+ and CD8+ T to epitopes 
present on S protein, over two third of the immune response remained 
unaffected from mutations. Since Omicron mutations are mainly present 
in Spike protein, over 95% T cell epitopes present in other genes 
remained unaffected by mutations (May et al., 2021). In one of the ex
periments conducted by Redd et al. (2021) in the direction of deter
mining the T cell immune response escape, it was found that out of 52 
potential epitopes specific against CD8+ T cell responses, only one 
epitope showed cross over and only 2/30 individuals contained the 
change in amino acid present in Omicron. It indicated that in virtually 
all the participants, Omicron had been recognized by existing 
anti-SARS-CoV-2 CD8+ T-cell responses, which eliminates the possibil
ities of T cell immunity escape during the evolution of the SARS-CoV-2 
virus. SARS-CoV-2 spike-specific CD4+ and CD8+ T cells have been 
found to be elicited during natural infection or vaccination with 
BNT162b2, and cross recognized Omicron at 84% and 91% levels in 
SARS-CoV-2 infected and vaccinated subjects, respectively. Examination 
of 454 major histocompatibility complex (MHC) class I-restricted CD8+

T cell epitopes identified through activation-induced marker assays, 
revealed 96.7% epitopes to be fully conserved in Omicron variant (Tarke 
et al., 2021). Examination of 280 MHC class II-restricted CD4+ T cell 
epitopes revealed conservancy of 90.0% of CD4+ T cell epitopes (Choi 
et al., 2022). Overall examination revealed that T cell epitopes of 
SARS-CoV-2 proteins are highly conserved in Omicron, suggestive of 
possible protection imparted through T cell memory during reinfection 
or breakthrough infection with Omicron (Gao et al., 2022; Faraz Ahmed 
et al., 2022). 

11. Is the severity for omicron is less than its other VOC cousins? 

Early studies revealed that Omicron is less severe than other variants, 
with a risk of hospitalization ranging from 15% to 80% lower than the 
Delta variant (Christie, 2021; Wolter et al., 2021). Omicron possibly not 
causing severe illness, especially in vaccinated people and those 
administered a booster shot (Burki, 2021; Garcia-Beltran et al., 2021; 
Khan et al., 2022; Mahase, 2021d; Tanne, 2021b). Most of the reported 
cases are confined within the term of clinically asymptomatic or mild 
cases (ECDC, 2021b; NewsNodes, 2022). The symptoms of the Omicron 
variant are runny nose, headache, fatigue (either mild or severe), 
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sneezing, and sore throat (Iacobucci, 2021a; Mohiuddin and Kasahara, 
2021). However, the children have been involved in the Omicron-led 
fourth wave in South Africa, where the preliminary data suggested 
that children’s risk of hospital admission is 20% higher than the 
D614G-led first wave (SAMRC, 2021). Hong Kong University re
searchers revealed in ex vivo culture studies that Omicron replicates 70 
times faster than Delta in human bronchus while ten times slower in 
human lung tissue, and possibly it explains the lower severity of disease 
in Omicron infected patients (Chi-wai, 2021; Dyer, 2021). 

Omicron variant replicates at lower levels in Calu3 and Caco2 cell 
lines. Also Omicron is inefficient in using transmembrane serine prote
ase 2 (TMPRSS2) in comparison to other VOCs. In the Omicron infected 
K18-hACE2 mice, virus replication is low in upper and lower respiratory 
tract resulting in ameliorated lung pathology (Shuai et al., 2022). In the 
lung cells (expressing TMPRSS2), and lung organoids, Omicron virus 
appeared to replicate at a lower level in comparison to Delta (Meng 
et al., 2021; Kozlov, 2022). Experimental infection with Omicron live 
virus in C57BL/6 mice, BALB/c mice, K18-hACE2 transgenic mice 
(expressing hACE2 under an epithelial cytokeratin promoter) and Syrian 
hamsters, showed clinically less severe morbidity in comparison to Beta 
and Delta variants (Diamond et al., 2021). Similarly, hamsters infected 
with wild type SARS-CoV-2, Alpha, Beta, or Delta strains showed a 
weight loss upto 10–17% by day 6 of infection, while hamsters infected 
with Omicron did not result in detectable weight loss despite higher 
challenge doses (McMahan et al., 2022). With pseudotyped Omicron 
particles bearing all the S mutation with HIV virus backbone, a lower 
entry efficacy and less proteases cleavage have been observed in Omi
cron, suggestive of low replicative efficacy in HEK293T cells or ACE2 
receptor expressing A549 cells (Hu et al., 2022). While using the 
SARS-CoV-2 virus-like particles (VLPs) harbouring all the mutations 
present in the four structural genes of Omicron revealed an increase in 
infectivity (Syed et al., 2022). The difference in results between the 
pseudotyped Omicron particles (Hu et al., 2022) that exhibit a lower 
entry efficacy and in SARS-CoV-2 like VLPs having Omicron like mu
tations that exhibited increased infectivity, possibly owing to the types 
of mutations incorporated in the said viruses and the cell line used for 
assay. E484K mutation is present in Beta and Gamma variants (Kannan 
et al., 2022), while it is mutated to E484A in Omicron. The E484K 
substitution in Gamma variant is found to be associated with the ca
pacity to cause reinfection (Resende et al., 2021). This altered ability of 
Gamma variant to be more efficient in causing reinfection possibly is 
attributed to the change of negatively charged, hydrophilic residue 
(glutamic acid) to positively charged, relatively high hydrophilic amino 
acid (lysine). The Omicron presents different reinfection ability possibly 
owing to change of amino acid from Glutamic acid to hydrophobic 
amino acid (alanine), which may change the interactive forces between 
ACE2 receptor and might play a role in altering the interaction between 
ACE2 receptor and RBD. The electrostatic potential of RBD domain of 
Omicron is higher than in comparison to Delta resulting in reduced af
finity for the ACE2 receptor. Omicron N terminal domain has also poor 
affinity for lipid rafts that made Omicron less fusogenic and low path
ogenic (Fantini et al., 2022). In spike protein, Omicron is having 5 
additional positively charged amino acids in comparison to wild type 
virus that is enhancing the binding of Omicron virus with the cellular 
targeted drug development (Nie et al., 2022). 

So far, the clinical characteristics of reinfection cases with Omicron 
are mild (Vogel and Kupferscgmidt, 2021). On 14 December, the South 
African private health insurer Discovery Health in Johannesburg 
declared that the risk of hospitalization is 29% lower in Omicron 
infection than the person infected with previous strains (Ledford, 2021), 
and this is something a glimmer of hope. 

12. Diagnosis of omicron 

Antigen-based tests are less sensitive than RT-PCR-based tests; 
however, when the viral load is high, they quickly detect the positive 

individuals and hence are of utility in clinical settings and are approved 
in many countries for self-testing. Deerain et al. (2021) evaluated ten 
commercial kits for their diagnostic potential, and they found that all the 
ten kits were able to detect both the Delta and Omicron variants. The 
detection limit was 6.50 log10 copies per mL and 6.39 log10 copies per 
mL for Delta and Omicron, respectively (Deerain et al., 2021). 
SARS-CoV-2 has undergone a broad process of recombination and mu
tation since its detection and has generated wide varieties of both the 
VOIs and VOCs. Due to variations in the targeted area, S gene dropouts 
have been reported, and hence reliability of currently used detection 
systems is also under question. The immunoassays based on coated an
tigens with prototype SARS-CoV-2 virus may not necessarily detect the 
antibodies against currently circulating variants and hence there is a 
compelling need of regular re-evaluation and revalidation of live virus 
neutralization assays based on emerging VOIs and VOCs (Lippi et al., 
2021). 

The Omicron is detectable by the current RT-PCR test (ThermoFisher 
TaqPathTm kit available by Applied Biosystems). However, reports are 
there for S gene target failure (SGTF), giving a false negative result; 
though, a sudden enhancement in the SGTF (S gene dropout) might be 
taken as an indicator of the appearance of Omicron with a reduced 
circulation of other variants. We have evidentiary proofs from the field 
from Switzerland and Liechtenstein. Data of most frequently used SARS- 
CoV-2 PCR tests targeting different sites (including the ORF1ab region 
(N = 16), the RdRp gene (N = 13), the S gene (N = 8), the E gene (N =
11), the N gene (N = 32) and, M gene (1) have been collected by Metzger 
et al. (2021). When S gene dropouts were considered, out of 8 assays 
available, out, only two assays showed S gene drop out for Omicron 
hence still, S gene dropout cannot be considered as a marker for the 
presence of Omicron and confirmation of the presence of Omicron 
should be supported by the gene sequencing data analysis (Metzger 
et al., 2021; Torjesen, 2021). 

Neopane et al. (2021) developed a TaqMan SARS-CoV-2 mutation 
panel molecular genotyping assay that was able to differentiate variants 
B.1.617.2 (Delta), B.1.1.7 (Alpha), B.1.526 (Iota), B.1.351 (Beta), P.1 
(Gamma), P.2 (Zeta), B.1.617.1 (Kappa) and B.1.427/B.1.429 (Epsilon). 
The assay is highly useful in the present scenario and can be used in 
surveillance and epidemic control. However, the challenges still remain 
for the rapid development of the testing kit to fulfil the extensive re
quirements of the pandemic. To accelerate the assay development and 
attaining its approval, in the United States, the emergency use autho
rization (EUA) has made the approval workflow easier. Such efforts have 
enabled governments to significantly increase the number of testing in 
the emergence of new variants (Thomas et al., 2021). Next-generation 
sequencing (NGS) of the whole genome of Omicron might serve as the 
gold standard for diagnosis and variant identification despite being time 
consuming and costly. When the data of Allplex SARS-CoV-2 Master 
Assay and Variants I Assay were compared with NGS as reference for 115 
samples, the sensitivity for detection of spike mutations were 98.7% and 
100%, respectively for Allplex Master Assay and Variants I Assay (Fu 
et al., 2022). Multiplex RT-PCR to detect SARS-CoV-2 VOCs and spike 
variant PCR assays can have the utility to quickly monitor selected VOCs 
in resource-limited settings, however may require updates as new var
iants emerge (Fu et al., 2022). During the SARS-CoV-2 genomic sur
veillance in the state of Georgia, a combination of Spike SNP PCR assay 
(taking only 2 h and 12 min run time) and genome sequencing and 
lineage classification (72 h) provided an on time diagnosis for Omicron. 
Additionally, the SNP analysis enabled the assay to distinguish between 
the other VOCs and Omicron and the assay may be further modified as 
per the requirements to detect new mutations if required (Sexton et al., 
2022). Omicron has been detected in an aircraft wastewater sample 
using the CDC N1, CDC N2, and del (69–70) RT-qPCR assays per guid
ance from the WHO and sequencing further confirmed the presence of 
Omicron belonging to BA.1 sub-lineage (Ahmed et al., 2022). 

Testing strategies should be flexible to changes in the epidemiolog
ical situation and local epidemiology, population dynamics, and 
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resource availability. In addition, appropriate sample and technique 
selection are critical to the testing strategy’s effectiveness, and it is 
highly reliant on the testing strategy’s specific public health objectives 
such as assessment of different variant circulation and outbreaks, se
lection of representative samples for sequencing, monitoring the virus 
evolution and vaccine efficacy assessment. Therefore, on 20th December 
2021, the European Center for disease prevention and control (ECDC) 
and the WHO Regional Office for Europe developed the first update for 
methods and strategies for detecting and characterizing SARS-CoV-2 
variants (ECDC, 2021c). 

13. Is previous SARS-CoV-2 infection increase susceptibility to 
omicron? 

In UK analysis published in 23 December 2021, people who had 
previously been infected with SARS-CoV-2 were more likely to get 
infected with omicron than with earlier variants, with 9.5% of those 
affected having a history of infection (Mahase, 2021a). Moreover, 
Mahase (2021a) suggested that this statistic is likely to be under
estimated because some patients are unaware that they have had past 
asymptomatic infections. As a result, they are not counted in the total 
tally. While studying the transmission dynamics of Omicron in immu
nocompetent and immunosuppressed populations, it was found that in 
comparison to other VOCs, asymptomatic carriage is increased to 16% in 
both people living with HIV and people living with HIV/AIDS in com
parison to 2.6% during the Beta and Delta outbreaks (Garrett et al., 
2022). 

14. SARS-Cov-2 vaccine efficacy against omicron 

A study encompassing a small group of subjects (n = 12) observed 
that the efficacy of the Pfizer-BioNTech vaccine is 41 folds lesser for 
Omicron against classical SARS-CoV-2 (Cele et al., 2021). Pfizer Com
pany obtained similar results, who reported that the third dose of vac
cine could prove the similar level of neutralizing antibodies obtained 
after two doses against the classical virus (Mahase, 2021b). 

In late November 2021, Omicron caused an outbreak in Norway 
suggestive of high transmissibility despite complete vaccination. In a 
party attended by 117 people, an attack rate of 74% was observed with 
Omicron, and all developed symptoms. However, none of them required 
hospitalization. Ninety-six percent of the attendees were fully vacci
nated and still developed the symptoms (Brandal et al., 2021) that are 
evidentiary proof of the vaccination failure on Omicron infection. As of 9 
December 2021, 785 Omicron cases have been reported in Denmark. 
76% were fully vaccinated, while 7.1% were boosted with the third 
dose. In 76% of cases, symptoms were reported with the requirement of 
hospitalization in 9 patients, and no death was reported (Espenhain 
et al., 2021). In South Africa, two doses of the Pfizer-BioNTech vaccine 
provided 70% protection against hospitalization and 33% protection 
against infection instead of 93% and 80%, respectively, for the Delta 
variant (SAMRC, 2021). A robust IgA and IgG response has been evoked 
in individuals receiving either BNT162b2 (Pfizer/BioNTech) or 
mRNA-1273 (Moderna) vaccination (n = 578). The neutralization was 
higher in mRNA-1273 vaccinees those previously had symptomatic 
SARS-CoV-2 infection (Moncunill et al., 2022). Though the Omicron 
variant compromised the effectiveness of 2 doses of mRNA vaccination 
and reduced overall protection, it can still protect against severe con
sequences (Tanne, 2021a). Previous viral infection or vaccination is 
however partially protecting against hospitalization and severe conse
quences during Omicron infection, as per Singhal (2022), though there 
is no notable impact of vaccines against spread of Omicron. Serum 
samples from infected and then vaccinated (convalescent–vaccinated) 
or been vaccinated and then gained infection (vaccinated–convalescent) 
were tested for neutralizing antibodies. Both the con
valescent–vaccinated or vaccinated–convalescent samples showed Om
icron neutralization, though to a lesser extent than Delta; however in 

above case Omicron neutralization was little higher in case of con
valescent–vaccinated serum (Rössler et al., 2022). An antibody waning 
has been observed 6 months post second vaccination dose and prior to 
third boosting dose, especially those receiving two doses of AstraZeneca 
ChAdOx1 nCoV-19 (Faustini et al., 2022). In addition, a mouse-adapted 
strain containing all the five mutations present in Omicron also (K417, 
E484, Q493, Q498, N501) in spike region when expressed from the 
highly attenuated, replication-competent vaccinia virus vector 
NYVAC-KC, it provided 100% protection from death but not from 
symptoms (Kibler et al., 2021). A single dose ChAdOx1 nCoV-19 vaccine 
is able to elicit a greater level of antibody response with prior infection 
and it was comparable with that of two vaccine doses (Gelanew et al., 
2022). This data is important and helpful in reducing the requirement of 
vaccine doses for resource-limited countries. In cancer patients, mRNA 
vaccines showed 4.2-fold and 21.3-fold lower efficacy against Delta and 
Omicron variants, and after boosting it was 3.6-fold and 5.1-fold lower 
for Delta and Omicron, respectively. It showed the effectiveness of 
boosting strategies in immunocompromised groups including cancer 
patients (Zeng et al., 2021). In multivariable Cox proportional hazards 
regression analysis in the previously infected subjects, significant lower 
risk of infection with Omicron was not demonstrated but in vaccinated 
individuals it was reported (Shrestha et al., 2022). 

15. Readiness for omicron specific vaccine 

Since the previously developed vaccines are not entirely efficacious, 
Pfizer-BioNTech and Moderna, the manufacturers of the two mRNA 
vaccines, claimed that they could make an mRNA-based vaccine against 
Omicron in 100 days (Burki, 2021). Encouraging updates from Pfizer 
and BioNTech as well as Moderna in the preparation of Omicron-specific 
vaccine (Mahase, 2021c) could lead to an optimistic future to combat 
the Omicron variant of SARS-CoV-2.The continuous evolution of 
SARS-CoV-2 and the situation being out of control contributes to the 
COVID-19 pandemic’s prolongation, putting the entire world at risk of 
COVID-19 and its devastating impacts on global health and severe 
economic consequences (Petersen et al., 2022). However, opinion of 
evolutionary biologist Jesse Bloom is somewhat relieving who is telling 
that Omicron would not be eradicated, rather it will permanently 
establish itself in human like other seasonal CoVs and have been 
circulating in human being since decades (Callaway, 2021c). 

16. Therapeutic advances against omicron 

Several repurposed drugs including antivirals and immunotherapies 
(antibodies-based) have been suggested for use in emergency purposes 
to ameliorate the disease severity in patients with COVID-19, while 
many drugs and therapies are still under investigations and trials, 
however most appropriate choices are still awaited to define optimal 
COVID-19 treatment (Bae et al., 2021; Rabaan et al., 2021; Zou et al., 
2021; NIH, 2022). In this section, we are presenting some recent ad
vances in drugs and therapies which could be suitable for Omicron. 

16.1. Ribonucleoside analog 

Presently a ribonucleoside analog and a protease inhibitor are being 
used against SARS-CoV-2. The mode of action of these two antivirals 
seems to remain unaffected since the target of these two antivirals are 
NSP14 and NSP5 genes, and Omicron showed only one mutation in each 
of these genes. However, the efficacy of these antivirals has not been 
proven yet, even for Delta variants (Ferré et al., 2022). Also, recently, a 
candidate drug named ResCovidin™ was developed that blocks all the 
ports of SARS-CoV-2 entry, and it may prevent the infectivity of Omicron 
(Fang and Shi, 2021). 
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16.2. Antivirals 

Recently, an oral antiviral drug with anti-RNA polymerase activity, 
Molnupiravir (Lagevrio®), has been approved by the FDA’s Antimicro
bial Drugs Advisory Committee as first oral antiviral drug for COVID-19 
and others are also likely to appear shortly (Fan et al., 2021; Lee et al., 
2021; Persad et al., 2021; Pourkarim et al., 2022). Apart from Molnu
piravir, one more antiviral drug nirmatrelvir/ritonavir [PaxlovidTM 
(PF-07321332 + ritonavir), Pfizer] has shown promising results in 
clinical trials to protect from serious COVID-19 illness, and FDA has 
recently granted emergency use authorization (EUA) for this oral anti
viral drug (Graham, 2021; Mahase, 2021e; Wang and Yang, 2021). Such 
antiviral oral drugs and pills have raised new hopes of COVID-19 
treatment and slashing hospitalization amid threats of Omicron and 
other variants such as Delta, and could be helpful in changing the 
ongoing pandemic’s course (Fan et al., 2021; Couzin-Frankel, 2021; 
Graham, 2021; Parums, 2022). 

16.3. Monoclonal antibodies 

As of now, eight authorized or approved mAbs are there for the 
treatment; out of them, seven Mabs (bamlanivimab, etesevimab, casir
ivimab, imdevimab, cilgavimab, tixagevimab and regdanvimab) block 
binding of viral S protein to ACE2. Omicron variants showed that mu
tations in the virus affected antibody binding of authorized therapeutic 
antibodies, including Casirivimab + imdevimab combination and 
Bamlanivimab + etesevimab combination (Falcone et al., 2021). Early 
modelling studies have predicted that the REGN-COV2 (Casirivimab and 
Imdevimab), as well as the Rockefeller University antibody C135 are 
still efficacious against the omicron (Chen et al., 2021a; Aleem et al., 
2022). NA8 and NE12 are the prophylactic and therapeutic antibodies 
that are developed using combinatorial antibody phage-display library 
methodology, and are effective against Omicron in picomolar concen
trations (Chen et al., 2022). Future strategy to combat Omicron requires 
high potency drugs which could reduce viral replication and spreading, 
and be effective against all the circulating variants, including any 
possible variants that could emerge (Fang and Shi, 2021; Mohiuddin and 
Kasahara, 2021). Omicron mutations did not affect the binding of 
Sotrovimab (S309) or Tixagevimab + Cilgavimab combination (Miller 
et al., 2021). Similar results were obtained by Hoffmann et al. (2021), 
who reported resistance of Omicron spike towards many commercial 
therapeutic antibodies but susceptibility towards inhibition by sotrovi
mab. Recent in vitro data demonstrated the promising use of sotrovimab, 
a MAb antibody produced by GSK, against the Omicron spike protein 
(Mahase, 2021b). Broadly neutralizing Sarbecovirus mAbs recognizes 
the site outside of the receptor-binding motif. In this class, three mAbs 
fall, namely sotrovimab, S2X259, and S2H97, identifying conserved 
epitopes and neutralizing Omicron (Cameroni et al., 2021). A panel of 
44 mAbs when investigated for neutralizing Omicron belonging to 
cognate RBD binding sites (I, I, IV, and V) and few of the antibodies 
among them targeting the conserved epitopes were found to be broadly 
neutralizing; these will be beneficial in targeting Omicron being resilient 
against antigenic shift associated with virus evolution (Cameroni et al., 
2021), and might help control the ongoing pandemic. A panel of 
neutralizing antibodies have been recovered using the linking B cell 
receptor to antigen specificity through sequencing (LIBRA-seq) tech
nology that allows simultaneous report of B cell receptor and antigen 
reactivity at the single-cell level. Five neutralizing antibodies were 
screened precisely to SARS-CoV-2 only and not for any other coronavi
rus. The 54042-4 was the most potent and targeted RBD region among 
them. Shotgun alanine-scanning mutagenesis of the SARS-CoV-2 RBD 
showed that currently circulating VOCs’ neutralization is not affected if 
54042-4 antibody is used. 54042-4 uses a distinct S protein recognition 
mode and possesses a distinctive genetic signature, differentiating it 
from other SARS-CoV-2 neutralizing antibodies. Its ability to neutralize 
Alpha, Beta, Gamma, and Delta VOCs and conservancy of its epitope 

among currently circulating isolates make it a potential therapeutic and 
diagnostic target (Kramer et al., 2021). 

17. Strategies to tackle emerging SARS-CoV-2 variants 

The pandemic virus is rapidly evolving and poses a severe threat to 
human health. The emergence of the omicron variant serves as a harsh 
reminder that, while we’ve made headway against covid-19 in the last 
two years, there’s still a lot more work to be done (Rae, 2021). There are 
requirements for prompt diagnosis, extensive surveillance, and moni
toring of the emerging SARS-CoV-2 variants (Rahimi et al., 2021; Raman 
et al., 2021; Khan et al., 2022). There is an urgent demand to reduce the 
vaccine hesitancy and simultaneous development of even more effica
cious vaccines (Blasi et al., 2021; Fiolet et al., 2021). Such an efficacious 
vaccine is required to reach to the entire world’s population. The safety 
measures adopted during the initial waves of SARS-CoV-2, like the 
implementation of quarantine, wearing masks, and other advanced 
protective equipment, with good hygiene practices need to be followed 
up continuously (Dhama et al., 2021; Zhou et al., 2021). Attempts to 
upgrade medical facilities and efforts to make these upgraded facilities 
available and accessible to the virus infected patients, especially the 
ones residing in the most affected areas, need to be one of the top pri
orities in each Omicron-affected countries. Apart from developing 
therapeutics against the emerging variants, much of the research should 
be directed towards drug repurposing where drugs that are already 
developed, evaluated for safety and efficacy, and already being used for 
treatment for another ailment may be implemented in the treatment of 
SARS-CoV-2 (Dhama et al., 2020). 

At present, a very low proportion of people residing in low-income 
countries had been vaccinated against COVID-19 (Anonymous, 2021; 
Tareq et al., 2021). The challenge in the drive of vaccination is the less 
likelihood of vaccination in ethnic minority groups and less vaccination 
in financially deprived groups (Rae, 2021). As vaccination has been 
proven quite effective in the management of COVID-19 and to prevent 
high burden of disease severity (Nainu et al., 2020; Liu et al., 2021), 
people residing in low-income and less-developed countries should be a 
top priority subject for mass vaccination (He et al., 2021). During the 
time of pandemic when many variants are appearing one after one with 
variable disease severity and transmissibility, clarity of messages is 
essential which have been changed time to time from “stay home” to 
“stay alert,” and many people may find it quite puzzling and it could be 
explained as “Alert Fatigue” (McKee, 2021). Moreover, there is a decline 
in the adherence to guidelines and trust in government when govern
ment officials in charge of making rules breach the rules and are called 
the Cummings effect when we see all the situations as per behavioral 
aspects (McKee, 2021). Also, despite complete vaccination, the spread of 
the Omicron variant is generating anxiety and fear in public, fuelled by 
misinformation on social media platforms. Medical staff is also stressed 
due to difficulty being faced in managing the interactions with 
anti-vaxers, and the situation worsens while handling aggressive psy
chiatric patients (Jain and Jolly, 2021). After the emergence of 
SARS-CoV-2, China has adjusted a series of policies to ensure effective 
implementation of prevention and control interventions and integrated 
the public health concept (Luo et al., 2021). The government is set to 
establish Nightingale hubs at the start of the first week of 2022 as a part 
of the preparedness program, and here the patients will be kept, those 
are not fit for discharge but require minimal nursing support and are not 
going to serve as a source of infection and does not require oxygen 
support (Mahase, 2021f). 

A fully coordinated and targeted operation of mass vaccination 
support can be managed by high-income and more developed countries. 
Vaccines need to be donated to the people residing in low-income 
countries to promote vaccination equity and global access, since the 
longer the vaccine inequity persists, the more the virus will gain op
portunity to perpetuate, mutate and evolve (Vaughan, 2021). Hence, in 
response to this, more than 100 countries and thousands of 
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organizations came up together and are supporting a campaign, initiated 
and led by India and South Africa (Wouters et al., 2021) and backed up 
by the WHO, to temporarily waive intellectual-property (IP) rights to 
COVID-19 vaccines and drugs (Anonymous, 2021). Formulations of 
better strategies to design superior vaccine candidates with longer shelf 
life, higher stability, and ease of immunization like an oral or nasal 
vaccine are to be opted (Snehota et al., 2021). Presently when there is a 
high requirement of protecting the population from emerging 
SARS-CoVB-2 VOCs and VOIs, many mRNA based vaccines might be 
efficiently designed to meet the pace of emerging variants; however, 
there is a quest to develop a much more experimental one-shot universal 
vaccine that can protect individuals for the entire lifetime (Li, 2021). 

Yaesoubi et al. (2021) suggested decision rules based on current 
hospital occupancy surveillance data and the weekly rate of new hos
pitalization. This might be helpful to policymakers to keep a close eye on 
current and changing situations and make decision rules (Yaesoubi 
et al., 2021). Among some safety measures, on arrival at the airport, 
thermal screening for infection is advocated, along with the social 
spacing. In addition, passengers from high-risk countries should be 
subjected to RT-PCR testing, and routine safety protocol should be fol
lowed. If these are found positive, the sample should be sent for genome 
sequencing (Thakur and Kanta Ratho, 2021). 

Government organizations may tie-up with private organizations to 
enhance the number of testings and tracking of SARS-CoV-2 and its 
emerging variants (CDC, 2021b). Genome sequencing facilities need to 
be enhanced to monitor the real-time emergence of new variants so that 
the timely strategies can be designed to mitigate the forthcoming issues 
related to the pandemic. Much is yet to be known and explored about the 
most recently emerged Omicron SARS-CoV-2 variant, its threat assess
ment, and therefore, high vigilance, needful public health alerts, 
collaborative efforts, action plans and preparedness plans in advance 
while translating the entire knowledge gained on COVID-19 into pre
vention and control of emerging variants to be best feasible ways are the 
utmost need of the present time to tackle this VOC too that is seeming to 
pose high global health concerns amid the ongoing COVID-19 pandemic 
(Anonymous, 2021; Choudhary et al., 2021; Daria et al., 2021; Gao 
et al., 2021; Karim and Karim, 2021; Wang et al., 2021; Ingraham and 
Ingbar, 2021). 

18. What can be done in the present scenario? 

Presently Omicron VOC has knocked on the door of 150 countries as 
of January 22, 2022 with nearly 0.5 million confirmed cases and 115 
deaths worldwide, and is spreading into the population of all the 
affected countries with its faster transmission rates (ECDC, 2021b; 
NewsNodes, 2022), therefore the number of cases are likely to increase 
quickly as a massive surge in COVID-19 cases at global level. Provided 
we have limited information related to the Omicron variant, a 
multi-layered approach is required to be adopted, mainly when immune 
escape and possible vaccine failure are posing a significant concern 
(ECDC, 2021e). Delta variant circulation among the countries forced 
authorities to make people vaccinated on top priority, especially those 
who are unvaccinated or not fully vaccinated. For example, in the USA, 
the significance of receiving vaccines is stressed even for children over 
five years and getting booster shots to people over 18 years of age 
(Tanne, 2021b). Some travel-related restrictions also may be imple
mented and extended until the epidemiological situation is fully un
derstood. To slow the spread of Omicron, more than 50 countries have 
tightened border controls by 02 December 2021 (Mallapaty, 2021). 
Though, travel restrictions are imposed in response to a newly discov
ered coronavirus strain, according to researchers’ speculations, we are 
too late and may even hinder Omicron research. Therefore, to prevent 
viral spread, the WHO advocated against travel bans and suggested 
quarantining new arrivals and testing travellers for SARS-CoV-2 before 
and after their trips (WHO 2021d). Moreover, in the meeting of Scien
tific Advisory Group for Emergencies (SAGE, 2021) in England on 16 

December, they advised government of England to introduce more strict 
measures, like those in place after step 2 or step 1 of the government’s 
roadmap, very soon to lower infection levels in the public and prevent 
the expected high levels of hospital admissions and deaths across the UK. 
The decisions by government should be based on scientific facts rather 
on political issues (Queen, 2022). Moreover, they stressed that delaying 
such initiatives until 2022 would considerably diminish their effec
tiveness and make it less probable that they will prevent significant 
pressure on health and care settings. 

Lubin et al. (2021) provided a structural model based on binding of 
Omicron RBD to its corresponding ACE2 and neutralizing and thera
peutic antibodies based on computational analysis. A multi-residue 
interaction network was formed between R493, S496, Y501, R498, 
and ACE2 residues. This interaction network suggested positive 
co-operation between residues to enhance the binding of Omicron RBD 
and ACE2, while binding of Barnes Class 1 and Class 2 neutralizing 
antibodies against Omicron RBD showed overall reductions in interfa
cial interactions. Furthermore, few of the substitutions in Omicron are 
known to dampen the antibody binding (e.g., K417N). An improved 
model named as extended WKDE model has been made that performs 
the retrospective analysis based on the spatiotemporal information to 
infer the date of infection for individual cases and predict the risk of 
disease onset in the future (Tong et al., 2021). Such more data-driven 
spatial prediction models need to be developed to reduce the depen
dence of theoretical assumptions and accurately predict the future dis
ease onset, especially when we are combating Omicron having very high 
infection rates. 

The Monte Carlo modelling revealed that now higher proportion of 
infected individuals is acting as super-emitters. For wild type virus, the 
ratio was 1 in 1000, while for Omicron it is 1 in 20 or 10 (Riediker et al., 
2022). This data suggest that surgical masks alone are not able to protect 
fully, in fact well fitted FFP2 respirators are able to provide sufficient 
protection. Various non-pharmaceutical interventions have proven their 
efficacy in preventing the transmission related to delta variant VOC. 
Also, measures such as social distancing, maintaining adequate venti
lation, and good hand and respiratory hygiene also play a significant 
role in lowering the SARS-CoV-2 associated morbidity and mortality. 
Wearing masks even with complete vaccination is urgent and necessary 
and need to be clubbed with the non-pharmaceutical interventions to 
curb the pandemic. Many mathematical models are suggesting that 
current vaccination rate is not sufficient to fully prevent the spread of 
virus (Brüssow and Zuber, 2021). It was reported that the Omicron 
variant (B.1.1.529) was found in an asymptomatic, fully vaccinated 
traveller in a quarantined hotel in Hong Kong, China, and had been 
transmitted to another fully vaccinated traveller staying in a room across 
the corridor from the index patient, indicating transmission of this virus 
variant despite strict quarantine precautions (Gu et al., 2021). Smoke 
tests in designated quarantine hotels revealed that aerosols could leak 
out may move to guest rooms and corridors and infectious aerosols may 
be inhaled when the doors of the rooms are opened (Wong et al., 2021). 
Classical Wells-Riley model is widely used model to estimate trans
mission risk of airborne pathogens in indoor spaces. spatiotemporal 
distribution of airborne pathogens is determined using computational 
fluid dynamics (CFD) simulations of airflow and aerosol transport and it 
revealed that a combination of proper ventilation along with PPE kit are 
necessary for preventing the transmission risk at hospital wards (X. Li 
et al., 2021). Experts suggest that the governments should implement 
strict restrictions based on modelling, which indicates that without 
posing additional restrictions, hospital admission could peak 3000 and 
10000 a day, with a death toll between 600 and 6000 a day (Iacobucci, 
2021b). 

Early genomic detection, field investigation, and laboratory assess
ments will remain helpful in understanding the epidemiological trends, 
virus characteristics, disease severity, the effectiveness of public health 
and social interventions, diagnostic procedures, immunological re
sponses, as well as vaccine effectiveness and taking adequate steps 
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necessary to prevent further dissemination could be crucial in slowing 
down the Omicron VOC establishment (Wang and Powell, 2021). 

19. Conclusions and future perspective 

Despite the global massive vaccination drives and high efforts to 
restrain SARS-CoV-2 spread, COVID-19 pandemic continues as the virus 
evolves into several variants and mutants. SARS-CoV-2 pandemic has hit 
the world with its devastating global health impacts and severely 
affecting the economy worldwide. After almost two years of the initial 
emergence of the virus and its different variants, an exceptional accu
mulation of high numbers of mutations have given rise to the newly 
emerged most mutated SARS-CoV-2 Omicron variant. The emergence of 
Omicron variant could be attributed to either accumulation of mutations 
in a closed group of people and then its dissemination in a larger group 
of people or due to long term persistence in immune-compromised pa
tients that led to the continuous evolution in virus resulting in a variant 
with higher mutations. Alternatively, the hypothesis of epizootic 
transfer of virus from human to animals and then again bouncing back to 
humans also need appropriate attention to be in-depth investigated to 
reach any conclusion. Whatever could be the reason behind the emer
gence of Omicron, it presently created havoc and imposed high public 
health concerns at global level. Until its complete etiology is understood 
regarding infectivity, neutralization through immune sera and effec
tiveness against currently available vaccines and immunotherapies, 
safety measures such as quarantine, social distancing, wearing of face 
masks, hand hygiene, respiratory hygiene, medical facility upliftment, 
development of highly efficacious vaccines and universal vaccine 
effective against all variants of SARS-CoV-2, and exploring drug repur
posing should be given due priority to limit the speed of spread of this 
most recently emerged Omicron variant. The primary concerns related 
to the emergence of any virus include infectivity, the efficacy of thera
peutics against the pathogen and the efficacy of pre-existing immunity 
obtained via natural infection or immunization via vaccines against the 
emerging virus, and possible health hazards associated with the emer
gence of immune escape. Hence strengthening of research, enhancing 
genomic surveillance and tracking, developing highly effective vaccines 
and immunotherapies, designing appropriate strategies, action plans 
and future preparedness plans need to be emphasized on priority and 
executed promptly at global levels to mitigate the high global health 
concerns associated with this new Omicron variant emergence well 
before it could make high surges in COVID-19 cases worldwide. 
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