vaccines

Review

A Systematic Review on the Emergence of Omicron Variant and
Recent Advancement in Therapies

Beyau M. Konyak '), Mohan Sharma (7, Shabnam Kharia 2, Ramendra Pati Pandey 3*

and Chung-Ming Chang **

check for
updates

Citation: Konyak, B.M.; Sharma, M.;
Kharia, S.; Pandey, R.P.; Chang, C.-M.
A Systematic Review on the
Emergence of Omicron Variant and
Recent Advancement in Therapies.
Vaccines 2022, 10, 1468. https://
doi.org/10.3390/ vaccines10091468

Academic Editors: Roger Frutos and
Jordi Serra-Cobo

Received: 28 July 2022
Accepted: 29 August 2022
Published: 5 September 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Integrated Molecular Diagnostic and Research Laboratory (BSL-2), District Hospital Tuensang,

Tuensang 798612, Nagaland, India

Department of Life Sciences, Dibrugarh University, Dibrugarh 786004, Assam, India

Centre for Drug Design Discovery and Development (C4D), Department of Biotechnology & Microbiology
SRM University, Delhi-NCR, Rajiv Gandhi Education City, Sonepat 131029, Haryana, India

Master & Ph.D. Program in Biotechnology Industry, Division of Biotechnology, Chang Gung University,
No. 259, Wenhua 1st Rd., Guishan Dist., Taoyuan City 33302, Taiwan

*  Correspondence: ramendra.pandey@srmuniversity.ac.in (R.P.P.); cmchang@mail.cgu.edu.tw (C.-M.C.)

Abstract: With the ongoing COVID-19 pandemic, the emergence of the novel Omicron variant in
November 2021 has created chaos around the world. Despite mass vaccination, Omicron has spread
rapidly, raising concerns around the globe. The Omicron variant has a vast array of mutations, as
compared to another variant of concern, with a total of 50 mutations, 30 of which are present on its
spike protein alone. These mutations have led to immune escape and more transmissibility compared
to other variants, including the Delta variant. A cluster of mutations (H655Y, N679K, and P681H)
present in the Omicron spike protein could aid in transmission. Currently, no virus-specific data
are available to predict the efficacy of the anti-viral and mAbs drugs. However, two monoclonal
antibody drugs, Sotrovimab and Evusheld, are authorized for emergency use in COVID-19 patients.
This virus is not fading away soon. The easiest solution and least expensive measure to fight against
this pandemic are to follow the appropriate COVID-19 protocols. There is a need to strengthen the
level of research for the development of potential vaccines and anti-viral drugs. It is also important
to monitor and expand the genomic surveillance to keep track of the emergence of new variants,
thus avoiding the spread of new diseases worldwide. This article highlights the emergence of the
new SARS-CoV-2 variant of concern, Omicron (B.1.1.529), and the vast number of mutations in its
protein. In addition, recent advancements in drugs approved by FDA to treat COVID patients have
been listed and focused in this paper.

Keywords: emergence of Omicron and its mechanism; mutation and sub-lineages; monoclonal
antibodies; anti-viral drugs

1. Introduction

The emergence of this ongoing pandemic coronavirus has devastated the world. It has
been almost two years since COVID-19 was detected in Wuhan, China. As of 12 August
2022, more than 6 million deaths and 585 million confirmed cases have been reported
worldwide, making it one of the deadliest viruses in history [1]. This virus has undergone
several recombination and mutations over the past years, leading to the emergence of a
vast array of new variants of concern (VOC) and variants of interest (VOI), resulting in a
high level of global health alerts and panic.

While the world has been tackling the Delta variant, the emergence of the novel
Omicron variant in December 2021 took the world by storm [2]. The first SARS-CoV-2
variants to emerge were Alpha, Beta, Gamma, and Delta, and the Omicron (B.1.1.529)
variant, classified as VOC by WHO [3] on 26 November 2021, has become the dominant
one in many countries since January 2021 (Table 1). The novel Omicron variant has a
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larger number of mutations as compared to other VOCs. This has led to a higher rate of
infections, higher transmissions, and immune escape from COVID-19 vaccines, resulting
in rapid spread worldwide in a shorter period. As per the WHO, this novel variant also
enhances immune or diagnostic evasion, causes less severe disease, and shows enhanced
transmissibility. In addition, it poses a detrimental impact on epidemiology and shows
increased variability in clinical presentation. The four most common symptoms of an
Omicron infection, according to the US Centers for Disease Control and Prevention, are
cough, fatigue, congestion, and a runny nose [4]. Although the Omicron variant seems more
contagious than previous variants, as per the data available, early findings suggest lower
rates of hospitalization for Omicron-positive patients, as compared to the Delta variant.
However, the Omicron variant should not be taken lightly. Precautionary measures should
be taken such as avoiding crowded spaces, maintaining social distances, and wearing masks
to prevent the spread of infection [5]. The SARS-CoV-2 Interagency Group (SIG) evaluates
and classifies the novel variant as a VOC, based on the cases detected in various countries,
its travel history, rate of transmission, mutations in the spike protein, and as per data
available for other variants. It is also evaluated based on a reduction in the effectiveness of
vaccines and monoclonal antibody treatments. The SIG tracks and evaluates the emergence
of new viruses and actively monitors the potential impact of vaccines, therapeutics, and
diagnostics against SARS-CoV-2 [6]. This review article highlights the emergence of the
Omicron variant, its mechanism, and the vast array of mutations in the spike protein,
which enhance transmissibility and immune escape from vaccines. The potential impact
on diagnosis, the various advancements in anti-viral drugs, and therapeutic treatments to
tackle the ongoing COVID-19 pandemic is also discussed.

Table 1. WHO-designated SARS-CoV-2 variants of concern (VOCs).

Variant Additional
WHO Country First . Prevalence . . Amino Acid
Designation Origin Pango Lineages Countries as of GISAID Next Strain Mutation Changes
11 February 2022 Monitored
22 mutations
9 Sub-lineages: (9 mutation
Alpha (18 United Kingdom, B.1.1.7,Q.1, United Kingdom GRY, 201/501Y.V1, spike protein, +5:484K
December 2020) September-2020 Q.4Q.5,Q38,Q7, (262,616) GR/501Y.V1 20B/501Y.V1 with dele- +5:452R
Q.2,Q.6,Q.3. tion:del69/70,
del144/144)
B.1351, B.1.3513, ésnfl‘l‘t‘;‘it(‘)‘r’l“:t
Beta (18 South Africa, B.1.351.2, South Africa . . .
December 2020) May-2020 B.1.3515, (6885) GH/501X.V2 20H/501Y.v2 Sp‘iﬁfhp;‘éigf“’ LISE
B.1.351.1 tion:del241/243)
23 Pango
Gamma (11 Brazil, Cl‘l“‘r;izﬁgi’ Brazil (47,475) GR/501Y.V3 20]/501Y.V3 (1223 I;nll,:tt:ttllc())r? ;sat +S:681H
January 2021) November 2020. associated with ! : : ik . ’
the Gamma spike protein)
variant.
216 Pango 29 mutations
. lineages (8 mutation at .
De”;é;})May olc?fizlgéo currently India (69,457) G/452R.V3 21A/5:478K spike protein, ﬁjgzg
associated with with dele- ’
the Delta variant tion:del157/158)
~50 mutations
(30 mutations at
. . . ike protein,
Omicron (26 South Africa, BA.1,BA.1.1, South Africa Spixe prot . .
November 2021)  November 2021 BA2BA.3 (4930) GR/484A 21K, 21T, 21M. W‘;};lggl/e;g’“' +S:R346K
del143/145, and
del212/212.)

2. The Emergence of the Omicron (B.1.1.529) Variant and Its Sub-Lineage

South Africa was the first country to detect the novel variant of SARS-CoV-2 from
specimens collected on 11 November and 14 November 2021. The first Omicron variant was
reported to WHO by the South African Department of Health on 24 November 2021 [6]. On
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25 November 2021, the United Kingdom Health Security Agency designated the B.1.1.529
Omicron variant as a Variant Under Monitoring (VUI-21-NOV-01) and, just one day later,
it was designated as a VOC by the WHO; the variant was later named Omicron [4,7].
The rapid spread of this variant in South Africa and surrounding countries alarmed the
WHO. This could be due to the large number of mutations on the spike protein in the
Omicron variant as compared to other VOCs. However, Omicron has been reported to
be less severe than the previous variants [8,9]. Three days after the announcement of
Omicron on 29 November 2021, by the WHO, this novel variant was detected in Australia,
Belgium, Canada, the Czech Republic, Denmark, France, Germany, Italy, Netherlands,
and the United Kingdom [10]. As of 25 December 2021, Omicron had been reported in
108 countries, with nearly 150,000 confirmed cases and 26 deaths, creating an alarming
situation worldwide [11]. The emergence of the Omicron variant in South Africa has also
revealed a vaccination gap between the richest and the poorest. Whilst an average of 60%
of the population of Europeans has been vaccinated, it is appalling to see that only 5-10%
of the African population has been vaccinated [12]. This could be one of the major factors
contributing to the emergence of VOCs. Japan also reported the first two cases of the novel
Omicron variant at the end of November 2021 among international travelers returning to
the country with the undetected Omicron variant [13]. India reported the first two cases of
the Omicron variant on 3rd December 2021 among international travelers [14]. In Germany,
two suspected cases of the new Omicron variant were first reported on 27 November 2021
and, as the New Year began, this novel Omicron became one of the most dominant variants
in Germany, despite protective measures at the initial stage in January 2022 [15,16]. This
new variant has been spreading worldwide and has been reported in 180 countries as of 4
February 2022. As of 11 February 2022, the UK reported a maximum number of Omicron
cases (422,993) followed by the USA (359,236), Denmark (69,789), Germany (48,866), Canada
(30,687), and France (27,487), while an increasing number of cases can be seen on a daily
basis in many other countries [16]. Jansen et al. [17] reported that the Omicron variant has
a shorter incubation period than the previous variants, with similar clinical symptoms.
Preliminary data conducted by the National Institute of Infectious Diseases shows a high
viral load three to six days after the onset of symptoms [18].

As the Omicron variant continues to evolve and mutate, new sequences (sub-lineages)
of the Omicron variant were reported by the WHO in December 2021, namely: BA.1, BA.2,
and BA.3 [19]. Over the past two months, the BA.1 variant has escalated globally. However,
in the last weeks of January 2022, the BA.2 sub-lineage had increased internationally and
had already become dominant in Denmark. As of 11 February 2022, BA.2 had been detected
in at least 70 countries and 44 U.S. states, according to the data uploaded in GISAID, and a
total number of 55,404 sequences in the BA.2 lineage have been detected since the lineage
was identified [20,21]. A preprint uploaded in medRxix [22], concluded that Omicron BA.2
is more dominant and transmissible than the parent Omicron variant (BA.1). It possesses
immune-escaped advantages among vaccinated individuals; however, it does not increase
its transmissibility to vaccinated individuals with breakthrough infections. India is another
country where BA.2 is rapidly replacing the Delta and Omicron BA.1 variants, as per the
report [23]. Data uploaded on GISAID suggest that the BA.2 variant is increasing rapidly
in proportion to the original BA.1 variant, thus dominating the parental variant based on
the sequence frequency [24].

3. Mechanism of Omicron Variant

The Omicron variant has the highest number of mutations observed so far, as compared
to the other VOCs such as Alpha, Beta, Gamma, and Delta. This variant contains more
than 30 mutations in the spike protein, which binds to the ACE2 receptor in the human
cell for invasion, and out of which, 15 modifications are observed in a Receptor Binding
Domain (RBD), an area strongly associated with humoral immune evasion [25], thus,
increasing its transmissibility and thereby causing the possibility of evading vaccine-
induced antibodies [26]. Researchers from China constructed and studied the binding
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affinity between the complex structure of the human ACE2 protein and the RBD of the
Omicron variant spike protein (S-protein) using atomistic molecular dynamics simulations.
They observed that mutations in the RBD of the SARS-CoV-2 Omicron variant resulted in a
higher binding affinity to the human ACE2 protein [27].

There are two distinct mechanisms for the entry of SARS-CoV-2 into a human cell:
cell-surface entry and endosomal entry, where TMPRSS2-mediated S protein activation
takes place at the plasma membrane and cathepsin-mediated activation takes place in the
endolysosome at the cytoplasmic region, respectively [28]. A researcher from Glasgow
University in the UK demonstrated the replication process of different SARS-CoV-2 variants
and their mechanisms in entering the human cell. An HIV-pseudotype was evaluated
for entry assay. The study reveals that Omicron, like pangolin CoV, uses the endocytosis
pathway to enter human cells and is independent of the TMPRSS2 present on the cell
surface. This study was further supported by using drug inhibitors targeting either the
TMPRSS2 (Camostat) or the cathepsins (E64d). As compared to another variant spike,
the Omicron spike shows a reduced syncytium formation, thereby causing fewer lung
infections [29].

4. Mutations in Omicron Variant

In November 2021, Omicron (B.1.1.529) emerged as a VOC. Wahid et al. [26] had
earlier reported the triplet mutation (K417N + E484K + N501Y) in the Beta (B.1.351) and
Gamma (P.1) variants, which were highly transmissible, leading to greater COVID-19
hospitalizations, ICU admissions, and even deaths. Such mutations have increased the
immune escape potential leading to a decrease in the neutralization of antibodies (such as
those found in the Pfizer and Moderna vaccines). The Omicron variant contains overall
50 mutations, with 30 mutations [25] on the spike protein, which include: A67V, del69/70,
T95I, G142D, del143/145, N2111, del212 /212, G339D, S371L, S373P, S375F, 5477N, T478K,
E484A, Q493R, G496S, Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K, P681H,
N764K, D796Y, N856K, Q954H, N969K, and L981F, of which 15 modifications are located at
the RBD region [30]. Cecylia et al. [27] conducted atomistic molecular dynamics simulations
to study the binding interactions between the human ACE2 protein and the RBD of the
Omicron spike protein (S-protein). The analysis shows that the Omicron RBD binds more
strongly to the human ACE2 protein than does the original Wuhan strain. However, the
SARS-CoV-2 Omicron RBD shows weaker binding affinity than the Delta variant [31]. Most
COVID-19 strains contain at least one change from the original Wuhan sequence, D614G,
altering the virus’s ability to escape the immune response. The N501Y mutation is present
in all VOCs, except the Delta variant [32]. Interestingly, Omicron’s spike protein mutations,
such as D614G, N501Y, and K417N, are found in some other VOCs, thus making the virus
more infectious—a prospect that is very concerning.

Similarly, the H655Y, N679K, and P681H mutations in the Omicron spike protein, also
found in the Alpha and Delta variants, could increase the transmission of the virus [6,33,34].
It has the deletion at spike protein (A69-70), position 69-70, similar to the Alpha and
Eta variants, that leads to the S-gene dropout or S-gene target failure. This phenomenon
may provide a useful proxy to measure the prevalence of the Omicron variant. The rapid
transmission of the Omicron variant across the globe could be due to the presence of these
larger numbers of mutations in the spike protein, unlike the Delta variant, and thus evading
immune response [33]. However, this phenomenon does not apply to the BA.2 sub-lineage
of the Omicron variant, as it does not contain the deletion at S: 69-70 and is S-gene target
positive (SGTP) on PCR diagnostic assays [35]. The comparison and mutual sharing of the
spike protein mutations of the Omicron sub-lineages, BA.1, BA.2, and BA.3, are represented
by a Venn diagram, as shown in Figure 1.
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Figure 1. Comparison of spike protein mutations of Omicron sub-lineage: BA.1, BA.2, and BA.3.
(GISAID: https:/ /www.epicov.org/epi3/frontend#58aca) (Accessed on 10 February 2022). This
Venn diagram represents the common mutation present among the sub-linages of Omicron variant;
G142D, T478K, D614G, H655Y N679K, P681H, N764K, D796Y, Q954H, N969K. B.A.1 (30); A67V,
del69/70, T951, G142D, del143/145, N2111, del212/212, G339D, S371L, S373P, S375F, S477N, T478K,
E484A, Q493R, G4965, Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K, P681H, N764K, D796Y,
N856K, Q954H, N969K, LI81E. B.A.2 (29); T191, L24S, del25/27, G142D, V213G, G339D, S371F, S373P,
S375F, T376A, D405N, R408S, K417N, N440K, S477N, T478K, E484A, Q493R, Q498R, N501Y, Y505H,
D614G, H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K. B.A.3 (16); A67V, del69/70, T95I,
G142D, del143/145, N2111, del212/212, T478K, D614G, H655Y, N679K, P681H, N764K, D796Y, Q954H,
N969K.

The combination of N501Y + Q498R may increase the binding affinity to ACE2, while
other substitutions may lead to a decrease in the binding affinity to the ACE2 in the Omicron
spike protein. Kinases’, such as PI3K/AKT, signaling are essential in SARS-CoV-2 entry.
Based on molecular docking, Bexultan et al. [36] analyzed the interaction between the
potential kinases and the N501Y mutation and observed that the N501Y mutation did
not enhance binding to epidermal growth factor receptors (EGFR) due to the mutations.
The N501Y mutation-containing lineages might become more infectious since several
kinases are elevated in cancer patients. Therefore, additional care for cancer management
should be taken into consideration. Mannar et al. [37] analyzed a cryo-electron microscopy
structure between the spike proteins of the Omicron variant in complex with human ACE2.
The structure depicts two additional new salt bridges and hydrogen bonds formed by
the mutated residues R493, S496, and R498 in the RBD with the ACE2. This enhances
other mutations, such as K417N, which is known to reduce the ACE2 binding affinity to
the spike protein. These strong interactions at the ACE2 interface may contribute to the
rapid spread of the Omicron variant [38]. Zhuoming et al. [39] reported that E484K could
escape neutralization by convalescent sera, while S477N was resistant to neutralization
by multiple mAbs, thus needing further investigation. The increase in binding affinity to
the ACE2 receptor by N501Y could aid in an increase in transmission. The combination
of N501Y and Q498R may also increase the binding affinity even more; however, other
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substitutions in the Omicron spike protein are expected to decrease binding to the ACE2. A
cluster of mutations (such as H655Y, N679K, P681H) present at the S1-S2 furin cleavage
site in the Omicron variant may increase spike cleavage and could aid in transmission. The
N679K present at the furin cleavage site adds to the polybasic nature and is associated with
an increase in transmission. The P681H mutation (also found in Alpha) enhances spike
cleavage, and could also aid in transmission. At this position, an alternate mutation (P681R)
is found in Delta [40]. In India, Surendra et al. [41] found a major mutation at the P681
position with an R (P681R) similar to the Delta variant (B.167.2) of about 9.71% instead of
the H (P681H) mutation. This variant is of considerable public concern, as it is increasing
at a high rate in many countries, including the U.S., due to its increased transmissibility
and immune evasion. In the nucleocapsid (N) protein region, the Omicron variant also
possesses two additional mutations such as R203K and G204R (found in ancestral mutation)
that enhance sub-genomic RNA expression and viral RNA binding with key host proteins,
thus increasing the viral load [42,43]. Phylogenetic analysis, based on the prevalence of high
numbers of mutations, revealed that the Omicron variant is closely related to the Gamma
(P.1) variant [44], and may possess similar characteristics at the molecular level [45].

5. Impact of Diagnosis on the Omicron Variant

The emergence of mutations in SARS-CoV-2 has resulted in five SARS-CoV-2 vari-
ants, namely: the Alpha, Beta, Gamma, Delta, and Omicron variants. The World Health
Organization has designated such variants as VOC [46]. This has resulted in investigating
the performance of the potential impact on diagnosis. A rapid diagnostic antigen test is
cheap and offers quick results at the point of care when the viral load is high and, hence,
provides utility in clinical and public health settings. The rapid test is approved in many
countries, including Australia, for self-testing [47]. However, it is less sensitive than the
RT-PCR-based method [48].

Deerain et al. [49] evaluated ten commercially available rapid antigen test kits, based
on nucleocapsid protein antigens, to check their diagnostic performance (sensitivity) be-
tween the Delta and Omicron variants. Overall, they observed no sensitivity difference
among the variants. The detection limit of all the kits for the Delta variant was 6.50 log10
copies per mL (Ct 25.4), and 6.39 1log10 copies per mL (Ct 25.8) for the Omicron variant.
Similarly, Puhach et al. [50] evaluated seven Ag-RDTs for their sensitivity to the Omicron
variant and compared them to other VOCs such as Alpha, Beta, Gamma, and Delta. A trend
toward lower sensitivity for Omicron detection compared to the other VOCs was observed.
As per the data retrieved on 28 December 2021 (the Food and Drug Administration), it
suggests that the antigen test provides a rapid result, and does detect the Omicron variant,
but is not a very reliable or sensitive diagnostic testing option [51].

The Paul Ehrlich Institute (PEI) has also investigated and evaluated the sensitivity
of 198 rapid antigen tests (Qualitative Lateral Flow Tests) using uniform sample material
marketed in Germany until the end of January 2022. The current state-of-the-art was
defined as corresponding to a minimum sensitivity of 75% for the pools with Cq < 25.
However, the results do not allow any conclusions regarding the specificity of the tests [52].
Some studies have also demonstrated that up to 50% of the positive cases detected by rapid
tests are false positives as compared to PCR diagnostics tests. A recent small preprint study
that has not been peer-reviewed found that the antigen test fails to detect the virus on day
zero of 30 individuals who turn out to be COVID positive in the PCR test. The PCR tests
also indicated a higher viral load [53]. However, a study performed in January 2022, in
California, on 731 individuals’ shows that the Abbott BinaxNOW rapid tests could detect
the Omicron variant, as they did with other variants, especially when people have higher
viral load and were symptomatic [54]. The Abbott BinaxNOW Rapid Antigen Test can be a
useful adjunct to RT-PCR testing for the detection of SARS-CoV-2 infections [55].

The RT-PCR test is considered to be the ‘gold standard’ for detecting coronavirus. In
the RT-PCR, two or more spike genes are targeted; therefore, there are chances to detect
one of the genes in case of any mutations, thus highlighting its advantage for the Omicron
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variant. Ever since the detection of SARS-CoV-2 in 2019, it has undergone a broad process
of replication and mutation in the spike proteins and RBD, generating a vast number of
VOlIs and VOCs. Due to this mutation, a phenomenon called ‘S-gene dropout’ or ‘S-gene
target failure” has been reported [7]. This vast mutation has jeopardized the reliability of
currently used diagnostic kits for detecting SARS-CoV-2 and, hence, requires a regular
re-evaluation of commercially available kits based on the emerging VOIs and VOCs [56].
‘S-gene target failure” has been suggested as a marker in identifying the Omicron variant.
However, with the emergence of the new BA.2 sub-lineage of Omicron (which does not
contain 69/70del in the spike protein), it cannot be considered as a marker for the presence
of Omicron and requires confirmation of Omicron by sequencing [4]. This phenomenon has
been supported by Metzger et al. [57], who obtained a piece of information and collected 39
assays of the most commonly used PCR tests in Switzerland and Liechtenstein, targeting
genomic loci such as the ORFlab region, the RdRp gene, the S gene, the E gene, the N
gene, and the M gene. Only two assays showed S-gene dropout for Omicron out of eight
assays targeting the S gene. Hence, gene sequencing data analysis is required to confirm
the presence of the Omicron variant.

Whole-genome sequencing of Omicron with next-generation sequencing (NGS) might
serve as a gold standard to detect SARS-CoV-2 variants despite being time-consuming and
costly. It also requires large data processing. Fu et al. [58] compared and evaluated the
Allplex SARS-CoV-2 Master Assay and Variants I Assay (a direct PCR-based variant analy-
sis) to detect HV69/70 deletion, Y144 deletion, E484K, N501Y, and P681H spike mutations
with NGS for 115 samples and observed sensitivity of 98.7% with the Master Assay and
100% with the Variants I Assay. These assays can be utilized as useful tools to rapidly moni-
tor selected and updated VOCs in resource-limited settings. Currently, the CDC is working
to understand the new Omicron variant and the effectiveness of commercially available di-
agnostic tools and authorized medical countermeasures, such as vaccines and therapeutics,
against this variant, and is providing technical support to monitor the epidemiologic and
clinical features of novel variants [59].

6. Advancement in Therapeutics Drugs

The emergence of COVID-19 has led to the development of various repurposed and
therapeutic drugs, including antivirals and antibody drugs. The U.S. Food and Drug
Administration (FDA) have authorized the use of these drugs for emergency purposes in
COVID-19 patients with serious illnesses, as per the panel’s recommendation. Meanwhile
many anti-viral drugs and mAbs are under investigation.

The in vitro studies performed by IGM Biosciences, Inc. indicate the novel antibody
IGM-6268 exhibits potential neutralizing activity against the Omicron variant and all other
VOCs and VOIs [60]. Some of the recent advances in therapies that have been approved
and authorized for emergency use in COVID-19 patients and are suitable for the Omicron
variant are being discussed in this section (Table 2).

6.1. Immunomodulatory Drugs

Amid Omicron, WHO continues to approve new COVID-19 treatments for hospi-
talized patients, according to their disease severity. The arthritis drugs tocilizumab and
sarilumab [61,62], which have been found to have efficacy in the treatment of COVID-19
patients with moderate to severe COVID-19 pneumonia, have recently been approved
by WHO [63]. Similarly, dexamethasone, which is effective at reining in lung-damaging
inflammation [64], and Baricitinib a Janus kinase (JAK) inhibitor, are also approved by
WHO for treatment in COVID-19 patients as per the panel’s recommendation [65]. Recently,
studies have shown that dextromethorphan treatment was characterized by regulation of
adaptive immunity and other specific local innate; however, it was not associated with the
regulation of pro-inflammatory pathways in COVID-19 acute respiratory distress syndrome
(CARDS) [66].
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6.2. Antivirals Therapy

Recently, the U.S. FDA issued an emergency use authorization (EUA) for Pfizer’s
Paxlovid (nirmatrelvir tablets and ritonavir tablets) for the treatment of COVID-19 patients
with mild-moderate symptoms and those at high risk of progressing into severe illness.
This should be prescribed immediately, within five days after diagnosis of COVID-19 [67].
During the biochemical assay, the nirmatrelvir drug was shown to inhibit the 3CL protease
associated with the Omicron (B.1.1.529) variant [68]. In vitro studies also suggest that
Paxlovid has the potential to maintain plasma concentrations, thus preventing Omicron
and other variants from replicating.

Molnupiravir, an oral antiviral drug, is a small molecule of the synthetic nucleoside
derivative N-hydroxycytidine (NHC). It targets viral RNA polymerase and inhibits SARS-
CoV-2 replication. It was granted EUA by the FDA’s Antimicrobial Drugs Advisory
Committee on 23 December 2021, for the treatment of COVID-19 [69].

The antiviral drug Veklury (remdesivir) was approved by the FDA in 2020 for the
treatment of COVID-19 in adult and pediatric patients, and those of old age [70]. These
three drugs: molnupiravir, remdesivir, and paxlovid have shown neutralizing activity
against other VOCs, including the novel Omicron variant [71]. Many antiviral drugs such
as Ivermectin, Interferon Alfa, Interferon Beta, Interferon Lambda, and Nitazoxanide are
still under evaluation for the treatment of COVID-19. All these drugs have paved the way
as new hopes to fight against the COVID-19 pandemic.

6.3. Monoclonal Antibodies

The emergence of COVID-19 has led to the development of various treatments. Mon-
oclonal antibodies (mAbs) are a novel class of antiviral intervention [72]; they target the
RBD of the SARS-CoV-2 spike protein, which is highly mutated in the Omicron variant [73].
They are one of the most effective therapeutic strategies to neutralize viral replication. This
has been shown proven in a previous experiment conducted by researchers from the Baylor
University Medical Centre, Dallas, Texas in the US, where dual mAb therapy was shown to
reduce viral transmission [74].

Currently, four anti-SARS-CoV-2 mAb products: bamlanivimab plus etesevimab,
casirivimab plus imdevimab (REGEN-COV), sotrovimab, and tixagevimab plus cilgavimab
(Evusheld) have been authorized by the FDA for emergency used to treat COVID-19-
positive, non-hospitalized patients who are likely to develop more serious disease at the
later stage [75]. The bebtelovimab monoclonal antibody was approved recently [76]. Such
mAbs as casirivimab plus imdevimab, and bamlanivimab plus etesevimab, which have
shown effectiveness in the previous VOCs, have reduced neutralization in the Omicron
variant [77].

Recently, Emi et al. [78] assessed the neutralizing activities of mAbs using a live-virus
focus reduction neutralization assay (FRNT) against the Omicron variant and other VOCs.
Etesevimab, bamlanivimab and imdevimab did not neutralize Omicron. Casirivimab
showed reduced neutralization against the Omicron variant. COV2-2196 (tixagevimab),
COV2-2130 (cilgavimab), and S309 (marketed as sotrovimab) retained neutralizing activ-
ity against the Omicron variant. Thus, there are two authorized monoclonal antibody
treatments against Omicron—Sotrovimab and Evusheld. Early reports also suggest that
bamlanivimab and C144-LS antibodies have reduced efficacy against the Omicron variant.
Based on early modeling, studies have shown casirivimab plus imdevimab (REGN-COV2),
as well as the Rockefeller University antibody C135, to be effective against the Omicron
variant [79]. Some of the monoclonal antibodies authorized by the FDA for emergency use
are listed below.

6.3.1. Bamlanivimab and Etesevimab

These mAbs bind at the overlapping sites in the spike protein RBD of SARS-CoV-2;
blocking its attachment to the human ACE2 receptor. The FDA has banned the use of these
mAbs in some areas of the United State due to the progression of variant resistance [80].
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However, the FDA has approved a EUA to allow the use of this mAbs injection in certain
non-hospitalized adults and children and infants (>2 years of age) who have mild to
moderate COVID-19 symptoms with a risk of progressing to serious illness [81].

6.3.2. Casirivimab and Imdevimab mAb

These are recombinant human mAbs that prevent the entry of the virus into human
cell by targeting the spike protein of SARS-CoV-2. The FDA has authorized the use of
these mAbs to treat mild to moderate SARS-CoV-2-positive adults and pediatric patients.
It is also administered to patients above 65 years of age with chronic medical conditions.
However, it is not authorized for hospitalized COVID-19 patients with oxygen therapy [82].
Recently, the FDA rescinded its authorization of these drugs, due to the prevalence of the
Omicron variant [83].

6.3.3. Sotrovimab

This mADb targets an epitope region in the spike protein RBD that is conserved between
SARS-CoV and SARS-CoV-2. This monoclonal antibody has been shown to neutralize the
Omicron variant. However, it is not authorized for use in COVID-19 patients who are
hospitalized with mechanical ventilation [84].

6.3.4. Tixagevimab Plus Cilgavimab

The tixagevimab and cilgavimab monoclonal antibodies bind to non-overlapping sites
of the SARS-CoV-2 spike protein, preventing the interaction between the virus and the
ACE?2 receptor. The FDA has approved a EUA to allow certain adults and children 12 years
of age and older to receive this mAbs injection. The combination has shown to somewhat
decrease neutralizing activity in in vitro against the Omicron variant [85].

6.3.5. Bebtelovimab (LY-CoV1404)

This mAbs has not been approved and has only been authorized for emergency use by
the FDA for treatment of mild to moderate COVID-19 patients (>12 years old) with a high
risk of progressing to severe illness. It neutralizes the SARS-CoV-2 spike glycoprotein RBD,
thereby inhibiting the entry of the virus into a human cell. Bebtelovimab is active and has
shown some neutralizing activity against other VOCs, including the Omicron variant [76].

Thus, the abilities of all these monoclonal antibodies and anti-viral therapies to fight
and neutralize the Alpha, Beta, Gamma, and Delta VOCs—including the novel Omicron
variant—have paved the way for hope in the future to make a potential therapeutic and
diagnostic intervention.

Table 2. List of drugs which has been approved and authorized by FDA for emergency use in
COVID-19 patients. (Source: FDA homepage, Medlineplus, Medicalletter).

Efficacy of
Method of Antibodies
Drugs Dosage Administra- Duration Side Effect Mode of Action D N Reference
tion rugs against
SARS-CoV-2
Variants
Sarilumab Neutropenia
Single dose of infusion should utropema, | .
Sari . Intravenous 1 thrombocytopenia Suppress Effective =
arilumab sarilumab infusion be used within and cytokine storm against COVID-19 [61,63,65]
400 mg 4hof . y &
preparation GI perforation
. Neutropenia,
12 mg/ kg in thrombocytopenia, e
patients Administered as serum hepatic Inhibits binding
Tocilizumab weighing <30 kg Intravenous a single IV transaminase of the Effective
and 8 mg/kg in . . . . . proinflammatory . [61,65]
(Actemra) those weighin. infusion infusion over elevations, cvtokine 11-6 t6 against COVID-19
S>30 k (%n xg 60 min gastrointestinal yl ts T tor:
dose 8%0 mag) perforations, and § receptors

anaphylaxis
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Table 2. Cont.

Efficacy of
Method of Antibodien
Drugs Dosage Administra- Duration Side Effect Mode of Action D . Reference
tion rugs against
SARS-CoV-2
Variants
Once daily for Avascular necrosis,
Orally or up to 10 days or Adrenal insufficiency,
Dexamethasone DEX 6 m Intr }; until hospital Increased BP, Suppress Effective [65]
(DEX) & inéfll‘;:ioius discharge, Peripheral edema, inflammation against COVID-19 :
whichever comes and
first Myopathy
Lymphoma and other
Once daily whil Teonbase,
e nce daily while rombosis, o .
Bar1c1t'1n1b 4mg Orally hospitalized for GI perforation and . Inhibits . . Effective [65]
(Olumiant) . viral endocytosis against COVID-19
up to 14 days serious
cardiac-related events
(e.g., MI, stroke)
200 mg IV on [ Active against
Remdesivir day 1, followed Intravenous Trgatn}ent Nausefa,‘ . Inhibits viral Omicron and all other
. . duration is 5-10 Hypersensitivity RNA-dependent . [70,71]
(Veklury) by 100 mg once infusion . variants: Alpha, Beta,
. days reactions RNA polymerase
daily Gamma and Delta
Targets viral
Treatment ol err\llgase Active against the
800 should be started Diarrhea, pe )é L ¢ agalr .
Molnupiravir e Orally within 5 days nausea, nducing entire variants: [69,71]
every 12h of symptom and dizzir{ess mutagenesis and Alpha, Beta, Gamma, ’
Y pt inhibiting Delta and Omicron
onse SARS-CoV-2
replication
300/100 mg (2 Inhibits the
Paxlovid nirmatrelvir Treatment Dysgeusia, SARS-CoV-2 Active against entire
ysg &
(Ritonavir- tablets and 1 Orall should be started diarrhea, main protease SARS-CoV-2 variant 71]
Boosted ritonavir tablet y within 5 days of hypertension, and (Mpro), including, omicron
Nirmatrelvir) taken together) symptom onset myalgia preventing viral
twice daily replication.
One-time dose
700 mg (one vial) right after Bleeding,
Bamlanivimab of Bamlanivimab single COVID-positive bruising, Binds to spike Active against two
Plus etesevimab and 1400 mg Intravenous test and within pain, soreness, or protein RBD of SARS-CoV-2 variant: [76,77,81]
(two vials) of infusion 10 days after the swelling at SARS-CoV-2 Alpha and Delta
etesevimab onset of infection injection sit
symptoms
600 mg of
casirivimab and
600 mg of
imdevimabis After a positive . . . .
S iluted together . . -CoV-2 test . . . ctive against a
diluted togeth Intravenous SARS-CoV-2 Pain, bleeding, Bind at different Acti gai 1
Casirivimab plus . infusion L bruising of the skin, sites on the RBD o
- X in 50, 100, 150, or result and within . . SARS-CoV-2 variant:
imdevimab 250 mL of or Subcuta- 10 davs of soreness, swelling, or of the spike Alpha, Beta, Gamma [77,79,82]
(REGEN-COV) . neous ¥ infection at injection protein of pha, -~ ’
normal saline at L COVID-19 . Delta, Omicron
. injection site SARS-CoV-2.
a n;z);gnug\/ﬁite symptom onset
[0} m r
(180 mL/hr if
diluted in 50 mL)
Binds at the
epitope sites on
500 mg of After a positive Rash (2%) and the spike protein . .
sotrovimab Intravenous viral test for diarrhea (1%). and prevent Azg;f:“?aa;ir:;tts}}e
Sotrovimab diluted in 50 or . . SARS-CoV-2 and Hypersensitivity membrane ) [75,78,84]
infusion i £ . . . Alpha, Beta, Gamma,
100 mL of within 10 days of reactions, including fusion after the .
- . . X Delta and Omicron
normal saline symptom onset anaphylaxis virus binds to
the human ACE2
receptor
Binds to . .
. . 150 mg of each one time as two o non-overlapping ACtIV.e against the
Tixagevimab s . Intramuscular Headache (6%) and . entire variants: -
¢ . antibody is L shots (one after . o region of the [75,78,85]
plus cilgavimab L. injection fatigue (4%). Alpha, Beta, Gamma,
administered. another) SARS-CoV-2 .
. . Delta and Omicron
spike protein.
Binds to the Active against the
175 mg/2 mL Intravenous shozisagren:t: trte d Rash, pruritus, and spike protein Omicron variant of
Bebtelovimab vi%l Is infusion within 7 davs of infusion-related and prevents its SARS-CoV-2 [76]
4 reactions attachment to the (Neutralize BA.1 and

symptom onset

human receptor

BA.2omicron variant)
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7. Discussion

The emergence of the novel Omicron variant has created chaos worldwide. Just after
the announcement of Omicron as a VOC by WHO, this novel variant had already spread
globally. This rapid spread of the Omicron variant has concerned global health bodies. This
is due to a high level of mutation; overall, Omicron has 50 mutations, with 30 mutations on
its spike protein. This review gives an overview, highlighting concerns about the emergence
of the Omicron variant, its vast array of mutations, the impact of diagnosis methods to
detect the novel Omicron variant, and the novel advancement in therapeutic drugs.

The Omicron variant possesses a phenomenon called S-gene dropout, due to the
deletion of the amino acid at spike protein position 69-70. This acts as a marker to measure
the prevalence of the Omicron variant during diagnosis. However, this phenomenon does
not apply to the BA.2 sub-lineage of the Omicron variant. A vast number of mutation and
phylogenetic analyses revealed that the Omicron variant may possess similar characteristics
to the Gamma (P.1) variant at the molecular level, predicting that drugs suitable for gamma
may equally work for the novel Omicron variant.

Recent in vitro studies indicate that Novel Antibody IGM-6268 exhibits potential
neutralizing activity against the Omicron variant, as well as other VOCs and VOIs. Inter-
estingly, three drugs namely: molnupiravir, remdesivir, and paxlovid have been approved
and authorized by the FDA for emergency use, as they show neutralizing activity against
other VOCs, including the novel Omicron variant. This article has a limitation, as it lacks
clinical data on the efficacy of mAbs and anti-viral drugs for the treatment of patients with
the Omicron variant. Here, we have only described mAbs and anti-viral drugs authorized
by the FDA for emergency use in hospitalized and non-hospitalized COVID-19 patients.

It is almost inescapable that there will be the emergence of a new variant, as long as
there is a loophole in one part of the world that is unprotected.

8. Conclusions and Prospect

It has been more than two years since the emergence of this COVID-19 pandemic.
Despite several measures and protocols to control the virus, it has dominated the world.
High levels of effort and mass vaccination campaigns to restrain the spread of this virus
have become useless with the emergence of novel variants. COVID-19 has escalated around
the globe within a short period and the outcome is devastating, with global health concerns
and economic fallout. The emergence of a new VOC every year with the accumulation of a
large number of mutations is of concern. The vast array of mutations in SARS-CoV-2 has
recently given rise to the most mutated Omicron variant of SARS-CoV-2. The emergence
of mutations could be due to the transmissibility of the virus from person to person, leading
to its escape from population immunity and frequent transmission. It is the nature of the
virus to mutate. This novel Omicron variant has shown itself to be resistant to vaccination
and requires booster doses. The hypothesis of its epizootic transfer needs validation and
should be thoroughly investigated. At present, there is no specific data and evidence to
get rid of SARS-CoV-2. Moreover, the etiology of SARS-CoV-2 is poorly understood. As
of now, some anti-viral and monoclonal antibody drugs are being authorized by the FDA
for emergency use, as per the panel’s recommendation. This COVID-19 is not going away
soon, and may remain forever. The only way to tackle this situation is to follow appropriate
protocol and measurements as per the WHO recommendations, such as quarantine, keeping
good personal hygiene, social distancing, wearing a mask, and vaccination. In addition,
strengthening the level of research for the development of potential vaccines and anti-viral
drugs, and a proper strategy to tackle the situation in case of new variants should be
evaluated at the global level. It is also very important to monitor and expand genomic
surveillance to keep track of the emergence of new variants, thus avoiding the spread of
new diseases worldwide.



Vaccines 2022, 10, 1468 12 of 15

Author Contributions: Conceptualization, BM.K., R.PP. and C.-M.C.; methodology, B.M.K. and
S.K.; validation, R.P.P; formal analysis, BM.K. and M.S.; investigation, BM.K., M.S., S.K. and
R.P.P; resources, BM.K. and S.K,; data curation, B.M.K.; writing—original draft preparation, B.M.K.;
writing—review and editing, BM.K., M.S., S.K., R.P.P. and C.-M.C,; visualization, B.M.K.; supervision,
R.P.P. and C.-M.C,; project administration, R.P.P.,; funding acquisition, C.-M.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by two industry—academia collaboration projects, ViR Inc-CGU,
R.O.C,, project grant (SCRPD1L0221), DOXABIO-CGU, R.O.C,, project grant (SCRPD1K0131), and
also the CGU project grant (UZRPD1L0011).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. World Health Organization (WHO). WHO Coronavirus (COVID-19) Dashboard with Vaccination Data. 2022. Available online:
https://covid19.who.int/ (accessed on 14 February 2022).

2. Rahmani, S.; Rezaei, N. Omicron (B.1.1.529) variant: Development, dissemination, and dominance. J. Med. Virol. 2021, 94,
1787-1788. [CrossRef] [PubMed]

3. Tracking SARS-CoV-2 Variants. Available online: https:/ /www.who.int/activities/tracking-SARS-CoV-2-variants/ (accessed on
20 February 2022).

4. World Health Organization (WHO). Classification of Omicron (B.1.1.529): SARSCoV-2 Variant of Concern. 2021. Available online:
https:/ /www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern (accessed on 5
January 2022).

5. UNICEF. What We Know about the Omicron Variant. Available online: https://www.unicef.org/coronavirus/what-we-know-
about-omicron-variant (accessed on 16 February 2022).

6. CDC. Science Brief: Omicron (B.1.1.529) Variant (Updated 2 December 2021). Available online: https://www.cdc.gov/
coronavirus/2019-ncov /science/science-briefs /scientific-brief-omicron-variant.html (accessed on 16 February 2022).

7. UK Health Security Agency. SARS-CoV-2 Variants of Concern and Variants under Investigation. 26 November 2021. Avail-
able online: https:/ /assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file /1036501 /
Technical_Briefing_29_published_26_November_2021.pdf (accessed on 14 February 2022).

8. Harvard Medical School. Coronavirus Resource Center—Harvard Health. Harvard Health Publishing. Lab Studies, Animal
Studies, and Epidemiological Data All Indicate That Omicron May Cause Less Severe Disease Than Previous Variants. Available
online: https://www.health.harvard.edu/diseases-and-conditions/coronavirus-resource-center (accessed on 11 January 2022).

9.  Leonhardt, D. Omicron Is Milder. The New York Times, 5 January 2022. Available online: https:/ /www.nytimes.com/2022/01/05
/briefing /omicron-risk-milder-pandemic.html(accessed on 7 January 2022).

10. Petersen, E.; Ntoumi, F; Hui, D.S.; Abubakar, A.; Kramer, L.D.; Obiero, C.; Tambyah, P.A.; Blumberg, L.; Yapi, R.; Al-Abri, S; et al.
Emergence of new SARS-CoV-2 Variant of Concern Omicron (B.1.1.529)—Highlights Africa’s research capabilities, but exposes
major knowledge gaps, inequities of vaccine distribution, inadequacies in global COVID-19 response and control efforts. Int. J.
Infect. Dis. 2022, 114, 268-272. [CrossRef] [PubMed]

11. Mohapatra, R.K.; Sarangi, A.K.; Kandi, V.; Azam, M.; Tiwari, R.; Dhama, K. Omicron (B.1.1.529 variant of SARS-CoV-2); An
emerging threat: Current global scenario. J. Med. Virol. 2021, 94, 1780-1783. [CrossRef]

12.  WHO. Less than 10% of African Countries to Hit Key COVID-19 Vaccination Goal. 2021. Available online: https://www.afro.
who.int/news/less-10-african-countries-hit-key-covid-19-vaccination-goal (accessed on 28 November 2021).

13.  Maruki, T.; Iwamoto, N.; Kanda, K.; Okumura, N.; Yamada, G.; Ishikane, M.; Ujiie, M.; Saito, M.; Fujimoto, T.; Kageyama, T.; et al.
Two cases of breakthrough SARS-CoV-2 infections caused by the Omicron variant (B.1.1.529 lineage) in international travelers to
Japan. Clin. Infect. Dis. 2022, 75, e354—e356. [CrossRef] [PubMed]

14.  First Omicron Cases Detected in India. Available online: https://thehill.com/policy/international /583965-first-omicron-cases-
detected-in-india (accessed on 6 January 2022).

15. Germany Reports First Two Cases of Omicron Variant. Available online: https://www.thejournal.ie/germany-omicron-
coronavirus-covid-19-bavaria-5613843-Nov2021/ (accessed on 6 January 2022).

16. GISAID. Tracking of Variants. 2021. Available online: https://www.gisaid.org/hcov19-variants/ (accessed on 30 November
2021).

17. Jansen, L.; Tegomoh, B.; Lange, K.; Showalter, K.; Figliomeni, J.; Abdalhamid, B.; Iwen, P.C.; Fauver, J.; Buss, B.; Donahue, M.

Investigation of a SARS-CoV-2 B.1.1.529 (omicron) variant cluster—Nebraska, november-december 2021. MMWR Morb. Mortal.
Wkly. Rep. 2021, 70, 1782-1784. [CrossRef] [PubMed]


https://covid19.who.int/
http://doi.org/10.1002/jmv.27563
http://www.ncbi.nlm.nih.gov/pubmed/34964490
https://www.who.int/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.unicef.org/coronavirus/what-we-know-about-omicron-variant
https://www.unicef.org/coronavirus/what-we-know-about-omicron-variant
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-omicron-variant.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-omicron-variant.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036501/Technical_Briefing_29_published_26_November_2021.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036501/Technical_Briefing_29_published_26_November_2021.pdf
https://www.health.harvard.edu/diseases-and-conditions/coronavirus-resource-center
https://www.nytimes.com/2022/01/05/briefing/omicron-risk-milder-pandemic.html
https://www.nytimes.com/2022/01/05/briefing/omicron-risk-milder-pandemic.html
http://doi.org/10.1016/j.ijid.2021.11.040
http://www.ncbi.nlm.nih.gov/pubmed/34863925
http://doi.org/10.1002/jmv.27561
https://www.afro.who.int/news/less-10-african-countries-hit-key-covid-19-vaccination-goal
https://www.afro.who.int/news/less-10-african-countries-hit-key-covid-19-vaccination-goal
http://doi.org/10.1093/cid/ciab1072
http://www.ncbi.nlm.nih.gov/pubmed/34979547
https://thehill.com/policy/international/583965-first-omicron-cases-detected-in-india
https://thehill.com/policy/international/583965-first-omicron-cases-detected-in-india
https://www.thejournal.ie/germany-omicron-coronavirus-covid-19-bavaria-5613843-Nov2021/
https://www.thejournal.ie/germany-omicron-coronavirus-covid-19-bavaria-5613843-Nov2021/
https://www.gisaid.org/hcov19-variants/
http://doi.org/10.15585/mmwr.mm705152e3
http://www.ncbi.nlm.nih.gov/pubmed/34968376

Vaccines 2022, 10, 1468 13 of 15

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

National Institute of Infectious Diseases, Japan. Active Epidemiological Investigation on SARS-CoV-2 Infection Caused by
Omicron Variant (Pango Lineage B.1.1.529 in Japan: Preliminary Report on Infectious Period. 2022. Available online: https:
//www.niid.go.jp/niid/en/2019-ncov-e/10884-covid19-66-en.html (accessed on 22 January 2022).

UK Health Security Agency. SARS-CoV-2 Variants of Concern and Variants under Investigation in England. Available online:
https:/ /assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file /1050999 / Technical-
Briefing-35-28]January2022.pdf (accessed on 6 February 2022).

Washington Post. There’s a New Version of Omicron but So Far It Doesn’t Appear to Be More Dangerous. Available online:
https:/ /www.stripes.com/covid /2022-01-25/new-omicron-version-mutation-BA-2-4405690.html (accessed on 25 January 2022).
Outbreak.Info. BA.2 Lineage Report. Available online: https:/ /outbreak.info/situation-reports?pango=BA.2 (accessed on 11
February 2022).

Lyngse, EP,; Kirkeby, C.; Denwood, M.; Christiansen, L.E.; Melbak, K.; Moller, C.H.; Skov, R.; Krause, T.; Rasmussen, M.; Sieber,
R.; et al. Transmission of SARS-CoV-2 Omicron VOC subvariants BA.1 and BA.2: Evidence from Danish Households. medRxiv
2022. [CrossRef]

Omicron BA.2: What We Know about the Covid Sub-Variant. Available online: https:/ /www.bbc.com/news/health-60233899
(accessed on 7 February 2022).

GISAID. hCoV-19 Tracking of Variants. Available online: https:/ /www.epicov.org/epi3/frontend#58aca (accessed on 10 February
2022).

Kupferschmidt, K.; Vogel, G. How bad is Omicron? Some clues are emerging. Science 2021, 374, 1304-1305. [CrossRef]

Wahid, M.; Jawed, A.; Mandal, R.K; Dailah, H.G.; Janahi, E.M.; Dhama, K.; Somvanshi, P.; Haque, S. Variants of SARS-CoV-2,
their effects on infection, transmission and neutralization by vaccine-induced antibodies. Eur. Rev. Med. Pharmacol. Sci. 2021, 25,
5857-5864. [CrossRef]

Lupala, C.S;; Ye, Y,; Chen, H.; Su, X.-D.; Liu, H. Mutations on RBD of SARS-CoV-2 Omicron variant result in stronger binding to
human ACE2 receptor. Biochem. Biophys. Res. Commun. 2022, 590, 34—41. [CrossRef]

Jackson, C.B.; Farzan, M.; Chen, B.; Choe, H. Mechanisms of SARS-CoV-2 entry into cells. Nat. Rev. Mol. Cell Biol. 2022, 23, 3-20.
[CrossRef]

Willett, B.J.; Grove, J.; MacLean, O.A.; Wilkie, C.; Logan, N.; De Lorenzo, G.; Furnon, W.; Scott, S.; Manali, M.; Szemiel, A.; et al.
The hyper-transmissible SARS-CoV-2 Omicron variant exhibits significant antigenic change, vaccine escape and a switch in cell
entry mechanism. medRxiv 2022, 23, 3-20. [CrossRef]

Saxena, S.K.; Kumar, S.; Ansari, S.; Paweska, ].T.; Maurya, VK.; Tripathi, A.K.; Abdel-Moneim, A.S. Characterization of the novel
SARS-CoV-2 omicron (B.1.1.529) variant of concern and its global perspective. ]. Med. Virol. 2021, 94, 1738-1744. [CrossRef]
Wu, L.; Zhou, L.; Mo, M,; Liu, T.; Wu, C.; Gong, C.; Lu, K.; Gong, L.; Zhu, W.; Xu, Z. SARS-CoV-2 Omicron RBD shows weaker
binding affinity than the currently dominant Delta variant to human ACE2. Signal Transduct. Target. Ther. 2022, 7, 8. [CrossRef]
Korber, B.; Fischer, WM.; Gnanakaran, S.; Yoon, H.; Theiler, |.; Abfalterer, W.; Hengartner, N.; Giorgi, E.E.; Bhattacharya, T.; Foley,
B.; et al. Tracking Changes in SARS-CoV-2 Spike: Evidence that D614G Increases Infectivity of the COVID-19 Virus. Cell 2020, 182,
812-827.e19. [CrossRef]

Corum, J.; Zimmer, C. Tracking Omicron and Other Coronavirus Variants. 2021. Available online: https://www.nytimes.com/
interactive /2021 /health/coronavirus-variant-tracker.html (accessed on 7 January 2022).

Poudel, S; Ishak, A.; Perez-Fernandez, J.; Garcia, E.; Leén-Figueroa, D.A.; Romani, L.; Bonilla-Aldana, D.K.; Rodriguez-Morales,
A.]. Highly mutated SARS-CoV-2 Omicron variant sparks significant concern among global experts—What is known so far?
Travel Med. Infect. Dis. 2022, 45, 102234. [CrossRef]

Science the Wire. A ‘Stealth’ Version of Omicron Could Challenge Surveillance Efforts. Available online: https:/ /science.thewire.
in/external-affairs /world /ba-2-sublineage-omicron-s-gene-target-failure-surveillance/ (accessed on 7 January 2022).
Kazybay, B.; Ahmad, A.; Mu, C.; Mengdesh, D.; Xie, Y. Omicron N501Y mutation among SARS-CoV-2 lineages: Insilico analysis
of potent binding to tyrosine kinase and hypothetical repurposed medicine. Travel Med. Infect. Dis. 2022, 45, 102242. [CrossRef]
Mannar, D.; Saville, J.W.; Zhu, X.; Srivastava, S.S.; Berezuk, A.M.; Tuttle, K.S.; Marquez, A.C.; Sekirov, I.; Subramaniam, S.
SARS-CoV-2 Omicron variant: Antibody evasion and cryo-EM structure of spike protein-ACE2 complex. Science 2022, 375,
760-764. [CrossRef]

McCallum, M.; Czudnochowski, N.; Rosen, L.E.; Zepeda, S.K.; Bowen, ].E.; Walls, A.C.; Hauser, K,; Joshi, A.; Stewart, C.; Dillen,
J.R.; et al. Structural basis of SARS-CoV-2 Omicron immune evasion and receptor engagement. Science 2022, 375, 846-868.
[CrossRef]

Liu, Z.; VanBlargan, L.A_; Bloyet, L.-M.; Rothlauf, PW.; Chen, R.E.; Stumpf, S.; Zhao, H.; Errico, ].M.; Theel, E.S.; Liebeskind,
M.].; et al. Identification of SARS-CoV-2 spike mutations that attenuate monoclonal and serum antibody neutralization. Cell Host
Microbe 2021, 29, 477-488.e4. [CrossRef]

Quarleri, J.; Galvan, V.; Delpino, M.V. Omicron variant of the SARS-CoV-2: A quest to define the consequences of its high muta-
tional load. Geroscience 2022, 44, 53-56. [CrossRef]

Negi, S.S.; Schein, C.H.; Braun, W. Regional and temporal coordinated mutation patterns in SARS-CoV-2 spike protein revealed
by a clustering and network analysis. Sci. Rep. 2022, 12, 1128. [CrossRef]


https://www.niid.go.jp/niid/en/2019-ncov-e/10884-covid19-66-en.html
https://www.niid.go.jp/niid/en/2019-ncov-e/10884-covid19-66-en.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1050999/Technical-Briefing-35-28January2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1050999/Technical-Briefing-35-28January2022.pdf
https://www.stripes.com/covid/2022-01-25/new-omicron-version-mutation-BA-2-4405690.html
https://outbreak.info/situation-reports?pango=BA.2
http://doi.org/10.1101/2022.01.28.22270044
https://www.bbc.com/news/health-60233899
https://www.epicov.org/epi3/frontend#58aca
http://doi.org/10.1126/science.acx9782
http://doi.org/10.26355/EURREV_202109_26805
http://doi.org/10.1016/j.bbrc.2021.12.079
http://doi.org/10.1038/s41580-021-00418
http://doi.org/10.1101/2022.01.03.21268111
http://doi.org/10.1002/jmv.27524
http://doi.org/10.1038/s41392-021-00863-2
http://doi.org/10.1016/j.cell.2020.06.043
https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html
https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html
http://doi.org/10.1016/j.tmaid.2021.102234
https://science.thewire.in/external-affairs/world/ba-2-sublineage-omicron-s-gene-target-failure-surveillance/
https://science.thewire.in/external-affairs/world/ba-2-sublineage-omicron-s-gene-target-failure-surveillance/
http://doi.org/10.1016/j.tmaid.2021.102242
http://doi.org/10.1126/science.abn7760
http://doi.org/10.1126/science.abn8652
http://doi.org/10.1016/j.chom.2021.01.014
http://doi.org/10.1007/s11357-021-00500-4
http://doi.org/10.1038/s41598-022-04950-4

Vaccines 2022, 10, 1468 14 of 15

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Leary, S.; Gaudieri, S.; Parker, M.D.; Chopra, A.; James, I; Pakala, S.; Alves, E.; John, M.; Lindsey, B.B.; Keeley, A.].; et al. Generation
of a novel SARS-CoV-2 sub-genomic RNA due to the R203K/G204R variant in nucleocapsid: Homologous recombination has
potential to change SARS-CoV-2 at both protein and RNA level. Pathog. Immun. 2021, 6, 27-49. [CrossRef]

Mourier, T.; Shuaib, M.; Hala, S.; Mfarrej, S.; Alofi, F.; Naeem, R.; Alsomali, A.; Jorgensen, D.; Subudhi, A.K.; Ben, R.E; et al.
SARS-CoV-2 genomes from Saudi Arabia implicate nucleocapsid mutations in host response and increased viral load. Nat.
Commun. 2022, 13, 601. [CrossRef]

Kannan, S.R.; Spratt, A.N.; Sharma, K.; Chand, H.S.; Byrareddy, S.N.; Singh, K. Omicron SARS-CoV-2 variant: Unique features
and their impact on pre-existing antibodies. J. Autoimmun. 2022, 126, 102779. [CrossRef]

Karim, S.S.A.; Karim, Q.A. Omicron SARS-CoV-2 variant: A new chapter in the COVID-19 pandemic. Lancet 2021, 398, 2126-2128.
[CrossRef]

World Health Organization. Tracking SARS-CoV-2 Variants. Available online: https://www.who.int/emergencies/disease-
outbreak-news/item/2020-DON305 (accessed on 22 June 2021).

Therapeutic Goods Administration (TGA). COVID-19 Rapid Antigen Self-Tests That Are Approved in Australia. Available online:
https:/ /www.tga.gov.au/covid-19-rapid-antigen-self-tests-are-approved-australia (accessed on 15 December 2021).

Nordgren, J.; Sharma, S.; Olsson, H.; Jamtberg, M.; Falkeborn, T.; Svensson, L.; Hagbom, M. SARS-CoV-2 rapid antigen test: High
sensitivity to detect infectious virus. J. Clin. Virol. 2021, 140, 104846. [CrossRef]

Deerain, J.; Druce, ].; Tran, T.; Batty, M.; Yoga, Y.; Fennell, M.; Dwyer, D.E.; Kok, J.; Williamson, D.A. Assessment of the Analytical
Sensitivity of 10 Lateral Flow Devices against the SARS-CoV-2 Omicron Variant. J. Clin. Microbiol. 2022, 60, e0247921. [CrossRef]
Bekliz, M.; Perez-Rodriguez, F; Puhach, O.; Adea, K.; Melancia, S.M.; Baggio, S.; Corvaglia, A.; Jacquerioz-Bausch, F.; Alvarez, C,;
Essaidi-Laziosi, M.; et al. Sensitivity of SARS-CoV-2 antigen-detecting rapid tests for Omicron variant. medRxiv 2021. [CrossRef]
U.S. Food & Drug Administration. SARS-CoV-2 Viral Mutations: Impact on COVID-19 Tests. Available online: https://www.fda.
gov/medical-devices/coronavirus-covid-19-and-medical-devices /sars-cov-2-viral-mutations-impact-covid-19-tests.ccessed (ac-
cessed on 6 January 2022).

Comparative Evaluation of the Sensitivity of SARS-CoV-2 Rapid Antigen Tests (Self-Tests + Rapid Tests). Available online:
https:/ /www.pei.de/DE/newsroom/dossier/coronavirus/testsysteme.html (accessed on 6 January 2022).

Adamson, B.; Sikka, R.; Wyllie, A.L.; Premsrirut, P. Discordant SARS-CoV-2 PCR and Rapid Antigen Test Results When Infectious:
A December 2021 Occupational Case Series. medRxiv 2021. [CrossRef]

Schrom, J.; Marquez, C.; Pilarowski, G.; Wang, G.; Mitchell, A.; Puccinelli, R.; Black, D.; Rojas, S.; Ribeiro, S.; Martinez, J.; et al.
Direct Comparison of SARS Co-V-2 Nasal RT- PCR and Rapid Antigen Test (BinaxNOW™) at a Community Testing Site During
an Omicron Surge. medRxiv 2022, 22268954. [CrossRef]

Surasi, K.; Cummings, K.J.; Hanson, C.; Morris, M.K,; Salas, M.; Seftel, D.; Ortiz, L.; Thilakaratne, R.; Stainken, C.; Wadford,
D.A. Effectiveness of Abbott BinaxNOW Rapid Antigen Test for Detection of SARS-CoV-2 Infections in Outbreak among Horse
Racetrack Workers, California, USA. Emerg. Infect. Dis. 2021, 27, 2761-2767. [CrossRef] [PubMed]

Lippi, G.; Adeli, K.; Plebani, M. Commercial immunoassays for detection of anti-SARS-CoV-2 spike and RBD antibodies: Urgent
call for validation against new and highly mutated variants. Clin. Chem. Lab. Med. 2022, 60, 338-342. [CrossRef] [PubMed]
Metzger, C.M.J.A,; Lienhard, R.; Seth-Smith, H.M.B.; Roloff, T.; Wegner, E; Sieber, ].; Bel, M.; Greub, G.; Egli, A. PCR performance
in the SARS-CoV-2 Omicron variant of concern? Swiss Med. Wkly. 2021, 151, w30120. [CrossRef] [PubMed]

Fu, J.Y.L.; Chong, YM.; Sam, I.C.; Chan, Y.F. SARS-CoV-2 multiplex RT-PCR to detect variants of concern (VOCs) in Malaysia,
between January to May 2021. J. Virol. Methods 2022, 301, 114462. [CrossRef]

Centers for Disease Control and Prevention (CDC). Science Brief: Emerging SARSCoV-2 Variants. 2021. Available online:
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs /scientific-brief-emerging-variants. html?CDC_AA _
refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F201, %209-ncov%2Fmore%2Fscience-and-research%2Fscientific-
brief-emerging-variants.html (accessed on 5 January 2022).

IGM Biosciences Advances Novel Antibody IGM-6268 into Clinical Trials for the Treatment and Prevention of COVID-19.
Available online: https:/ /www.biospace.com/article/releases/igm-biosciences-advances-novel-antibody-igm-6268-into-clinical-
trials-for-the-treatment-and-prevention-of-covid-19-/ (accessed on 20 February 2022).

Chamlagain, R.; Shah, S.; Paudel, B.S.; Dhital, R.; Kandel, B. Efficacy and Safety of Sarilumab in COVID-19: A Systematic Review.
Interdiscip. Perspect. Infect. Dis. 2021, 2021, 8903435. [CrossRef]

CORIMUNO-19 Collaborative Group. Sarilumab in adults hospitalised with moderate-to-severe COVID-19 pneumonia
(CORIMUNO-SARI-1): An open-label randomised controlled trial. Lancet Rheumatol. 2022, 4, E24-E32. [CrossRef]

WHO Approves 2 New COVID-19 Treatments Amid Omicron. Available online: https://www.thevibes.com/articles/world /52
032 /who-approves-2-new-covid-19-treatments-amid-omicron (accessed on 19 February 2022).

RECOVERY Collaborative Group; Horby, P; Lim, W.S.; Emberson, J.R.; Maftham, M.; Bell, ].L.; Linsell, L.; Staplin, N.; Brightling,
C.; Ustianowski, A.; et al. Dexamethasone in Hospitalized Patients with COVID-19. N. Engl. |. Med. 2021, 384, 693-704. [CrossRef]
Therapeutic Management of Hospitalized Adults with COVID-19. Available online: https://www.covid19treatmentguidelines.
nih.gov/management/clinical-management/hospitalized-adults--therapeutic-management/ (accessed on 19 February 2022).
Fahnee, U.; Ronit, A.; Berg, RM.G; Jorgensen, S.E.; Mogensen, T.H.; Underwood, A.P,; Scheel, T.K.H.; Bukh, J.; Plovsing, R.R.
A distinct dexamethasone- dependent gene expression profile in the lungs of COVID-19 patients. J. Infect. Dis. 2022, jiac218.
[CrossRef]


http://doi.org/10.20411/pai.v6i2.460
http://doi.org/10.1038/s41467-022-28287-8
http://doi.org/10.1016/j.jaut.2021.102779
http://doi.org/10.1016/S0140-6736(21)02758-6
https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON305
https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON305
https://www.tga.gov.au/covid-19-rapid-antigen-self-tests-are-approved-australia
http://doi.org/10.1016/j.jcv.2021.104846
http://doi.org/10.1128/jcm.02479-21
http://doi.org/10.1101/2021.12.18.21268018
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-viral-mutations-impact-covid-19-tests.ccessed
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/sars-cov-2-viral-mutations-impact-covid-19-tests.ccessed
https://www.pei.de/DE/newsroom/dossier/coronavirus/testsysteme.html
http://doi.org/10.1101/2022.01.04.22268770
http://doi.org/10.1101/2022.01.08.22268954
http://doi.org/10.3201/eid2711.211449
http://www.ncbi.nlm.nih.gov/pubmed/34469287
http://doi.org/10.1515/cclm-2021-1287
http://www.ncbi.nlm.nih.gov/pubmed/34911171
http://doi.org/10.4414/smw.2021.w30120
http://www.ncbi.nlm.nih.gov/pubmed/34909869
http://doi.org/10.1016/j.jviromet.2022.114462
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-emerging-variants.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F201,%209-ncov%2Fmore%2Fscience-and-research%2Fscientific-brief-emerging-variants.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-emerging-variants.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F201,%209-ncov%2Fmore%2Fscience-and-research%2Fscientific-brief-emerging-variants.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/scientific-brief-emerging-variants.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F201,%209-ncov%2Fmore%2Fscience-and-research%2Fscientific-brief-emerging-variants.html
https://www.biospace.com/article/releases/igm-biosciences-advances-novel-antibody-igm-6268-into-clinical-trials-for-the-treatment-and-prevention-of-covid-19-/
https://www.biospace.com/article/releases/igm-biosciences-advances-novel-antibody-igm-6268-into-clinical-trials-for-the-treatment-and-prevention-of-covid-19-/
http://doi.org/10.1155/2021/8903435
http://doi.org/10.1016/S2665-9913(21)00315-5
https://www.thevibes.com/articles/world/52032/who-approves-2-new-covid-19-treatments-amid-omicron
https://www.thevibes.com/articles/world/52032/who-approves-2-new-covid-19-treatments-amid-omicron
http://doi.org/10.1056/NEJMoa2021436
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/hospitalized-adults--therapeutic-management/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/hospitalized-adults--therapeutic-management/
http://doi.org/10.1093/infdis/jiac218

Vaccines 2022, 10, 1468 15 of 15

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Coronavirus (COVID-19) Update: FDA Authorizes First Oral Antiviral for Treatment of COVID-19. Available online:
https:/ /www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-oral-antiviral-
treatment-covid-19 (accessed on 19 February 2022).

Paxlovid for Treatment of COVID-19. Available online: https:/ /secure.medicalletter.org/w1642a (accessed on 19 February 2022).
FDA. Fact Sheet for Health Care Providers: Emergency Use Authorization for Molnupiravir. Available online: https://www.fda.
gov/media /155054 /download?utm_medium=email&utm_source=govdelivery (accessed on 19 February 2022).

FDA Approves First Treatment for COVID-19. Available online: https://www.fda.gov/news-events/press-announcements/fda-
approves-first-treatment-covid-19 (accessed on 19 February 2022).

Vangeel, L.; Chiu, W.; De Jonghe, S.; Maes, P,; Slechten, B.; Raymenants, J.; André, E.; Leyssen, P.; Neyts, J.; Jochmans, D.
Remdesivir, Molnupiravir and Nirmatrelvir remain active against SARS-CoV-2 Omicron and other variants of concern. Antivir.
Res. 2022, 198, 105252. [CrossRef]

Taylor, P.C.; Adams, A.C.; Hufford, M.M.; de la Torre, I.; Winthrop, K.; Gottlieb, R.L. Neutralizing monoclonal antibodies for
treatment of COVID-19. Nat. Rev. Immunol. 2021, 21, 382-393. [CrossRef]

Ferré, V.M.; Peiffer-Smadja, N.; Visseaux, B.; Descamps, D.; Ghosn, J.; Charpentier, C. Omicron SARS-CoV-2 variant: What we
know and what we don’t. Anaesth. Crit. Care Pain Med. 2022, 4, 100998. [CrossRef] [PubMed]

Dual mAb Therapy Reduces Viral Load in Patients with Mild to Moderate COVID-19. Available online: https://
hospitalpharmacyeurope.com/covid-19/dual-mab-therapy-reduces-viral-load-in-patients-with-mild-to-moderate-covid-19/
(accessed on 18 February 2022).

NIH. COVID-19 Treatment Guidelines; Anti-SARS-CoV-2 Monoclonal Antibodies. Available online: https://www.covidl
9treatmentguidelines.nih.gov/therapies/anti-sars-cov-2-antibody-products/anti-sars-cov-2-monoclonal-antibodies/ (accessed
on 18 February 2022).

Bebtelovimab (LY-CoV1404) Monoclonal Antibody. Available online: https://www.precisionvaccinations.com/vaccines/
bebtelovimab-ly-cov1404-monoclonal-antibody (accessed on 19 February 2022).

Falcone, M.; Tiseo, G.; Valoriani, B.; Barbieri, C.; Occhineri, S.; Mazzetti, P.; Vatteroni, M.L.; Suardi, L.R.; Riccardi, N.; Pistello, M.;
et al. Efficacy of Bamlanivimab/Etesevimab and Casirivimab/Imdevimab in Preventing Progression to Severe COVID-19 and
Role of Variants of Concern. Infect. Dis. Ther. 2021, 10, 2479-2488. [CrossRef] [PubMed]

Takashita, E.; Kinoshita, N.; Yamayoshi, S.; Sakai-Tagawa, Y.; Fujisaki, S.; Ito, M.; Iwatsuki-Horimoto, K.; Chiba, S.; Halfmann, P,;
Nagai, H.; et al. Efficacy of Antibodies and Antiviral Drugs against Covid-19 Omicron Variant. N. Engl. ]. Med. 2022, 386, 995-998.
[CrossRef] [PubMed]

Aleem, A.; Akbar Samad, A.B.; Slenker, A.K. Emerging Variants of SARS-CoV-2 and Novel Therapeutics Against Coronavirus (COVID-
19); StatPearls Publishing: Treasure Island, FL, USA, 2022. Available online: https://www.ncbinlm.nih.gov/books/NBK570580
(accessed on 20 May 2022).

Bamlanivimab and Etesevimab Authorized States, Territories, and U.S. Jurisdictions. Available online: https://www.fda.gov/
media/151719/download (accessed on 19 February 2022).

Medlineplus: Bamlanivimab and Etesevimab Injection. Available online: https://medlineplus.gov/druginfo/meds/a621008.html
(accessed on 19 February 2022).

Therapeutic Antibodies for COVID-19. Available online: https://evidentic.com/therapeutic-antibodies-for-covid-19/ (accessed
on 19 February 2022).

UPDATE—Allocation of Bamlanivimab/Etesevimab and REGEN-COV Therapeutics Paused. Available online: https:
/ /www.phe.gov/emergency/events/COVID19/investigation-MCM/Bamlanivimab-etesevimab /Pages/important-update-
24Jan2022.aspx (accessed on 19 February 2022).

Food and Drug Administration. Fact Sheet for Healthcare Providers: Emergency Use Authorization (EUA) of Sotrovimab. 2021.
Available online: https://www.fda.gov/media /149534 /download (accessed on 19 February 2022).

Tixagevimab and Cilgavimab (Evusheld) for Pre-Exposure Prophylaxis of COVID-19. Available online: https://secure.
medicalletter.org/w1641a (accessed on 19 February 2022).


https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-oral-antiviral-treatment-covid-19
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-authorizes-first-oral-antiviral-treatment-covid-19
https://secure.medicalletter.org/w1642a
https://www.fda.gov/media/155054/download?utm_medium=email&utm_source=govdelivery
https://www.fda.gov/media/155054/download?utm_medium=email&utm_source=govdelivery
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-covid-19
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-covid-19
http://doi.org/10.1016/j.antiviral.2022.105252
http://doi.org/10.1038/s41577-021-00542-x
http://doi.org/10.1016/j.accpm.2021.100998
http://www.ncbi.nlm.nih.gov/pubmed/34902630
https://hospitalpharmacyeurope.com/covid-19/dual-mab-therapy-reduces-viral-load-in-patients-with-mild-to-moderate-covid-19/
https://hospitalpharmacyeurope.com/covid-19/dual-mab-therapy-reduces-viral-load-in-patients-with-mild-to-moderate-covid-19/
https://www.covid19treatmentguidelines.nih.gov/therapies/anti-sars-cov-2-antibody-products/anti-sars-cov-2-monoclonal-antibodies/
https://www.covid19treatmentguidelines.nih.gov/therapies/anti-sars-cov-2-antibody-products/anti-sars-cov-2-monoclonal-antibodies/
https://www.precisionvaccinations.com/vaccines/bebtelovimab-ly-cov1404-monoclonal-antibody
https://www.precisionvaccinations.com/vaccines/bebtelovimab-ly-cov1404-monoclonal-antibody
http://doi.org/10.1007/s40121-021-00525-4
http://www.ncbi.nlm.nih.gov/pubmed/34435337
http://doi.org/10.1056/NEJMc2119407
http://www.ncbi.nlm.nih.gov/pubmed/35081300
https://www.ncbi.nlm.nih.gov/books/NBK570580
https://www.fda.gov/media/151719/download
https://www.fda.gov/media/151719/download
https://medlineplus.gov/druginfo/meds/a621008.html
https://evidentic.com/therapeutic-antibodies-for-covid-19/
https://www.phe.gov/emergency/events/COVID19/investigation-MCM/Bamlanivimab-etesevimab/Pages/important-update-24Jan2022.aspx
https://www.phe.gov/emergency/events/COVID19/investigation-MCM/Bamlanivimab-etesevimab/Pages/important-update-24Jan2022.aspx
https://www.phe.gov/emergency/events/COVID19/investigation-MCM/Bamlanivimab-etesevimab/Pages/important-update-24Jan2022.aspx
https://www.fda.gov/media/149534/download
https://secure.medicalletter.org/w1641a
https://secure.medicalletter.org/w1641a

	Introduction 
	The Emergence of the Omicron (B.1.1.529) Variant and Its Sub-Lineage 
	Mechanism of Omicron Variant 
	Mutations in Omicron Variant 
	Impact of Diagnosis on the Omicron Variant 
	Advancement in Therapeutics Drugs 
	Immunomodulatory Drugs 
	Antivirals Therapy 
	Monoclonal Antibodies 
	Bamlanivimab and Etesevimab 
	Casirivimab and Imdevimab mAb 
	Sotrovimab 
	Tixagevimab Plus Cilgavimab 
	Bebtelovimab (LY-CoV1404) 


	Discussion 
	Conclusions and Prospect 
	References

