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Can the RBD mutation R346X provide an
additional fitness to the “variant soup,” including
offspring of BQ and XBB of SARS-CoV-2 Omicron
for the antibody resistance?

The COVID-19 pandemic has resulted in nearly billions of infected
cases and millions of deaths. Monoclonal antibodies (mAbs), antiviral
drugs, vaccines, and several non-pharmaceutical interventions have
been employed to control the virus’s spread and diminish the dis-
ease’s harms.'* However, antibody escape or resistance is a signifi-
cant concern for the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) variants, which has been reported from time to
time.”” Spike mutations in the variants and subvariants of SARS-
CoV-2 are reported as a significant cause of antibody resistance.® '

The SARS-CoV-2 Omicron variant continues to spread with higher
infectivity in triple-vaccinated persons, even though vaccines and
SARS-CoV-2 infections have led to many antibody-positive individ-
uals."" A newly discovered point mutation in the SARS-CoV-2 virus is
the spike mutation of R346X, primarily R346T, located in the spike
receptor-binding domain (RBD) region (Figure 1A). The surge in
SARS-CoV-2 infections is directly connected to the quick appearance
of the R346T mutation, which is predominantly expressed in many
Omicron subvariants. The mutation in the R346 position results in
improved immunological evasion by the neutralizing antibodies.'”
A comparative study using the sera from people who already received
three doses of the COVID-19 mRNA vaccine and patients infected by
the BA.1 or BA.2 subvariants highlighted the property of neutraliza-
tion resistance of the Omicron subvariants. Wang et al. conducted
VSV-based pseudovirus neutralization assays to assess the antigenic
properties of the newly emerged Omicron subvariants, namely
BA.5.9, BA.4.7, and BA.4.6. They also used a panel of twenty-three
mAbs to confirm the results of this neutralization assay. Compared
with BA.5, BA.4.6 subvariants were marginally but considerably
more resistant than BA.5 to the BA.2 breakthrough sera. Still, the
BA.4.7 and BA.5.9 sublineages displayed similar binding with the
ACE2 receptor and related antibody resistance compared with
the BA.1 subvariant offspring. Moreover, because of the presence of
R346X (T/S/I) mutation, BA.5.9, BA4.7, and BA.4.6 displayed
increased resistance to the certain class of mAbs (Figures 1B-1D)."

At the end of 2022, novel subvariants with improved transmissibility
rates that descended from BA.2 or BA.4/BA.5 rapidly increased and
created a massive surge across the globe. They have a diverse
geographic distribution and possess very few extra mutations, partic-
ularly in the spike glycoprotein. For instance, BA.2.75.2, a descendant
from the BA.2 subvariant, contains R346T, F486S, and D1199N mu-
tations initially discovered in India and Singapore.'*"'® BA.4.6, which

has the R346T and N658S mutations, has been found in several na-
tions, including the USA and the UK.'”'® BQ.1.1 started to dominate
the circulating lineages in numerous countries in December 2022. It
also carries the R346T mutation along with K444T and N460K sub-
stitutions, which was discovered in the BA.2.75.2."” The R346T mu-
tation has been linked to antibody escape from vaccine-induced
mAbs.'>'*" The multiple SARS-CoV-2 sublineages in circulation
may have been subject to a comparable selective pressure due to im-
printed or preexisting immunity, according to the convergent evolu-
tion observed in the spike protein.”’””' Moreover, Groenheit et al.
analysis demonstrated the rapid appearance of numerous R346T-ex-
pressing sublineages with a very similar or identical RBD, suggesting
that the next wave of infections by the SARS-CoV-2 virus is antici-
pated to involve a plethora of sublineages that share a phenotype
rather than by in a particular single sublineage.*”

Numerous reports from different global sources suggest that the
Omicron variant and its sublineages dominate all previously emerging
variants and are responsible for most infections. Omicron’s viral
genome and sublineages have undergone multiple changes, which
have altered the pathophysiology and transmission landscape of the
virus and given it a higher level of viral fitness.”” The diversity of the
current immunity-eluding SARS-CoV-2 Omicron mutant offspring
is generated as a byproduct of the different combinations of mutations,
especially in the spike protein region. This intricacy makes it more
challenging to anticipate the upcoming waves of infection. In some in-
stances, it might even result in a “double wave,” where one variety
initially engulfs a population before being replaced by another. Scien-
tists refer to it as a “variant soup” or “a swarm of variants.”** According
to the reports of Cao et al,, it is evident that the emerging Omicron
offspring possesses this R346T mutation in the RBD region of spike
protein.'” Generally, the three notable amino acid substitutions at
the R346 position of the spike RBD are R346K, R346T, and R346l.
Most of the offspring descended from the Omicron sublineages,
including BJ.1, BR.3, and BA.2.75.5, show a strong predominance of
R346T. Arora et al. sought to determine the impact of the R346T mu-
tation and concluded that this mutation offers BA.4 and BA.5 subvar-
iants of Omicron a significant neutralizing evasion potential.*®

Due to the new mutations in spike protein, the XBB and BQ subvar-
iants of SARS-CoV-2 Omicron are rapidly increasing, which may be
related to altered antibody evasion capabilities.® In the middle of
August 2022, XBB and XBB.1 were discovered for the first time in
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Figure 1. Location and occurrence of R346X RBD mutation

(A) The position of R346X in the spike protein. (B) The heatmap-like representation shows the occurrence of R346T mutation in the different subvariants of Omicron (BQ.1.1.1,
XBB.1, XBB.1.1, BQ.1.1, BA.2.75.2, and BA.4.6). (C) The phylogenetic tree of the genotype of the spike of R346 shows that R346 is changing in recent genome sequences,
especially inthe last part of 2022 onward, and it is converting into T346. The genotype change of the T346 has been marked in the figure. (D) The figure depicts the divergence of
the current genotype of 346 positions of spike (S) protein with a linear regression line. The divergence also illustrates the mutation in the position of R346 in present genome
sequences and the conversion into T346. A cluster of RBD mutation R346T is found in the upper portion of the regression line. The cluster of R346T has been marked in the figure.

India, and they swiftly spread to Singapore and other parts of Asia.
BA.5 rose to BQ.1 and BQ.1.1, whereas BJ.1 and BA.2.75, two line-
ages of BA.2, recombined to produce XBB and XBB.1. These two
sublineages are still evolving and diversifying, and the complexity
of the spike mutations is getting more and more intricate. The
N460K and K444T mutations are present in the spike protein of
the dominant BQ.1 subvariant in addition to those identified in
BA.5, and the BQ.1.1 possesses a different mutation, namely
R346T (Figure 1B).2 According to Miller et al, BQ.1.1 and XBB.1
subvariants containing the R346T mutation potently escaped the
neutralization efficacy elicited by the monovalent mRNA boosting
and bivalent mRNA boosting more significantly than the BA.5
variant. In the monovalent booster cohort and the bivalent booster
cohort, the neutralizing antibody titers to BQ.1.1 and XBB.1 were
noticeably lower than the titers of the earlier Wuhan strain.'” These
findings imply that the protection from vaccines against severe dis-
eases caused by the BQ.1.1 and XBB.1 subvariants may depend on
CD8 T cell responses and that the BQ.1.1 and XBB.1 polymorphisms
may impair the efficiency of current mRNA vaccines.” The elevation
in the antibody titers against the Omicron variants in the 2022
cohort compared with the 2021 cohort following the monovalent
mRNA boosting likely reflects the administration of larger doses of
the vaccine and more prevalence of infection in the 2022 cohort.
Thus, evolution is suggested by including the R346T mutation in
numerous subsequent SARS-CoV-2 variants (Figure 1)."
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The incidence of the Omicron subvariants’ new descendants is very
alarming for the scientific community due to its enhanced resistance
against neutralizing antibodies. One of the recent RBD mutations that
notably provide the additional fitness to these emerging variants is
R346X. The predesigned antibodies or therapeutics may loosen their
efficacy if this mutation prevails in the upcoming variants. Thus, the
need to design and develop new antibodies or therapeutics consid-
ering the RBD R346X mutation, which will provide the capability
to combat the infection wave in the coming days, is essential. It, in
turn, will be a potent weapon to eradicate the COVID-19 pandemic.

DATA AVAILABILITY
The authors confirm that the data supporting the findings of this
study are available within the article.

DECLARATION OF INTERESTS

The authors declare no competing interests.

Srijan Chatterjee,'-> Manojit Bhattacharya,>>
Kuldeep Dhama,® Sang-Soo Lee,!
and Chiranjib Chakraborty*>

!nstitute for Skeletal Aging & Orthopaedic Surgery, Hallym University-
Chuncheon Sacred Heart Hospital, Chuncheon-si, Gangwon-do 24252, Republic
of Korea; 2Department of Zoology, Fakir Mohan University, Vyasa Vihar,
Balasore, Odisha 756020, India; 3Division of Pathology, ICAR-Indian Veterinary


http://www.moleculartherapy.org

www.moleculartherapy.org

E

ditorial

Research Institute, Izatnagar, Bareilly, Uttar Pradesh 243122, India; “Department

of

Biotechnology, School of Life Science and Biotechnology, Adamas University,

Kolkata, West Bengal 700126, India
SThese authors contributed equally

Correspondence: Chiranjib Chakraborty, PhD, Department of Biotechnology,
School of Life Science and Biotechnology, Adamas University, Kolkata, West
Bengal 700126, India.

E-

mail: drchiranjib@yahoo.com

https://doi.org/10.1016/j.o0mtn.2023.02.030

R
1

[

w

(=2}

~

=]

o

EFERENCES

. Liu, C,, Zhou, Q., Li, Y., Garner, L.V., Watkins, S.P., Carter, L.J., Smoot, J., Gregg,
A.C.,, Daniels, A.D,, Jervey, S., and Albaiu, D. (2020). Research and development
on therapeutic agents and vaccines for COVID-19 and related human coronavirus
diseases. ACS Cent. Sci. 6, 315-331.

. Saha, R.P., Sharma, AR, Singh, MK, Samanta, S., Bhakta, S., Mandal, S.,
Bhattacharya, M., Lee, S.S., and Chakraborty, C. (2020). Repurposing drugs, ongoing
vaccine, and new therapeutic development initiatives against COVID-19. Front.
Pharmacol. 11, 1258.

. Chakraborty, C., Sharma, A.R,, Bhattacharya, M., Sharma, G., Saha, R.P., and Lee, S.S.
(2021). Ongoing clinical trials of vaccines to fight against COVID-19 pandemic.
Immune Netw. 21, e5.

. Chakraborty, C., Sharma, A.R., Bhattacharya, M., Agoramoorthy, G., and Lee, S.S.
(2021). The drug repurposing for COVID-19 clinical trials provide very effective
therapeutic combinations: lessons learned from major clinical studies. Front.
Pharmacol. 12, 704205.

. Chakraborty, C., Sharma, A.R., Bhattacharya, M., and Lee, S.S. (2022). A detailed
overview of immune escape, antibody escape, partial vaccine escape of SARS-
CoV-2 and their emerging variants with escape mutations. Front. Immunol. 13,
801522.

. Mohapatra, R K., Tiwari, R., Sarangi, A.K., Islam, M.R., Chakraborty, C., and Dhama,
K. (2022). Omicron (B.1.1.529) variant of SARS-CoV-2: concerns, challenges, and
recent updates. J. Med. Virol. 94, 2336-2342.

. Chakraborty, C., Bhattacharya, M., and Sharma, A.R. (2022). Emerging mutations in
the SARS-CoV-2 variants and their role in antibody escape to small molecule-based
therapeutic resistance. Curr. Opin. Pharmacol. 62, 64-73.

. Wang, Q,, Iketani, S., Li, Z,, Liu, L., Guo, Y., Huang, Y., Bowen, A.D., Liu, M., Wang,
M., Yu, ], et al. (2023). Alarming antibody evasion properties of rising SARS-CoV-2
BQ and XBB subvariants. Cell 186, 279-286.e8.

. Chakraborty, C., Bhattacharya, M., Sharma, A.R., and Mallik, B. (2022). Omicron
(B.1.1.529) - a new heavily mutated variant: mapped location and probable properties
of its mutations with an emphasis on S-glycoprotein. Int. J. Biol. Macromol. 219,
980-997.

. Chakraborty, C., Bhattacharya, M., Sharma, A.R., Dhama, K., and Agoramoorthy, G.
(2022). A comprehensive analysis of the mutational landscape of the newly emerging
Omicron (B.1.1.529) variant and comparison of mutations with VOCs and VOlIs.
GeroScience 44, 2393-2425.

. Blom, K., Havervall, S., Marking, U., Norin, N.G., Bacchus, P., Groenheit, R., Brave,
A, Thalin, C., and Klingstrém, J. (2022). Infection rate of SARS-CoV-2 in asymptom-
atic healthcare workers, Sweden, June 2022. Emerg. Infect. Dis. 28, 2119-2121.

. Cao, Y., Wang, ], Jian, F., Xiao, T., Song, W., Yisimayi, A., Huang, W., Li, Q., Wang,
P, An, R, et al. (2022). Omicron escapes the majority of existing SARS-CoV-2
neutralizing antibodies. Nature 602, 657-663.

. Wang, Q,, Li, Z., Ho, J., Guo, Y., Yeh, A.Y., Mohri, H., Liu, M., Wang, M., Yu, J., Shah,
J.G., et al. (2022). Resistance of SARS-CoV-2 omicron subvariant BA.4.6 to antibody
neutralisation. Lancet Infect. Dis. 22, 1666-1668.

. Kurhade, C., Zou, ., Xia, H,, Liu, M., Chang, H.C,, Ren, P., Xie, X,, and Shi, P.Y.
(2023). Low neutralization of SARS-CoV-2 Omicron BA.2.75.2, BQ.1.1 and XBB.1
by parental mRNA vaccine or a BA.5 bivalent booster. Nat. Med. 29, 344-347.

. Qu, P, Evans, J.P., Faraone, ].N., Zheng, Y.M., Carlin, C., Anghelina, M., Stevens, P.,
Fernandez, S., Jones, D., Lozanski, G., et al. (2023). Enhanced neutralization resis-

20.

21.

22.

23.

24.

25.

26.

tance of SARS-CoV-2 Omicron subvariants BQ.1, BQ.1.1, BA.4.6, BF.7, and
BA.2.75.2. Cell Host Microbe 31, 9-17.e3.

. Sheward, D.J., Kim, C., Fischbach, J., Sato, K., Muschiol, S., Ehling, R.A., Bjorkstrém,

N.K,, Karlsson Hedestam, G.B., Reddy, S.T., Albert, J., et al. (2022). Omicron subli-
neage BA.2.75.2 exhibits extensive escape from neutralising antibodies. Lancet
Infect. Dis. 22, 1538-1540.

. Oneal, E. (1986). A simple way to modify behavior. Geriatr. Nurs. 7, 45.

. Hachmann, N.P., Miller, J., Collier, A.R.Y., and Barouch, D.H. (2022). Neutralization

escape by SARS-CoV-2 omicron subvariant BA.4.6. N. Engl. J. Med. 387, 1904-1906.

. Miller, J., Hachmann, N.P., Collier, A.R.Y., Lasrado, N., Mazurek, C.R., Patio, R.C.,

Powers, O., Surve, N., Theiler, J., Korber, B., and Barouch, D.H. (2023). Substantial
neutralization escape by SARS-CoV-2 omicron variants BQ.1.1 and XBB.I.
N. Engl. J. Med. 388, 662-664.

Cao, Y, Jian, F.,, Wang, J., Yu, Y., Song, W., Yisimayi, A., Wang, J., An, R,, Chen, X,,
Zhang, N, et al. (2023). Imprinted SARS-CoV-2 humoral immunity induces conver-
gent Omicron RBD evolution. Nature 614, 521-529.

Park, Y.J., Pinto, D., Walls, A.C,, Liu, Z., De Marco, A., Benigni, F., Zatta, F., Silacci-
Fregni, C., Bassi, J., Sprouse, K.R,, et al. (2022). Imprinted antibody responses against
SARS-CoV-2 Omicron sublineages. Science 378, 619-627.

Groenheit, R., Galanis, I, Sondén, K., Sperk, M., Movert, E., Bacchus, P., Efimova, T.,
Petersson, L., Rapp, M., Sahlén, V., et al. (2023). Rapid emergence of omicron subli-
neages expressing spike protein R346T. Lancet Reg. Health. Eur. 24, 100564.

Chatterjee, S., Bhattacharya, M., Nag, S., Dhama, K., and Chakraborty, C. (2023). A
detailed overview of SARS-CoV-2 omicron: its sub-variants, mutations and patho-
physiology, clinical characteristics, immunological landscape, immune escape, and
therapies. Viruses 15, 167.

Callaway, E. (2022). COVID ’variant soup’ is making winter surges hard to predict.
Nature 611, 213-214.

Arora, P., Nehlmeier, L., Kempf, A., Cossmann, A., Schulz, S.R., Dopfer-Jablonka, A.,
Baier, E., Tampe, B., Moerer, O., Dickel, S., et al. (2022). Lung cell entry, cell-cell
fusion capacity, and neutralisation sensitivity of omicron sublineage BA.2.75.
Lancet Infect. Dis. 22, 1537-1538.

Wherry, EJ., and Barouch, D.H. (2022). T cell immunity to COVID-19 vaccines.
Science 377, 821-822.

Molecular Therapy: Nucleic Acids Vol. 32 June 2023 63


mailto:drchiranjib@yahoo.com
https://doi.org/10.1016/j.omtn.2023.02.030
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref1
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref1
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref1
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref1
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref2
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref2
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref2
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref2
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref3
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref3
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref3
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref4
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref4
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref4
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref4
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref5
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref5
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref5
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref5
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref6
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref6
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref6
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref7
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref7
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref7
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref8
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref8
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref8
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref9
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref9
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref9
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref9
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref10
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref10
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref10
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref10
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref11
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref11
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref11
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref12
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref12
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref12
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref13
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref13
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref13
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref14
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref14
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref14
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref15
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref15
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref15
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref15
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref16
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref16
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref16
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref16
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref17
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref18
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref18
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref19
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref19
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref19
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref19
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref20
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref20
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref20
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref21
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref21
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref21
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref22
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref22
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref22
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref23
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref23
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref23
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref23
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref24
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref24
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref25
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref25
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref25
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref25
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref26
http://refhub.elsevier.com/S2162-2531(23)00050-1/sref26
http://www.moleculartherapy.org

	Can the RBD mutation R346X provide an additional fitness to the “variant soup,” including offspring of BQ and XBB of SARS-C ...
	Data availability
	Acknowledgments
	Declaration of interests
	References


