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Abstract: The currently circulating SARS-CoV-2 Omicron variant posed a big challenge for the ongoing pandemic prevention and 
control activities. The critical concern is whether the current vaccines and therapeutics are capable of fully controlling this variant. 
Omicron has several mutations mainly concentrated in the receptor-binding domain (RBD) which is the main target for neutralizing 
antibodies and vaccine-elicited sera, and it is reportedly evading immunity. However, the degree to which the Omicron evades 
immunity and its impact on the prevention and control activities requires recent and continuous scrutiny. Despite several reports are 
available, updated and recent discussions are important to tackle the ongoing pandemic especially due to the emerging SARS-CoV-2 
variants. Therefore, new insights on designing effective preventive and control measures is utmost important. This review discusses 
the extent of immune evasion by the Omicron variant and forwards important directions which could have valuable contributions to 
design alternative strategies in fighting against SARS-Co-2 variants. 
Keywords: SARSC-CoV-2, variant of concern, VOC, Omicron variant, immune evasion, receptor-binding domain, RBD

Introduction
After the first report of the SARS-CoV-2 Wuhan reference strain (Wuhan-Hu-1), several spike protein mutations have emerged. 
Surprisingly, there have been several mutations reported in the RBD of the spike protein leading to different strains with 
heightened transmissibility, virulence, and immune escape.1 These spike protein mutations are giving rise to different variants. 
Based on the World Health Organization (WHO) classification, the variants are named as variants of concern (VOC), variants of 
interest (VOI), and variants under monitoring (VUM). VOC are variants with increased transmissibility or increased virulence or 
increased resistance to public health measures currently including Alpha, Beta, Gamma, Delta, and Omicron. Whereas VOI is 
variants with genetic changes predicted or proved to affect virus nature like virulence, transmissibility, immune escape, 
diagnostics, or therapeutic escape and cause multiple COVID-19 clusters anywhere currently including Lambda and Mu. SARS- 
CoV-2 VUM is one where the genetic changes are suspected to alter the virus characteristics but epidemiological evidence is 
unclear. Current VUM includes Pango lineages AZ.5, C.1.2, B.1.617.1, B.1.526, B.1.525, B.1.630, and B.1.640.2

A new SARS-CoV-2 Omicron variant, currently circulating worldwide, was first identified in Botswana earlier in 
November and reported to WHO on November 24, 2021, from South Africa3–5 with potentially increased transmissibility, 
resistance to therapeutics and with heightened immune evasion.6 The Omicron variant (B.1.1.529) is independently evolved7 

and is highly mutated compared to the Wuhan reference strain, and other VOC (Alpha, Beta, Gamma, and Delta variants). 
The genome of SARS-CoV-2 Omicron variant harbors 18,261 mutations of which 97% of them are within the coding region8 

resulting in subtypes.9 Moreover, this variant is reported to include 36 mutations with 29 amino acid changes, six amino acid 
deletions, and a single amino acid insertion10–12 in the spike protein. The Omicron variant (BA.1) has other subtypes; BA.1.1, 
BA.2 and BA.3. These subtypes share 11 amino acid substitutions in their RBD and BA.2 and BA.3 are predicted to have 
higher transmission potential.13 The majority of the mutations are concentrated in the RBD (30 substitutions, 6 deletions, and 
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3 insertions)14 which is the major target for neutralizing antibodies making the ongoing vaccination and immunotherapeutic 
efforts challenging. The Omicron RBD-ACE2 (angiotensin converting enzyme 2) complex shows multi-residue interactions 
due to the substituted amino acids (R493, S496, Y501, R498) which are not found in the ancestral RBD-ACE2 complex15 

and substitutions T478K, N501Y, Y505H, Q493R/K and Q498R are reported to enhance the binding energy to ACE2.13,16 

This is suggestive of altered transmissibility, infectivity, and immune evasion of the Omicron variant. The Omicron RBD 
mutations compared to other VOC and the reference strain is described in Figure 1.

SARS-CoV-2 VOC demonstrated increased resistance to convalescent sera and monoclonal antibodies (mAbs)17 and 
mutations located in the RBD are resistant to almost all neutralizing antibodies.18–21 Additionally, emerging RBD mutations 
are reported to resist human leukocyte antigen (HLA-24)-restricted cellular immunity.22,23 Overall, the VOC exhibited 
comprehensive immune evasion requiring updated interventions and scrutiny.24 Studies reported that the Omicron variant 
showed resistance to neutralization by convalescent sera, vaccine-induced antibody and mAbs10,12,25–30 challenging the 
prevention and control activities. The interaction of Omicron RBD with a theoretically approved sarbecovirus mAB S309 
Fab is illustrated in Figure 2.

Figure 1 SARS-CoV-2 Omicron RBD mutations compared to other variants. Multiple sequence alignment showing amino acid mutations on the RBD of Omicron compared 
to the Wuhan reference strain, alpha, beta and delta variants. SARS-CoV-2 spike protein sequences were obtained from the Global Initiative on Sharing All Influenza Data 
(GISAID) database (https://www.gisaid.org/) on December 22, 2021.122 The 15 Omicron RBD amino acid mutations compared to the reference strain are indicated. The 
multiple sequence alignment was done by ESPript 3.x online server (https://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi).121
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Comprehensive and concrete data on the degree to which the Omicron variant is affecting vaccination and 
immunotherapy is hardly explored. Therefore, new insights and scrutiny on designing effective preventive and 
control measures is utmost important. Owing to several mutations in its genome, the diagnosis and management of 
the Omicron variant is also another problem to be solved. A study in Finland suggested underdiagnoses of COVID-19 
after the emergence of Omicron due to mild infections and diminished polymerase chain reaction (PCR) sensitivity.31 

Therefore, identifying the most reliable diagnosis is utmost helpful for better prevention and control of the variant. 
Variant specific PCR and nanopore sequencing aids a sensitive and rapid identification of SARS-CoV-2 variants.32

As PCR is time consuming and resource demanding, rapid serological tests could be more helpful especially in resource 
limited settings. In this regard, Abbott BinaxNow antigen test demonstrated good detection ability of the Omicron.33 

However, designing rapid test kits for the fast diagnosis of patients with Omicron infection is amongst the recommended 
insights for better prevention and control outcomes. Although it requires a thorough validation,34 application of nanofiber 
swabs is ideal to reduce false-negative results and detect a very low concentration of viral RNA.35 Besides, application of 
specific antibody biomarkers, the CRISPR/Cas system, segment selective DNA/RNA36 and biosensor diagnostic kits 
targeting the spike protein37 could provide more effective diagnosis. Novel prevention measures are also quite important. 
Interestingly, the application of antibacterial and antifungal high performance nanosystems is suggested to effectively halt the 
aerosol transmission of SARS-CoV-2 variants through neutralizing or eradicating the virus.38 Generally, analyzing and 
summarizing recent evidences is helpful for the management of COVID-19 due to the Omicron variant. This review 
discusses the extent of immune evasion by the Omicron variant and forwards important directions which could have 
valuable contributions to design alternative strategies in fighting against SARS-Co-2 variants.

Immune Evasion by the Omicron Variant
Aggregation of more than 15 mutations in the RBD39 of the Omicron spike alters its transmissibility, infectivity, 
neutralization escape, vaccine evasion, and reduced efficiency of diagnosis. Although more studies are yet to answer, 
data suggested that the Omicron variant has heightened vaccine escape and mAb evasion than the Delta variant.40–42 

Figure 2 A cartoon representation of Omicron RBD (cyan) in complex with the therapeutically approved sarbecovirus mAb S309 Fab (magenta) (PDB entry: 7TN0). 
G339D and N440K mutations found near or within the S309 antigenic recognition site are indicated in red sticks. S309 recognizes N343 glycan indicating non-significant 
alteration of S309 binding to Omicron RBD. The Omicron RBD region comprising residues 366–375 is highlighted in green. This region is known to have deviated 
conformation compared to the Wuhan-Hu-1 RBD as it harbors S371L/S373P/S375F substitutions but without a significant effect on S309 neutralization.98 The 15 Omicron 
RBD mutations compared to the Wuhan-Hu-1 reference strain are presented in red sticks.
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RBD-induced immune evasion is possible in Omicron owing to several factors; RBD showed immune escape in other 
VOC,43 humoral immunity is a key for viral defense44 and RBD is the main target of neutralizing antibodies.24,45,46 The 
immune evasion of the Omicron variant compared to other VOC is summarized in Table 1.

Monoclonal Antibodies
Many mAbs have been approved for the emergency treatment of COVID-19. For example, sotrovimab reduced the risk 
of disease progression among patients with mild-to-moderate COVID-19.47 Omicron is evading therapeutic mAbs,48 

however, more studies are required to have a complete understanding. Predicting immune escape mutations plays 
paramount importance to design effective therapeutics. An antibody escape calculator study demonstrated that mutations 
at sites 417, 484, and 490 are peaks of antibody escape while other sites have redundant and additive effects.49 There is 
still limited data on immune evasion of Omicron against mAbs yet requiring further shreds of evidence to understand it 
better. Therefore focusing on these sites in the VOC could be important to design effective vaccines and antibodies.

Computationally, compared to the wild and Delta variant, the Omicron variant exhibited low binding affinity to 
human mAbs CR3022, B38, CB6, and P2B2F6.28 Omicron also resisted casirivimab and imdevimab mAbs in a study.12 

Mutations T478K, Q493R, Q498R and E484A produced a significantly reduced RBD binding with mAbs Etesevimab, 
Bamlanivimab, and CT-p59 while conserved epitope targeting mAbs AZD1061 and Sotrovimab demonstrated slight 
reduction of binding energies to Omicron RBD.50 Besides, in vitro neutralization was lost against Omicron among most 
receptor binding motif (RBM) targeting mAbs. Intriguingly, mAbs like S2K146 (ACE2-mimicking) and sarbecovirus, 
and mAbs with broad epitopes outside the RBM (sotrovimab, S2X259, and S2H97) exhibited unaltered potency against 
Omicron.51

A broadly neutralizing antibody ZCB11 neutralized all authentic VOC including the Omicron. However, antibodies 
like ZCB3, ZCC10 and ZCD3 showed variable potency against other VOC while they lost their neutralization activity 
against the Omicron.52 RBD mutations S371L, N440K, G446S and Q493R are reported to confer high antibody 
resistance resulting in abolished or impaired antibody neutralization. Here, most tested mAbs failed to neutralize the 
Omicron with at least ten-fold reduction of their neutralization potency.53 Omicron evades therapeutic mAbs while 
substantial resistance was also observed against antibodies elicited by booster vaccine dose. mAbs bamlanivimab, 
etesevimab, casirivimab, imdevimab and regdanvimab exhibited 11–242 fold binding reduction (at 0.1 µgml−1) to 
Omicron infected cells compared to Delta while sotrovimab demonstrated similar neutralization against both 
variants.54 The electrostatic potential of mAbs etesevimab, bamlanivimab, and CT-p59 was significantly dropped mostly 
due to Omicron substitutions T478K, Q493K, Q498R and E484A indicating that the RBD mutations are playing 
significant roles in immune evasion.16

Mutations affecting viral stability are associated with viral fusion efficiency, transmission, adaptability and 
immunogenicity.55 Omicron has improved stability in the environment which resulted in enhanced transmissibility. In 
addition, Omicron mutations perturb the conformation of epitopes recognized by most antibodies56 making it highly 
resistant to antibody-mediated neutralization.57 To overcome this, therapeutic options through combining mAbs is 
recommended, but screening the efficacy some m|Abs is important before administration.58

Convalescent Sera and Vaccination
Previous infection and vaccination have an invaluable role in fighting against SARS-CoV-2 infection. However, 
convalescent sera from COVID-19 patients and sera from BNT162b2, mRNA-1273, and Ad26.COV2.S vaccinated 
individuals showed reduced binding to the Omicron RBD than the wild Wuhan, Beta, and Delta RBDs.10 Moreover, 
a comparatively much lesser neutralization activity of sera from convalescent patients and ChAdOx1, Spikevax, or 
BNT162b2 vaccinated individuals was observed for the Omicron variant. Interestingly, sera from infected and vaccinated 
or vaccinated and infected individuals exhibited strong neutralization of the Omicron variant27,59,60 due to “super 
immunity”. However, most vaccinated individuals showed non-detectable neutralization to Omicron. On the contrary, 
antibodies from mRNA vaccine (BNT162b and mRNA-1273) boosted individuals demonstrated potent Omicron neu-
tralization. But substantial Omicron escape was observed in recently vaccinated individuals.61 Thus mRNA based booster 
doses are better in resisting immune evasion by emerging variants.62
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Table 1 Summary of Immune Evasion by the Omicron Variant Compared to Other Variants

Set Up Immune Evasion by Variants Remark Ref

Convalescent Sera Vaccination mAbs

WT Alpha Beta Delta Omic WT Alpha Beta Delta Omic WT Alpha Beta Delta Omic

Livea,S >256 ~128 ~64 <16 ~512 <256 ~256 <16 IC50 value measured [27]
Liveb,O ~128 >512 ~64 <16 <256 ~128 ~256 <16
Livec,OB ~256 ~256 ~512 <16 ~1024 ~512 ~512 <64

Lived,B ~1024 128–256 <1024 >256 >256 <64

CR3022 9248 8878 8768 Binding score of variants 

RBD to mAbs reported

[28]
B38 19152 15646 13240
CB6 15984 14012 13660

P2B2F6 12776 13016 11900

REGN 14478 14122 14696

LiveB1 229.4 25.7 124.7 5.4–6.4 GMT reported [25]
LiveCo1 21.7 5 10.3 5

LiveB 47% 0% GoodIC FailedIC Percentage of NT50 

reported
[12]

Live3B 95% 25%

LiveB,I 85% 25%

LiveOB 21% 0%

LiveB 11.4 Omicron NT50 fold 

reduction compared to 
Delta reported

[12]
Live3B 37

LiveBC 32.8

LiveB1Ch 10

LiveO 42 52 10 Neutralization titers 

reported

[14]
LiveB 559 1358 54

Pseud ~102* <10 Pairwise neutralizing Ab 

titers reported

[51]
Pseudm ~103* ~102 ~50
PseudB ~103* ~102 <50

Pseudm 33 Omicron ID50 fold 

reduction compared to 

Wuhan reported

[51]
PseudB1 44

PseudAz 36

(Continued)
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Table 1 (Continued). 

Set Up Immune Evasion by Variants Remark Ref

Convalescent Sera Vaccination mAbs

WT Alpha Beta Delta Omic WT Alpha Beta Delta Omic WT Alpha Beta Delta Omic

Pseud 1.2 2.8 1.6 8.4 Fold decrement of ID50 

compared to D614G 

reported

[63]

ZCB11 51 85.1 39.9 11.2 36.8 IC50 (ng/mL) value 

measured in live virus

[52]
ZCB3 176.3 312.5 1383 41.3 6450

ZCD3 2358 392.6

ZCB11 5.2 8.9 6.1 31.5 6 IC50 (ng/mL) value 

measured in 
pseudovirus

ZCB3 40.7 16.1 57.7 77.9 531.6

ZCC10 316.2 60.5 369.7

ZCD3 355.8 210.1 141.2

PseudB96 −134 Fold change in IC50 

compared to WT 
reported

[53]
PsedC96 −140
Pseds309 −2.5

Pseud1 2037 136 Median NT50 values 
reported

[59]
Pseudm5 2435 126

PseudJ5 982 23
PseudB,I 388872 8106

PseudoBV 8.85 35 6 GMT after 14 days of 
vaccination

[64]

Pseudo 327.8 1223 154 MT from convalescents

LiveB,I 1963* 89 FRNT50 reported [67]

Live >4.8 >11.1 A fold reduction in 50% 
inhibitory dilution (ID50) 

value compared to the 

WT was reported

[68]
Live3m 4 16.7

LiveB 5.8 >23.3
LiveBC 3.5 13.7

Live2m 10.1 42.6

Live3B 1.3 7.5
Live3BC 4.7 13.1
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Pseudom >103 <103 <102 Pseudovirus 

neutralizations (IU/mL) 

reported within 3 
months of vaccination

[61]
Pseudo3m >103 >103 102–103

PseudB >103 ~102 <102

Pseud3B >103 ~103 <103

Pseud3Ad ~103 <103 <102

Pseud3B/m 4.6 Omicron neutralization 

fold reduction compared 
to Wuhan reported

[61]
Pseud3/m 43
Pseud3B 122

PseudoB 160 24 73 7 50% Pseudovirus 
neutralization titer after 

21 days of vaccination

[112]

Pseud3B 368 279 413 164 50% Pseudovirus 

neutralization titer after 

30 days of vaccination

Live2m 1.3 5.6 2.3 11.8 A fold reduction of 

antibody titer in PRNT50 

after 28 days of 

vaccination reported

[113]

Abbreviations: Live, live virus used; Pseud, pseudovirus; WT, wild type (reference strain); Omic, Omicron; a, alpha convalescent; b, beta convalescent; C, delta convalescent; d, super immune (vaccinated and infected/infected and 
vaccinated); B96, mAb Brii-196; C96, mAb COV2-2196; S, two doses of Spikevax; O, two doses of ChAdOx; OB, one dose of ChAdOx plus one dose of BNT162b2; B, two doses of BNT162b2; Co1, single dose of Coronavac vaccine; m, 
mRNA-1273 vaccine, 3m indicated booster with mRNA-1273, 2m indicates two doses of mRNA-1273; B1, single dose of BNT162b2; B1Ch, single dose of BNT162b2 plus single dose of ChAdOx; GMT, geometric mean neutralization 
antibody titers, 3Adindicates three doses of Ad26.COV2.S vaccine; 3B, three doses of BNT162b2 (booster); BC, convalescent and two doses of BNT162b2; 3BC, convalescent and three doses of BNT162b2; O1, a single dose of 
ChAdOx; BV, two doses of BBIBP-CorV; Az, single dose of AZD1222; GoodIC, imdevimab and casirivimab exhibited good neutralization; FailedIC, imdevimab and casirivimab failed to neutralize; *the WT harbors D614G, 1indicates 
plasma collected after 1 year of convalescent; IC50, 50% neutralization titter; GMT, geometric mean neutralization titer, m5plasma collected after 5 months of mRNA vaccination, J5plasma collected after 5 months of J&J vaccination, 
Infection only; FRNT50, Geometric mean titers (GMT) of the reciprocal plasma dilution resulting in 50% reduction in the number of infection foci; NT50, microneutralization titers resulting in 50% virus neutralization; PRNT50, plaque 
reduction half-maximal neutralization titer.
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Sera from BNT162b2 or Coronavac recipients also showed surprisingly low neutralization to the Omicron variant. 
While BNT162b2 recipients showed detectable neutralizing antibodies (but with low Omicron neutralization ability 
compared to the ancestral, Beta, and Delta strains), Coronavac recipients did not produce any detectable antibodies 
against this variant25 entailing low vaccine effectiveness. The geometric mean neutralization antibody titers (GMT) of 
BNT162b2 recipients for Omicron was 35.7–39.9-fold lower than the reference strain (229.4) and significantly lower 
than Beta and Delta variants. Although mRNA vaccines demonstrated better antibody production, it is key to answer the 
molecular basis of immune evasion to update vaccine efficacy.

BNT162b2 vaccine-elicited sera also showed a severely reduced neutralization of the Omicron variant than the Delta 
one. Sera collected after six months of two doses of BNT162b2 vaccinated individuals exhibited a significantly reduced 
NT50 (microneutralization titers resulting in 50% virus neutralization) against the Omicron compared to the Delta variant. 
Similarly, the Omicron NT50 of sera from different doses of BNT162b2 vaccinated individuals (collected after two weeks 
and three months of vaccination) was severely reduced compared to the Delta one. A 10 times reduction of Omicron 
NT50 was also observed in sera collected from ChAdOx1 and BNT162b2 vaccinated individuals after six months.12

Further, sera from cohorts of ChAdOx1 and BNT162b2 (two doses) vaccinated individuals showed substantial 
neutralization reduction against the Omicron compared to Beta and Delta variants.14 Most convalescent patients and 
individuals vaccinated with a single dose of Ad26.COV2.S and Sputnik V or BBIBP-CorV showed no Omicron 
neutralization activity. On the contrary, mRNA-1273, BNT162b2, and AZD1222 vaccinated individuals retained 
neutralization against the Omicron, but with a significant fold reduction of pairwise neutralizing antibody titers (ID50) 
compared to the Wuhan-Hu-1 strain.51 Besides, a decrease in the mean neutralization activity of sera from convalescent 
patients against Omicron was observed compared to the D614G reference strain. Similarly, Omicron resisted convales-
cent neutralization evidenced by a reduced ID50 value63 indicating enhanced immune escape by the Omicron. Similarly, 
GMTs against Omicron were below the lower detection limit in sera collected 14 days post two doses of BBIBP-CorV 
vaccinated individuals.64 Although, vaccinated individuals exhibit a cross reactivity to all VOC, it is with a waning 
immunity after six months.65,66 Therefore, predicting the causes of and solutions to waning of immunity is also crucial.

Compared to the Wuhan-Hu-1 strain, plasma from two doses of mRNA vaccinated individuals showed a 30 to 180- 
fold reduced potency against the Omicron while the median deficit of neutralization activity in the convalescents was 30 
to 60-fold. Compared to the D614G variant, Omicron exhibited a 22-fold escape from vaccine-elicited neutralization. 
Interestingly, those infected or received booster mRNA vaccine doses showed a 38 to 154-fold increase in neutralizing 
the Omicron.59 Neutralization was also effective in infected and BNT162b2 vaccinated individuals from South Africa but 
extensive neutralization reduction was observed in vaccinated but not-infected individuals. Data predicted that previously 
infected and vaccinated individuals confer 73% prevention from symptomatic Omicron infection which is quite higher 
than a 35% protection in non-infected individuals.67

Sera from mRNA-1273 vaccinated individuals showed comparatively a heightened neutralization reduction to 
Omicron variant compared to the D614G and Beta variants.62 A significant Omicron neutralization reduction was also 
observed in sera from mRNA double vaccinated, boosted, convalescent and double vaccinated, and convalescent and 
boosted individuals where convalescent individuals had no measurable antibody titers for the Omicron. Convalescents 
with complete or booster doses retained better neutralization of the Omicron but still with a reduced neutralization 
potency.68 Collectively, Omicron showed significant evasion of humoral immunity.69

Cellular Immunity
Whether the Omicron variant has a capacity of evading cellular immunity is yet to be fully studied. So far, L452R (in 
B.1.427/429) and Y453F (in B.1.298) are reported to escape from the HLA-24-22 and HLA-A24-restricted cellular 
immunity (CD8+ T cells),70 and mutations in MHC-I-restricted epitopes including those in the spike protein evade 
in vitro CD8+ T cell responses.71 L452R and Y453F substitutions and the presence of mutations in the T cell epitopes are 
not reported in the Omicron requiring future scrutiny. But the absence of the two substitutions (L452R and Y453F) does 
not guarantee unaltered cellular response to the Omicron.

A study reported a very small proportion of convalescents harbored a single amino acid substitution in the HLA- 
restricted epitopes of the Omicron spike suggesting the inability of Omicron to fully escape from CD8+ T cells.72 
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According to a recent study on vaccinated individuals, compared to the Wuhan strain, T cell recognition of the Omicron 
spike protein was reduced by 47%73 indicating possibility of cellular immune evasion. SARS-CoV-2 has been evolving 
continuously but without significant evasion of cellular immunity. This suggests that T cell responses from the previous 
infection and/or vaccination retain their potential of controlling the Omicron and other VOC.72,74 Current vaccines elicit 
highly cross reactive CD8+ T cell responses that robustly protect severe disease by the Omicron.75 In addition, natural 
infection and mRNA vaccine elicited CD4+ T cell response is conserved across all VOC76 indicating the potential of 
cellular immunity protecting from severe COVID-19.77–81 However, a reduction of CD8+ T cell reactivity82 and less 
consistency of CD8+ T cells than CD4+ T cells83 was observed suggesting evasion of HLA Omicron recognition.

Discussion and Perspectives
The Omicron variant is somehow weird mutant as compared to the previous VOC. Due to multiple mutations across its genome, 
its origin is producing ambiguity where some studies claimed evidence of mouse origin.84 Here the authors suggested that the 
spike protein mutations of the Omicron variant are known to promote adaptation and affinity to mouse cells. These suggestions tell 
us the need to urgently design new vaccines, drugs, therapeutics, and prevention and control strategies to cope with the new wave 
of the pandemic. Thus, one health approach should be strengthened to control future zoonotic origins of the virus.

The Omicron disease cases are reported to be mild85 with a lower risk of hospital admission,86 however, unvaccinated 
individuals and risk groups may experience severe disease and death.87 Thus, serious attention and public health 
measures need to be in place as a highly transmissible Omicron variant could overwhelm the health care systems. It is 
noted that this variant is at least 2–3 times more infectious than even the Delta one. Besides, there are still questions to be 
fully addressed such as diseases severity, the degree of cellular immune evasion, and efficacy of the current vaccines in 
controlling infection with the Omicron. Challenges are still there especially the presence of a large number of non- 
vaccinated and immunocompromised individuals, immature immune response in pediatric population and limited 
resource in developing countries can lead to the emergence of new variants.5,40,88

In addition to the RBD, mutations outside the RBD could also strongly affect immunizations and treatment as the D614G has 
been proved to stabilize the spike trimer89 resulting in enhanced RBD-ACE2 interaction90 and transmissibility.91 Most SARS- 
CoV-2 mutations occur in and around the RBD and the protease cleavage site1 where continuous mutation surveillance is 
important for targeted drug and vaccine design. L452R is absent in Omicron; however, induced L452R substitution increased 
omicron fusogenicity, infectivity and host glycolysis92 entailing conscious consideration of possible mutations. Therefore, 
exclusively relying on the ancestral spike protein sequences for designing vaccines and/or immunotherapy is not 
recommended.93 Studies reported reduced binding of Omicron RBD to ACE2.10 For example, the K417N mutation is known 
to reduce the affinity of Omicron RBD to ACE2, but new salt bridges and hydrogen bonds in addition to the N501Y substitution 
(which increases the affinity) are assumed to compensate the ACE2 affinity reducing mutations.29,94–96 On the contrary, other 
studies reported enhanced affinity of Omicron to ACE2.15,50,51,97,98 This indicates incompleteness of the available evidences 
about the host-pathogen interaction of the Omicron variant. Thus, it is recommended that treatments blocking the RBD-ACE2 
interaction will no longer be the primary choices due to the continuous genetic variability;97 however, non-ACE2 blocking mAbs 
demonstrated better neutralization against the Omicron.99

Considering nanoscale particles is a promising approach in fighting infectious diseases. In this regard, nanobodies of 
neutralizing antibodies have been developed that reach distant targets with subsequent restriction of SARS-CoV-2 propagation. 
Likewise nano-enabled mRNA vaccines have comparatively the most effective protection ability through eliciting durable 
humoral and cellular immunity in addition to overcoming viral immune evasion.100,101 A combination of neutralizing antibodies 
(nAbs) with non-overlapping epitopes could also be effective against the VOC.102 Besides, neutralizing Abs/vaccines accom-
panied with drugs inhibiting signaling pathways that orchestrate SARS-CoV-2 immunopathology could also improve treatment 
outcomes.103 Further, a combination of cocktail mAbs with broad epitopes are reported to retain Omicron 
neutralization.48,53,104,105 But, broad epitope recognizing mAbs like sotrovimab are not recommended for hospitalized and 
intubated COVID-19 patients. Thus further efforts are necessary to address these individuals. However, considering conserved 
epitopes, targeting a broad array of epitopes beyond the RBM and applying additional booster doses should still be in practice.

Mutations on the Omicron RBD (K417N, E484a and Q493R) are reported to abolish mAb binding through 
electrostatic contact rearrangements and steric hindrance.98 Thus, designing structurally suitable vaccines and/or 
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antibodies targeting a broad array of conserved epitopes in the spike are important. Neutralizing mAbs demonstrated 
in vivo efficacy for the treatment and prevention of SARS-CoV-2.106–109 In this regard, studies reported that broadly 
neutralizing mAbs overcome Omicron antigenic shift.51 Moreover, even though the Omicron showed extensive immune 
evasion, its escape from mRNA-based vaccines is incomplete.67

Promisingly, broadly neutralizing mAbs, sera from booster doses of mRNA-based vaccines, vaccinated and infected 
or infected and vaccinated individuals retained better neutralization efficacy against the Omicron variant making the 
prevention and control activities hopeful. Of note, third vaccination doses or three exposures to infection elicit superior 
neutralization that can cope with the emerging VOC.51,110,111 With no doubt, booster mRNA vaccine doses are quite 
better than two doses.112,113 But mRNA vaccines induced SARS-CoV-2 neutralizing antibodies wane overtime114 unless 
boosted by breakthrough infection. Therefore, increasing mRNA vaccination coverage with additional booster doses is 
vital; though, whether the protection is consistent or transient is undetermined.57 Moreover, elderly people are assumed to 
be protected from Omicron infection with a fourth antigenic exposure after a booster dose of mRNA vaccines.115 Studies 
also recommended pre-exposure mAb prophylaxis especially in those unable to mount immune response.54

Alternatively, application of small molecule drugs is also a promising approach to treat viral infections. Accordingly, 
a study reported that the Omicron is highly sensitive to molnupiravir, nirmatrelvir and the combination.116 But, the 
probability of reinfection with Omicron is reportedly high and thus, besides the use of potent vaccination and therapeutic 
approaches, considering state-of-The art diagnosing modalities, fostering the recommended prevention measures, mass 
testing, appropriate patient tracking, and applying interdisciplinary approaches is highly recommended for fast and reliable 
diagnosis, prevention, treatment and control of the current Omicron variant as well as the likely emerging new SARS-CoV 
-2 variants.34,117 The emergence of new variant is inevitable Therefore, developing effective diagnostic tools, vaccines and 
therapeutics, prevention and control measures are the only ways out of the pandemic118,119 (Figure 3).

Figure 3 Schematic summary of the impacts of Omicron mutations on diagnosis, treatment and immune evasion. Several mutations especially on the spike protein of SARS- 
CoV-2 Omicron variant significantly affected the ongoing prevention and control strategies and thus multidisciplinary approaches are highly valuable. Amino acid substitutions 
were taken from Shah et al.16 

Abbreviations: NTD, N-terminal domain; RBD, receptor binding domain; RBM, receptor binding motif; hACE2, human angiotensin converting enzyme 2; SD1, subdomain 
1; SD2, subdomain 2.
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Concluding Remarks
Collectively, evidences showed that the Omicron variant substantially evades both vaccine elicited sera and therapeutic 
antibodies while data on cellular immunity are still limited. So far, studies used different study populations, different 
types of experimental virus, collect sera in different vaccination intervals, use different types of vaccines, and employed 
different experimental setups which make it hard to produce concrete conclusions. Cellular immunity is an important 
immunity wing to control viral infections with broad epitope recognition. Thus, more controlled studies are required to 
decipher whether the Omicron evades cellular immunity. Overall, additional longitudinal studies are recommended to 
bring about collective pieces of evidence for a better understanding of the impact of the Omicron variant on immune 
evasion, infectivity, diagnostics, and transmissibility.

The spread of the Omicron variant is still devastating. Although several approaches of treatment and vaccination 
modalities are employed, controlling the Omicron variant is yet medically unmet. Utilizing more affordable and reliable 
diagnosis, treatment and vaccination strategies is still a big assignment to the scientific world. Vaccination equity, 
employing the most effective vaccine and drug delivery approaches, boosting the awareness of the society towards 
vaccination and prevention, and continuous molecular surveillance to track emerging variants are highly recommended. 
Moreover, developing smart artificial intelligence systems and re-evaluating the available diagnostic, treatment and 
vaccine delivery approaches could overcome the current disease prevention and control roadblocks.38 As prevention is 
considered better than cure, strengthening behavioral measures, continuous application of the recommended prevention 
and control measures, and practicing proper sanitation and hygiene are still crucial ways to effectively manage the 
COVID-19 pandemic.34,120

Abbreviations
ACE2, angiotensin converting enzyme; RBD, receptor binding domain; SARS-CoV-2, severe acute respiratory syndrome 
virus 2; nAbs, neutralizing antibodies; mAbs, monoclonal antibodies; VOC, variants of concern; VUM, variants under 
monitoring; VOI, variants of interest; WHO, World Health Organization; COVID-19, coronavirus disease 19.
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