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Abstract: The acquisition of a high number of mutations, notably, the gain of two mutations L452R
and F486V in RBD, and the ability to evade vaccine/natural infection-induced immunity suggests
that Omicron is continuing to use “immune-escape potential” as an evolutionary space to maintain a
selection advantage within the population. Despite the low hospitalizations and lower death rate,
the surges by these variants may offset public health measures and disrupt health care facilities as
seen recently in Portugal and the USA. Interestingly these BA.4/BA.5 variants have been found
to be more severe than the earlier-emerged Omicron variants. We believe that aggressive COVID-
19 surveillance using affordable testing strategies might actually help understand the evolution
and transmission pattern of new variants. The sudden dip in reporting of new cases in some of
the low- and middle-income countries is an alarming situation and needs to be addressed as this
could lead to undetected transmission of future variants of interest/concern of SARS-CoV-2 in large
population settings, including advent of a ‘super’ virus. It would be interesting to examine the
possible role/influence, if any, of the two different kinds of vaccines, the spike protein-based versus
the inactivated whole virus, in the evolution of BA.4/BA.5.
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Main Text

The SARS-CoV-2 virus is not resting. The diversification of SARS-CoV-2 Omicron
(BA.1 and BA.2) variants of concern (VoC) to BA.4 and BA.5 is posing new challenges [1].
These fast-spreading new variants have now become the most dominant strains globally. In-
triguingly, the BA.4/BA.5 variants and the Delta variants exhibit similar mutation, ‘L452R’.
PCR-based tests that relied on L452R-based detection [2] could have led to the misdiag-
nosis of BA.4/BA.5 during their earlier emergence. Moreover, recent reports suggest that
BA.4/BA.5 pose a greater risk to health than BA.1/BA.2 [3]. Corresponding modelling
studies indicate a 40% (95%CI: 39–40%) and 86% (95%CI: 85–87%) growth advantage for
BA.4 and BA.5 variants, respectively [4], implying that these variants can replace preceding
variants such as BA.2. The effective reproduction number (Re) based upon modelling
estimates can remain more than 1 for BA.4/BA.5 variants, indicating its increased trans-
missibility within the population (reproduction number less than 1 indicates a decline in
viral spread) [5] (Figure 1a). Interestingly, the BA.4/BA.5 showed substantial escape from
neutralizing antibodies in both vaccinated (booster dose included) and naturally (with BA.1
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or BA.2) infected individuals [1]. SARS-CoV-2 is seemingly under tremendous evolution,
with novel mutations emerging very rapidly that are affecting disease severity and influ-
encing host–pathogen interactions [6,7]. These mutations are evolutionary adaptations for
viral fitness of the SARS-CoV-2 to adapt to the changing immune profile of the population.
For example, the accumulation of multiple mutations (Figure 1b) in SARS-CoV-2 VoC,
including Alpha, Beta, Gamma, Delta, and Omicron (BA.1), has resulted in higher host
receptor ACE2 affinity and which has influenced their transmission behavior by increasing
the transmissibility [8,9]. Other studies have highlighted that these mutations may also
increase host receptor scanning by regulating the opening behavior of the RBD(s) of S
proteins [7,10]. Hence, it has become imperative to identify the mutational hotspots that
are pertinent to the further divergence of viral strains [11].
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Figure 1. Characteristics of Omicron BA.4 and BA.5 variants. (a) Relative growth advantage of the  
BA.4 and BA.5 variant obtained by the logistic fitting of the proportion of SARS-CoV-2 variant se-
quences globally. The relative growth advantage estimates are based on the proportion of the spe-
cific variant (BA.*)-positive sequences over a period of time as compared to cocirculating strains. 
The model assumes that the current advantage is due to a transmission advantage, which is contrib-
uted to by the immune evasion capabilities, transmission characteristics, or prolonged infection 
time. Adapted from Chen C et al. [4]. The insets depict temporal variations in the current reproduc-
tion number along the emergence of BA.4 or BA.5 variants. (b) Effects of RBD mutations on ACE2 
binding affinity (gray) and RBD expression in S protein. Adapted from Starr TN et al. [12]. (c) Pre-
diction of immune escape and polyclonal antibody evasion upon mutations in ancestral SARS-CoV-
2. Orange dots indicate mutations in RBD. The horizontal stacked bar graph shows the fraction of 
polyclonal antibodies which can bind or escape from the BA.4/5 omicron variant (Left) and BA.1/2 
variants (Right). Adapted using “Escape calculator for SARS-CoV-2 RBD” [13]. (d) Number of 

Figure 1. Characteristics of Omicron BA.4 and BA.5 variants. (a) Relative growth advantage of the
BA.4 and BA.5 variant obtained by the logistic fitting of the proportion of SARS-CoV-2 variant se-
quences globally. The relative growth advantage estimates are based on the proportion of the specific
variant (BA.*)-positive sequences over a period of time as compared to cocirculating strains. The
model assumes that the current advantage is due to a transmission advantage, which is contributed
to by the immune evasion capabilities, transmission characteristics, or prolonged infection time.
Adapted from Chen C et al. [4]. The insets depict temporal variations in the current reproduction
number along the emergence of BA.4 or BA.5 variants. (b) Effects of RBD mutations on ACE2 binding
affinity (gray) and RBD expression in S protein. Adapted from Starr TN et al. [12]. (c) Prediction of
immune escape and polyclonal antibody evasion upon mutations in ancestral SARS-CoV-2. Orange
dots indicate mutations in RBD. The horizontal stacked bar graph shows the fraction of polyclonal
antibodies which can bind or escape from the BA.4/5 omicron variant (Left) and BA.1/2 variants
(Right). Adapted using “Escape calculator for SARS-CoV-2 RBD” [13]. (d) Number of strongly tight
binding peptides to HLA 1 and HLA II in the BA.1, BA.2, BA.3, and BA.5 variants. Adapted from
Nersisyan et al. [14].
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Compared to BA.1/BA.2, the BA.4 and BA.5 variants of SARS-CoV-2 show a distinct
presence of the L452R and F486V mutations in the receptor binding domain (RBD) of their
Spike (S) protein and additional V3G (S protein) and T481M (nonstructural protein 13)
mutations in the BA.5 variant. The presence of S protein mutations, which can reduce host
ACE2 receptor affinity and expression of RBDs (Figure 1b) [12,15] is concurrent with exper-
imentally determined similar RBD–ACE2 binding affinities for BA.1/BA.2 and BA.4/BA.5
variants [16,17]. Despite the comparable ACE2 affinity of S protein of BA.4/BA.5, it has the
extraordinary ability to evade vaccine/natural infection-induced immunity. This clearly
suggests that Omicron is continuing to use “immune-escape potential” as a priority evolu-
tionary space to maintain a selection advantage within a population. This is in-sync with the
computationally calculated potential of BA.4/BA.5 to escape a higher proportion of RBD-
neutralizing antibodies compared to that of the BA.1 and BA.2 omicron variants (Figure 1c).
This increase in the proportion of escaping neutralizing antibodies is attributable to two
key mutations, L452R and F486V, which were also shown to confer reduced neutralization
by sera from triple-vaccinated individuals compared to BA.1 and BA.2 [17].

L452R, has been particularly seen in various lineages, specifically the Delta, B.1.427,
and B.1.429 emerging by acquisition of this mutation, suggesting a strong positive selection
of this mutation [18]. Furthermore, because it is located near the ACE2-interacting interface
of RBD, this mutation has been linked to a strong binding with hACE2 as well as an
altered ability of neutralising antibodies to bind these spike mutant variants, resulting in
greater transmissibility and immune escape potential [19,20]. This mutation also enhances
the fusogenicity of the virus, which eventually culminates in enhanced viral uptake and
replication [13]. Further, L452R, which is also responsible for the escape from HLA-A24-
mediated cellular immunity, poses a new threat by modulating the evolution of viral
phenotypes [21]. SARS-CoV-2 has the interesting property of fusing the nearby cells to
form multinucleated cells called syncytia that help viruses to spread and evade the immune
system. A pseudo-Omicron virus containing L452R showed enhanced S1/S2 cleavage,
which is directly related to the formation of syncytia upon infecting Huh-7, 293T-ACE2,
and H1299-ACE2 cells. Moreover, lactate formation has been found to be enhanced in all
the three cell types upon infection with Delta and L452R-positive Omicron [22], revealing
metabolic reprogramming and exhibiting an enhanced glycolysis known as ‘Warburg
effect’. This enhanced glycolysis might be used by Delta or is being used by BA.4/BA.5
to support increased infectivity. The F486 substitution(s), which have been observed in
immune-compromised individuals also act as sites to confer antibody escape and binding
sensitivity to RBD-directed monoclonal antibodies [17].

Despite the notion in certain sections of the scientific community that immune re-
sponses mounted by natural infection may excuse certain individuals from mandatory
vaccination [23], the reinfection caused by BA.4 and BA.5 variants in previously infected
BA.1/BA.2 individuals suggests otherwise [24], indicating the role of the evasion of neu-
tralizing antibodies within potentially all the Omicron variants [16]. Precomputed analyses
of effects of SARS-CoV-2 mutations on CD8 and CD4 T-cell epitopes showed a reduction
in the number of strong tight-binding viral peptides to Class I and Class II HLA peptides
in BA.4/BA.5 compared to BA.1/BA.2 (Figure 1c) [14]. Specifically, the number of strong
tight-binding peptides was reduced to three CD8 (HLA I) alleles—HLA-A*30:01, HLA-
A*31:01, and HLA-A*68:01. These observations indicate that the accumulation of further
new mutations in BA.4/5 variants can alter diseases’ susceptibility and severity within
the population.

The global vaccination has undoubtedly played a crucial role in limiting the morbidity
and mortality associated with COVID-19. Considering the severity of the pandemic, several
types of vaccines were identified and distributed in a short span of time. However, there are
concerns among the scientific community regarding the possibility of the rise of variants of
concern due to the low or nonjudicious use of vaccinations that could be breeding grounds
for vaccine-evading variants. Research suggests that a third dose of vaccine enhances
the antibody response and lowers the likelihood of mild infections, whereas the mild
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infections are highly capable of creating variants that may be vaccine nonresponsive in
persons who have only two prior doses [25]. Several studies have reported on the waning
effect of vaccines with the passage of time. Moreover, the vaccine-induced neutralizing
ability was observed to be reduced significantly (BBV152 Covaxin/Covishield used in
settings in India) against the omicron variant [26]. The stress to survive in individuals
immunized with different vaccines may induce a viral strain to evolve differently. These
observations warrant an in-depth study on the effect of using different types of vaccines in
the population and the role they might play in the emergence of aggressive variants.

It may also be interesting to note that this diversification of Omicron (with mutations
of concern/interest) may further aggravate immunological and epidemiological concerns.
Moreover, evolutionary geneticists believe that it is imperative to differentiate BA.4/BA.5
variants from BA.2 variants in public databases to avoid any kind of misunderstanding.
It is speculated that such misunderstandings may trivialize the mutational diversity of
new variants [27]. Currently, it is clear that BA.4/BA.5 have used ‘immune evasion’ as an
evolutionary space to gain fitness potential among the population. Given the potential
role of the L452R mutation in mediating resistance to monoclonal antibodies, facilitating
T-cell immunity escape, and enhancing spike fusogenicity, its prevalence should be closely
monitored through meticulous sequencing or developing variant-specific diagnostic assays.
A recent modelling study has aptly estimated that providing the vaccine and antiviral
therapies to vulnerable populations and persistent use of nonpharmaceutical intervention
is likely to prevent overburdening of the health care system in future waves of Omicron
variants [28]. The periodic waves of Omicron variants seem to be more or less predictable
with waves correlating with a dip in population wide immunity, but emphasis needs to be
placed on timely prediction of the outbreaks of novel variants from distant branches on the
SARS-CoV-2 family tree. Nonetheless, the descendant of BA.4, BA.4.6 has arrived with two
additional sets of mutations—R346T and N658S. These two mutations have recently been
shown to provide resistance against monoclonal antibody therapies which further suggests
the vicious rise of BA.4 and BA.5 variants with immune evasion as a possible evolutionary
strategy [29].

The following can be concluded: (1) Contrary to the earlier notion that SARS-CoV-2
S protein variants confer a transmission advantage via modulating ACE2 affinity/RBD
expression, the newer variants can maintain a selection advantage in addition to immune-
evasion at the expense of reduced or similar ACE2 affinity. (2) Aggressive COVID-19
surveillance using affordable testing strategies might actually help understand the evo-
lution and transmission pattern of new variants. (3) The sudden dip in the reporting of
new cases in some of the low- and middle-income countries is an alarming situation and
needs to be addressed, as this could lead to undetected transmission of future variants of
interest/concern of SARS-CoV-2 in large population settings, including the advent of a
‘super’ virus. (4) It would be interesting to examine the possible role/influence, if any, of
the two different kinds of vaccines, the spike protein-based vs. inactivated whole virus
in the evolution of such ‘aggressive’ BA.4/BA.5 variants of concern. Finally, (5) the more
fundamental issue of the immunological, medical, and other consequences of global mass
vaccination with vaccines essentially approved for emergency use on the human host
deserves to be given greater attention.

Author Contributions: Conceptualization: S.E.H., D.S., N.Q., J.S., A.A.; Methodology: N.Q., J.S.,
A.A.; Writing-original draft: N.Q., J.S., A.A.; Writing-review and editing: A.A.M., S.A.R., N.Z.E., S.H.,
S.E.H., D.S.; formal analysis: S.A.R., S.H., N.Z.E.; funding acquisition: S.E.H. All authors have read
and agreed to the published version of the manuscript.

Funding: The work is supported by the funds allocated to SEH as ‘NATIONAL SCIENCE CHAIR’
from the Science and Engineering Research Board, Govt. of India. The funding agencies have no role
in study design, in the writing of the report, or in the decision to submit this paper for publication.

Institutional Review Board Statement: Not Applicable.



Viruses 2022, 14, 2610 5 of 6

Informed Consent Statement: Not Applicable.

Conflicts of Interest: The authors do not have a commercial or other association that might pose a
conflict of interest.

References
1. Hachmann, N.P.; Miller, J.; Collier, A.R.; Ventura, J.; Yu, J.; Rowe, M.; Bondzie, E.; Powers, O.; Surve, N.; Hall, K.; et al.

Neutralization Escape by SARS-CoV-2 Omicron Subvariants BA.2.12.1, BA.4, and BA.5. N. Engl. J. Med. 2022, 387, 86–88.
[CrossRef] [PubMed]

2. Novazzi, F.; Baj, A.; Genoni, A.; Focosi, D.; Maggi, F. Expansion of L452R-Positive SARS-CoV-2 Omicron Variant, Northern
Lombardy, Italy. Emerg. Infect. Dis. 2022, 28, 1301–1302. [CrossRef]

3. Kimura, I.; Yamasoba, D.; Tamura, T.; Nao, N.; Suzuki, T.; Oda, Y.; Mitoma, S.; Ito, J.; Nasser, H.; Zahradnik, J.; et al. Virological
characteristics of the SARS-CoV-2 Omicron BA.2 subvariants, including BA.4 and BA.5. Cell 2022, 185, 3992–4007.e16. [CrossRef]
[PubMed]

4. Chen, C.; Nadeau, S.; Yared, M.; Voinov, P.; Xie, N.; Roemer, C.; Stadler, T. CoV-Spectrum: Analysis of Globally Shared SARS-CoV-2
Data to Identify and Characterize New Variants. Bioinformatics 2021, 38, 1735–1737. [CrossRef] [PubMed]

5. Achaiah, N.C.; Subbarajasetty, S.B.; Shetty, R.M. R0 and Re of COVID-19: Can We Predict When the Pandemic Outbreak will be
Contained? Indian J. Crit. Care Med. 2020, 24, 1125–1127. [CrossRef]

6. Singh, J.; Ehtesham, N.Z.; Hira, S.; Shrestha, U.K.; Hasnain, S.E. Global Biologic Characteristics of Variants of Concern and
Variants of Interest of SARS-CoV-2. In Frontiers of COVID-19; Springer: Berlin/Heidelberg, Germany, 2022.

7. Singh, J.; Vashishtha, S.; Rahman, S.A.; Ehtesham, N.Z.; Alam, A.; Kundu, B.; Dobrindt, U. Energetics of spike protein opening of
SARS-CoV-1, SARS-CoV-2 and its variants of concern: Implications in host receptor scanning and transmission. Biochemistry 2022,
in press. [CrossRef]

8. Hong, Q.; Han, W.; Li, J.; Xu, S.; Wang, Y.; Xu, C.; Li, Z.; Wang, Y.; Zhang, C.; Huang, Z.; et al. Molecular basis of receptor binding
and antibody neutralization of Omicron. Nature 2022, 604, 546–552. [CrossRef]

9. De Souza, A.S.; de Freitas Amorim, V.M.; Guardia, G.D.; Dos Santos, F.R.; Dos Santos, F.F.; de Souza, R.F.; de Araujo Juvenal,
G.; Huang, Y.; Ge, P.; Jiang, Y.; et al. Molecular Dynamics Analysis of Fast-Spreading Severe Acute Respiratory Syndrome
Coronavirus 2 Variants and Their Effects on the Interaction with Human Angiotensin-Converting Enzyme 2. ACS Omega 2022, 7,
30700–30709. [CrossRef]

10. Gobeil, S.M.; Janowska, K.; McDowell, S.; Mansouri, K.; Parks, R.; Stalls, V.; Kopp, M.F.; Manne, K.; Li, D.; Wiehe, K.; et al. Effect
of natural mutations of SARS-CoV-2 on spike structure, conformation, and antigenicity. Science 2021, 373, eabi6226. [CrossRef]

11. Sheikh, J.A.; Singh, J.; Singh, H.; Jamal, S.; Khubaib, M.; Kohli, S.; Dobrindt, U.; Rahman, S.A.; Ehtesham, N.Z.; Hasnain, S.E.
Emerging genetic diversity among clinical isolates of SARS-CoV-2: Lessons for today. Infect. Genet. Evol. 2020, 84, 104330.
[CrossRef]

12. Starr, T.N.; Greaney, A.J.; Hannon, W.W.; Loes, A.N.; Hauser, K.; Dillen, J.R.; Ferri, E.; Farrell, A.G.; Dadonaite, B.;
McCallum, M.; et al. Shifting mutational constraints in the SARS-CoV-2 receptor-binding domain during viral evolution. Science
2022, 377, 420–424. [CrossRef] [PubMed]

13. Greaney, A.J.; Starr, T.N.; Bloom, J.D. An antibody-escape estimator for mutations to the SARS-CoV-2 receptor-binding domain.
Virus Evol. 2022, 8, veac021. [CrossRef] [PubMed]

14. Nersisyan, S.; Zhiyanov, A.; Shkurnikov, M.; Tonevitsky, A. T-CoV: A comprehensive portal of HLA-peptide interactions affected
by SARS-CoV-2 mutations. Nucleic Acids Res. 2022, 50, D883–D887. [CrossRef] [PubMed]

15. Singh, J.; Samal, J.; Kumar, V.; Sharma, J.; Agrawal, U.; Ehtesham, N.Z.; Sundar, D.; Rahman, S.A.; Hira, S.; Hasnain, S.E.
Structure-Function Analyses of New SARS-CoV-2 Variants B.1.1.7, B.1.351 and B.1.1.28.1: Clinical, Diagnostic, Therapeutic and
Public Health Implications. Viruses 2021, 13, 439. [CrossRef]

16. Cao, Y.; Yisimayi, A.; Jian, F.; Song, W.; Xiao, T.; Wang, L.; Du, S.; Wang, J.; Li, Q.; Chen, X.; et al. BA.2.12.1, BA.4 and BA.5 escape
antibodies elicited by Omicron infection. Nature 2022, 608, 593–602. [CrossRef]

17. Tuekprakhon, A.; Nutalai, R.; Dijokaite-Guraliuc, A.; Zhou, D.; Ginn, H.M.; Selvaraj, M.; Liu, C.; Mentzer, A.J.; Supasa, P.;
Duyvesteyn, H.M.; et al. Antibody escape of SARS-CoV-2 Omicron BA.4 and BA.5 from vaccine and BA.1 serum. Cell 2022, 185,
2422–2433.e13. [CrossRef]

18. Singh, J.; Rahman, S.A.; Ehtesham, N.Z.; Hira, S.; Hasnain, S.E. SARS-CoV-2 variants of concern are emerging in India. Nat. Med.
2021, 27, 1131–1133. [CrossRef]

19. Tchesnokova, V.; Kulasekara, H.; Larson, L.; Bowers, V.; Rechkina, E.; Kisiela, D.; Sledneva, Y.; Choudhury, D.; Maslova, I.;
Deng, K.; et al. Acquisition of the L452R Mutation in the ACE2-Binding Interface of Spike Protein Triggers Recent Massive
Expansion of SARS-CoV-2 Variants. J. Clin. Microbiol. 2021, 59, e0092121. [CrossRef]

20. Kumar, V.; Singh, J.; Hasnain, S.E.; Sundar, D. Possible link between higher transmissibility of Alpha, Kappa and Delta variants of
SARS-CoV-2 and increased structural stability of its spike protein and hACE2 affinity. Int. J. Mol. Sci. 2021, 22, 9131. [CrossRef]

21. Motozono, C.; Toyoda, M.; Zahradnik, J.; Saito, A.; Nasser, H.; Tan, T.S.; Ngare, I.; Kimura, I.; Uriu, K.; Kosugi, Y.; et al.
SARS-CoV-2 spike L452R variant evades cellular immunity and increases infectivity. Cell Host Microbe 2021, 29, 1124–1136.e11.
[CrossRef]

http://doi.org/10.1056/NEJMc2206576
http://www.ncbi.nlm.nih.gov/pubmed/35731894
http://doi.org/10.3201/eid2806.220210
http://doi.org/10.1016/j.cell.2022.09.018
http://www.ncbi.nlm.nih.gov/pubmed/36198317
http://doi.org/10.1093/bioinformatics/btab856
http://www.ncbi.nlm.nih.gov/pubmed/34954792
http://doi.org/10.5005/jp-journals-10071-23649
http://doi.org/10.1021/acs.biochem.2c00301
http://doi.org/10.1038/s41586-022-04581-9
http://doi.org/10.1021/acsomega.1c07240
http://doi.org/10.1126/science.abi6226
http://doi.org/10.1016/j.meegid.2020.104330
http://doi.org/10.1126/science.abo7896
http://www.ncbi.nlm.nih.gov/pubmed/35762884
http://doi.org/10.1093/ve/veac021
http://www.ncbi.nlm.nih.gov/pubmed/35573973
http://doi.org/10.1093/nar/gkab701
http://www.ncbi.nlm.nih.gov/pubmed/34396391
http://doi.org/10.3390/v13030439
http://doi.org/10.1038/s41586-022-04980-y
http://doi.org/10.1016/j.cell.2022.06.005
http://doi.org/10.1038/s41591-021-01397-4
http://doi.org/10.1128/JCM.00921-21
http://doi.org/10.3390/ijms22179131
http://doi.org/10.1016/j.chom.2021.06.006


Viruses 2022, 14, 2610 6 of 6

22. Zhang, Y.; Zhang, T.; Fang, Y.; Liu, J.; Ye, Q.; Ding, L. SARS-CoV-2 spike L452R mutation increases Omicron variant fusogenicity
and infectivity as well as host glycolysis. Signal Transduct. Target. Ther. 2022, 7, 76. [CrossRef] [PubMed]

23. McGonagle, D.G. Health-care workers recovered from natural SARS-CoV-2 infection should be exempt from mandatory vaccina-
tion edicts. Lancet Rheumatol. 2022, 4, e170. [CrossRef] [PubMed]

24. Malato, J.; Ribeiro, R.M.; Leite, P.P.; Casaca, P.; Fernandes, E.; Antunes, C.; Fonseca, V.R.; Gomes, M.C.; Graca, L. Risk of BA.5
Infection among Persons Exposed to Previous SARS-CoV-2 Variants. N. Engl. J. Med. 2022, 387, 953–954. [CrossRef] [PubMed]

25. Burki, T.K. The race between vaccination and evolution of COVID-19 variants. Lancet Respir. Med. 2021, 9, e109. [CrossRef]
26. Malhotra, S.; Mani, K.; Lodha, R.; Bakhshi, S.; Mathur, V.P.; Gupta, P.; Kedia, S.; Sankar, M.J.; Kumar, P.; Kumar, A.; et al.

COVID-19 infection, and reinfection, and vaccine effectiveness against symptomatic infection among health care workers in the
setting of omicron variant transmission in New Delhi, India. Lancet Reg. Health Southeast Asia 2022, 3, 100023. [CrossRef]

27. Callaway, E. What Omicron’s BA.4 and BA.5 variants mean for the pandemic. Nature 2022, 606, 848–849. [CrossRef]
28. Cai, J.; Deng, X.; Yang, J.; Sun, K.; Liu, H.; Chen, Z.; Peng, C.; Chen, X.; Wu, Q.; Zou, J.; et al. Modeling transmission of SARS-CoV-2

Omicron in China. Nat. Med. 2022, 28, 1468–1475. [CrossRef]
29. Wang, Q.; Li, Z.; Ho, J.; Guo, Y.; Yeh, A.Y.; Mohri, H.; Liu, M.; Wang, M.; Yu, J.; Shah, J.G.; et al. Resistance of SARS-CoV-2

Omicron Subvariant BA.4.6 to Antibody Neutralization. Lancet Infect. Dis. 2022, S1473-3099, 00694-6.

http://doi.org/10.1038/s41392-022-00941-z
http://www.ncbi.nlm.nih.gov/pubmed/35264568
http://doi.org/10.1016/S2665-9913(22)00038-8
http://www.ncbi.nlm.nih.gov/pubmed/35156059
http://doi.org/10.1056/NEJMc2209479
http://www.ncbi.nlm.nih.gov/pubmed/36044619
http://doi.org/10.1016/S2213-2600(21)00443-4
http://doi.org/10.1016/j.lansea.2022.100023
http://doi.org/10.1038/d41586-022-01730-y
http://doi.org/10.1038/s41591-022-01855-7

	References

