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Mutational characterization of
Omicron SARS-CoV-2 lineages
circulating in Chhattisgarh, a
central state of India
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Department of Microbiology, All India Institute of Medical Sciences, Raipur, Chhattisgarh, India

Introduction: The emergence of the Omicron SARS-CoV-2 variant from various

states of India in early 2022 has caused fear of its rapid spread. The lack of such

reports from Chhattisgarh (CG), a central state in India, has prompted us to identify

the Omicron circulating lineages and their mutational dynamics.

Materials and methods: Whole-genome sequencing (WGS) of SARS-CoV-2 was

performed in 108 SARS-CoV-2 positive combined samples of nasopharyngeal and

oropharyngeal swabs obtained from an equal number of patients.

Results: All 108 SARS-CoV-2 sequences belonged to Omicron of clade 21L (84%),

22B (11%), and 22D (5%). BA.2 and its sub-lineages were predominantly found in

93.5% of patients, BA.5.2 and its sub-lineage BA.5.2.1 in 4.6% of patients, and B.1.1.529

in 2% of patients. Various BA.2 sub-lineages identified were BA.2 (38%), BA.2.38 (32%),

BA.2.75 (9.25%), BA.2.56, BA.2.76, and BA.5.2.1 (5% each), BA.2.74 (4.6%), BA.5.2.1

(3.7%), BA.2.43 and B.1.1.529 (1.8% each), and BA.5.2 (0.9%). Maximum mutations

were noticed in the spike (46), followed by the nucleocapsid (5), membrane (3),

and envelope (2) genes. Mutations detected in the spike gene of different Omicron

variants were BA.1.1.529 (32), BA.2 (44), BA.2.38 (37), BA.2.43 (38), BA.2.56 (30),

BA.2.74 (31), BA.2.75 (37), BA.2.76 (32), BA.5.2, and BA.5.2.1 (38 similar mutations).

The spike gene showed the signature mutations of T19I and V213G in the N-terminal

domain (NTD), S373P, S375F, T376A, and D405N in receptor-binding domain (RBD),

D614G, H655Y, N679K, and P681H at the furin cleavage site, N764K and D796K

in fusion peptide, and Q954H and N969K in heptapeptide repeat sequence (HR)1.

Notably, BA.2.43 exhibited a novel mutation of E1202Q in the C terminal. Other sites

included ORF1a harboring 13 mutations followed by ORF1b (6), ORF3a (2), and ORF6

and ORF8 (1 mutation each).

Conclusion: BA.2 followed by BA.2.38 was the predominant Omicron lineage

circulating in Chhattisgarh. BA.2.75 could supersede other Omicron due to its

mutational consortium advantage. The periodical genomic monitoring of Omicron

variants is thus required for real-time assessment of circulating strains and their

mutational-induced severity.
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1. Introduction

SARS-CoV-2 B.1.1.529, better known as “Omicron” and
designated as a variant of concern (VOC), was first reported
from Botswana and South Africa on 11 and 14 November 2021,
respectively (1, 2). Omicron has speedily surged globally in around
171 countries, including India to out-number other VOCs such as
Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta (B.1.617.2)
(1, 2).

The Omicron variant’s high mutational divergence, especially in
spike glycoprotein, has been attributed to higher transmissibility and
evading the vaccine-induced immune response. Omicron thus also
poses an imminent global threat to our effort to achieve protection
against COVID-19 through mass vaccinations. Most vaccines and
therapeutics used in treatment and prevention were based on spike
protein to prevent the virus from attaching to host cell receptor
angiotensin-converting enzyme 2 (ACE 2) before the viral infection
ensues. The hypervariable mutations in the spike gene further
diversify Omicron to five sub-lineages (BA.1, BA.2, BA.3, BA.4, and
BA.5), lineages, and subvariants, posing a further threat of COVID-19
outbreak (3). In India, with the surge of BA.2 Omicron sub-lineages,
many reinfections have been observed to raise the apprehension of
whether BA.2 precisely escapes the natural immunity acquired after a
previous COVID-19 infection (4). In India, Omicron transmission
has continuously been reported from December 2021 till the time
of reporting this study in October 2022. During the said period,
it evolved from sub-lineages B.1.1.529 to BA.2, BA.5.2, and their
various sub-lineages to become the predominant strain (5). However,
there is no report from the state of Chhattisgarh in central India
about the Omicron variant and its sub-lineages circulating among
infected COVID-19 cases.

Accordingly, this study was undertaken to perform WGS of
SARS-CoV-2 strains isolated from patients with COVID-19 reported
at various districts hospitals across Chhattisgarh to stratify SARS-
CoV-2 Omicron lineages and sub-lineages, their mutational pattern,
and potential effects, primarily on the spike glycoprotein.

2. Materials and methods

This study was performed at the State-Level Viral Research
and Diagnostic Laboratory (VRDL), All India Institute of Medical
Sciences (AIIMS), Raipur, Chhattisgarh, a designated state nodal
tertiary care treatment and diagnostic center for COVID-19 and
a member of the Indian SARS-CoV-2 Genomics Consortium
(INSACOG), for genomic surveillance of SARS-CoV-2.

2.1. Sample collection

Under the national Integrated Disease Surveillance Program
(IDSP) genomic monitoring surveillance, the combined clinical
specimen of the nasopharyngeal and oropharyngeal swabs in viral
transport medium was collected between 1 May and 13 July 2022
from 270 laboratory-confirmed cases of COVID-19. These samples
were then transported under cold conditions to the state Viral
Research Diagnostic Laboratory (VRDL), AIIMS, Raipur. These
270 cases demographically belonged to Raipur (110), Bilaspur (92),
Surguja (29), Raigarh (13), Baloda Bazar (9), Durg (6), Jagdalpur

(10), and Mahasamund (1). All these cases were clinically reported
as showing mild upper respiratory tract infection and recovered
completely without hospitalization. The clinical samples were first
processed for the qualitative detection of SARS-CoV-2 using the
ICMR-NIV manufactured Real-Time Polymerase Chain Reaction
(RT-PCR) kit as described earlier to confirm COVID-19 infection
(6). All samples were positive, yet only 108 showed Ct values
less than 25 for the E and RdRp genes of SARS-CoV-2. They
were only processed for WGS of SARS-COV-2 after obtaining
institutional ethics approval (1453/IECAIIMSRPR/2021). These 108
samples demographically represented the patients from Raipur (75),
Bilaspur (20), Durg (4), Jagdalpur and Raigarh (3 each), and Baloda
Bazar, and Mahasamund (1 each).

2.2. SARS-CoV-2 whole-genome
sequencing

Whole-genome sequencing of the SARS-CoV-2 virus from 108
clinical samples was performed as described previously (5). Briefly,
the isolated RNA from every sample was first converted into cDNA.
All cDNAs were then processed for library preparation using the
QIAseq DIRECT SARS-CoV-2 Enhancer kit and the QIAseq FX DNA
Library Unique Dual Index (UDI) kit from Qiagen GmbH, Germany.
The SARS-CoV-2 whole-genome sequencing was performed in
Illumina MiniSeq sequencers using Mid Output Reagent Cartridge
(300 cycles) in 150× 2 PE read and FastQ mode using MiniSeq local
run manager. The whole-genome sequences of 108 SARS-CoV-2 were
curated and analyzed using CLC Genomics Workbench version 21.
The sequences were successfully submitted in the GISAID, wherein
the identifier number EPI_SET_221213kr was provided.

2.3. Phylogenetic and mutational analyses

The structural and non-structural protein-coding gene sequences
were aligned with reference Wuhan-Hu-1 (GenBank accession
number: NC_045512) sequence by using the bioinformatics tool
MAFFT version 7.310 (7). The phylogenetic tree was constructed
using the neighbor-joining (NJ) method and the Kimura 2-
Parameter model of MEGA7 software (8). A bootstrap re-sampling
process with 1,000 replications assessed the robustness of individual
nodes. Interactive Tree Of Life version 6 (iTOLv6) was used
for the phylogenetic tree display and annotation (9). Lineage-
specific mutation prevalence was derived from the analysis of
consensus genomes. The nucleotide insertion/substitutions/deletions
were identified to prepare a heat map.

3. Results

Demographic analysis revealed 108 cases comprised of 57 (53%)
men and 51 (47%) women. The collective mean age was 37.43 years
for both men and women, while it was 39.47 years for men and
35.13 years for women.

The CLC Genomics Workbench showed average sequence quality
of 95–99%. The Nextclade software analysis of 108 sequences of
SARS-CoV-2 revealed 91 (84%) sequences belonged to clade 21L,
12 (11%) sequences to clade 22B, and five (5%) sequences to clade
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22D (Figure 1A) (10). The unrooted phylogenetic tree analysis of
these sequences with Wuhan reference NC_045512 sequence and
30 representative sequences of different lineages revealed all 108
SARS-CoV-2 variants belonging to Omicron and their different
sub-lineages (Figure 2). Apart from two B.1.1.529 sequences (2%),
the majority of 101 sequences (93.5%) belonged to BA.2 and its
sub-lineages, while five sequences (4.6%) identified to BA.5.2 and
its sub-lineage BA.5.2.1. Among the BA.2 lineages, BA.2, BA.2.38,
BA.2.43, BA.2.56, BA.2.74, BA.2.75, and BA.2.76 were detected in 40
(˜38%), 35 (˜32%), 2 (˜2%), 4 (˜4%), 5 (˜4%), 10 (˜9%), and 4 (˜4%)
sequences, respectively. In the remaining five sequences, BA.5.2 was
found in one sequence (˜1%), while BA.5.2.1 was found in four cases
(˜4%) (Figure 1B). The WGS analysis revealed 79 mutations, with
the majority of 46 detected in spike glycoprotein (Figure 3). Other
mutational sites observed among structural genes were envelope,
membrane, and nucleocapsid, while in non-structural protein (NSP),
mutations were found in NSP1-11 encoding open reading frame
(ORF) 1a, NSP12-16 encoding ORF1b, ORF3a, ORF6, and ORF8,
respectively (Supplementary Table 1).

The three-dimensional structure of the Wuhan prototype of
SARS-CoV-2 spike protein in homotrimeric and monomeric form
was used as a reference to analyze the mutational effect (Figures 4A,
B). A maximum of 44 mutations were analyzed in BA.2 followed
by 38 mutations seen in BA.2.43, BA.5.2, and BA5.2.1 (albeit at
different amino acids), BA.2.38 and BA.2.75 (37 mutations each),
BA.2.76 (32 mutations), BA.2.74 (31 mutations), and BA.2.56 (30
mutations) (Figure 4 and Table 1). Notably, 25 mutations were seen
in the receptor-binding domain (RBD) followed by 12 mutations in
the NTD region in varying proportions among different Omicron
lineages. Importantly, sub-domain (SD) 1, SD2, furin cleavage site,
fusion peptide (FP), and heptapeptide repeat sequence (HR1) region
were observed with a total of eight common mutations among all
the detected Omicron lineages (Table 1). BA.2.43 exhibited a unique
mutation of E1202Q in the HR2 region of spike protein, while
BA.2.75 showed exclusive mutation of N460K (Figure 3 and Table 1).
The worth noticing in the spike gene was signature mutations of T19I
and V213G in the N-terminal domain (NTD), S373P, S375F, T376A,
and D405N in RBD, D614G, H655Y, N679K, and P681H at the furin
cleavage site, N764K and D796K in fusion peptide, and Q954H and
N969K in heptapeptide repeat (HR)1 among all the detected lineages.

In other structural genes, envelope protein harbors T11A in
BA.2, BA.2.75, and BA.2.76 (Figure 3C). D3N was notably absent
in the membrane protein of BA.2.74 and BA.2.75 (Figure 3D). The
mutational signature pattern includes Q19E and A63T in M protein,
T9I in E protein, and P13L, R203K, G204R, and S413R in N protein,
respectively (Figure 3E). Deletion of 31–33 amino acid position in
the N gene was variably present in different lineages of Omicron.

On analysis of the rest of the genome, NSP1-11 (ORF1a) was
detected harboring 13 mutations comprising 12 substitutions (S135R,
Q768R, T842I, S1221L, G1307L, P1640S, L3027F, T3090I, L3201F,
T3255I, P3395H, and N4060S) and one deletion (13575–3577).
Among these mutations, important findings included the exclusive
presence of S1221L and P1640S in BA.2.75 and N4060S in BA.2 and
BA.2.75, while Q4060S was observed only in BA.2 and BA.2.38. In
NSP12-16 (ORF1b), six mutations (P314L, G662S, T1050N, R1315C,
I1566V, and T2163I) were observed in different proportions in
the detected lineages. ORF3 showed two substitutions T223I and
P240S in BA.2.75, while all other lineages showed only T223I. ORF6
showed D61L in all detected Omicron lineages, except BA.5.2 and
BA.5.2.1, while ORF8 harbored a mutation of S84L in all lineages

(Supplementary Table 1). The common signature mutation among
non-structural protein of Omicron included S135R, T842I, G1307L,
L3027F, T3090I, T3255I, P3395H, and 135753577 in ORF1a, P314L,
G662S, R1315C, I1566V, and T2163I in ORF1b, T223I in ORF3a,
and S84L in ORF8.

4. Discussion

This study has attempted to determine the prevalence of the
Omicron variant and its sub-lineages circulating in Chhattisgarh.
Our study identified the predominance of BA.2 and its sub-lineage
(93.5%) followed by BA.5.2 and its sub-lineage BA.5.2.1 (4.6%) and
B.1.1.529 (1.8%), affecting mainly the adults. Among BA.2 lineages
and its sub-lineages, BA.2 (38%), BA.2.38 (32.4%), and 9.25% BA.2.75
were the predominant Omicron variant circulating in Chhattisgarh
from May to July 2022. Omicron variant clade 21L (84%) was
detected maximally, followed by 22B (11%) and 22D (5%). Our
findings of BA.2 and BA.2.38 predominance were further supported
by similar findings from the national agency named Indian SARS-
CoV-2 Genomics Consortium (INSACOG) after analysis of 229,411
sequences of SARS-CoV-2 (11). An earlier study from Denmark and
India has reasoned a higher fusogenicity and reproduction number
(R0) of 2.445 for BA.2 predominance (12). In 2021, during the
second wave of COVID-19, we reported Delta (B.1.617.2) as the chief
causative agent responsible for the second wave of the COVID-19
pandemic across India along with Alpha (B.1.1.7), Kappa (B.1.617.1),
and B.1 lineages in Chhattisgarh (5). In 2022, our finding of the sole
presence of the Omicron variant of SARS-CoV-2 suggests that the
Omicron variant has outpaced Delta and other circulatory lineages,
and the predominance has been speculated to occur much earlier,
probably in early 2022.

Among all the VOCs reported, Omicron’s earlier report of
maximally mutating was also evident in our study, with 79 mutations
detected across its genome. Of these, 46 mutations were found in
the spike protein. Some of these along with a few mutations in
other structural and NSP were exclusively reported in our study.
Due to their omnipresence, these mutations were proposed as the
Omicron-identifying signature pattern. In the spike gene of all
Omicron variants, the mutational divergent hot spot region was
observed predominantly in the RBD region, harboring 25 mutations,
followed by 12 mutations in the NTD region (13, 14). These
mutation consortia thus evidently discourage the development of any
therapeutics and vaccine based on spike protein. In contrast, the poly
mutational hot spot RBD and NTD regions of Omicron need to be
used in diagnostic applications for the identification of individual
lineages of Omicron.

Various non-synonymous mutations in spike protein have
been implicated in virus infectivity, transmissibility, pathogenicity,
immunological bypass, decreased neutralizing ability of monoclonal
antibodies, high risk of reinfection, treatment failure, and even
Omicron diagnostic detection failure (5, 15, 16). Three mutations
namely I210V, F157L, and K147E located at the supersite in
the NTD, along with two mutations in the RBD, Q493R and
N460K, have expressively reported increased infectivity (17, 18).
Earlier docking study has reported S371F, S373P, S375F, T478K,
Q493R, and Q498R mutation roles in higher affinity for ACE2
receptor (4). K417N/T, G446S, S477N, E484A, F486V, and Q493R
substitution rendered reduced binding of neutralizing antibody to
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FIGURE 1

Spectrum of the whole-genome sequences of SARS-CoV-2 (N = 108), in terms of (A) Clades and (B) Pango Lineage, from patients of the state of
Chhattisgarh.

FIGURE 2

The phylogenetic distribution of whole-genome sequences of 108 SARS-CoV-2 strains from Chhattisgarh, India, and 30 samples from elsewhere, with
the reference sequence of the Wuhan strain.

the viral receptor to eventually help the virus in escaping innate
and vaccine-induced antibody response (19). Q493R mutation was
earlier reported to emerge during bamlanivimab/etesevimab cocktail
treatment to confirm its role in immune evasion (20). L452R,
N501Y, and D614G help the virus binding with the host ACE2
receptor resulting in increased transmission rate and infectivity

(21). Q493R, Q498R, and N501Y mutations were reported to
cause cross-species transmission. Notably, the D614G mutation was
found to be uniformly present in all VOCs. H655Y, N679K, and
P681H since adjacent to the furin cleavage site inheritance the
cleavage, transmission, and developing resistance to treatment based
on monoclonal antibodies (22). In contrast to the Delta variant
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FIGURE 3

Schematic representation of the mutation pattern in the four structural proteins is shown as a heat map from lowest (white) to highest (purple). (A) The
SARS-CoV-2 genomic arrangement, (B) mutation pattern in spike protein, (C) mutation pattern in envelop protein, (D) mutation pattern in membrane
protein, and (E) mutation pattern in nucleocapsid protein.

(B.1.617.2), Omicron variant was observed with the substitutional
mutations of S371F, T376A, R408S, F486V, and K417T in the RBD
region and these mutations were found absent in Delta variant (22).
These mutations inherit the higher transmission rate in Omicron
due to higher affinity toward the ACE2 receptor (15). However,
the notion “blessing in disguise” holds for humanity, as Omicron
analyzed to have the absence of crucial mutation of T19R, Del
157/158 in NTD, E484K in RBD, Q15 D950N, and D1118H in S2
subunit, and modification of T19R to T19I and P681R to P981H,
which all lead to reduced severity of Omicron in comparison to
the Delta variant (15). Less severity of Omicron has also been
evident in our study, where all the cases manifest mild upper

respiratory tract illness and recover completely without requiring
hospitalization.

The hot spot mutational region of RBD and NTD could
plausibly explain the reason for Omicron’s high transmissibility and
evading immune response (15, 23). An earlier meta-analysis has
reported a 20-fold drop in neutralization antibody of convalescent
sera of non-vaccinated patients with COVID-19 and a 7-fold
reduction in infected vaccinated cases (15, 24). Reduced antibody
titer may increase the risk of reinfection. Another study estimated
the risk of reinfection with Omicron to be approximately 5.4-
fold (95% CI: 4.87–6.00) higher than the Delta variant (25). The
relative risks were 6.36 (95% CI: 5.23–7.74) and 5.02 (95% CI:
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FIGURE 4

Three-dimensional structure and amino acid residue mutations in the spike protein of SARS-COV-2 Omicron variant and their sub-lineages. Wuhan
trimeric spike glycoprotein prototype (A) and monomeric spike glycoprotein prototype (B) in which red, blue, and green colors showed the N-terminal
domain, receptor-binding domain, and S2 subunit of spike proteins, respectively. The amino acid residue substitution and deletion sites are marked in red
color and circle, respectively, in Omicron sub-lineages (C–L).

4.47–5.67) for unvaccinated and vaccinated cases, respectively (25).
Another study reported six of the eight analyzed monoclonal
antibodies were rendered ineffective against the Omicron variant
(26). However, primary immunization of two doses of AstraZeneca
(ChAdOx1nCoV-19) or Pfizer BioNTech (BNT162b2) vaccine
provides only limited protection against the Omicron variant.

Pfizer-BioNTech or Moderna (m-RNA1273) booster after completing
the two-dose schedule of ChAdOx1nCoV-19 or BNT162b2 although
provided substantial protection, it gradually waned over time (27).
The more worrying sign in Omicron infection is a viral escape from
memory T-cell response via CD4+ T-cell assisting activated naïve B
cell or CD8+ T-cell-mediated lysis of infected SARS-CoV-2 (4).
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TABLE 1 Omicron different lineages mutational pattern in spike protein.

Lineage Total
mutation

Region Mutation
(No.)

Mutational pattern

B.1.1.529 32 (2 Deletion,
30 AA substitution)

S1 NTD 6 T19I, L24S, 125/27, 169/70,G142D, V213G

RBD 18 G339D, S371F, S373P, S375F, T376A, D405N, R408S,G446S,
S477N, T478K, E484A, Q493R, L452R, K417N, N440K, Q498R,
N501Y,Y505H

SD1 and 2* 3 D614G, H655Y, N679K,

Furin CS* 1 P681H

S2 FP* 2 N764K, D796Y

HR1* 2 N954H, N969K

BA.2 44 (2 Deletion,
42 AA substitution)

S1 NTD 12 NTD of B.1.1.529 + K147E, W152R, F157L,I210V, Y248N,G257S

RBD 24 RBD of B.1.1.529 + G339H, R346T, S371Y,K417T, L452M, N460K

BA.2.38 37 (2 Deletion,
35AA substitution)

S1 NTD 12 Same as BA.2

RBD 17 Alteration in B.1.1.529 of K417N/T, new substitution R346T, and
absence of G446S, L452R, Q493R

BA.2.43 30 (1 Deletion,
28 Substitution)

S1 NTD 5 Same as B.1.1.529 with absence of 169/70

RBD 16 Alteration in B.1.1.529 of S371Y and absence of G446S, L452R

S2 HR2 1 E1202Q

BA.2.56 30 (1 Deletion,
28 Substitution)

S1 NTD 5 Same as B.1.1.529 with absence of 169/70

RBD 17 Alteration in B.1.1.529 of L452M and absence of G446S

BA.2.74 31 (1 Deletion,
30 Substitution)

S1 NTD 5 Same as B.1.1.529 with absence of 169/70

RBD 18 Alteration in B.1.1.529 of L452M and new mutation of R346T,
absence of G446S

BA.2.75 37 (1 Deletion,
36 Substitution)

S1 NTD 10 Same as BA.2 with absence of 169/70, Y248N

RBD 19 Alteration in B.1.1.529 of G339H and new mutation of N460K

BA.2.76 32 (1 Deletion,
31 Substitution

S1 NTD 6 Same as BA.2.74 with new mutation of Y248N

RBD 18 Same as B.1.1.529 with absence of Q493R and new mutation of
R346T

BA.5.2 and BA.5.2.1 38 (2 Deletion,
31 Substitution)

S1 NTD 10 Same as BA.2 with absence of W152R, Y248N

RBD 20 Same as BA.2.76 with new mutation of F486V, Q493R

HR, heptapeptide repeat; SD, sub-domain; Furin CS, furin cleavage site; FP, fusion peptide. *Total eight mutation in S1 (SD1 and 2; Furin CS) and S2 (FP, HR1) found common in all lineages.

The biological effects of the mutation in other structural and non-
structural genes were also assessed. In the envelope gene, T11A was
observed at the N-terminal vestibule and reported to form a type
of cation channel to interfere with the binding pocket of different
potential inhibitors (28). R203K and G204R in nucleocapsid protein
are linked with enhanced subgenomic RNA expression and viral
replication (4). Since NSP12 (RdRP) and NSP14 were reported as
essential proteins required for viral replication, mutations of P314L
and G662S in NSP12 and I1566V in NSP14 might confer higher
replication to Omicron. This probability appeared supported by the
earlier report mentioning Omicron R0 of as high as 10 and a doubling
time of 2–3 days (4). The effect of other detected mutations in the
envelope, membrane, nucleocapsid, and other non-structural ORF is
still unknown and thus requires further research to ascertain their
impact on the virus.

There could be a presumptive likelihood of BA.2.75 superseding
other sub-lineages considering its adaptation of new mutations
Q493R and N460K, and alteration of G339D to G339H, which
all cumulatively inflicted fusogenicity to result in 44-fold higher
infectivity (18). This apprehension is further supported by the
earlier findings of the higher replicative ability of BA.2.75 in
the Syrian hamster’s lungs in comparison with BA.2 and BA.5
(29). BA.2.75 also reported more immune evasive lineage than
BA.5, especially in patients infected earlier with the Delta variant
(30). It could be due to the host innate antibody response
generated against L452R mutation in patients with COVID-19
infected earlier with the Delta variant was also found effective
against the BA.5 variant (30). N460K, G446S, G339H, and Q493R
permit BA.2.75 to escape the host effective neutralizing antibody
response generated against different RBD epitopes (30). BA.2.75
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sub-variant has been placed as a VOC lineage under monitoring
(VOC-LUM) on 19 July 2022, together with the BA.2.12.1, BA.4,
and BA.5. (2). Among them, BA.2.75 and BA.5 have already been
reported from different parts of India, with BA.2.75 circulating
mainly in the northern states, including Himachal Pradesh, Odisha,
Haryana, Rajasthan, and Maharashtra, whereas BA.5 was reported
from southern states of Tamil Nadu and Telangana (18). N460K
mutation in spike, S1221L, and P1640S in ORF1a and P240S
in ORF3 could be the reason for the faster transmission of
BA.2.75. Thus, BA.2.75 needs to periodically monitor for any
evolutionary changes for formulating countermeasures in cases of
any associated outbreak.

Importantly, BA.5 lineage five omicron strains supported
their likely convergent evolution. BA.5 was initially reported
from the USA, European, and African countries, wherein it
has replaced the other Omicron sub-lineages (31). However, at
the time of reporting this study, no unprecedented upsurge of
BA.5.2 and BA.5.2.1 was noticed in India. Stratifying Omicron
sub-lineages divergence, the exclusive substitutions E1202Q in
BA.2.43 diverge it from the other BA.2 sub-lineage. E1202Q
detected in heptad repeats 2 (HR2) regions of S protein augments
the viral membrane fusion with the host cell membrane
(32). N460K mutations similarly confirm the divergence of
BA.2.75 from BA.2.

It is worth noticing that the concept of detecting Omicron based
on the absence of 69/70 deletion in the spike gene may appear
to fail since 50% of BA.2, 85% of BA.2.38, and all sequences of
BA.5.2 and BA.5.2.1 exhibited 69/70 amino acids to give the false
negative interpretation and must be discouraged as the sole criteria
of identification of Omicron.

The present study’s limitation included fewer cases and no data
on vaccination and reinfection status. Nonetheless, deciphering the
different Omicron lineage circulating in Chhattisgarh along with
their non-synonymous mutational pattern would help in a better
epidemiological understanding of the evolutionary pattern of SARS-
CoV-2.

5. Conclusion

We conclude that different Omicron variants of clades 21L,
22B, and 22D and lineages BA.2 and BA.2.38 were predominantly
circulating in Chhattisgarh with characteristic signature mutations
T19I and V213G in NTD, S373P, S375F, T376A, and D405N
in RBD, D614G, H655Y, N679K, and P681H at the furin
cleavage site, N764K and D796K in fusion peptide, and Q954H
and N969K in HR1 in spike protein. BA.2.75 appeared to
emerge rapidly because of N460K mutations in spike protein,
S1221L and P1640S in ORF1a, and P240S in ORF3. Thus,
regular periodical genomic surveillance is needed for elucidating
viral mutational insight and its effect on transmission and
severity dynamics.

Data availability statement

The data collected in this study will be provided to the only those
researchers who will provide us their genuine data request endorsed
by head of their institution. Such request will be presented to the

institutional ethical committee of AIIMS, Raipur. On their approval,
the data will be shared. The request for data should be sent to SN,
negidr@aiimsraipur.edu.in.

Ethics statement

The studies involving human participants were reviewed and
approved by All India Institute of Medical Sciences Raipur
(1453/IEC-AIIMSRPR/2021). The ethics committee waived the
requirement of written informed consent for participation.

Author contributions

SN, PS, KS, and AB: conceptualization. PS, KS, SN, and
DS: methodology and writing—original draft preparation. KS,
PS, and DS: software. SN and AB: resources. SN, PS, and KS:
writing. AB and SN: supervision. All authors have read and
agreed to the published version of the manuscript, and the
corresponding author had final responsibility for the decision to
submit for publication.

Acknowledgments

We are grateful for the support provided by the All India Institute
of Medical Sciences Raipur, the Indian Council of Medical Research,
and the Indian SARS-CoV-2 Genomics Consortium (INSACOG).
We are thankful to Ms Priyanka, Ms Anu, and Ms Khusbhu, the staff
of the State-Level Viral Research and Diagnostic Laboratory (VRDL),
for their technical support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2022.1082846/
full#supplementary-material

Frontiers in Medicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2022.1082846
mailto:negidr@aiimsraipur.edu.in
https://www.frontiersin.org/articles/10.3389/fmed.2022.1082846/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.1082846/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-1082846 January 17, 2023 Time: 14:19 # 9

Singh et al. 10.3389/fmed.2022.1082846

References

1. Shrestha L, Foster C, Rawlinson W, Tedla N, Bull R. Evolution of the SARS-CoV-2
omicron variants BA.1 to BA.5: implications for immune escape and transmission. Rev
Med Virol. (2022) 32:e2381. doi: 10.1002/rmv.2381

2. WHO. Tracking SARS-CoV-2 Variants. (2022). Available online at: https://www.who.
int/activities/tracking-SARSCoV-2-variants (accessed June 21, 2022).

3. Mohapatra R, Kandi V, Sarangi A, Verma S, Tuli H, Chakraborty S, et al. The recently
emerged BA.4 and BA.5 lineages of omicron and their global health concerns amid the
ongoing wave of COVID-19 pandemic–correspondence. Int J Surg. (2022) 103:106698.

4. Khandia R, Singhal S, Alqahtani T, Kamal M, El-Shall N, Nainu F, et al. Emergence of
SARS-CoV-2 omicron (B.1.1.529) variant, salient features, high global health concerns
and strategies to counter it amid ongoing COVID-19 pandemic. Environ Res. (2022)
209:112816. doi: 10.1016/j.envres.2022.112816

5. Singh P, Sharma K, Singh P, Bhargava A, Negi S, Sharma P, et al. Genomic
characterization unravelling the causative role of SARS-CoV-2 delta variant of lineage
B.1.617.2 in 2nd wave of COVID-19 pandemic in Chhattisgarh. India Microb Pathog.
(2022) 164:105404. doi: 10.1016/j.micpath.2022.105404

6. Sharma K, Aggarwala P, Gandhi D, Mathias A, Singh P, Sharma S, et al. Comparative
analysis of various clinical specimens in detection of SARS-CoV-2 using rRT-PCR in new
and follow up cases of COVID-19 infection: quest for the best choice. PLoS One. (2021)
16:e0249408. doi: 10.1371/journal.pone.0249408

7. Katoh K, Standley DM. A simple method to control over-alignment in the MAFFT
multiple sequence alignment program. Bioinformatics. (2016) 32:1933–42. doi: 10.1093/
bioinformatics/btw108

8. Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Mol Biol Evol. (2016) 33:1870–4. doi: 10.1093/molbev/
msw054

9. Letunic I, Bork P. Interactive tree of life (iTOL) v5: an online tool for phylogenetic tree
display and annotation. Nucleic Acids Res. (2021) 49:W293–6. doi: 10.1093/nar/gkab301

10. Aksamentov I, Roemer C, Hodcroft E, Neher R. Nextclade: clade assignment,
mutation calling and quality control for viral genomes. J Open Source Softw. (2021) 6:3773.
doi: 10.21105/joss.03773

11. INSACOG. INSACOG Bulletin. (2022). p. 1–2. Available online at: https://dbtindia.
gov.in/insacog. 2022 (accessed September 25, 2022).

12. Atkulwar A, Rehman A, Imaan Y, Baig M. Analyses of omicron genomes from India
reveal BA.2 as a more transmissible variant. medRxiv. (2022) [Preprint]. doi: 10.1101/
2022.04.25.22274272

13. Ou J, Lan W, Wu X, Zhao T, Duan B, Yang P, et al. Tracking SARS-CoV-2 omicron
diverse spike gene mutations identifies multiple inter-variant recombination events. Signal
Transduct Target Ther. (2022) 7:138. doi: 10.1038/s41392-022-00992-2

14. Fantini J, Yahi N, Colson P, Chahinian H, La Scola B, Raoult D. The puzzling
mutational landscape of the SARS-2-variant omicron. J Med Virol. (2022) 94:2019–25.
doi: 10.1002/jmv.27577

15. WHO. Enhancing Response to Omicron SARS-CoV-2 Variant: Technical Brief
and Priority Actions for Member States, Enhancing Response to Omicron SARS-CoV-2
Variant. (2022). p. 1–28. Available online at: https://www.who.int/publications/m/item/
enhancing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-actions-for-
member-states (accessed September 20, 2022).

16. Saxena S, Kumar S, Ansari S, Paweska J, Maurya V, Tripathi A, et al. Characterization
of the novel SARS-CoV-2 omicron (B.1.1.529) variant of concern and its global
perspective. J Med Virol. (2022) 94:1738–44. doi: 10.1002/jmv.27524

17. Cao Y, Song W, Wang L, Liu P, Yue C, Jian F, et al. Characterizations of enhanced
infectivity and antibody evasion of omicron BA.2.75. bioRxiv. (2022) [Preprint].

18. Saito A, Tamura T, Zahradnik J, Deguchi S, Tabata K, Kimura I, et al. Virological
characteristics of the SARS-CoV-2 omicron BA.2.75. bioRxiv. (2022) [Preprint]. doi: 10.
1101/2022.08.07.503115

19. Tegally H, Moir M, Everatt J, Giovanetti M, Scheepers C, Wilkinson E, et al.
Emergence of SARS-CoV-2 omicron lineages BA.4 and BA.5 in South Africa. Nat Med.
(2022) 28:1785–90.

20. Focosi D, Novazzi F, Genoni A, Dentali F, Gasperina D, Baj A, et al.
Emergence of SARS-COV-2 spike protein escape mutation Q493R after treatment
for COVID-19. Emerg Infect Dis. (2021) 27:2728–31. doi: 10.3201/eid2710.21
1538

21. Ali F, Kasry A, Amin M. The new SARS-CoV-2 strain shows a stronger binding
affinity to ACE2 due to N501Y mutant. Med Drug Discov. (2021) 10:100086. doi: 10.1016/
j.medidd.2021.100086

22. Chen R, Zhang X, Case J, Winkler E, Liu Y, VanBlargan L, et al. Resistance of SARS-
CoV-2 variants to neutralization by monoclonal and serum-derived polyclonal antibodies.
Nat Med. (2021) 27:717–26. doi: 10.1038/s41591-021-01294-w

23. Manjunath R, Gaonkar S, Saleh E, Husain K. A comprehensive review on Covid-19
omicron (B.1.1.529) variant. Saudi J Biol Sci. (2022) 29:103372. doi: 10.1016/j.sjbs.2022.
103372

24. Netzl A, Tureli S, LeGresley E, Mühlemann B, Wilks S, Smith D. Analysis of
SARSCoV-2 omicron neutralization data up to 2021-12-22. bioRxiv. (2022) [Preprint].
doi: 10.1101/2021.12.31.474032

25. Ferguson N, Ghani A, Cori A, Hogan A, Hinsley W, Volz E. Imperial College
London: Report 49, Growth, Population Distribution and Immune Escape of Omicron in
England, 15 December 2021. London: MRC Centre for Global Infectious Disease Analysis
(2021). p. 1–10.

26. Touret F, Baronti C, Bouzidi H, de Lamballerie X. In vitro evaluation of therapeutic
antibodies against a SARS-CoV-2 omicron B.1.1.529 isolate. Sci Rep. (2022) 12:4683.
doi: 10.1038/s41598-022-08559-5

27. Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al. Covid-
19 vaccine effectiveness against the omicron (B.1.1.529) variant. N Engl J Med. (2022)
386:1532–46. doi: 10.1056/NEJMoa2119451

28. Wang Y, Fang S, Wu Y, Cheng X, Zhang L, Shen X, et al. Discovery of SARS-
CoV-2-E channel inhibitors as antiviral candidates. Acta Pharmacol Sin. (2022) 43:781–7.
doi: 10.1038/s41401-021-00732-2

29. Uraki R, Iida S, Halfmann P, Yamayoshi S, Hirata Y, Iwatsuki-Horimoto K,
et al. Characterization of SARS-CoV-2 omicron BA.2.75 clinical isolates. bioRxiv. (2022)
[Preprint]. doi: 10.1101/2022.08.26.505450

30. Cao Y, Yu Y, Song W, Jian F, Yisimayi A, Yue C, et al. Neutralizing antibody
evasion and receptor binding features of SARS-CoV-2 omicron BA.2.75. bioRxiv. (2022)
[Preprint].

31. Dhawan M, Saied A, Mitra S, Alhumaydhi F, Emran TB, Wilairatana P. Omicron
variant (B.1.1.529) and its sublineages: what do we know so far amid the emergence of
recombinant variants of SARS-CoV-2? Biomed Pharmacother. (2022) 154:113522. doi:
10.1016/j.biopha.2022.113522

32. Ling R, Dai Y, Huang B, Huang W, Yu J, Lu X, et al. In silico design of antiviral
peptides targeting the spike protein of SARS-CoV-2. Peptides. (2020) 130:170328. doi:
10.1016/j.peptides.2020.170328

Frontiers in Medicine 09 frontiersin.org

https://doi.org/10.3389/fmed.2022.1082846
https://doi.org/10.1002/rmv.2381
https://www.who.int/activities/tracking-SARSCoV-2-variants
https://www.who.int/activities/tracking-SARSCoV-2-variants
https://doi.org/10.1016/j.envres.2022.112816
https://doi.org/10.1016/j.micpath.2022.105404
https://doi.org/10.1371/journal.pone.0249408
https://doi.org/10.1093/bioinformatics/btw108
https://doi.org/10.1093/bioinformatics/btw108
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/nar/gkab301
https://doi.org/10.21105/joss.03773
https://dbtindia.gov.in/insacog
https://dbtindia.gov.in/insacog
https://doi.org/10.1101/2022.04.25.22274272
https://doi.org/10.1101/2022.04.25.22274272
https://doi.org/10.1038/s41392-022-00992-2
https://doi.org/10.1002/jmv.27577
https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-actions-for-member-states
https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-actions-for-member-states
https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-actions-for-member-states
https://doi.org/10.1002/jmv.27524
https://doi.org/10.1101/2022.08.07.503115
https://doi.org/10.1101/2022.08.07.503115
https://doi.org/10.3201/eid2710.211538
https://doi.org/10.3201/eid2710.211538
https://doi.org/10.1016/j.medidd.2021.100086
https://doi.org/10.1016/j.medidd.2021.100086
https://doi.org/10.1038/s41591-021-01294-w
https://doi.org/10.1016/j.sjbs.2022.103372
https://doi.org/10.1016/j.sjbs.2022.103372
https://doi.org/10.1101/2021.12.31.474032
https://doi.org/10.1038/s41598-022-08559-5
https://doi.org/10.1056/NEJMoa2119451
https://doi.org/10.1038/s41401-021-00732-2
https://doi.org/10.1101/2022.08.26.505450
https://doi.org/10.1016/j.biopha.2022.113522
https://doi.org/10.1016/j.biopha.2022.113522
https://doi.org/10.1016/j.peptides.2020.170328
https://doi.org/10.1016/j.peptides.2020.170328
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Mutational characterization of Omicron SARS-CoV-2 lineages circulating in Chhattisgarh, a central state of India
	1. Introduction
	2. Materials and methods
	2.1. Sample collection
	2.2. SARS-CoV-2 whole-genome sequencing
	2.3. Phylogenetic and mutational analyses

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


