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SUMMARY

The SARS-CoV-2 Omicron variant (B.1.1.529) has been
the most recent variant of concern (VOC) established

known as (S) gene target failure (SGTF). Furthermore,
BA.2 had a stronger affinity to the human Angioten-

by the World Health Organization (WHO). Because of
its greater infectivity and immune evasion, this variant
quickly became the dominant type of circulating SARS-
CoV-2 worldwide. Our literature review thoroughly
explains the current state of Omicron emergence, par-
ticularly by comparing different omicron subvariants,
including BA.2, BA.1, and BA.3. Such elaboration
would be based on structural variations, mutations,
clinical manifestation, transmissibility, pathogenicity,
and vaccination effectiveness. The most notable differ-
ence between the three subvariants is the insufficiency
of deletion (A69-70) in the spike protein, which results
in a lower detection rate of the spike (S) gene target

sin-converting Enzyme (hACE2) receptor than other
Omicron sub-lineages. Regarding the number of muta-
tions, BA.1.1 has the most (40), followed by BA.1, BA.3,
and BA.3 with 39, 34, and 31 mutations, respectively. In
addition, BA.2 and BA.3 have greater transmissibility
than other sub-lineages (BA.1 and BA.1.1). These char-
acteristics are primarily responsible for Omicron’s vast
geographical spread and high contagiousness rates,
particularly BA.2 sub-lineages.

Keywords: SARS-CoV-2, COVID-19, BA .2 sub-lineages,
immune evasion, Omicron variant, spike protein,
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B INTRODUCTION

Coronavirus disease (COVID-19) has become
a worldwide pandemic since it was declared
by the World Health Organization (WHO) on
March, 2020. It is caused by the Severe Acute Res-
piratory Syndrome Coronavirus 2 (SARS-CoV-2)
and appeared first in Wuhan, Hubei, China. The
pandemic led to large numbers of deaths and
severe morbidities worldwide. Fortunately, the
number of cases and deaths has exceeded 632
million and 6.6 million, respectively, as of Octo-
ber 22, 2022, with more than 12.8 billion vaccine
doses administered [1]. SARS-CoV-2 has mutated
and undergone antigenic variations. As of May
2021, four variants have been discovered, includ-
ing Alpha, Beta, Gamma and Delta [2]. WHO
classified the new SARS-COV-2 mutation, found
in Botswana on November 11, 2021, as the Omi-
cron subvariant (B.1.1.529) on November 26, 2021
[3]. Omicron showed a significant mutation abil-
ity with increased mutations compared to other
variants [2]. Interestingly, Uddin et al. highlight-
ed the Omicron’s high infectivity and antibody
resistance. They reported that Omicron could be
10-fold more transmissible and infectious than
the early original ancestor and 2.8-fold more than
the Delta variant. Furthermore, Omicron is 88%

able to evade recent COVID-19 vaccines [4]. Ac-
cordingly, the number of COVID-19 patients has
rapidly increased after this variant’s appearance
[5]. It quickly spread to South Africa as the aver-
age number of patients per day increased from
280 to 800 in one week [6]. Therefore, neighboring
countries such as Mozambique, Swaziland, Zim-
babwe, Namibia, and Botswana were alerted [3].
On December 13, 2021, a Canadian patient was
documented as having the Omicron subvariant
(B.1.1.529). Guangdong, a Chinese city, recorded
65 foreign omicron cases imported from 16 coun-
tries. They were discovered through the second
sequencing generation on December 31, 2021 [5].
Interestingly, after analyzing the sequences of vi-
ruses that affected a fraction of infected people
globally in March 2022, Omicron has been revealed
in 100% of cases in many countries, including Ar-
gentina, Cambodia, Colombia, Croatia, Ecuador,
Greece, New Zealand, and Russia [7]. However,
this result may not indicate the complete eradi-
cation of other variants since only a sample of all
patients was sequenced. Also, actively monitored
or recently discovered variants may be overrep-
resented because their suspected cases are se-
quenced preferentially or faster than other cases
[7]. As of October 19, 2022, the Omicron variant is
evident in at least 206 countries. The United States
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Figure 1 - The number
of recent omicron var-
iant cases globally as of
October 19, 2022. This
original figure was de-
veloped based on data
available on the GISAID
initiative [8].
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of America (USA) and the United Kingdom (UK)
are the most affected countries, with 1,827,027 and
1,316,923 cases, respectively, followed by Germa-
ny (446,143), Denmark (304,947), France (283,549),
Japan (251,145), and Canada (189,819) [8]. As of
October 19, 2022, the number of recent omicron
variant cases globally is shown in Figure 1. The
evolution over time indicates that Omicron be-
came the predominant and exclusive VOC circu-
lating globally during 2022 (Figure 2).

Figure 2 - General scheme
of Omicron variant of
SARS-CoV-2. Twenty-one
common mutations.
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Furthermore, the Omicron revealed several sub-
variants, including BA.1, the most spread type
of Omicron; BA.2.12.1, a sub-variant identified
in New York and circulated quickly in the US in
May; B.4 and B.5, which were first discovered in
January and February and frequently found in
South Africa during May [9]. Finally, B.5 entered
Portugal and made the sixth wave, leading to a
peak in the number of cases and deaths number.
The cases number was 2888 per million during
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the last week of May, compared to 373 new cases
per million in Spain [10].

BA.2, another omicron sub-variant, has been the
most recent and common variant of SARS-CoV-2
globally [9]. BA.2 counted around 86% of all ana-
lyzed sequences globally and more than 50% of
new cases in the USA in March 2022. Further, it
has appeared in China, the UK, and Germany [9,
11]. Finally, BA.3, a subvariant containing 1276
amino acids, was detected in Gauteng Province,
South Africa. It was found that BA.3 has 34 mu-
tations, including R216, which is a unique muta-
tion. Further, compared to BA.1, BA.3 showed a
higher capability to transmit among people [12].
Our literature review will thoroughly explain the
current state of Omicron emergence, particularly
by comparing different omicron subvariants, in-
cluding BA.2, BA.1, and BA.3. Such elaboration
would be based on structural variations, mu-
tations, clinical manifestation, transmissibility,
pathogenicity, and vaccination effectiveness.

B MATERIALS AND METHODS

We searched on PubMed, Scopus, Web of Science,
Google Scholar, and accredited international web-
sites using keywords including “Coronavirus”,
“SARS-CoV-2”, “Variants”, and “Omicron”. In
addition, all study designs (i.e., retrospective, and
prospective observational studies, letters, and re-
views) related to our search strategy have been
included in our literature review.

Structure

SARS-CoV-2, one of the Coronaviridae family

members, possesses a positive, encapsulated, and

unsegmented single-stranded ribonucleic acid

(RNA). The genomic structure of the Coronavirus

consists of three key regions:

1) Open reading frames (ORFs) 1a;

2) OREF 1b as the non-structural proteins compo-
nent;

3) structural proteins, which account for one-third
of the viral gene sequence. These structures are
composed of the membrane (M), envelope (E),
spike protein (S), and nucleocapsid (N) [13, 14].
Coronavirus virulence is linked to its structural
and non-structural proteins [15, 16].

Some virus variants have emerged during the

recent COVID-19 spread due to the SARS-CoV-2

dissemination. According to their impact on ep-

idemiological and clinical status, these variants
are designated as variants of concern (VOC),
variants under monitoring (VUM), and variants
of interest (Vol) [17]. Previously, the following
four variants, Alpha, Gamma, Beta, and Delta,
have been known as VOCs. These variants intro-
duce unique genetic variations, primarily in the
spike protein. There have been numerous mu-
tations described for these variants, including
(1) alpha (spike mutations: A69-70, A144, N501Y,
A570D, D614G, P681H, T716l, S928A, D1118H),
(2) beta (L18F, D80A, D215G, A242-244, K417N,
E484K, N501Y, D614G, A701V), (3) gamma (L18E,
T20N, P26S, D138Y, R190S, K417T, E484K, N501Y,
D614G, H655Y, T10271, V1176F), and (4) delta
(T19R, G142D, A156-157, R158G, L452R, T478K,
D614G, P681R, D950N) [18, 19].

Nowadays, the Omicron variant is the only
VOC classified by the WHO. Four commonly
identified sub-lineages of Omicron are the most
common type globally, including BA.2, BA.3,
BA.1, and BA.1.1 [17, 20]. BA.2 had 1270 amino
acids, the same as the original Omicron version
(BA.1, discovered in November 2021), but slight-
ly more than BA.3 (1267 amino acids). The BA.1
sub-lineages have the highest molecular weight
(141,328.11) than other subvariants, possessing an
additional R346K spike protein mutation [21].
Recently, several new Omicron sub-lineages have
emerged, including BA.2.12.1 (North America),
BA .4, and BA.5 (South Africa mainly), as well as
BA.5.1 (Portugal particularly), possibly driving
the pandemic further [22, 23]. The origin of the
Omicron variant is still unconfirmed. However, it
is thought to be related to three distinct theories
of circulation: in a hidden population, in immu-
nocompromised patients, and as an adaptation
in animal reservoirs that were transmitted to hu-
mans [24-26].

The general structure of the Omicron variant is
like the previously described genomic pattern
of SARS-CoV-2. However, in comparison with
the wild type (Wuhan-Hu-1), BA.1 variant has
28 substitutions in its amino acids, one insertion,
and three deletions of the spike protein (A67 V,
A69-70, T951, G142D, A143-145, A211, L212], in-
s214EPE, G339D, S371 L, S373P, S375F, K417N,
N440K, G446S, S477N, T478K, E484A, Q493R,
G496S, Q498R, N501Y, Y505H, T547K, D614G,
H655Y, N679K, P681H, N764K, D796Y, N856K,
Q954H, N969K, L981F) and 50 mutations in total
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(including membrane protein, envelope protein,
nucleocapsid protein, and non-structural pro-
tein). Meanwhile, BA.2 sub-lineages have shown
subtly different alterations in the spike protein,
with 29 substitutions in its amino acids and one
insertion (T191, L24S, ins25PPA, D142D, V213G,
G339D, S371 L, S373P, S375F, T376A, D405N,
R408S, K417N, N440K, G446S, S477N, T478K,
E484A, Q493R, Q498R, N501Y, Y505H, D614G,
He655Y, N679K, P681H, N764K, D796Y, Q954H,
N969K), with 51 total mutations observed in the
whole genome. Meanwhile, BA.3 has most of its
mutations (27 mutations of the spike protein, 43
in total) with BA. 2 and BA.1, except for a single
mutation on NSP6 (A88V) [26-29].

BA.2.12.1 has five more mutations in comparison
with BA.2 sub-lineages, located at the L452Q and
S704L, g.11674 C>T (ORFlab), g.15009 T>C (OR-
Flab), and g.21721 C>T (S) [29, 30]. Meanwhile,
BA.4 and BA.5 pose identical spike proteins with
BA.2 variant, with some additional mutations,
namely del69/70, L452R, F486V, Q493 reversion,
and N658S. These two lineages are frequently dis-
cussed in a companion [17, 29, 31]. For a complete
description, BA.4 has 30 amino acid mutations in
total (V3G, T191I, A27S, G142D, V213G, G339D,
S371F, S373P, S375F, T376A, D405N, R408S,
K417N, N440K, L452R, S477N, T478K, E484A,
F486V, Q498R, N501Y, Y505H, D614G, H655Y,
N679K, P681H, N764K, D796Y, Q954H, N969K)

with additional five deletions in the spike protein
(L24del, P25del, P26del, H69del, V70del) [32].
Henceforth, BA.5 subvariants possessed 34 non-
synonymous mutations, including T19I, A27S,
G142D, V213G, G339D, S371F S373P, S375F,
T376A, D405N, R408S, K417N, N440K, L452R,
S477N, T478K, E484A, F486V, Q498R, N501Y,
Y505H, D614G, H655Y, N679K, P681H, N764K,
D796Y, Q954H, N969K, L24del, P25del, P26del,
H69del, and V70del, which is generally similar
with BA 4 type [33].

Undoubtedly, any variability in the amino acid
side chain (i.e., charge, size, and hydrophobicity)
can change the intrinsic properties of the affected
protein along with its interplay with other pro-
teins or molecules [34]. The most significant dis-
tinction between BA.2 and BA.1 and BA.3 is the
absent deletion (A69-70) in the primer target site
of the spike protein, indicating that the BA.2 vi-
ral genome lacks the spike (S) gene target failure
(SGTF) characteristic [35]. It complicates real-time
detection of this subvariant using commonly
available reverse transcriptase-polymerase chain
reaction (RT-PCR) [36].

Furthermore, based on the comparison between
BA.2, BA.1, and BA.3, it is identified that BA.1
poses eight specific mutations (A67V, ins214EP,
R216E, S371L, G496S, T547K, N856K, and LI981F),
the same amount as BA.2 (T191, L24del, P25del,
P26del, A27S, V213G, T376A, and R408S). Mean-
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Table 1 - The comparison between BA.2, BA.1, and BA.3 subvariants of Omicron [25, 42-45].

Characteristics BA.1 BA2 BA.3
Molecular weight 141,328.11 141,185.78 140,900.61
Charged residues 111 108 109
Unique mutations (spike protein) 8 8 1
Unique mutations (RBD) 0 2 0
Unique mutations (RBM) 1 0 0
Root mean square deviation value (vs wild type) 0.68 0.68 0.68
Binding pocket area 93.87 49.03 49.03
Binding pocket volume B7.52 16.44 16.43
Deleterious spike protein mutation 6 2 5
BEFE (kcal/mol) -70.6 -72.36 7355
BFE changes (kcal/mol) 2.60 2.98 2.88
Docking energy with hACE2 (kcal /mol) -943.4 -974.0 -999.3
Potential vaccine breakthrough 0.88 091 0.89
KD values of hACE2 binding affinity (nM) 19 10.0 22.1
SGTF Yes No Yes
Effective reproduction number (R)) vs Delta variant 1.99 2.51 N/A
Generation time vs Delta variant 0.60 0.51 N/A

Abbreviation: BFE: Binding free energy, hACE2: human Angiotensin-converting enzyme 2, RBM: Receptor-binding Motif, RBD: Receptor-binding

Domain, SGTF: S-gene Target Failure.

while, BA.3 possesses a lower amount of distinct
mutation (one, R214del) [25, 28, 37].

Each of the Omicron sub-lineages has 21 common
mutations in spike protein (42D, G339D, S373P,
S375F, K417N, N440K, S477N, T478K, E484A,
Q493R, Q498R, N501Y, Y505H, D614G, H655Y,
N679K, P681H, N764K, D796Y, Q954H, and
N969K) (Figure 3) [25].

All Omicron subvariants share a common muta-
tion at the Receptor-binding Motif (RBM) region,
including N440K, 5477N, T478K, E484A, Q493R,
Q498R, N501Y, and Y505H. This mutation im-
pacts the binding capacity of the virus to the hu-
man Angiotensin-converting Enzyme (hACE2)
receptor. Interestingly, BA.2 possesses the highest
affinity when it is compared with the rest Omi-
cron sub-lineages). Other crucial mutations are
L452Q (promoting human-to-human transmis-
sion, augmenting infectivity, strengthening re-
ceptor binding, and diminishing vaccine-induced
protection), L452R, and F486V (participating in
immune escape mechanism), in addition to mu-
tations in H655Y, N679K, and P681H (increasing
spike cleavage and facilitating virus transmis-

sion) [25, 38]. Meanwhile, the N658S mutation on
the BA.4 and BA.5 subvariants (at the beginning
of subvariant emergence) was responsible for a
reduction in binding affinity with the hACE2 re-
ceptor, though it no longer appears [39]. The neu-
tralizing performance of monoclonal antibodies
(mAbs), convalescent plasma, and vaccines can
be influenced by mutations in K417N, N440K,
G446S, S4777N, T478K, and N501Y [39, 40]. The
essential NSP mutations are NSP6, NSP12, and
NSP14, causing an alteration in the T cell immu-
nity and innate immune response [29, 41]. The
comparison of molecular features between BA.2,
BA.1, and BA.3 is depicted in Table 1.

Infection with Omicron: Properties

and Clinical Outcomes

Omicron is more contagious and associated with
a high rate of reinfections. It can also escape vac-
cine-induced immune responses [6, 46]. Omicron
variants have a short incubation period of about
three days [47]. Computational analysis of the
Delta and Omicron documented that Omicron af-
finity to ACE2 receptors is higher, explaining its
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higher transmissibility. This great affinity may be
due to many mutations, including Q493R, S371L,
S375F, Q498R, T478K, Asn501Tyr, K417, D614G,
L452R, and N501Y [48, 49].

Compared to the SARS-CoV-2 Delta variant, Omi-
cron leads to fewer severe clinical outcomes [50-
53]. Omicron replication occurs in the upper res-
piratory airway leading to little lung harm with a
mild form of the disease [54]. Clinical manifesta-
tions induced by Omicron include flu symptoms
such as fever, fatigue, headache, throat pain, and
sore throat with no loss of taste. These mild man-
ifestations lead to a low hospitalization rate in a
data linkage study by Wolter et al. [55]. It is worth
noting that this outcome should be interpreted
with caution since analysis may be inconclusive
due to the small number of included severe out-
comes, the ability of S gene target failure (SGTF)
to be a proxy for detection of other variants such
as alpha variant and the setting of the analysis
which was in the early fourth wave with a small
number of admitted individuals to hospital where
individuals with milder symptoms were more
likely to be admitted [55, 56].

Additionally, about 21% of the study’s hospitalized
South African individuals with the SARS-CoV-2
omicron variant had severe clinical outcomes [56].
However, this rate might change in other popula-
tions with different demographics and lower lev-
els of infection or vaccine-derived immunity [56].
Interestingly, patients with Omicron infection can
develop a robust immunity with a high capacity
to neutralize many SARS-CoV-2 variants caused
by this decrease in reinfection with Delta [57]. The
Omicron is characterized by new mutations in its
receptor binding site, leading to an excellent ca-
pacity for transmission and a different antibody
response [58]. The existence of these mutations
may also explain the implication of antibody re-
ceptor binding domains of Omicron in escaping
immunity. Furthermore, such mutations may also
make immunity from previous infections less ef-
fective against new reinfection [58]. Yet, more
extensive investigations are needed to evaluate
Omicron’s rate and causes of reinfections and the
possible factors of this phenomenon.

Omicron BA. 2 transmissibility, pathogenicity,

and severity

In their study, Lyngse et al. found that BA.2 has a
higher risk of infection compared with BA.1 in the

unvaccinated, fully vaccinated, and booster-vac-
cinated individuals with Odds Ratio (OR) of (1.99;
95%-CI 1.72-2.31), (2.26; 95%—CI 1.95-2.62) and
(OR 2.65; 95%—CI 2.29-3.08), respectively. Thus,
they concluded that Omicron BA.2 subvariant is
more transmissible than BA.1. However, it does
not increase its transmissibility from vaccinated
individuals [59]. Additionally, it could reinfect
the persons infected with BA.1, promoting double
peaks in infection rates [60]. Furthermore, BA.2 is
named the stealth variant due to its challenging
track as BA.2 and BA.3, requiring genomic se-
quences to be tracked, unlike BA.1, which could
be detected by PCR test [60].

Its transmissibility and pathogenic potency differ
from BA.1 and BA.3 subvariants. This difference
in biological properties also interests resistance
to antiviral drugs and vaccine-enhanced immu-
nity [61]. In contrast to BA.1 subvariant trans-
mission, Omicron BA.2 sub lineage’s spread and
transmission are faster [59, 62, 63]. In addition to
this, BA.2 may have a link with susceptibility to
infection among unvaccinated, vaccinated, and
booster-vaccinated patients compared to BA.IL.
The study of docking energy of Omicron recep-
tor-binding domain (RBD) showed that Omicron
subvariant BA.2 RBD possesses a greater affinity
regarding binding to ACE2 receptor than BA.1
RBD. Also, mutations at Receptor-binding Motif
(RBM) residues may affect the affinity to the ACE2
receptor. Together, these data may explain the dif-
ference in infectivity among Omicron subvariants
[25]. Furthermore, its immune-evasive actions
may influence vaccine effects, but this does not
enhance its potency of transmission among vac-
cinated patients [59].

A report highlighted the comparable pathogenici-
ty of BA.2 to B.1.1 but higher than BA.1 in a ham-
ster model [61]. Yet, another study found also
that the pathogenicity and replication properties
of both BA. 1 and BA.2 were similar in rodents
[64]. The fusogenicity of the SARS-CoV-2 var-
iant is closely related to its pathogenic capaci-
ties. Studies exploring the virological properties
of BA.2 showed it has higher fusogenicity and
pathogenicity than BA.1. Results from cell cul-
ture experiments suggested that the Delta variant
is more fusogenic than both B.1.1 and BA.1 [65,
66]. However, unlike the Delta variant, the BA.2
fusogenicity did not increase S protein cleavage
efficiency [61, 66]. Therefore, deep clinical and
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virological investigations should be done to un-
derstand BA.2 pathogenicity and determine the
different factors that influence the invasive char-
acteristic of the different subvariants. Further, the
rising in BA.2 could be attributed to the cessation
of the public health interventions that occurred
globally simultaneously, and it may be just the
version that spread when the people lifted the
masks [13].

Symptoms caused by omicron subvariants BA.2
and BA.1 are similar [67]. In a report, patients
having BA.2 had more risk of developing cold-
like clinical symptoms and a higher rate of daily
activities disruption than those having BA.1. In
general, patients having BA.2 infection had more
risk of being symptomatic than those with BA.1.
This may be due to the lower neutralizing anti-
bodies present against BA.2 and its capacity to
evade vaccine protection [68, 69]. Infection with
the BA.1 subvariant may be a protective factor for
reinfection with BA.2 [69]. In a recently published
cohort, the proportion of patients with an age of 65
years or more was more in the BA.2 (15%) group
than in the BA.1 group (8.8%). Hospitalized indi-
viduals” proportion was higher among patients
with BA.2 (6.3% versus 1.4%), but no transfer to
ICU was registered [70]. Further analysis found
that old age and infection with BA.2 were associ-
ated with increased odds of hospitalization, while
only age was identified as a risk factor for mortal-
ity, particularly in higher age groups [>80 years:
adjusted OR=36.78; 95%CI: 16.64-81.33] [70]. In
a cohort from the Apulia region, the median age
of subjects having BA.2 infection (42 years) was
higher than the reported age in Denmark, which
was 32 years. That may be explained by the re-
gion’s population distribution characteristics [69].
Reports showed that sex, age, hospitalization,
mortality, and COVID-19 reinfection rates did
not differ among subjects infected with BA.2 or
BA.1 [67, 69]. A current study from California re-
vealed that the risk of severe outcomes (including
symptomatic hospital admission, ICU admission,
use of mechanical ventilation, and death) in BA.2
infection was not different from that reported in
infections with BA.1 or BA.1.1 [71]. The German
national surveillance data analysis suggested
that the risk of hospitalization of patients aged 35
years or more due to infections caused by BA.2 or
BA.1is 80 per cent lower than the Delta-associat-
ed risk. They also showed that, among patients

having Omicron infection, the rate of vaccinated
patients was lower than in the Delta cohort, with
proportions of 2.3% and 4.4% for both lineages,
respectively. In total, the hospitalization rate
among patients infected with Delta was threefold
higher than that of the Omicron group [72].

Co-Infection and Recombination of Omicron

and Delta

Co-infections with different variants enhance the
risk of viral recombination and the production
of new variants that could potentially be VOC.
Therefore, co-infection detection and identifi-
cation are essential for determining their risk in
vulnerable patients, known as incubators of evo-
lutionary events in the SARS-CoV-2 journey [73].
Few studies explored the possibility of concurrent
infection between Omicron subvariants and the
Delta variant. Some studies identified Omicron
and Delta co-infection cases in geographically dis-
tinct areas [74, 75]. Several shared mutations have
been detected among VOCs and Omicron sublin-
eages. The omicron subvariants genome analysis
showed various recombinations of VOC and these
variants, including Deltacron-like variants [76].
However, data on the influence of co-infection on
Omicron and Delta on infection outcomes and the
efficacy of current vaccines are scarce. Also, the
existence of recombinants resulting from different
variants like “Demicron” and “Deltacron” is con-
troversial since there is no evidence whether the
detected viruses were a real new variant or they
were due to a sequencing error [77]. In front of the
inconsistency of the current data, prevention of
Omicron spread in unvaccinated and vulnerable
patients seems to be an essential step to control
recombination events and prevent further waves
of COVID-19.

Diagnostic measures of Omicron

Many diagnostic tests have been used to detect
SARS-CoV-2, including Reverse Transcriptase
Polymerase Chain Reaction (RT-PCR) for viral
RNA detection, immunoglobulin assay, and viral
antigen detection, with the RT-PCR as the most
reliable and widely used tool. It is the gold stand-
ard diagnostic test with more than 97% specifici-
ty and more than 95% sensitivity [78]. However,
the role of RT-PCR in detecting the new subva-
riant (BA.2) is still controversial, warranting the
development of new variant-specific PCR assays
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for detecting the newly emerging variants [79]. To
correctly identify the VOCs, genome sequencing
is key [80-101].

Indeed, a novel RT-qPCR assay has been devel-
oped to differentiate between Omicron sub-lin-
eages (BA.2, BA.1, and BA.3) [80]. Furthermore,
using flow cytometry in conjunction with RT-qP-
CR has enhanced the detection of the Omicron
variant beside other VOCs [81]. However, further
investigations are needed to evaluate the pos-
sibility of implementing such flow cytometric
techniques into the standard RT-PCR testing of
Omicron, considering its additional cost and the
need for the expertise required to run such meth-
ods. Other diagnostic modalities, including rapid
antigen and rapid antibody assay, provide a quick
and low-cost alternative to PCR. That is particu-
larly useful in surveillance programs where many
people must be screened [82, 83]. Recent evidence
suggests a similar performance of rapid antigen
testing in detecting the Omicron variant com-
pared with previous variants [84].

Nasopharyngeal swabs versus combined
oropharyngeal/nares swabs

At the pandemic’s beginning, RT-PCR of naso-
pharyngeal (NP) swabs was the gold standard
diagnostic approach in community and hospital-
ized patients [85]. An alternative sampling meth-
od was combined oropharyngeal/nares (OPN)
swabs, which showed comparable performance
levels to NP swabs [86]. One study demonstrat-
ed that the OPN route might be preferable to
NP due to increased SARS-CoV-2 viral shedding
through the saliva [87]. That is particularly the
case for Omicron compared to other variants like
Delta [88]. Another study suggested NP swabs
are superior to OPN swabs and saliva in detect-
ing Omicron by finding higher viral loads in NP
swabs compared to saliva [89]. Such discrepancy
in the results of the two types of swabs among
different studies may be attributed to other fac-
tors, such as the technical difficulty of perform-
ing NP swabs compared to the relative ease of
performing OPN swabs or the problem of obtain-
ing enough saliva, particularly in older patients.
But whenever possible, combined OPN and NP
swabs should be considered. That also warrants
re-evaluation of the standards of diagnostic test-
ing as the Omicron variant continues to spread
rapidly worldwide.

Immunization against Omicron

Various studies reported consistent findings about
immunization efficacy against the Omicron sub-
variants. Initially, the two primary doses lead to
mild-to-moderate protection. Booster doses have
also been found to enhance protection substan-
tially. However, vaccine effectiveness is rapidly
waning over time [101]. Boosters can also provide
higher levels of protection against severe disease,
as evident by the increased effectiveness from 70-
80% at the time of the second dose to more than
90% after the booster dose, resulting in lower
rates of hospitalizations and death, highlighting
the importance of raising awareness of the public
about the benefits of booster doses [90, 91]. Com-
pared to the Delta variant (from 89 to 80%), there
is lower vaccine effectiveness against Omicron
(from 36 to 1%) after two doses. However, boost-
er doses showed similar efficacy against Omicron
(95%) and Delta (99%) variants regarding severe
outcomes [92]. Andrews et al. reported a simi-
lar reduction over time in vaccine effectiveness
for the omicron variant for two BNT162b2 doses
(from 65.5% to 15.4%) and two mRNA-1273 doses
(from 75.1% to 14.9%) [91].

Recommendations and Future Directions

The escalating pandemic of COVID-19 has put
healthcare in turmoil across the globe due to its
geographical expansion and high contagiousness
rates. On the same wavelength created a bow-
wave of distress and apprehension among gen-
eral masses. It is considered the brutal pandemic
and human tragedy that swept across the borders.
The virus causing COVID-19 has the potential to
change consistently. Since the beginning of the
outbreak, several notable variants have been seen.
Co-infection associated with various SARS-CoV-2
variants, especially Omicron subvariants, be-
comes conceivable when numerous variants cir-
culate in the same region simultaneously, which
could open the way for new variants to emerge
by viral homologous recombination [93]. Al-
though emerging variants are a normal part of vi-
rus evolution, monitoring each appears of prime
importance to ensure countries are ready. That is
particularly obvious in omicron variants, which
are more aggressive, exceptionally transmissible,
vaccine-resistant, equipped to cause more severe
disease, or compared to the original strain of the
virus.
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This co-infection has extended the unsettling of
SARS-CoV-2 acquiring new mutations even more
swiftly. Tracking this perspective allows main
stakeholders to track the surfacing of these new
VOCs and know and respond to any changes in
their transmission or vaccine efficacy. Unfortu-
nately, it seems that nations unable to contain the
spillover of COVID-19 and new contagious vari-
ants, including Omicron, continue to emerge [94].
Therefore, we need a global public health system
to attack spillover from wild animals, and WHO
should consider the concept of OneHealth more
than ever.

Policy and decision-makers should have learned
the lesson, and now, they should recognize the
cost of not preventing diseases. Passive and active
surveillance of diseases is of paramount impor-
tance, especially for newly emerging infectious
diseases. Campaigns and awareness are crucial
for healthcare workers and populations at the
individual level. Vaccination for the whole pop-
ulation and the continuous complementary work
with the commitment to international health reg-
ulations to prevent the spread of epidemics glob-
ally. New limited outbreaks might be seeded at
increasing immunization rates, and infections

occur again. Thus, applying and concordance of
public health preventive strategies could still be
helpful.

Nevertheless, the infection risk could be control-
lable in the case of immunized individuals in
places with a low spread of SARS-COV-2 vari-
ants or a low case ratio. Furthermore, COVID-19
symptoms may be similar to the common cold
due to increased worldwide immunization over
the long term, leading to the emerging period of
seasonal coronaviruses, which is a sign that COV-
ID-19 may likely become an endemic disease [95].
Nevertheless, the COVID-19 pandemic has not
stopped yet, and certain European countries are
presenting new peaks and waves as of October
2022 (Figure 4).

Vaccine accessibility should be ensured along
with tackling the hesitancy challenges. Reinfec-
tion in vaccinated individuals is likely to occur,
and thus, vaccination and receiving a booster shot
is the best protection against Omicron, as pro-
posed by CDC. Similarly, CDC put forward “lay-
ered prevention strategies” for both the groups
vaccinated and the non-vaccinated. Experts in the
field also advised masking, social distancing, and
other mitigation strategies.

Daily new confirmed COVID-19 cases per million people

7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of infections.
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Researchers should focus on environmental driv-
ers that lead to zoonosis and the social behaviours
associated with the spreading of these diseases.
Environmental drivers such as climate change
and air pollution complicate the situation, as we
have seen during the COVID-19 pandemic [96].
However, it is unclear how climate change im-
pacts the evolution of the viruses, how they play a
role in the spread of such viruses from animals to
humans, and to which extent climate drivers as-
sist in the mutations of viruses such as Omicron.
As a result, researchers need more data from sev-
eral cases and information at the molecular level,
what is happening at the genetic level, and how
other factors facilitate this transformation. More-
over, researchers should look for resources that
help them track epidemics rapidly, such as social
media platforms and website information, to fol-
low and track diseases and develop guidelines.
Another critical point is the use of well-structured
methods with the help of machine learning and
natural language processing [97].

The concept of one health should be generalized
[98]. The focus of this concept needs an interdis-
ciplinary research team from fields such as veter-
inary medicine, public health, ecology, and envi-
ronment, together with epidemiologists to further
understand what kind of practices lead to this
rapid spread of viruses and how can public health
professionals intervene to stop this spread. Fur-
thermore, the concept of one health and climate
change is essential to study the drivers of the
propagation of diseases [99]. Finally, factors such
as the mobility of humans and the exotic trade of
wild animals should be considered to have a com-
plete picture of all the interactions and drivers for
the spread of zoonotic diseases [100].

Even though the role of public health profession-
als is significant in prevention, healthcare provid-
ers and clinicians should increase their prepared-
ness and update their knowledge about new vi-
ruses and their different mutations. They should
also spread health knowledge in their surround-
ings and to their patients. Furthermore, infection
control protocols and guidelines and dealing with
any patient could be a suspected case.

Finally, improving the diagnostic ability among
healthcare providers and supporting them with
the necessary tools can remedy diagnostic errors.
Increased monitoring and sequencing activities
are required to understand better the current var-

iants of SARS-CoV-2, especially Omicron. Field
investigations such as household transmission
studies, contact follow-up, and laboratory evalu-
ations when capacity exists should be performed
to deepen comprehension of Omicron’s features.
Because S-gene Target Failure (SGTF) from a com-
monly used PCR test (ThermoFisher® TaqPath®)
is suggested for Omicron, it can be utilized as a
marker for this variant, potentially leading to
more effective Omicron identification. It should
have been noted that specific sequences do not
have this deletion. As a result, SGTF can be uti-
lized as a valuable Omicron proxy marker for
surveillance purposes. However, because this loss
can also be seen in other a variant of concern, se-
quencing should be used to confirm it (e.g., Alpha
and subsets of Gamma and Delta). That can be
achieved through workshops to teach them about
the clinical presentations of the diseases and to
avoid any possible diagnostic biases that might
occur. The proper use of diagnostic tools to take
specimens with caution is also very crucial.
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