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Background: Recent studies on severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) reveal that Omicron variant BA.1 and sub-

lineages have revived the concern over resistance to antiviral drugs and

vaccine-induced immunity. The present study aims to analyze the clinical

profile and genome characterization of the SARS-CoV-2 variant in eastern

Uttar Pradesh (UP), North India.

Methods: Whole-genome sequencing (WGS) was conducted for 146 SARS-

CoV-2 samples obtained from individuals who tested coronavirus disease

2019 (COVID-19) positive between the period of 1 January 2022 and 24

February 2022, from three districts of eastern UP. The details regarding clinical

and hospitalized status were captured through telephonic interviews after

obtaining verbal informed consent. A maximum-likelihood phylogenetic tree

was created for evolutionary analysis using MEGA7.

Results: The mean age of study participants was 33.9 ± 13.1 years, with

73.5% accounting for male patients. Of the 98 cases contacted by telephone,

30 (30.6%) had a travel history (domestic/international), 16 (16.3%) reported

having been infected with COVID-19 in past, 79 (80.6%) had symptoms,

and seven had at least one comorbidity. Most of the sequences belonged
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to the Omicron variant, with BA.1 (6.2%), BA.1.1 (2.7%), BA.1.1.1 (0.7%),

BA.1.1.7 (5.5%), BA.1.17.2 (0.7%), BA.1.18 (0.7%), BA.2 (30.8%), BA.2.10 (50.7%),

BA.2.12 (0.7%), and B.1.617.2 (1.3%) lineages. BA.1 and BA.1.1 strains possess

signature spikemutations S:A67V, S:T95I, S:R346K, S:S371L, S:G446S, S:G496S,

S:T547K, S:N856K, and S:L981F, and BA.2 contains S:V213G, S:T376A, and

S:D405N. Notably, ins214EPE (S1- N-Terminal domain) mutation was found in

a significant number of Omicron BA.1 and sub-lineages. The overall Omicron

BA.2 lineage was observed in 79.5% of women and 83.2% of men.

Conclusion: The current study showed a predominance of the Omicron

BA.2 variant outcompeting the BA.1 over a period in eastern UP. Most of the

cases had a breakthrough infection following the recommended two doses of

vaccine with four in five cases being symptomatic. There is a need to further

explore the immune evasion properties of the Omicron variant.

KEYWORDS

SARS-CoV-2, COVID-19, omicron, variant of concern (VOC), third wave, whole-

genome sequencing (WGS)

Introduction

Emerging variants of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) have been identified since the

first coronavirus disease 2019 (COVID-19) infection appeared

at the end of December 2019 in Wuhan city of China (1).

As of 2 September 2022, SARS-CoV-2 has resulted in over

601,189,435 cases worldwide with 6.47 million deaths, while

India has recorded a total of 44,442,507 cases with around

5,27,932 deaths due to COVID-19 of which 23,610 such fatalities

were reported fromUttar Pradesh (UP) state alone (2, 3). SARS-

CoV-2 is the largest enveloped virus with a single-stranded

positive-sense ribonucleic acid (RNA) genome of ∼30 kb. To

prioritize global SARS-CoV-2 surveillance and research, the

World Health Organization (WHO) has classified SARS-CoV-

2 variants into three main categories, namely, variants of

concern (VOCs), variants of interest (VOIs), and variants under

monitoring. At present, there are five VOCs, including Alpha

(B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2), and

Omicron (B.1.1.529). The fourth variant of concern (VOC),

B.1.617 (Delta variant) was identified in December 2020 in

Maharashtra, India (4, 5). Until November 2021, the Delta

variant was designated as a variant of concern (VOC) by the

WHO because of its characteristics in terms of the potential

to increase transmissibility, virulence, and ability of the variant

to evade the immune response of current vaccines. On 24

November 2021, health authorities in South Africa reported the

emergence of a new SARS-CoV-2 variant, B.1.1.529 (Omicron),

which was classified as the fifth VOC by the WHO on 26

November 2021 (6).

India had experienced three distinct waves of the COVID-

19 epidemic. The first wave of COVID-19 infection began in

early March 2020, and the peak of the highest number of cases

(93,236) was recorded on September 16, 2020, and had returned

to relative normality as of February 2021. Sequencing of the

SARS-CoV-2 genome revealed that L, S, G, GR, and GH clades

were prevalent during the first wave (7). Unfortunately, by

the end of March 2021, the number of patients with COVID-

19 began to increase exponentially leading to a second wave

that was more devastating than the first. India had the highest

number of confirmed cases (391,154) on 8 May 2021. Delta

variant (B.1.617) was responsible for this deadly second wave

of COVID-19 and was associated with breakthrough infections

in the country (8). Previous studies have reported various

circulating double-mutant (B.1.617) and triple-mutant strains

(B.1.618) of SARS-CoV-2 across different regions of India,

which aremore pathogenic than the initial strains such as B.1.1.7

(Alpha), B.1.351 (Beta), and P.1 (Gamma) (9). After surviving

the first and second waves of the SARS-CoV-2 virus, India was

hit by a vicious third wave in January 2022. Of late, a sharp

rise in COVID-19 cases and deaths are witnessed across India.

Currently, five lineages (BA.1, BA.2, BA.3, BA.4, and BA.5) of the

SARS-CoV-2 Omicron VOC are circulating globally (10). The

VOC Omicron (B.1.1.529) was responsible for a surge in SARS-

CoV-2 cases during the third COVID-19 wave in the country

(11). According to the bulletin issued by INSACOG on 11 July

2022, Omicron BA.2 and BA.2.38 have mostly been found in

India and BA.2.75 sub-variant has acquired more mutations in

spike protein and other genes of the SARS-CoV-2.

The Omicron variant has been associated with serious

public health concerns due to its higher binding affinity to

the angiotensin-converting enzyme 2 (ACE2) receptor (12),

high transmissibility, increased viral load, and efficient immune

evasion system. Compared with Delta and its subvariants, the
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Omicron variant carries more than 30 residue substitutions in

the receptor-binding domain (RBD) and N-terminal domain of

spike protein and, therefore, raises the concern of more efficient

cell entry, immune escape potential, and greater infectivity

(13, 14). A multitude of mutations in the Omicron variant

RBD results in Omicron being immunologically resistant to

antibody-mediated protection compared with the Delta variant.

In contrast to the SARS-CoV-2 Delta variant, suboptimal

S1/S2 cleavage, and inability to use the cellular protease

TMPRSS2, syncytium formation by the SARS-CoV-2 Omicron

spike is found substantially impaired, a finding suggesting the

lower pathogenicity of Omicron (15). The first death with

the Omicron variant was reported in Rajasthan in December

2021. New sub-lineages of the SARS-CoV-2 virus Omicron

variant have been identified, BA.1 sub-lineage has taken over

the COVID-19 landscape, and currently, BA.2 sub-lineage has

become the dominant variant circulating in India (16).

Uttar Pradesh is the most populous state in India, and its

emergence as an industrial hub and proximity to the border

with Nepal makes it vulnerable to migration. UP also witnessed

the third wave of SARS-CoV-2 infections in the month of

January 2022, with a steep increase in cases followed by a

downfall at the end of February 2022. As cases of COVID-

19 continue to rise across the country in late December 2021,

UP immediately imposed a night curfew from 11 p.m. to 5

a.m. in the state. Besides the curfew, other COVID-related

protocols and restrictions were also implemented, including

bans on gatherings of more than 200 people, cultural and

religious events, etc.1 A previous study from eastern UP has

provided comprehensive information on SARS-CoV-2 variants

and distinct lineage/clades in the first and second waves (17).

Existing research on the clinical and genomic characteristics

of Omicron cases is limited in India (18–20). This study was

conducted to gain a deeper understanding of SARS-CoV-2

mutant strains circulation and their impact on clinical outcomes

in the Deoria, Gorakhpur, and Maharajganj districts of UP

during the third wave of the pandemic. This study provides

a true genomic picture of different SARS-CoV-2 variants and

hotspot mutations in all non-structural and structural genes

that will aid in examining vaccine efficacy against evolving

SARS-CoV-2 and public health planning to control COVID-

19 infection.

Materials and methods

Sample acquisition

ICMR-Regional Medical Research Centre Gorakhpur

(ICMR-RMRC GKP) is a major testing center for SARS-CoV-2

1 https://up.gov.in/en

samples from Gorakhpur and its surrounding districts in the

easternUP region of India. A total of 63,977 naso/oropharyngeal

(N/OP) samples were collected by the Integrated Disease

Surveillance Project (IDSP) team from the districts of Deoria

and Maharajganj districts of UP and a tertiary care medical

facility (AIIMS, Gorakhpur) from 1 January 2022, to 24

February 2022, and were subjected to testing at our center. Of

the 63,977 samples tested, 1,892 samples tested positive for

SARS-CoV-2 by real-time PCR (rRT-PCR).

A subset of these samples was subjected to whole-genome

sequencing (WGS) to understand the circulating variants.

The primary inclusion criteria for the selection of samples

for WGS were SARS-CoV-2-positive samples with a cycle

threshold value (Ct value) < 30 in rRT-PCR. Hereby, a

total of 147 positive samples fulfilling the above criteria

were selected and subsequently packed in triple layer packing

on dry ice according to the International Air Transport

Association (IATA) protocol and transported to the ICMR-

National Institute of Virology, Pune, for WGS to identify

lineages of the sequences.

Sociodemographic and clinical course
details

The basic demographic details [age, gender, healthcare

worker (yes/no), and district] were extracted in Microsoft

Excel from the ICMR COVID-19 data portal.2 The details

regarding vaccination, travel, symptoms, comorbidity, history

of previous COVID-19 infection, hospitalized status, and

recovery from COVID-19 were captured through telephonic

interviews after obtaining verbal informed consent. COVID-

19 breakthrough infection was defined as the detection of any

COVID-19 infection occurring ≥ 14 days after receiving all

recommended doses of either of the vaccine(s) available in

the program.

Statistical analysis

The data were entered in Microsoft Excel and analyzed

using IBM SPSS Statistics for Windows, version 24 (IBM Corp.,

Armonk, NY, USA). Age was expressed as a mean with standard

deviation (SD). All categorical variables including variants were

expressed as the frequency with percentage. The time between

the vaccination and infection in the third wave was reported

as median days with an interquartile range (IQR). The case

distribution map was generated by using Epi Info 7.2 software

program (CDC, Atlanta, USA).

2 cvstatus.icmr.gov.in
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Ribonucleic acid extraction and
whole-genome sequencing

Viral RNA was extracted from N/OP specimens using a

MagMAXTM viral pathogen nucleic acid isolation kit (Thermo

Fisher Scientific, Waltham, MA, USA). An automated method

of KingFisher Flex (Thermo Fisher Scientific, Waltham, MA,

USA) magnetic particle processor for high-throughput nucleic

acid extraction was used, following the instructions of the

manufacturer. Nucleic acid was eluted with 50 µl of elution

buffer. N/OP swabs were screened for E and RDRP genes using

real-time RT PCR. The extracted RNA of samples with a Ct

value < 30 was used further to generate genomic libraries

for sequencing using the CovidSeq RUO test kit (Illumina

Inc., USA). In brief, the steps involved in the preparation of

libraries are fragmentation, adapter ligation, and amplification.

The CovidSeq libraries were quantified using the KAPA

library quantification kit (Kapa Biosystems, Roche Diagnostics

Corporation, USA). The quantified libraries were normalized

and loaded onto the Illumina MiniSeq platform for sequencing.

The paired-end FASTQ files generated from the MiniSeq

machine were analyzed on the CLC Genomics Workbench,

version 21.0.4 (CLC, Qiagen, Hilden, Germany). A reference-

based assembly using SARS-CoV-2 isolate Wuhan-Hu-1

(accession no.: NC_045512.2) was used to retrieve the SARS-

CoV-2 sequences deposited in the public repository of Global

Initiative on Sharing Avian Influenza Data (GISAID) database.

Phylogenetic analysis

Evolutionary analysis was performed with the sequences

obtained from this study along with the previously reported

sequences from UP retrieved from the GISAID database. Based

on the quality of sequencing results, a total of 146 sequences

out of the 147 samples were used to create a cladogram. The

sequences were aligned using the CLC Genomics Workbench

andmanually checked for correctness. The nucleotide variations

and amino acid substitutions were annotated. A neighbor-

joining (NJ) phylogenetic tree using the Tamura three-

parameter model was built using a bootstrap replication of 1,000

cycles that was performed to assess the statistical robustness of

the generated phylogenetic tree.

Results

Sociodemographic and clinical
characteristics

The clinical and sociodemographic characteristics of the

147 individuals who were infected with SARS-CoV-2 infection

during the third wave in eastern UP are described in

Table 1 and Supplementary Table 1. The mean (SD) age was

33.9 (13.1) years, male patients formed 108 (73.5%) of the

cases, healthcare workers were 34 (23.1%), and the district

Maharajganj contributed to 61 (41.4%) cases.

Of 147 cases, we were able to contact 98 cases (66.7)

telephonically to get details regarding clinical course and

vaccination status. Reasons for not contacting included wrong

contact details or the mobile phone being out of coverage

area or switched off. There was no refusal to participate

among those contacted through telephone. Of the 98 cases

who were contacted telephonically, 30 (30.6%) gave a history

of travel (domestic/international), 16 (16.3%) reported having

been infected with COVID-19 previously, and 7 were having

at least one comorbidity. Of the 98 cases, 79 (80.6%) reported

having any symptoms with most of them having fever (71.4%)

followed by a sore throat (57.1%) and running nose (51.0%).

None of the cases were hospitalized, and all were reported to

recover from infection.

Most of them had taken vaccination for COVID-19 with

13 (13.3%) reporting not taking any vaccine. Among those

who were vaccinated with two doses of the COVID-19 vaccine

(n = 79), 73 (92.4%) cases had a breakthrough infection

(including 26 healthcare workers), with the median (IQR)

duration of time to infection from the second dose being 187

(94–293) days. Eight cases who were infected in the third wave

had received a precautionary dose with amedian (IQR) duration

of time to infection from the precautionary dose to be 10 (6.5–

23) days.

WGS data and phylogenetic analysis

Out of 147 samples, reference-based mapping led to the

retrieval of 146 genomic sequences with a genome coverage

of ≥98%. The percentage of relevant mapped reads had a

median (IQR) value of 94.92 (88.9–97.7). Details of the genome

retrieval data of the SARS-CoV-2 sequence in this study

are provided with GISAID accession IDs in Supplementary

Table 2. The SARS-CoV-2 representative sequences VOC/VOI

downloaded from the GISAID database3 were also used for

analysis along with sequences retrieved in this study. The

sequences were aligned using the CLC Genomics Workbench.

The aligned file was manually checked in MEGA 7.0 software.

A neighbor-joining (NJ) phylogenetic tree was constructed by

MEGA 7.0 software from the coding region of the SARS-CoV-

2 genome using the Tamura 3-parameter model along with

gamma distribution as the rate variation parameter. A bootstrap

replication of 1,000 cycles was performed to assess the statistical

robustness of the generated phylogenetic tree.

3 https://www.epicov.org/epi3/frontend#5ff51a
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TABLE 1 Sociodemographic, clinical, and genomic characteristics of

sequenced severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2)-positive cases during the third wave (01 January–24

February 2022) in eastern Uttar Pradesh (UP) (N = 147).

Characteristics Number (%)

Age in years (Mean ± SD) 33.9 ± 13.1

Gender

Female 39 (26.5)

Male 108 (73.5)

District

Deoria 43 (29.3)

Gorakhpur 43 (29.3)

Maharajganj 61 (41.0)

Healthcare worker

Yes 34 (23.1)

No 113 (76.9)

Variants of Concern (VOC) among genome retrieved (n = 146)

BA.1 9 (6.2)

BA.1.1 4 (2.7)

BA.1.1.1 1 (0.7)

BA.1.1.7 8 (5.5)

BA.1.17.2 1 (0.7)

BA.1.18 1 (0.7)

BA.2 45 (30.8)

BA.2.10 74 (50.7)

BA.2.12 1 (0.7)

B.1.617.2 2 (1.3)

Type of vaccine (n = 98)

BBIBP-CorV 3 (3.1)

ChAdOx1 nCoV-19 78 (79.5)

BBV152 4 (4.1)

Not vaccinated 13 (13.3)

Vaccination status (n = 98)

1st + 2nd + Precautionary dose 9 (9.2)

1st and 2nd dose 70 (71.4)

Only 1st dose 6 (6.1)

Not vaccinated 13 (13.3)

Travel history (n = 98)

Present 30 (30.6)

Absent 68 (69.4)

Symptom status (n = 98)

Present 79 (80.6)

Absent 19 (19.4)

Fever 70 (71.4)

Cough 26 (26.5)

Running nose 50 (51.0)

Sore throat 56 (57.1)

Body ache 34 (34.7)

Headache 16 (16.3)

Breathing shortness 9 (9.2)

Loss of taste 7 (7.1)

(Continued)

TABLE 1 (Continued)

Characteristics Number (%)

Comorbid condition (n = 98)

Yes* 7 (7.1)

No 91 (92.9)

History of COVID-19 in past (n = 98)

Yes 16 (16.3)

No 82 (83.7)

*Includes four cases of diabetes, one case each of hypertension, tuberculosis, and

bronchial asthma.

The retrieved sequences were checked in Pangolin software4

to identify the specific lineages. The majority of the sequences

belonged to the Omicron variant, with BA.1 (n = 09), BA.1.1

(n = 04), BA.1.1.1 (n = 01), BA.1.1.7 (n = 08), BA.1.17.2 (n = 01),

BA.1.18 (n = 01), BA.2 (n = 45), BA.2.10 (n = 74), BA.2.12

(n = 01), and B.1.617.2 (n = 2) lineages. The NJ tree showed

a distinct cluster of Omicron lineages with a clear bifurcation

of VOC/VOI (Figure 1). A shift in the circulating lineage from

BA.1 to BA.2 was noted over the period time from 01 January

2022 to 24 February 2022. The overall Omicron BA.2 lineage was

observed in 79.5% of women (31/39) and 83.2% ofmen (89/107).

Variant analysis of severe acute
respiratory syndrome coronavirus 2
sequences

All the sequences used in the phylogenetic analysis showed

Omicron pangolin lineage except two sequences with Delta

lineage B.1.617.2. The CLC genomics was used to identify the

mutational changes in the sub-lineages of the Omicron variant.

During mutational patterns analysis, we have observed that with

the lapse of time, some signature mutations escape out of the

spike gene of SARS-CoV-2.

The phylogenetic NJ tree was generated based on the

updated pangolin lineage of sequences updated as of 22 April

2022. The Omicron lineage BA.1 and sub-lineages BA.1.1,

BA.1.1.7, BA.1.1.1, BA.1.17.2, and BA.1.18 showed prominent

signature mutations (Figure 2). Also, ORF1ab showed strong

frequencies of signature mutations K856R, S2083I, A2710T,

T3255I, P3395H, I3758V, P4715L, and I5967V in all lineages,

while at position 3674/3676del showing moderate frequencies,

the frequency of mutation L730F was only prominent in

BA.1.1.7 lineage and absent in other lineages. Spike gene (S

gene) showed the signature mutations A67fs, I68fs, H69fs, T95I,

G142D, G339, R346K, S371L, S373P, S375F, K417N, T478K,

E484A, Q493R, G496S, Q498R, N501Y, Y505H, D614G, H655Y,

4 https://pangolin.cog-uk.io/
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FIGURE 1

A neighbor-joining (NJ) tree from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) sequences was generated using a Tamura

3-parameter model with gamma distribution and a bootstrap replication of 1,000 cycles. The whole-genome sequences of other SARS-CoV-2

variants deposited in GISAID used in this study are marked in black, and the reference isolate of Wuhan-HU-1 (accession no: NC 045512) is

marked in red color.

N679K, P681H, N764K, D796Y, N856K, Q954H, N969K, and

L981F with >90% frequency, but mutations N440K and G446S

were found in variable frequency 25–100%, while frameshift

N211fs, D215fs, and mutations N211K and L212C were

observed with frequency 25–75%. N gene showed signature

mutations P13L and R203K with > 90% frequency, while

deletion 31/33del with frequency 75–80% (Figure 2).

The majority of the sequences belonged to Omicron BA.2

(n = 45) and sub-lineages BA.2.10 (n = 74), BA.2.12 (n =

01) pangolin lineage. In BA.2 lineage, the ORF1ab region

showed the signature mutations S135R, T842I, G1307S, L3027F,

T3090I, L3201F, T3255I, P3395H, P4715L, R5716C, I5967V,

I5967V, and T6564I, while moderate frequency showed by 13%

sequences at position P4125S and 28% sequences at W4124fs,

but there is no mutation observed at S5360P. Spike region

(S gene) with 100% prominent signature mutations showed

T19I, L24S, V213G, G339D, S371F, S373P, S375F, T376A,

D405N, D614G, H655Y, N679K, P681H, D796Y, Q954H, and

N969K mutations, but 88% sequences showed mutations

S477N, T478K, E484A, and Q493R, 91% sequences showed

Frontiers in Medicine 06 frontiersin.org
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FIGURE 2

CLC genomics analysis of the mutational changes in the BA.1 and sub-lineages of the Omicron variant. The scale representing the frequency of

residue changes from least (Blue) to highest (Red). S, spike protein; E, envelope protein; M, membrane protein; N, nucleocapsid protein.

Q498R, N501Y, and Y505H amino acid mutation, D1260fs

showed frameshift in 17 sequences with low frequency 20–

60%, while no frameshift was observed in 28 sequences.

ORF3a showed signature mutation T223I, whereas the M gene

showed frequency variability (30–100%) of signature mutation

Q19E. The N gene showed signature mutation P13L, R203K,

and S413R, but position 31/33del showed deletion with 80-

90% frequency. In the sub-lineage BA.2.10, the signature

mutations S135R, T842I, G1307S, L3027F, T3090I, L3201F,

T3255I, P3395H, P4715L, R5716C, and T6564I present with 90–

100% frequency. Position 3675/3677del showed deletion with

80% frequency. The 22% cases showed frameshift at theW4124fs

position, while 18% cases showed P4125S mutation with 20–

60% frequency, but signature mutation was observed at S5360P

with >90% frequency which was not observed in BA.2 lineage.

In spike gene, signature mutations T19I, L24S, V213G, G339D,

S371F, S373P, S375F, T376A, D405N, K417N, K477N, T478K,

E484A, Q493R, Q498R, N501Y, Y505H, D614G, H655Y, N679K,

P681H, D796Y, Q954H, and N969K present in>90% frequency.

Only 28% of cases were observed with N440K mutation, while

27% of cases were observed with frameshift at D1260fs with 20–

60% frequency. The N gene showed all the signature mutations

P13L, R203K, and S413R with >90% frequency and deletion at

31/33del position with 60–80% frequency (Figure 3).

Residual hotspots of omicron severe
acute respiratory syndrome
coronavirus 2

Sequence analysis revealed that spike glycoprotein of

Omicron BA.1 and sub-lineages harbor a total of 45 amino acid

alterations (Table 2). Two minor deletions 169 and 1143–144

in the N-Terminal domain (NTD) and one minuscule insertion

at position 214 (ins214EPE) in spike glycoprotein with 15, 18,

and 17 mutations occurring in the receptor-binding domain

(RBD) of BA.1, BA.1.1, and BA.1.1.7, respectively. Interestingly,

two residues S:A67V and S:T95I, within the N-terminal domain

(NTD); S:S371L, S:G446S, and S:G496S in the RBD; S:T547K

at the C-terminus of the S1 subunit; S:N856K present within

the region between Fusion peptide (FP), heptad repeat sequence

1 (HR1), and S:L981F located within the HR1 was identified

in Omicron BA.1 and sub-lineages only. The spike protein

analysis of Omicron variant BA.2 and sub-lineages has shown
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FIGURE 3

CLC genomics showing the mutational changes in the sub-lineage BA.2 and BA.2.10 of the Omicron variant. The scale representing the

frequency of residue changes from least (Blue) to highest (Red). S, spike protein; E, envelope protein; M, membrane protein; N, nucleocapsid

protein.

TABLE 2 Residue substitution in spike protein among various lineages of SARS-CoV-2 virus.

SARS-CoV-2 VOC No. Spike amino acid changes in SARS-CoV-2 compared withWuhan-Hu-1 isolate

Delta B.1.617.2 2 S:T19R, S:T95I, S:L452R, S:T478K, S:D614G, S:P681R, S:A684V, S:V1104L, S:I1114V

Omicron BA.1 and sub-lineages 24 S:A67V, S: H69-, S:G75R*, S:T95I, S: V143-, S:Y144-, S:N165K*, S:ins214EPE, S:G339D, S:R346K*,

S:S371L, S:S373P, S:S375F, S:K417N, S:N440K*, S:G446S, S:S477N, S:T478K, S:E484A, S:Q493R, S:G496S,

S:Q498R, S:N501Y, S:Y505H, S:T547K, S:D614G, S:F643L*, S:H655Y, S:N679K, S:P681H, S:A684V*,

S:N764K, S:D796Y, S:N856K, S:Q954H, S:N969K, S:L981F

Omicron BA.2 and sub-lineages 120 S:T19I, S:L24S, S: P25-, S: P26-, S:G142D, S:V213G, S:G339D, S:S371F, S:S373P, S:S375F, S:T376A,

S:D405N, S:K417N, S:S477N, S:T478K, S:E484A, S:Q493R, S:Q498R, S:N501Y, S:Y505H, S:D614G,

S:H655Y, S:N679K, S:P681H, S:S704L*, S:N764K, S:D796Y, S:Q954H, S:N969K

*Indicates unique residues within the group of BA.1 and BA.2 sub-lineages.

32 residue substitutions and one deletion 125–26, with 17

mutations occurring in the RBD. The Omicron BA.2 spike

protein lacks 169, which is associated with S gene target failure.

The Omicron variant has triple spike mutations “H655Y +

N679K + P681H” near the S1/S2 junction (residues 681–685) to

the furin cleavage site.

Interestingly, 12 amino acids were found common

among Omicron variants BA.1, BA.1.1, and BA.1.1.7; a

total of 20 amino acids are shared among BA.1, BA.1.1,

BA.1.1.7, BA.2, and BA.2.10 strains; and eight residues were

common between BA.2 and BA.2.10 (Figure 4 and Table 3).

Notably, the S:R346K mutation was exclusively identified

in Omicron variants BA.1.1 and BA.1.1.7 only. Moreover,

Delta variants differed at positions S:T19R, S:L452R, and

S:P681R residues compared with spike glycoprotein of the

Omicron variant.
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FIGURE 4

The Venn diagram shows shared mutations in the spike protein

mutations of the BA.1, BA.1.1, BA.1.1.7, BA.2, and BA.2.10 lineages

in Omicron variants of this study

(https://bioinformatics.psb.ugent.be/webtools/Venn/).

Furthermore, we analyzed the impact of variation in the

RBD region of spike protein among SARS-CoV-2 variants by

comparing the sequence conservation among Omicron variants

obtained in this study (Figure 5). The results showed that

two residue substitutions S371F and T376A, phenylalanine (F)

and alanine (A), were found most abundant in the Omicron

variant BA.2, which has been replaced completely by leucine (L)

and threonine (T), correspondingly, in all the Omicron BA.1

strain, except one sequence (MCL-22-H-3167). An amino acid

substitution (N440K) located in the S1 subunit of the spike

region, asparagine (46/74), was detected as the most common

residue in BA.2.10 variant followed by BA.2 (26/46) and BA.1.1

(4/4), while lysine (K) was the most conserved residue in BA.1

(9/9) variant. In residue substitutions G446S and G496S, glycine

was the most common residue with abundance (45/46) and

(74/74) in BA.2 and BA.2.10, respectively, while serine (S) was

exclusively present at both sites in Omicron variant BA.1 and

sub-lineages.

FIGURE 5

A sequence logo representation of the RBD region of major

Omicron variant spike protein in which letter height reflects the

likelihood of finding a particular residue in that position.

Residues are colored according to hydrophobicity

(orange—hydrophobic, blue—basic, red—acidic, purple—neutral,

green—polar).

Discussion

This study reveals the predominance of the Omicron variant

in most samples from the eastern part of UP. GRA clade was

associated in most cases followed by the GK clade. Omicron

variant BA.2 (82.3%) accounted for the most followed by BA.1

(8.8%) and BA.1.1 (7.5%). However, only two samples from

asymptomatic cases from the Maharajganj district revealed the

presence of circulation of Delta variants (AY.20 and AY.4.2.3).

These findings revealed the replacement of the Delta variant

which predominated in the second wave with the Omicron

variant in the third wave. A previous study from the same center

had shown the dominance of the SARS-CoV-2 variant belonging

to clades GH, GR, G, S, and O in the first wave followed by G

TABLE 3 Shared amino acid substitutions in the spike protein of BA.1, BA.1.1, BA.1.1.7, BA.2, and BA.2.10 lineages.

Omicron variant No. Shared Spike amino acids between omicron variants

BA.1, BA.1.1, BA.1.1.7, BA.2, BA.2.10 19 S:S373P, S:S375F, S:G339D, S:K417N, S:S477N, S:T478K, S:E484A, S:Q493R, S:Q498R, S:N501Y, S:Y505H,

S:N679K, S:P681H, S:D614G, S:H655Y, S:N764K, S:D796Y, S:Q954H, S:N969K

BA.1, BA.1.1, BA.1.1.7 12 S:A67V, S: H69-, S:T95I, S: V143-, S: Y144-, S:ins214EPE, S:S371L, S:G446S, S:G496S, S:T547K, S:N856K,

S:L981F

BA.1.1, BA.1.1.7 1 S:R346K

BA.1 1 S:N440K

BA.2 BA.2.10 8 S: P25-, S: P26-, S:T19I, S:V213G, S:G142D, S:S371F, S:T376A, S:D405N,
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clade variants mostly the Delta and its variant Delta AY.1 and

Kappa (17). Neutralization studies have also substantiated the

shift of the Omicron variant as a dominant strain replacing the

Delta variant (21).

The sociodemographic characteristics specifically regarding

the age and gender distribution were similar to those seen in

the first wave picture in eastern UP, while the older age group

was more affected in the second wave (22). The age distribution

was also consistent with the study performed by Raju et al. in

Chennai and Garg et al. in Delhi, where the median age was 37

and 35 years, respectively (18, 19). A higher proportion of cases

reported in both studies were male. The clinical characteristics

showed the comorbidity status (7%) to bemuch lesser compared

with the findings from studies carried out in Chennai (20%)

and Delhi (18%). Compared with the symptom status, our study

showed a higher symptom rate than the study from Chennai

and Delhi (80 vs. 65% and 35%, respectively) (18, 19). Although

fever formed the most common symptom, our study reported

much higher rates of sore throat, running nose, and body

aches. As our study had a smaller sample size and involved

confirmed rather than suspected Omicron cases, the discordant

findings noted may need further evaluation to draw a more

meaningful conclusion.

In this study, the proportion of cases with previous COVID-

19 infection was about three times higher than in the Chennai

study (16.3 vs. 6%) and similar to the findings of the Delhi

study (17%) (18, 19). With respect to travel history, it was

lesser than that reported in the Delhi study (31 vs. 39%).

Similarly, fully vaccinated individuals having Omicron infection

(breakthrough infection) were higher in our study compared

with the Chennai study (78 vs. 67%), but lesser than that

reported in the Delhi study (88%) (18). The current study

noted that breakthrough infection was higher among healthcare

workers as reported in previous studies (23, 24). The study

further adds to the knowledge showing that the Omicron variant

was indeed capable of evading the immunity provided by the

vaccine. Furthermore, the current study highlights the median

duration from the second dose to Omicron infection to be

around 6 months. Raju et al. showed that about three-fourth of

the cases had exceeded at least 3 months from the date of the

second vaccination (19). This calls for universal administration

of third or precautionary doses across all age groups irrespective

of comorbidity status.

Sharma et al. conducted a WGS analysis of the SARS-CoV-

2-positive cases in Rajasthan obtained from 24 November 2021

to 4 January 2022, and found a predominance of the Delta

variant and emergence of the Omicron variant, reflecting the

replacement of the Delta variant over the period (20). In the

Delhi study which had cases in December 2021, the initial few

cases (73.1%) were of BA.1, while 26.8% were of BA.2 sub-

lineage (18). Similarly, a study that looked into 59 Omicron

cases from various states during the first week of December

reported all cases belonging to BA.1 lineage except one case

(25). This shift of sub-lineage was evident at the start of the

Omicron wave which then took over as seen in our findings

in cases seen in January and February 2022 wherein most cases

were of BA.2 sub-lineages (82.3%). Among the different lineages

of Omicron reported worldwide, BA.1 is the most predominant

lineage followed by BA.2. and BA.3 is less reported (26). As there

are no reported studies from India, the authors tried to check the

most common lineage available in the outbreak information tool

and found that BA.2 was the most common lineage reported in

India (approximately 55%) as per the data available for the third

wave (27).

The emergence of the hypermutated Omicron strain

(B.1.1.529) of SARS-CoV-2 has caused serious concern about

antibody response due to the number of mutations in spike

proteins during the COVID-19 pandemic. The highly mutated

Omicron variant is found more contagious but less deadly

than the Delta variant of SARS-CoV-2. Molecular sequencing

evidence provides information on how a mutation in the

spike protein leads to reduced neutralization activity of

monoclonal antibodies (mAbs) (28, 29). Omicron (21L, BA.2)

spike glycoprotein had the absence of deletion at site 69,

which is not identified by SGTF. The deletion at site 69 was

also identified in the Alpha and Eta (B.1.525) variants and

is associated with enhanced cell-cell fusion and splicing spike

into virions (30). Our study found that the S:R346K mutation,

which was only present in Omicron variant BA.1.1 recently

reported by VanBlargan et al., may be critically important in

neutralizing mAbs, suggesting that mutations at these sites

may play a crucial role in altering protein structure (31). The

amino acid substitutions at positions 1111–1130 in SARS-CoV-

2, located upstream of heptad repeat 2 (HR2) segments in the

S2 subunit, are associated with viral escape from neutralizing

antibodies (32).

The presence of N440K, T478K, and N501Y mutations is

very crucial for RBD and the human ACE2 receptor interactions

(33), Omicron has a significant transmission potential than the

original SARS-CoV-2, which may affect COVID-19 infectivity,

neutralizing antibody escapes, and vaccination breakthrough

cases (34, 35). Due to its RBD mutations K417N, E484A, and

Y505H, Omicron has a higher potential to affect the interaction

between 132 antibodies with spike protein, suggesting that it

has a higher immune escape ability than the Delta variant

(36). Additionally, the D614G substitution located in the S

protein is conserved in all variants of Omicron, which increases

the infectivity of the SARS-CoV-2 virus (37). Omicron shares

the T418K substitution with Delta variants of this study. The

triple spike mutations “H655Y + N679K + P681H” lead to

enhance replication ability and infectivity of the virus (38).

Mechanistically, the elimination of proline residue at spike

position 681 results in the inhibition of the glycosylation site

found in spike wild-type SARS-CoV-2 Wuhan strain, which

could aid transmission (39). Mutation L981F may enhance

the interaction affinity between HR1 and HR2, leading to
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enhanced membrane fusion and infectivity (40). A recent

study demonstrated that Omicron BA.2 variant is 30% and

17-fold more capable than BA.1 and Delta, respectively, to

escape current vaccines (41). Recently, a case of a breakthrough

infection was reported with Delta derivative (AY.112) despite

the hybrid immunity followed by reinfection with Omicron

derivative BA.2 post-breakthrough infection (42). Recently, a

study by Wang et al. found that Del69-70, L452R, F486V,

and R493Q mutation sites in the spike protein of the

Omicron variant accelerated the spread of the virus and

enhanced pathogenicity (43). This calls for further explorations

on immunogenicity, vaccine effectiveness, and scheduling of

available vaccines for all age groups.

Strengths and limitations

This study has WGS for a larger sample set giving a true

picture of circulating strains with regards to the Omicron

variant in eastern UP, India. We could retrieve sequences

from all samples with a genome coverage of ≥98% as we

used samples having a high viral load. The current study

generated data that contributed to adding evidence of vaccine

immune evasion of the Omicron variant by determining

the breakthrough infections among completely vaccinated

individuals and advocating the importance of booster or

precautionary doses among all age groups.

Despite all our efforts made to contact all the cases, we

could not contact around one-third of the cases to document

a complete clinical picture; still, the sample describing a clinical

picture is the largest compared with the published studies from

India discussing confirmed Omicron cases. With stricter Ct

value cut-offs, we were not able to distribute the samples in such

a way that could have given clear monitoring across Omicron

lineages over days to weeks in the considered 2 months in our

study which could have added better insights.

Conclusion

This study reveals the predominance of the Omicron variant

in eastern UP during the third wave of this pandemic. BA.2

lineages of the Omicron predominated replacing the BA.1

lineage over a period. Most of the cases had a breakthrough

infection following the recommended two doses of vaccine;

however, a subset of cases developing an infection following

the precautionary dose was also noted. The current study also

had about eight in 10 cases being symptomatic but neither

hospitalized nor mortality indicating the less virulence nature of

the Omicron variant compared with the much fatal Delta strain.

There is a need to further explore the immune evasion properties

of the Omicron variant which may be essential in planning for

vaccine advocacy in the future in India.
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