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The new variant of concern of SARS-CoV-2, namely Omicron,
has triggered global fear recently. To date, our knowledge of
Omicron, particularly of how S glycoprotein mutations affect
the infectivity of the virus and the severity of the infection, is far
from complete. This hinders our ability to treat the disease and
to predict the future state of SARS-CoV-2 threats to well-being
and economic stability. Despite this, efforts have been made to

unveil the routes of transmission and the efficiency of existing
vaccines in tackling Omicron. This article reviews the latest
understanding of Omicron and the current status of the use of
vaccines and drugs for infection control. It is hoped that this
article can offer insights into the development of more effective
measures to tackle the pandemic.

1. Background

COVID-19 has been a global pandemic, and the situation is
worsened recently in South Africa because of the emergence of
the Omicron variant (B.1.1.529). In fact, the number of cases
reported each day in South Africa had been quite modest until
the November 16, 2021 when more than 1000 cases were
reported. On November 24, 2021, a report concerning a case of
Omicron infection in South Africa was received by the World
Health Organization (WHO).[1] Two days later, the first occur-
rence of Omicron infection was confirmed in Europe. Nine cases
were reported in the UK on November 29, 2021. Six of of them
were in Scotland.[2] To date, the Omicron infection has spread to
different countries, ranging from the Netherlands, France,
Germany, and Portugal to Italy.[1] The Omicron variant is highly
contagious. This is partially attributed to mutations in the
Omicron receptor-binding domain (RBD).[3] These mutations are
predicted to favour interactions with ACE2, leading to immuno-
logical escape and a higher rate of viral transmission.[3] In fact,
the Omicron variant exhibits around 50 mutations in its
genome, with more than 30 of these being found in its spike (S)

protein.[4,5] Owing to genetic changes of the Omicron variant,
the relative effective reproduction number of Omicron over
Delta is estimated to be 3.19 times.[6]

In fact, since the start of the pandemic, different types of
variants have been reported. Apart from those formerly
monitored variants (Table 1),[7] diverse variants of concern
(VOCs) of COVID-19 have emerged over the last few years. VOCs
refer to variants of SARS-CoV-2 in which alterations in the S
protein RBD significantly improve the binding capacity of the
virus. They show an increase in the rate oftransmission, a
decrease in the susceptibility to neutralization caused by
antibodies produced in patient’s bodies and an increase in the
resistance to existing treatment options (Table 2).[7,8] Apart from
VOCs, some variants are designated as variants of interest (VOI),
which not only display genetic changes that are predicted or
known to influence virus characteristics (including the trans-
mission rate and the severity of the infection caused) but are
also thought to show epidemiological impacts to impose an
emerging risk to global public health.[7,8] Besides VOCs and VOIs,
there are variants designated as “variants under monitoring
(VUMs)” (Table 3). These variants are suspected to possess
genetic alterations that may alter virus characteristics, yet their
phenotypic or epidemiological impact are ill-defined at present,
thereby requiring further studies for verification.[7,8]

Previously, the Commonwealth Scientific and Industrial
Research Organization (CSIRO) in Australia has declared that
variants containing both N501Y (Omicron) and P681R (Delta)
mutations do not propagate; however, more studies are still
required so that our understanding of the current pandemic
can be enhanced. Israel has already reported the first case of
Flurona,[9] which is resulted from dual infection caused by the
flu virus and SARS-CoV-2.[5,10] In Egypt, a 21-year-old woman has
also been tested positive for both SARS-CoV-2 and influenza A
(H1N1). Recently, the number of COVID-19 cases in several
Asian and European countries (including China and South
Korea) has escalated abruptly partly due to the spread of the
“stealth” Omicron (BA.2) variant.[11] Along with the possible
emergence of Delmicron as recently reported,[5,10] it is unlikely
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that COVID-19 will end in 2022. In this article, we will first
review the latest understanding of Omicron, followed by a

discussion of the current status of the use of vaccines and drugs
for infection control. It is hoped that this article can offer
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Table 1. Representative examples of variants of SARS-CoV-2 currently designated VOCs and VOIs. Data are obtained from Ref. [7].

Type WHO
label

Pango
lineage

GISAID
clade

Next strain
clade

Additional amino acid
changes monitored

Earliest documented
samples

Date

VOC Alpha B.1.1.7 GRY 20I (V1) +S:484K
+S:452R

UK, Sep-2020 18-Dec-2020

Beta B.1.351 GH/501Y.V2 20H (V2) +S:L18F South Africa, May-2020 18-Dec-2020
Gamma P.1 GR/501Y.V3 20J (V3) +S:681H Brazil, Nov-2020 11-Jan-2021
Delta B.1.617.2 G/478K.V1 21A, 21I, 21J +S:417N

+S:484K
India, Oct-2020 VOI: 4-Apr-2021

VOC: 11-May-2021
Omicron B.1.1.529 GR/484A 21K – Multiple countries, Nov-2021 VUM: 24-Nov-2021

VOC: 26-Nov-2021
VOI Lambda C.37 GR/452Q.V1 21G – Peru, Dec-2020 14-Jun-2021

Mu B.1.621 GH 21H – Colombia, Jan-2021 30-Aug-2021

Table 2. Representative examples of variants of SARS-CoV-2 currently designated as VUMs. Data are obtained from Ref. [7].

Pango
lineage

GISAID
clade

Next strain
clade

Earliest documented
samples

Date

AZ.5 GR – Multiple countries, Jan-2021 VUM: 02-Jun-2021
C.1.2 GR – South Africa, May 2021 01-Sep-2021
B.1.617.1 G/452R.V3 21B India, Oct-2020 VOI: 4-Apr-2021

VUM: 20-Sep-2021
B.1.526 GH/253G.V1 21F USA, Nov-2020 VOI: 24-Mar-2021

VUM: 20-Sep-2021
B.1.525 G/484K.V3 21D Multiple countries, Dec-2020 VOI:17-Mar-2021

VUM: 20-Sep-2021
B.1.630 GH – Dominican Republic, Mar-2021 12-Oct-2021
B.1.640 GH/490R – Republic of Congo, Sep-2021 22-Nov-2021
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insights into the development of more effective measures to
tackle the pandemic.

2. Structural Understanding of the Omicron
Variant

The Omicron variant can be classified as BA.1, BA.2, and BA.3.
The B.1.1.529 variant was identified on November 26, 2021 as a
VOC by the Technical Advisory Group on Virus Evolution (TAG-
VE)of the WHO.[12] B.1.1.529 was discovered via analysis of
genome-sequencing data, in which over 30 alterations were
identified in the S protein. The S protein is the viral protein that
detects host cells and attacks the host’s immune system.
Numerous alterations have been discovered in Delta and Alpha
strains. They have been found to increase the infectivity of the
virus. Omicron is a variant that shows a higher rate of
transmission and more resistance to vaccine-elicited
antibodies.[2] Different sub-variants of Omicron share over 30
mutations in the S protein,[13] with BA.2 being known as the
“stealth” variant owing to its failure to be tracked by using
polymerase chain reaction (PCR) tests.[5,14] At this moment,
detection of BA.2 (whose transmission rate is 1.5 times higher
than that of BA.1[13]) can only be achieved by using the
sequencing technology.
Among the mutations found in the genome of the Omicron

variant, 12 of them are the same as those found in the Alpha,
Beta, Gamma, and Delta variants. These mutations are (~H69,

~V70, T95I, G142D, ~Y144, ~Y145, K417N, T478K, N501Y,
D614G, H655Y, and P681H). In earlier studies, all of these
mutations have been linked to a higher rate of transmission,
higher viral binding affinity, and higher efficiency in immune
evasion.[15–18] Regarding the fact that the Omicron variant has
the same set of mutations as other VOC variants, it may spread
and evade the immune system. In addition, even though 9
distinctive mutations (S:N440K, S:G446S, S:S447N, S:T478K, S:
E484A, S:Q493R, S:G496S, S:Q298R, S:N501Y)have been found in
the Omicron receptor-binding motif, an extra mutation at S:
Y505H has been noted in the motif of certain Omicron
variants.[19] Besides the mutations mentioned above, a number
of other mutations ((A67V, ~V143, ~N211, L212I, ins214EPE,
G339D, S371L, S373P, S375F, N440K, G446S, S477N, E484A,
Q493R, G496S, Q498R, Y505H, T547K, N679K, N764K, D796Y,
N856K, Q954H, N969K, and L981F)) have been recognized in the
Omicron variant; however, their influence on the survival and
infectivity of the virus is still ill-elucidated.[20] Recently, a
comparative modelling approach has been adopted by a study
to simulate, based on genome-sequencing data, the structures
of the RBD and N-terminal domain (NTD) of B.1.1.529 in silico.[21]

A root mean square deviation (RMSD) difference between the
wild type virus and the overlaid B.1.1.529 variant has been
estimated to be around 0.835 for the RBD and 0.512 for the
NTD. This reveals that secondary structural changes take place
and lead to a new way of binding and infection. Clearly the
associations between mutations and the properties of the virus
are highly complicated. There is a long way to go before we

Table 3. Representative examples of formerly monitored variants of SARS-CoV-2. Data obtained from Ref. [7].

Pango
lineage

GISAID
clade

Next strain
clade

Earliest documented
samples

Date

AV.1 GR – UK, Mar-2021 VUM: 26-May-2021
Reclassified: 21-Jul-2021

AT.1 GR – Russian Federation, Jan-2021 VUM: 09-Jun-2021
Reclassified: 21-Jul-2021

P.2 GR/484K.V2 20B/S.484K Brazil,Apr-2020 VOI: 17-Mar-2021
VUM: 6-Jul-2021
Reclassified: 17-Aug-2021

P.3 GR/1092K.V1 21E Philippines, Jan-2021 VOI: 24 Mar 2021
VUM: 6 Jul 2021
Reclassified: 17-Aug-2021

R.1 GR – Multiple countries, Jan-2021 VUM: 07-Apr-2021
Reclassified: 9-Nov-2021

B.1.466.2 GH – Indonesia, Nov-2020 VUM: 28-Apr-2021
Reclassified: 9-Nov-2021

B.1.1.519 GR 20B/S.732A Multiple countries, Nov-2020 VUM: 02-Jun-2021
Reclassified: 9-Nov-2021

C.36.3 GR – Multiple countries, Jan-2021 VUM: 16-Jun-2021
Reclassified: 9-Nov-2021

B.1.214.2 G – Multiple countries, Nov-2020 VUM: 30-Jun-2021
Reclassified: 9-Nov-2021

B.1.427,
B.1.429

GH/452R.V1 21C USA, Mar-2020 VOI: 5-Mar-2021
VUM: 6-Jul-2021
Reclassified: 9-Nov-2021

B.1.1.523 GR – Multiple countries, May-2020 VUM:14-July-2021
Reclassified: 9-Nov-2021

B.1.619 G 20A/S.126A Multiple countries, May-2020 VUM:14-July-2021
Reclassified: 9-Nov-2021

B.1.620 G – Multiple countries, Nov-2020 VUM:14-July-2021
Reclassified: 9-Nov-2021
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can fully understand the phenotypic changes of the SARS-CoV-
2 virus at the genetic level.

3. Transmissibility and Severity of the Omicron
Variant

Mutations in the genome of the Omicron variant appear to
affect the infectivity and tropism of the virus. The variant
appears to spread less effectively in the lung and more
effectively in the bronchus.[22] This is supported by the
observation that fewer virus-infected cells have been found in
human lung explant cultures grown in the laboratory.[22] The
reason underlying the variations in the replication ability of the
Omicron variant and Delta variant in the lung and the bronchus
has yet to be understood. Nevertheless the binding of a virus to
its receptors is important to successful infection.[23] SARS-CoV-2
employs its S protein to recognise and targets ACE2.[24] The S
protein has a C-terminal domain which is also known as the
RBD.[24,25] It mediates cell-to-cell interactions.[26] It can either be
lipid-bound and closely linked in a “closed” state, or be
unfolded to expose RBDs to enable, higher receptor affinity and
greater access to neutralising antibodies.[17] It is possible that
mutations in the S protein, especially the RBD, may result in
immunological escape, thereby reducing the effectiveness of
existing drugs and vaccines.[27.28] In fact, the Omicron S protein
has mutations that match substantially with those mutations
that have been found to facilitate SARS-CoV-2 to adapt to
mouse hosts.[29] uses ACE2 orthologues successfully to get into
host cells.[28]

Despite an increasing understanding of the infection
mechanism of Omicron, no data have been available to confirm
that infection with Omicron produces more severe disease than
infection with other variants. Even though the hospitalisation
rate in South Africa has increased upon the emergence of the
Omicron variant,[1] this may be due to an increase in the overall
infection rate, rather than an increase in the severity of the
infection. In fact, a recent study shows that, when comparing
with patients infected with other VOCs, those infected with the
Omicron variant are much younger, and are less likely to be
hospitalized even though the variant leads to a significantly
higher vaccine breakthrough rate.[30] At this moment, no
evidence is available to show that the symptoms of infection
caused by the Omicron variant differ from those caused by
other variants of SARS-CoV-2. Nevertheless, all variants are
potentially capable of causing serious symptoms or even death.
This is particularly true among vulnerable populations. Proper
preventive measures are always required.[1]

4. Effectiveness of Existing Vaccines and
Diagnosis Tools

Comparing with other strains of concern, the Omicron variant is
more likely to re-infect COVID-19 patients.[1] Mutations in the
Omicron variant have also been shown to increase the
infectivity and immune resistance of the virus.[15–18] An earlier
study has demonstrated that a synthetic variant possessing 20
mutations in the S protein can almost completely escape from
neutralization in both convalescent and vaccine sera.[31] The

Figure 1. The number of Omicron cases in the first 20 countries that have reported the largest number of cases of Omicron infection. The data are updated to
March 21, 2022 and are obtained from Ref. [47].
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Omicron variant has many more mutations than this. Its escape
from neutralisation is highly possible. Recently, Kannan and co-
workers have reported that the mutations in the S protein of
the Omicron variant co-evolved at a very high rate with
mutations in other parts of the viral genome.[32] This confirms
that the Omicron variant may escape from being attacked or
recognized by antibodies elicited in an individual due to past
infection or vaccination.[32] In fact, vaccines are often designed
to target the S protein. Changes in the structure of the S protein
of the Omicron variant cause concerns on the effectiveness of
an existing vaccine. The situation becomes more complicated
by the fact that environmental factors may cause alterations in
the S protein structure as well. For example, amino acid
variations in the S protein have been found to be at a greater
rate among the molnupiravir-treated people.[33] In total 72
changes in the structure of the S protein have been found in 38
individuals having received molnupiravir treatment, even
though these alterations may also occur in people administered
with a placebo.[33] Last year, the Food and Drug Administration
(FDA) considered authorizing certain drugs (such as paxlovid
and molnupiravir) under an emergency use authorization (EUA).
On November 30, 2021, an FDA advisory group voted 13 to 10
in support of an EUA for molnupiravir.[34]

Apart from the possible impact on the effectiveness of
vaccines, mutations in the Omicron variant may affect the
accuracy of disease diagnosis, even though their influence on
the efficiency of the nucleic acid amplification test (NAAT) for
diagnosis seems to be little.[35] S-gene target failure (SGTF) may
occur when the Thermo Fischer TaqPath COVID-19 assay is used
owing to the deletion of the spike sequence at positions 69 and
70 in the Omicron variant. Concomitant use of multiple tests
that examine at least two different parts of the SARS-CoV-2
sequence is, therefore, highly recommended.[35] Right now
mutation-specific tests (such as those for E484K/Q, L452R, and
N501Y detection) are available in the market. This facilitates the
process of variant screening and enhances the efficiency in
diagnosing Omicron infection.[35] Despite this, a recent study
examining the sensitivity of 7 antigen rapid diagnostic tests
(Ag-RDTs) by using samples of patient infected with the
Omicron variant revealed a high degree of heterogeneity
amongst Ag-RDTs used for Omicron detection.[36] This situation
is worsened by the observation that only 50% of the time the
tests provide positive results for Omicron infection.[36] Develop-
ment of more effective tools for Omicron detection is required
so that as to more accurate and reliable can be achieved in the
clinical setting.

5. Recent Progress in Infection Control

Accompanying with an increase in the knowledge of Omicron
infection, several treatment strategies have emerged over the
last several months. For instance, treatment with both molnu-
piravir and nirmatrelvir has been proposed as an effective
strategy to tackle Omicron infection.[37] The activity of the S
protein has also been shown to be suppressed by using soluble
ACE2, which adheres to the RBD and prevents viral entry.[38]

Soluble ACE2 has, therefore, emerged as another drug
candidate for treating Omicron infection. On top of these
agents, corticosteroids and IL6 receptor blockers continue to be
effective in controlling severe COVID-19 infection. Other treat-
ment options have been being evaluated to determine if they
remain effective to combat the Omicron variant.[1] Despite the
recent progress in treatment development as mentioned above,
prevention is always better than cure. Vaccination is still the
most important way to control Omicron infection and to lower
the development of severe COVID-19 symptoms.
WHO is collaborating with technical partners to determine

the possible impact of this strain on the effectiveness of the
vaccination programmes. Vaccines continue to be crucial for
lowering the occurrence of severe symptoms and death,
notably those caused by the major circulating strain, Delta.
Vaccines currently in use are still effective in preventing serious
symptoms and death. Around 50 different mutations have been
found in the genome of the variant, including over 30 in the S
protein. As far as the development of vaccines is concerned, the
S protein, which comes into contact with human cells prior to
cell entry, is the main target. Antibodies such asVIR-7831
(sotrovimab) and VIR-7832 show strong affinity to the S protein.
This, therefore, raises concerns on the effectiveness of existing
measures to tackle Omicron infection. This concern has,
however, been ameliorated with the recent observation that
people receiving three doses of BNT162b2 can be more
effectively protected from infection with the Omicron variant
(B.1.1.529 lineage).[40] This is partially because a third dose of
BNT162b2 can give a neutralising antibody titre approximately
25-fold higher than that achieved by two doses.[40] Nevertheless,
because the majority of the epitopes of CD8+ T cells’ are
unaffected by the mutations in the Omicron variant, two doses
of the vaccine may still help avoid patients from getting serious
symptoms.[40] This has been partially demonstrated by the case
of South Africa. Among the cases of Omicron infection admitted
to NetCare hospitals in South Africa, 75% of them have not
been vaccinated.[41] The symptoms of those unvaccinated
patients have been found to be more severe than those
vaccinated ones.[41] This demonstrates the protective effect
brought about by vaccination against Omicron infection. In fact,
the neutralizing activity led by Pfizer 2-dose vaccine sera for the
Omicron variant has been shown to be 20–40-fold lower than
that for early pandemic viruses.[42] The activity of AZ 2-dose
vaccine sera has also been reported to be significantly reduced
even to fall below the limit of detection. Yet, regardless of the
type of vaccines a person has received, an mRNA booster can
always lead to an increase in the neutralising activity. A similar
observation has been made by Nemet and colleagues,[43] who
evaluated the effectiveness of BNT162b2 against the Omicron
variant and found that two doses of BNT162b2 provide little
protective action. A third dose greatly increases the neutralising
antibody titre even though the protective effect against the
Omicron variant is 4-fold less than that against the Delta
variant. Recently, Gruell and co-workers have reported that
polyclonal sera from people who have received two doses of
BNT162b2 show little neutralising activity against the Omicron
variant.[44] A considerable rise in the neutralizing activity occurs

ChemBioChem
Review
doi.org/10.1002/cbic.202200126

ChemBioChem 2022, 23, e202200126 (5 of 7) © 2022 Wiley-VCH GmbH

Wiley VCH Montag, 04.07.2022

2214 / 245355 [S. 20/22] 1



in people upon the recipient of an mRNA booster.[44] Receiving
three doses of vaccines is clearly one of the possible strategies
to tackle Omicron infection in the community,[45] though further
studies are needed to determine how long the neutralising
activity lasts.[42]

6. Concluding Remarks and Future Outlook

Omicron infection has been regarded as a public health threat
because the Omicron variant contains diverse mutations in its
genome, leading to changes in its infectivity and reducing the
effectiveness of existing measures for infection control.[2] Close
monitoring of epidemiological trends for existing VOCs, VOIs,
and VUMs may provide insights into possible measures to
combat Omicron infection.[46] In addition, early detection of
cases of infection is vital so that transmission among the public
can be better controlled. Right now it is very likely that the
Omicron variant has spread to other places in South Africa or
even other countries (Figure 1).[46,47] Despite this, as mentioned
earlier in this article, at the moment Omicron infection can still
be detected using PCR techniques. Studies developing various
diagnosis tools, such as Ag-RDTs, for Omicron detection are
ongoing.[1] All these are expected to significantly increase the
effectiveness of infection control. Apart from this, antiviral drugs
such as paxlovid and molnupiravir are now being considered to
be authorized under an EUA by the FDA. These antiviral drugs
can be used to treat mild Omicron infection. Severe infection
can be treated by using IL6 receptor blockers and cortico-
steroids. To prevent the development of drug resistance,
changing the chemical structure of a drug is one method but
this takes time. Another approach is to change the dosage form
or to repurpose older antiviral drugs.[48] Obviously there is still a
long way to go before we can achieve all these. Collaborative
efforts among the scientific, industrial, commercial and public
sectors of the society are required. Yet, these efforts are
worthwhile and can benefit public health substantially.
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