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Abstract

Recently, the severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2)

Omicron variant (B.1.1.529) was first identified in Botswana in November 2021. It

was first reported to the World Health Organization (WHO) on November 24. On

November 26, 2021, according to the advice of scientists who are part of theWHO's

Technical Advisory Group on SARS‐CoV‐2 Virus Evolution (TAG‐VE), the WHO

defined the strain as a variant of concern (VOC) and named it Omicron. Compared to

the other four VOCs (Alpha, Beta, Gamma, and Delta), the Omicron variant was the

most highly mutated strain, with 50 mutations accumulated throughout the genome.

The Omicron variant contains at least 32 mutations in the spike protein, which was

twice as many as the Delta variant. Studies have shown that carrying many muta-

tions can increase infectivity and immune escape of the Omicron variant compared

with the early wild‐type strain and the other four VOCs. The Omicron variant is

becoming the dominant strain in many countries worldwide and brings new

challenges to preventing and controlling coronavirus disease 2019 (COVID‐19).

The current review article aims to analyze and summarize information data about the

biological characteristics of amino acid mutations, the epidemic characteristics, im-

mune escape, and vaccine reactivity of the Omicron variant, hoping to provide a

scientific reference for monitoring, prevention, and vaccine development strategies

for the Omicron variant.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID‐19) caused by severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2) has occurred

in many countries worldwide, causing severe damage to the

medical system and human health.1–5 As of December 20, 2021,

there have been 273 900 334 confirmed cases of COVID‐19,

including 5 351 812 deaths reported to the WHO. There are

40 countries with more than 1 million confirmed cases of

COVID‐19, and 112 countries have more than 100 000 cases

(https://covid19.who.int/).

RNA viruses have a higher mutation rate than DNA viruses. Like

other RNA viruses, the large genome of SARS‐CoV‐2 (~30 kb) and

low‐fidelity RNA‐dependent RNA polymerase (RdRp) are the reasons

for the high adaptive mutation rate when adapting to new human

hosts.6,7 From January to September 2021, several SARS‐CoV‐2

variants appeared and became prominent epidemic strains in many

countries, including four VOCs (Alpha,8 Beta,9 Gamma,10 and Delta11)

defined by the WHO. Compared with the early wild‐type strain, the

four VOCs accumulated many mutations in the spike protein, which

led to these VOCs being more transmissible and producing immune

escape.12–14
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B.1.1.529 was first detected in specimens collected on

November 11, 2021, in Botswana and on November 14, 2021, in

South Africa. It was first reported to the WHO on November 24. On

November 26, the WHO defined it as the fifth variant of concern

(VOC) and named it Omicron.15 The Omicron variant is the most

mutated strain among many SARS‐CoV‐2 variants (including VOCs

and VOIs) during the COVID‐19 pandemic. The amino acid mutations

of the Omicron variant are widely distributed on four structural

proteins, including Spike (S), Envelope (E), Membrane (M), Nucleo-

capsid (N) proteins, and nonstructural proteins (NSPs) (NSP3, NSP4,

NSP5, NSP6, NSP12, NSP1).16

The SARS‐CoV‐2 spike protein consists of S1 and S2 subunits

and furin protease cleavage sites. The S1 subunit consists of an

N‐terminal domain (NTD) and receptor‐binding domain (RBD).

The receptor‐binding motif (RBM) directly contacts the receptor

(angiotensin‐converting enzyme‐2, ACE2) on the surface of

human cells, which mediates the invasion of the virus into cells

and determines the transmissibility of the virus.1,7,17 In addition,

the spike protein is the dominant neutralization target of

convalescent plasma, vaccines, and monoclonal antibodies

(mAbs).18,19 Adaptive mutation of the SARS‐CoV‐2 genome can

change the infectivity, immune evasion, and phenotypic char-

acteristics of the virus.13,14,20 The emergence of the Omicron

variant has caused serious concern about the increased infectivity,

immune escape ability, and reinfection risk.21 Therefore, many

countries have made travel restrictions to prevent the rapid

spread of the Omicron variant.

1.1 | Characteristics of amino acid mutations of
highly mutated Omicron variants

Genome sequencing showed that the Omicron variant belonged to

Pango line B.1.1.529, Nextstrain branch 21k, and GISAID branch GR/

484A (https://www.gisaid.org/). The amino acid mutations of the

Omicron（21K）spike protein contain 28 amino acid substitutions,

three deletions, and one insertion (A67 V, Δ69–70, T95I, G142D,

Δ143–145, Δ211, L212I, ins214EPE, G339D, S371 L, S373P, S375F,

K417N, N440K, G446S, S477N, T478K, E484A, Q493R, G496S,

Q498R, N501Y, Y505H, T547K, D614G, H655Y, N679K, P681H,

N764K, D796Y, N856K, Q954H, N969K, L981F).15 On December 7,

the Omicron sublineage was detected in South Africa, and the

Nextstrain defined it as 21 L, Omicron (21 L, BA.2). The Omicron

(21 L, BA.2) spike protein contains 29 amino acid substitutions and

one insertion (T19I, L24S, ins25PPA, D142D, V213G, G339D, S371

L, S373P, S375F, T376A, D405N, R408S, K417N, N440K, G446S,

S477N, T478K, E484A, Q493R, Q498R, N501Y, Y505H, D614G,

H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K) (https://

www.nicd.ac.za/diseases-a-z-index/disease-index-covid-19/sars-cov

-2-genomic-surveillance-update/). Compared to the Omicron (21K,

BA.1), the Omicron (21 L, BA.2) spike protein lacks Δ69–70, which is

associated with S gene target failure (SGTF) and is not detected

by SGTF.

The number of mutations of the Omicron variant spike protein is

twice that of the Delta variant, which has spread in many countries

worldwide.14 Notably, approximately 15 of these mutations are

located in RBD, a primary target of neutralizing antibodies (NAbs),22

and are more common than other VOCs (Delta: L452R, T478K; Beta:

K417N, E484K, N501Y; three Gama K417T, E484K, N501Y; Alpha:

N501Y in RBD).12–14

Omicron variant has critical mutations in the spike protein that

were previously reported in other VOCs (Alpha, Beta, Gamma, and

Delta) and VOIs (Kappa, Zeta, Lambda, and Mu),23 including Δ69–70,

P681H, N501Y, and D614G in Alpha, K417N in Beta, H655Y, K417N

in Gamma and T478K mutation in Delta. Both structural modeling

and pseudovirus experiments indicated that RBD with T478K,24

N501Y,25 D614G,26 or Δ69–7027 mutations could increase the

tightness and affinity of binding with the hACE2 receptor or induce

more rapid cell‐cell fusion and the formation of multi‐nucleated cells,

thus increasing the infectivity of SARS‐CoV‐2 variants. Several clin-

ical studies have shown that the transmissibility of Alpha is 50%

higher than that of the early wild‐type strain8 and that Delta seems to

be approximately 60% more transmissible than Alpha.28 In addition,

the Omicron variant carrying “Q498R‐N501Y” double mutations may

further improve the binding affinity of RBD to the hACE2 receptor.29

It is worth noting that there are triple mutations “H655Y +N679K +

P681H” near the furin cleavage site of the Omicron variant spike

protein. Previous studies found that “H655Y +N679K + P681H”

might accelerate S1/S2 cleavage through furin protease and enhance

the fusion of the virus and host cell membrane, leading to enhanced

replication ability and infectivity of the virus.30,31

Molecular evidence provides a good explanation for how muta-

tions in the spike protein (such as K417N, N440K, G446S, S4777N,

T478K, and N501Y)32–35 cause a reduction in the neutralizing activity

of mAbs, convalescent plasma, and serum‐induced by vaccines.36

Molecular dynamic simulations have pointed out that “K417N‐

E484K‐N501Y” triple mutations induce spike protein conformational

changes greater than those induced by N501Y or E484K alone.36

Triple mutations allowed SARS‐CoV‐2 variants carrying “K417N‐

E484K‐N501Y” mutations to more effectively escape neutralization

activity, leading to the Beta variant that caused the second wave of

outbreaks in South Africa to be more immune escape than other

VOCs (Alpha, Gamma, and Delta). It is worth noting that the Omicron

variant also has a similar triple mutation, “K417N + E484A +

N501Y,” which may produce immune escape.37 In addition, a team of

virologist Paul Bienias of Rockefeller University, New York, found

that the pseudovirus carrying 20 mutations PMS20 (all reported

mutations) was resistant to the neutralization of the convalescent

plasma and serum‐induced by mRNA vaccine.38 One preprint from

the Peking University research team reported that six single‐point

mutations (K417N, N440K, G446S, E484A, Q493K, G496S) of the

Omicron variant can have escaped neutralization activity.39

The Omicron variant not only accumulated a large number of

mutations in the spike protein but also in open reading frame 1ab

(ORF1ab), an envelope protein (M), a nuclear envelope protein (E),

and nucleocapsid protein (N) (including NSP3‐K38R, V1069I, Δ1265,
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L1266I, A1892T; NSP4‐T492I; NSP5‐P132H; NSP6‐Δ105–107,

A189 V; NSP12‐P323 L; NSP14‐I42 V; E‐T9I; M‐D3G, Q19E,

A63T; N‐P13 L, Δ31–33, R203K, G204R).23 NSPs, particularly NSP12

and NSP14, of CoVs are indispensable for viral replication and

transcription. It has been shown that the P323 L mutation in NSP12

can reduce the fidelity of viral gene replication,40,41 the Δ105–107

mutation in NSP6 may affect the innate immune response and T cell

immunity,42 and the R203K/G204R mutation in the N protein can

enhance the virulence of variants.43

Altogether, compared to the early wild‐type strain and other

VOCs (Alpha, Beta, Gamma, and Delta), the Omicron variant had the

largest number of mutations, involving Spike (S), Envelope (E),

Membrane (M), Nucleocapsid (N) proteins, and NSPs (NSP3, NSP4,

NSP5, NSP6, NSP12, NSP1). These mutations can affect the biolo-

gical characteristics of the Omicron variant, including increasing the

transmissibility, causing immune escape, and enhancing the virulence

of the Omicron variant, as shown in Figure 1.

1.2 | Outbreak and infectivity

Compared to the Delta variant, Omicron has received much attention

for just 2 weeks after its appearance. An in silico analysis showed that

the infectivity of Omicron might be more than 10‐fold higher than

that of the original virus and approximately twice as high as that of

Delta.38 According to reported data, researchers estimated that the

Rt of Omicron is 1.4‐ to 3.1‐fold higher than that of Delta. As of

November 26, 2021, travel‐related cases have also been detected in

Belgium, Hong Kong, and Israel. On November 29, 2021, 3 days after

the announcement by the WHO, cases of VOC Omicron were

detected in Austria, Australia, Belgium, Canada, the Czech Republic,

Denmark, France, Germany, Italy, the Netherlands, and the United

Kingdom.21

The Omicron variant spread rapidly in Gauteng Province, the

largest city in South Africa. Genome sequencing analysis from the

Tulio de Oliveira team, a bioinformatician at the University of

KwaZulu‐natal province, found that all 77 virus samples detected in

Gauteng Province from November 12 to 20 were from the

B.1.1.529 variant.44 Before the Omicron variant was discovered, the

number of confirmed cases of COVID‐19 in South Africa was quite

low every day. However, it rapidly increased from 273 cases on

November 16 to more than 1200 cases on November 25, of which

more than 80% occurred in Gauteng Province,45 where the first

Omicron variant cases were found. In the outbreak's epicenter—

Gauteng—74% of samples sequenced from the last 3 weeks of

November involved the new variant. This suggests that Omicron

rapidly outcompetes the prevalent Delta variant, which had already

replaced the local Beta variant in South Africa. In late November,

F IGURE 1 The biological characteristics of key amino acid mutations of the Omicron variant. E, envelope; M, membrane; N, nucleocapsid
proteins; NTD, N‐terminal domain; ORF, open reading frame; RBD, receptor‐binding domain; RBM, receptor binding motif; S1/S2, furin cleavage
site; SD1, subdomain 1; SD2, subdomain 2
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South Africa's National Institute for Communicable Diseases (NICD)

in Johannesburg determined that R was above 2 in Gauteng (R0: the

average number of people infected with person infections).

According to the data from NICD, the Delta variant is the main

epidemic strain in August, September, and October in South Africa.

Sequence analysis showed that 73% (228/312) were Omicron

variants, while the Delta variant accounted for only 23% (72/312) in

November. From November 30 to December 3, the number of

confirmed cases of the Omicron variant in South Africa increased

from 4373 to 16 055 (data available from https://www.nicd.ac.za/

latest-confirmed-cases-of-covid-19-in-south-africa/). These data

indicated that the Omicron variant has replaced Delta as the

dominant epidemic strain in South Africa and is driving a new wave

of outbreaks in South Africa.46

The first Omicron‐infected case in Europe was diagnosed in

Belgium on November 26, and the patient tested positive for

COVID‐19 on November 22. On November 26, 2021, the Eur-

opean Centre for Disease Prevention and Control (ECDC) classi-

fied this variant as a VOC due to concerns regarding immune

escape and potentially increased transmissibility compared to the

Delta variant. As of December 1, 2021, a total of 70 confirmed

cases of the Omicron variant have been reported in 13 countries

in the European Union and European Economic Area (EU/EEA). As

of December 19, 4691 confirmed cases had been reported in 28

countries in the EU/EEA, accounting for 67‐fold higher than at

the beginning of the month (https://www.ecdc.europa.eu/en/

news-events/epidemiological-update-omicron-variant-concern-

voc-data-19-December-2021). Delta VOC remains currently the

most prevalent variant in the EU/EEA. However, based on mod-

eling predictions and depending on the growth advantage

and level of immune escape, Omicron VOCs are likely to become

the dominant variant in the EU/EEA within the first 2 months

of 2022.

On November 30, 2021, the United States designated Omi-

cron as a VOC. On December 1, 2021, the first case attributed to

the Omicron variant was identified in the United States in a person

who recently returned from travel to South Africa. On December

2, 2021, a second case was reported in a person with no interna-

tional travel history who also attended a convention in the days

preceding symptom onset. Nowcast, which is a model that esti-

mates more recent proportions of circulating variants in the United

States, showed that the sequence of Omicron accounts for 73.2%

(95% PI: 34%–94.9%) of the total sequence and that Delta

accounts for 26.6% (95% PI: 5.1%–65.8%) from 12 to

December 18, 2021 (data available from https://www.cdc.gov/

coronavirus/2019-ncov/variants/omicron-variant.html).

On November 26, 2021, the UK Health Security Agency

(UKHSA) designated Omicron as the variety being monitored (VUI‐

21‐NOV‐01). On November 27, two Omicron confirmed cases were

first detected in the United Kingdom.45 On December 3, UKHSA

reported 75 new Omicron confirmed cases, and the total number of

Omicron confirmed cases was 3.6‐fold (104 vs. 29) that of the

previous day. According to the latest data released by the UKHSA,

the number of Omicron confirmed cases in the United Kingdom rose

from 4487 to 45 145 between 12 and 18 December 2021 (data

available from https://www.gov.uk/government/news/covid-19-

variants-identified-in-the-uk). Moreover, according to the Omicron

monitoring data from COG‐UK, Trevor Bedford, an American evo-

lutionary virologist, pointed out that the logistic growth rate of

Alpha variants in the United Kingdom in January was 0.08 per day,

while that of Omicron was 0.41 (https://pangolin.cog-uk.io/). These

data indicated that community transmission of Omicron has

occurred in the United Kingdom.

The above studies indicated that the Omicron variant spread

faster and more widely than the original virus strain and other

VOCs. As of December 20, 2021, there were 34 911 Omicron

confirmed cases, including seven deaths, reported by 95 countries

(https://www.ecdc.europa.eu/en/news-events/epidemiological-

update-omicron-variant-concern-voc-data-19-December-2021).

1.3 | Clinical severity

SARS‐CoV‐2 not only invades the respiratory system but also causes

other organ injuries in severe cases, such as kidney injury,47 liver

injury,48 myocardial injury,49 coagulation dysfunction,50 and gastro-

intestinal symptoms.51,52 Compared with the early original strains,

many clinical studies have suggested that Alpha, Beta, and Delta

variants increase the risk of hospitalization, ICU admission, and

death.8,9,11,12

Previously reported cases from South Africa46 and 43 cases of

Omicron in the United States53,54 found that the symptoms of con-

firmed cases were asymptomatic or had mild symptoms, and no

deaths were reported (among the 43 confirmed cases in the United

States, symptoms were 89% cough, 65% fatigue, 59% stuffy or runny

nose, 14% fever, 8% nausea, 4% diarrhea, and 3% loss of taste or

smell). Subsequently, UKHSA announced that ten individuals infected

with Omicron were hospitalized, and one died.55 As of December 20,

2021, seven deaths in those infected with Omicron have been

reported. However, the impact of Omicron on the rate of hospitali-

zation and mortality needs more cases and longer observation times

to be determined.

1.4 | Increase the risk of reinfections

South Africa has experienced three COVID‐19 outbreaks caused by

the original virus, Beta variant, and Delta variant.9,13 One preprint56

from NCID showed that in the rapidly building Omicron surge, the

proportion of new cases involving people who have already experi-

enced COVID‐19 is more than three times higher than in the second

(Beta) and third waves (Delta). Contrary to expectation, the estimated

hazard ratio (HR) for reinfection versus primary infection was lower

during waves driven by the Beta and Delta variants than for the first

wave (HR for the second wave vs. the first wave: 0.75 [95% CI:

0.59–0.97]; for the third wave vs. the first wave: 0.71 [95% CI:
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0.56–0.92]). In contrast, the recent spread of the Omicron variant has

been associated with an increase in the reinfection hazard coefficient

and a decrease in the hazard coefficient for primary infection. The

estimated hazard ratio for reinfection versus primary infection from 1

to November 27, 2021, versus the first wave was 2.39 (95% CI:

1.88–3.11).56 Similarly, in the United Kingdom, 5153 individuals with

an Omicron infection between November 1 and December 11, 2021,

were identified; 305 were linked to a previously confirmed infection

and had an interval from the previous positive test of 90 days or more

(latest updates December 12, 2021. on SARS‐CoV‐2 variants de-

tected in the United Kingdom. https://www.gov.uk/government/

news/covid-19-variants-identified-in-the-uk.2021). These data sug-

gested that the Omicron variant produces immune escape, with a

higher risk of reinfection than the Beta and Delta variants.

1.5 | Immune escape

1.5.1 | Resistance to neutralization of the Omicron
variant by convalescent plasma and vaccine sera

Vaccines have played a huge role in the fight against COVID‐19, but

the problem of vaccine escape has become more acute over

time.13,57–59 The first four cases of Omicron infection in Botswana

were fully vaccinated, suggesting possible vaccine escape.60,61 In

addition, based on 132 three‐dimensional (3D) structures, models of

antibody‐RBD complexes show that Omicron may be twice as likely

to escape current vaccines than the Delta variant.38

On December 7, 2021, the earliest serum neutralization assay

showed that the neutralization activity of the Pfizer/BNT162b2

mRNA vaccine‐declined serum against the Omicron variant was sig-

nificantly decreased by 41.4‐fold compared to the original strain

(geometric mean titer [GMT] FRNT50: 1321 vs. 32, p = 0.0018).62

The Pfizer official announced that the neutralization activity of two

doses of the Pfizer vaccine against Omicron was significantly

decreased.63 Similarly, in vitro authentic Omicron virus experiments

showed the neutralization activity of two BNT162b2 (nonboosted)

doses and three BNT162b2 (0.5 or 3 months after boosting) against

Omicron was decreased by 11.4‐, 37.0‐, and 24.5‐fold compared with

the Delta variant, respectively.64 Sera from double mRNA1273‐

vaccinated (nonboosted) and BNT162b2‐boosted mice showed a

20‐ and 22.7‐fold reduction in neutralization capacity.65

An in vitro study of pseudovirus Omicron showed that the

neutralization activity of convalescent plasma (n = 28) against

Omicron was reduced by 8.4‐fold, whereas the neutralization activity

of convalescent plasma against other VOCs and VOIs pseudotyped

was decreased by 1.2–4.5‐fold compared to the D614G strain.64 In

addition, one preprint from Peking University's research team found

that Omicron can escape 85% of anti‐RBD neutralizing antibodies of

diverse epitopes (n = 247) from convalescent plasma and serum‐

induced by vaccine.39

All of these data revealed that the Omicron variant more easily

escaped the neutralization activity of convalescent plasma and two

doses of vaccine‐induced serum than the original virus and other

VOCs, including Beta and Delta.

1.5.2 | Reduced neutralizing activity of the
monoclonal antibody

The neutralization effect analysis of nine monoclonal antibody drugs

on Omicron pseudovirus showed that seven monoclonal antibodies

(LY‐CoV555, LY‐CoV016, REGN10933, REGN10987, AZD1061)

were completely ineffective against Omicron (IC50 > 6.5 ng/L). Only

two monoclonal antibodies can effectively neutralize against Omi-

cron (IC50: 0.181 ng/L for Vir‐7831; 0.287 ng/µl for DXP‐604).39 In

addition, an in vitro study of authentic Omicron virus showed that

imdevimab and casirivimab could effectively prevent Delta infection,

while Omicron was resistant to casirivimab and imdevimab.65 Simi-

larly, Cameroni et al.66 reported that 89.7% (26/29) of RBM‐directed

monoclonal antibodies (mAbs) lost in vitro neutralizing activity

against Omicron, with only 3 out of 29 mAbs retaining unaltered

potency, including the ACE2‐mimicking S2K146 mAb. These results

indicated that the magnitude of Omicron‐mediated immune evasion

marks a major SARS‐CoV‐2 antigenic shift.

1.6 | Vaccine effectiveness against Omicron
variant

The serum neutralization assay found that the escape was in-

complete, and 5/6 participants were vaccinated after the previous

infection, showing relatively high neutralization titers against

Omicron.62 This suggests that previous infection followed by vacci-

nation or booster is likely to increase the neutralization level and

likely confer protection from severe disease in Omicron infection.

The Pfizer official announced that after the third dose of

BNT162b2 injection, the titer of neutralizing antibody increased by

25‐fold, reaching the level of two doses of inoculation to protect the

infection of the original virus strain.63 One mRNA vaccine effec-

tiveness evaluation67 showed that two doses of the ChAdOx1 vac-

cine were ineffective against the Omicron variant. In the population

who received two doses of BNT162b2, the vaccine effectiveness was

88.0% (95% CI: 65.9%–95.8%) 2–9 weeks after the second vacci-

nation, and then it continued to decrease. The vaccine effectiveness

dropped from 48.5% (95% CI: 24.3%–65.0%) to 34.2% (−5%–58.7%)

from 10–14 weeks to 25 weeks after the second vaccination.

However, after the third dose of BNT162b2 was vaccinated based on

two doses of ChAdOx1 or BNT162b2, the vaccine effectiveness

against Omicron was still high, exceeding 70% (71.4% and 75.5%,

respectively) after 2 weeks.67 Similarly, one study from Doria‐Rose

NA's team showed that Omicron was 41–84‐fold and 5.3–7.4‐fold

less sensitive to neutralization than D614G and Beta, respectively,

when assayed with serum samples obtained 4 weeks after two

standard inoculations with 100 µg mRNA‐1273 vaccine. However, a

booster dose of mRNA‐1273 increases Omicron neutralization titers
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and may reduce the risk of symptomatic vaccine breakthrough

infections.68

Moreover, inactivated vaccine effectiveness evaluation demon-

strated69 that at 14 days post‐two‐dose BBIBP‐CorV vaccines, the

GMTs were 67.40 (95% CI: 39.56–114.90) against prototype, 8.85

(4.26–18.40) against Beta, 35.07 (22.96–53.58) against Delta, and

6.04 (4.53–8.07) against Omicron, while neutralization activity

against Omicron was below the lower limit of quantitation in 80% of

the samples. The neutralization titers of Omicron exhibited a sig-

nificant fold reduction compared to Beta and Delta compared to the

prototype. (11.16‐fold vs. 7.62‐ and 1.92‐fold reduction). On Day 14,

post booster vaccination with BBIBP‐CorV, GMTs were increased

13.78 (95% CI: 7.71–24.60)‐fold against the prototype, 10.63

(5.62–20.07)‐fold against Beta, and 8.56 (4.51–16.26)‐fold against

Delta. The neutralization titer against Omicron at Day 14 post

booster vaccination was 48.73 (28.61–82.99). At Day 28 post

booster vaccination, GMTs remained stable or increased to 414.20

(284.20–603.60), 203.50 (123.90–334.10), 294.90 (164.10–529.80),

and 47.69 (26.37–86.24) against the Beta, Delta, and Omicron pro-

totypes, respectively. Post booster vaccination, 100% of samples

showed positive neutralization activity against Omicron, albeit illus-

trating a significant reduction (5.86‐ to 14.98‐fold) against Omicron

compared to the prototype at 14 days after the homologous or

heterologous vaccine boosters.

This suggests that in individuals who have received two doses of

mRNA vaccines (ChAdOx1, BNT162b2) or inactivated vaccines

(BBIBP‐CorV), the third dose of vaccine booster injection could im-

prove neutralization against Omicron.

2 | CONCLUSION

To date, the Omicron variant is the highest mutated variant among

VOCs. It has 50 mutations in the whole genome and 26–32 muta-

tions in the spike protein. Many mutations have been found in VOCs

(Alpha, Beta, Gamma, and Delta) and VOIs (Kappa, Zeta, Lambda, and

Mu) and are linked to heightened infectivity and increased risk of

increased risk reinfection. Moreover, these mutations give the Omi-

cron variant the ability to evade convalescent plasma and vaccine

sera and mAbs. The Omicron variant easily escaped immunity com-

pared with other VOCs (Alpha, Beta, Gamma, and Delta). The Omi-

cron variant may be the most transmissible VOC and is becoming the

main epidemic variant in many countries worldwide.
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