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Abstract: Since the first reported case of COVID-19 in December 2019, several SARS-CoV-2 variants has
evolved and some of them have shown higher transmissibility becoming the prevalent strains. Genomic
epidemiological investigations into strains from different time points including the early stages of the
pandemic are very crucial for understanding the evolution and transmission patterns. Using whole genome
sequences, our study describes the early landscape of SARS-CoV-2 variants in central India retrospectively
(including the first known occurrence of SARS-CoV-2 in Madhya Pradesh). We performed amplicon based
whole genome sequencing of randomly selected SARS-CoV-2 isolates (n=38) collected between 2020-2022 at
state level VRDL, ICMR-NIRTH, Jabalpur from 11899 RT-qPCR positive samples. We observed the presence of
five lineages namely B.1, B.1.1, B.1.36.8, B.1.195 and B.6 in 19 genomes from the first wave cases and variants
of concern (VOC) lineages i.e., B.1.617.2 (Delta), and BA.2.10 (Omicron) in the second wave cases. There was a
shift in mutational pattern of SRAS-CoV-2 strains from the second wave in contrast to the first wave. We have
identified five immune escape variants in the S gene: P681R, P681H, L452R, Q57H, and N501Y in the isolates
collected during the second wave. Furthermore, these genomes were compared with 2160 complete genome
sequences reported from central India that encompass 109 different SARS-CoV-2 lineages. Among them, VOC
lineages Delta (28.93%), and Omicron (56.11%) were circulating predominantly in this region. This study
provides useful insights into the genetic diversity of SARS-CoV-2 strains over the initial course of the COVID-
19 pandemic in central India.

Keywords: SARS-CoV-2; genetic diversity; whole genome sequencing; phylogenetic tree;
COVID-19; transmission

Introduction

Coronavirus Disease 2019 (COVID-19) is caused by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). The first incidence of SARS-CoV-2 was reported from Wuhan City,
China in late December 2019 and the first genome sequence was submitted on 7th January 2020 (NCBI
GenBank ID: MN908947.1) [1]. World Health Organisation declared COVID-19 a public health
emergency on 30th January 2020 and declared it a pandemic on 11th March 2020 [2]. India too had
witnessed the increased incidence of distinct SARS-CoV-2 strains in different states since the
beginning of the pandemic. By the end of 31st October 2023, it has been responsible for over 45 million
cases and more than 0.53 million deaths in India [3]. SARS-CoV-2 was also found to show higher
transmissibility as compared to previously reported coronavirus outbreaks i.e., SARS-CoV (2002)
(WHO, 2003) and MERS-CoV (2012) (Zaki et al., 2012). On January 27, 2020, reports of the first
COVID-19 case verified in India came from Kerala [4]. There are documented reports of various viral
introductions brought about by international travelers. India, a country with a large population and
densely populated cities, saw an enormous rise of COVID-19 cases in March 2020. It expanded to
rural areas and among all age groups because of airborne viral particles and droplets transmission
through aerosol, increased viral multiplication, and superspreading episodes caused by the
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migration of workers from larger cities. In the state of Karnataka, the B.1.1.7 (Alpha) lineage was
found to be predominant among many other lineages [5], and symptomatic cases have been linked
to the pandemic’s early spread in the state. Three primary introductions of SARS-CoV-2 were
identified in the state of Kerala by genomic sequencing and haplotype analysis. These were followed
by many outbreaks that caused the virus to spread locally [6]. In Gujarat state, lineages 20A and 20D
were shown to be predominant among deceased patients with respiratory complications [7]. These
lineages carry nucleotide changes C28854T in the N-gene and G25563T in Orf3a [15]. A collection of
200 genomes from the southern state of Telangana were sampled between March and July 2020 in
order to assess the mutational landscape of SARS-CoV-2 isolates. This analysis helped to detect
mutations in non-structural proteins and demonstrated the preponderance of the 20B lineage [8].
Central India is a loosely defined geographical region of India, sometimes called Madhya Bharat, that
consists of two Indian states: Madhya Pradesh (MP) and Chhattisgarh. Over 1.05 million cases and
approximately 10,786 deaths have been documented in this region till 30th October 2023 [9]. Since
the first full genome of SARS-CoV-2 from Wuhan was reported in early January 2020 [4], millions of
whole genome sequences from around the world have been added to public databases such as
GISAID and GENBANK which helped in identifying the phylodynamics of specific variants and their
genetic diversity. However, there has been a paucity of genomic data for SARS-CoV-2 from Central
India that needed to be assessed to identify the epidemiology and the prevalence of different lineages
of SARS-CoV-2 in this region. Thus, more such studies representing different time frames and
geographic regions are needed to understand the evolving landscape of genetic diversity of the virus
over the course of pandemic. Therefore, to better understand the spread of SARS-CoV-2 lineages
outcomes in the first and second waves, we have sequenced the SARS-CoV-2 strains from the first
reported cases in VRDL, ICMR-NIRTH Jabalpur and compared them with the genome sequences
submitted in the GISAID database.

Materials and Methods

Sample Acquisition

A total of 11,899 samples tested positive from 2.61 lakh tested cases for SARS-CoV-2 using real-
time (RT-PCR) and 38 samples among them underwent whole genome sequencing and mutational
analysis for the SARS-CoV-2 variants.

Virus Research and Diagnostic Laboratory (VRDL) under ICMR-National Institute of Research
in Tribal Health, Jabalpur is a designated State Level (Grade - II) laboratory under the VRDL network
established by the Department of Health Research, Ministry of Health & Family Welfare,
Government of India. It was the first lab in Madhya Pradesh (Central India) to start testing for
suspected COVID-19 cases from Jabalpur and its surrounding districts of MP and Chhattisgarh.
SARS-CoV-2 suspicious samples obtained from several quarantine camps and hospitals in Jabalpur
area were processed for diagnostic testing in accordance with WHO recommendations.

RNA Extraction and Real-Time Reverse Transcriptase PCR (RT-PCR)

During the period (March 2020 to May 2022), nasopharyngeal/oropharyngeal swabs (NPS/OPS)
(n=263124) were collected for routine SARS-CoV-2 diagnosis. A total of 140 pL sample of the Virus
Transport Medium (VTM) was used for viral RNA extraction using the QIAMP VIRAL RNA mini kit
(Qiagen, Hilden, Germany). The SARS-CoV-2 was confirmed using ICMR-NIV multiplex single tube
SARS-CoV-2 RT-PCR assay kit by real time RT-PCR. A total of 11899 samples tested positive by real-
time RT-PCR. Samples that displayed a cycle threshold (Ct) between 20-28 were considered eligible
for sequencing to ensure maximum sequence coverage. Among positive samples, n=19 samples from
the very first reported cases of SARS-CoV-2 (Late March-April 2020) and had international travel
history were selected. Subsequently, n=17 samples were randomly selected from the second wave
and n=2 samples from the third wave were selected to see the presence of Variants of Concern
(VOCs). The clinical and epidemiological details of the patients enrolled in the current study are
shown in Table 1.
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Table 1. Epidemiological features of laboratory confirmed COVID-19 cases.
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District
Age Ge . Date of
Sample . of Travel History/ Sample
(in nd . Sample Symptoms
-ID Residenc Contact . Type
years) er Collection
e
ICMR-
JABALPU Nasophar  fever sore
NIRTH- 46 M NA 2020-03-27
51 R yngeal throat
swab
ICMR-
JABALPU Orophary
NIRTH- 48 M NA 2020-03-27 fever
R ngeal
S2
swab
ICMR-
JABALPU Nasophar fever
NIRTH- 24 M Germany 2020-03-20
R yngeal cough
S3
swab
ICMR-
JABALPU . Nasophar fever
NIRTH- 59 M Dubai,UAE 2020-03-20
R yngeal cough
S4
swab
ICMR-
JABALPU Nasophar cough
NIRTH- 45 F Dubai,UAE 2020-03-20
55 R yngeal sore throat
swab
ICMR-
JABALPU Nasophar
NIRTH- 22 F Dubai,UAE 2020-03-20 cough
R yngeal
S6
swab
ICMR- Dubai(Contact
JABALPU Nasophar
NIRTH- 53 M of ICMR- 2020-03-21 cough
R yngeal
S7 NIRTH-54)
swab
ICMR-
JABALPU Nasophar cough
NIRTH- 40 M NA 2020-03-22
S8 R yngeal bodyache
swab
fever
cough
ICMR-
CHHIND Indore travel Nasophar  breathless
NIRTH- 33 M 2020-04-01
11 WARA history yngeal ness sore
swab throat
body ach
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ICMR-
CHHIND Delhi travel Nasophar  fever sore
NIRTH- 26 2020-04-07
1 WARA history yngeal throat
swab
ICMR- Contact of
CHHIND Nasophar cough
NIRTH- 27 ICMR-NIRTH- 2020-04-07
WARA yngeal sore throat
S13 512
swab
Fever
cough
ICMR-
JABALPU Delhi travel Nasophar  breathless
NIRTH- 61 2020-04-08
s14 R history yngeal ness body
swab ach
sputum
ICMR- fever
Indore travel Nasophar
NIRTH- 30 M  INDORE ) 2020-04-10 cough sore
history yngeal
515 throat
swab
ICMR-
Indore travel Nasophar  fever sore
NIRTH- 22 M INDORE . 2020-04-10
history yngeal throat
S16
swab
ICMR-
Indore travel Nasophar cough
NIRTH- 24 M  SATNA . 2020-04-10
history yngeal sore throat
S17
swab
ICMR- fever
JABALPU Nasophar
NIRTH- 70 M NA 2020-04-11 cough sore
R yngeal
518 throat
swab
ICMR- Contact of
JABALPU Nasophar  fever sore
NIRTH- 50 M ICMR-NIRTH- 2020-04-14
R yngeal throat
519 518
swab
ICMR- Contact of
JABALPU cough
NIRTH- 44 F ICMR-NIRTH- 2020-04-17 Throat
R sore throat
522 519 swab
ICMR-
NIRTH- 35 BALAGH 2020-07-27 Throat Asympto
523 M AT NA swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
524 28 F AT NA 2021-04-16 swab matic
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ICMR-
NIRTH- BALAGH Throat Asympto
525 28 AT NA 2021-04-16 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
526 24 AT NA 2021-04-17 swab matic
ICMR-
NIRTH- BALAGH Throat  Symptoma
527 24 AT NA 2021-04-18 swab tic
ICMR-
NIRTH- BALAGH Throat ~ Symptoma
528 38 AT NA 2021-04-19 swab tic
ICMR-
NIRTH- BALAGH Throat Asympto
529 25 AT NA 2021-04-19 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
530 19 AT NA 2021-04-20 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
531 14 AT NA 2021-04-09 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
532 45 AT NA 2021-04-09 swab matic
ICMR-
NIRTH- BALAGH Throat  Symptoma
533 70 AT NA 2021-04-12 swab tic
ICMR-
NIRTH- BALAGH Throat Asympto
534 54 AT NA 2021-04-13 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
535 41 AT NA 2021-04-18 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
536 18 AT NA 2021-04-21 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
537 45 AT NA 2021-04-24 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
s38 26 AT NA 0220208 matic



https://doi.org/10.20944/preprints202406.1394.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2024

6
ICMR-
NIRTH- BALAGH Throat Asympto
$39 40 F AT NA 004 matic
ICMR-
NIRTH- BALAGH Throat Asympto
540 40 M AT NA 2021-04-20 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
541 25 M AT NA 2021-04-21 swab matic
ICMR-
NIRTH- BALAGH Throat Asympto
542 16 F AT NA 2021-04-27 swab matic
NA= Contact history Not Available

Library Preparation and Whole Genome Sequencing

The cDNA was subjected to a multiplex PCR using the QIAseq SARS-CoV-2 primer panel
(Qiagen GmbH, Germany). Subsequently, amplified products were purified using Agencourt
AMPure XP beads (Beckman Coulter Inc., TX USA) and quantified using Qubit™ dsDNA HS Assay
Kit (Invitrogen). The amplified cDNA sample was used for library preparation using the QIASeq FX
DNA Library kit (Qiagen GmbH, Germany). The quality-checked normalized libraries were pooled
and diluted to a final concentration of 10 pM, spiked with 5% PhiX. Whole genome sequencing of
first wave (n=19) samples was performed on the Illumina iSeq platform using iSeq 100 i1 Reagent v2
(300-cycle) kit and subsequent samples of second and third waves were sequenced on the Ion
GeneStudio S5 System platform using Ion 540™ Chip Kit.

Raw Read Processing, Genome Assembly and Lineage Assignment

The quality of the whole genome sequences raw (fastq) data was assessed by FastQC (version
0.11.5) [10]. Low-quality sequences were trimmed and filtered using Prinseq-lite (version 0.20.4) with
a minimum read length of 30 base pairs [11]. The whole genome assembly of -1 SARS-CoV-2
sequences was obtained by mapping with the Wuhan-Hu genome (GenBank: NC_045512.3) using
Burrows-Wheeler Aligner’s (BWA) tool (version 0.7.17) . Samtools (version 1.6) and Seqtk (version
1.3) tools were used for generating the consensus sequences. The resultant SARS-CoV-2 genome
sequences were compared with the reference genome (Wuhan-Hu-1/2019) to identify Nextstrain
clade and Pangolin lineages and genomic variants [12,13].

Phylogenetic Analysis

We have downloaded all complete SARS-Cov-2 genomes (n=2160) (Table S1) from central India
for phylogenetic analysis of SARS-CoV-2 genome sequences generated in this study were aligned
with the strains reported from central India using Augur Nextstrain’s phylodynamic pipeline toolkit
(https://github.com/nextstrain/ncov) [12,14]. Afterward, the maximum likelihood phylogenetic tree
was constructed using the Augur tree implementation pipeline with the IQ-TREE v1.6.1 [15]with the
default parameters. The selected metadata information plotted in the time-resolved phylogenetic tree
was constructed using TreeTime v0.81[16], which was then annotated and visualized in the iTOL
website [17]. The effect of mutation on the structure of the protein was predicted using iStable [18].

Furthermore, the metadata of the genomes belonging to the seven lineages identified in this
study were downloaded from GISAID database till 31st March 2023 to check the transmission and
circulation on a global scale.

do0i:10.20944/preprints202406.1394.v1
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Results

Genome Assembly, Lineage Assignment and Mutational Analysis

All these SARS-CoV-2 whole genome sequences mapped to the reference strain (Wuhan/Hu-
1/2019, NC_045512.3) with 99.1-99.8% identity. The consensus assembly of 38 samples has been
deposited in the BioProject ID: PRJNA759056 (Table S2). To analyse the mutation pattern, these 38
genomes were analysed with the Auspice visualization tool of Nextclade [19](Figure S1). Nextstrain
clades and Pangolin classification system was used for classifying the phylogenetic lineages and their
corresponding GISAID clade is shown in Table 2. These 38 SARS-CoV-2 of strains belong to seven
lineages, namely: B.1.617 (Delta) (n=17), B.1.195 (n=8), B.1 (n=6), B.1.36.8 (n=2), BA.2.10 (Omicron)
(n=2), B.1.1 (n=2) and B.6 (n=1). This revealed n=186 single nucleotide polymorphisms (n=129 non-
synonymous and n=57 synonymous changes) shown in Table S3. Even though approx. half of these
samples are from the early stage of the pandemic, it is interesting to note that only one strain (ICMR-
NIRTH-S14, lineage B.6, clade O (19A), date of collection: 08 April 2020) didn’t show a well-
characterized D614G mutation in spike protein (Table 2).

Table 2. Pangolin lineage, GISAID clade and Nextstrain clade information of 38 SARS-COV-2
genomes sequenced in this study.

Sr Date of Sample GISAID Nextstrain Pangolin WHO
Sample ID . .
No Collection Clade Clade lineage name
ICMR- unassig
1 2020-03-27 GH 20A B.1.36.8
NIRTH-S1 ned
ICMR- unassig
2 2020-03-27 GH 20A B.1.36.8
NIRTH-S2 ned
ICMR- unassig
3 2020-03-20 G 20B B.1.1
NIRTH-S3 ned
ICMR- unassig
4 2020-03-20 G 20A B.1.195
NIRTH-54 ned
ICMR- unassig
5 2020-03-20 G 20A B.1.195
NIRTH-S5 ned
ICMR- unassig
6 2020-03-20 G 20A B.1.195
NIRTH-S6 ned
ICMR- unassig
7 2020-03-21 G 20A B.1.195
NIRTH-S7 ned
ICMR- unassig
8 2020-03-22 G 20A B.1.195
NIRTH-S8 ned
ICMR- unassig
9 2020-04-01 G 20A B.1
NIRTH-S11 ned
ICMR- unassig
10 2020-04-07 G 20A B.1
NIRTH-512 ned
ICMR- unassig
11 2020-04-07 G 20A B.1
NIRTH-513 ned
ICMR- unassig
12 2020-04-08 @) 19A B.6
NIRTH-S14 ned
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ICMR- unassig
13 2020-04-10 G 20A B.1
NIRTH-S15 ned
ICMR- unassig
14 2020-04-10 G 20A B.1
NIRTH-S16 ned
ICMR- unassig
15 2020-04-10 G 20A B.1
NIRTH-517 ned
ICMR- unassig
16 2020-04-11 G 20A B.1.195
NIRTH-518 ned
ICMR- unassig
17 2020-04-14 G 20A B.1.195
NIRTH-519 ned
ICMR- unassig
18 2020-04-17 G 20A B.1.195
NIRTH-522 ned
ICMR- unassig
19 2020-07-27 G 20B B.1.1.101
NIRTH-523 ned
ICMR-
20 GK 21A B.1.617.2 Delta
NIRTH-524 2021-04-16
ICMR-
21 GK 21] B.1.617.2 Delta
NIRTH-525 2021-04-16
ICMR-
22 GK 21] B.1.617.2 Delta
NIRTH-526 2021-04-17
ICMR-
23 GK 21] B.1.617.2 Delta
NIRTH-527 2021-04-18
ICMR-
24 GK 21]J B.1.617.2 Delta
NIRTH-528 2021-04-19
ICMR-
25 GK 21]J B.1.617.2 Delta
NIRTH-529 2021-04-19
ICMR-
26 GK 21]J B.1.617.2 Delta
NIRTH-S30 2021-04-20
ICMR-
27 GK 21] B.1.617.2 Delta
NIRTH-531 2021-04-09
ICMR-
28 GK 21] B.1.617.2 Delta
NIRTH-S32 2021-04-09
ICMR-
29 GK 21] B.1.617.2 Delta
NIRTH-S33 2021-04-12
ICMR-
30 GK 21] B.1.617.2 Delta
NIRTH-S34 2021-04-13
ICMR-
31 GK 21] B.1.617.2 Delta
NIRTH-S35 2021-04-18
ICMR-
32 GK 21] B.1.617.2 Delta
NIRTH-S36 2021-04-21
ICMR-
33 GK 21]J B.1.617.2 Delta
NIRTH-S37 2021-04-24



https://doi.org/10.20944/preprints202406.1394.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2024

9

ICMR-

34 GRA 21L BA.2.10 Omicron
NIRTH-S38 2022-02-03
ICMR-

35 GRA 21L BA.2.10 Omicron
NIRTH-S39 2022-02-04
ICMR-

36 GK 21A B.1.617.2 Delta
NIRTH-540 2021-04-20
ICMR-

37 GK 21] B.1.617.2 Delta
NIRTH-541 2021-04-21
ICMR-

38 GK 21A B.1.617.2 Delta
NIRTH-542 2021-04-27

In total, 29 novel nucleotide variations in the sequences of SARS-CoV-2 genome have been
identified from 38 patient isolates which were unique to the sample and not found in the genomes
reported from the central India state as per the data retrieved from GISAID database.

Effect of Novel Mutations on Protein Stability

Using an integrated sequence and structure predictor, iStable[18], the effects of the novel 29
mutations identified were determined. Among 29 mutations, 20 mutations were only identified in
the ORF1ab region which was known to encompasses mutational spectra. Out of these 29 mutations,
17 mutations were non-synonymous, 11 were synonymous and one mutation was found in the non-
coding region. A total of 15 non-synonymous mutations were found to confer deleterious effects on
protein function as they scored in a range between 0 and 1 (Table S4). As most of the mutations were
found in ORF1lab region, it was interesting to note that the mutational spectra of this region should
be considered while designing new antiviral therapeutics targeting viral ORF1ab.

Phylogenetic Analysis

A neighbor-joining tree was constructed using n=38 strains sequenced in this study (Figure 1)
and their phylogenetic relationship along with 2160 SARS-CoV-2 is shown in Figure 2, where the
genomes sequenced in this study are shown in beige highlight. All SARS-CoV-2 genomes reported
so far from central India comprise 109 different SARS-CoV-2 Pangolin lineages. Importantly, these
include B.1.1.7 (Alpha) (64/2160=2.96%); B.1.351 (Beta) (2/2160=0.09%), B.1.617.2+AY.* (Delta)
(625/2160=28.93%) and BA.*+BM.1.*+XBB.* (Omicron) (1212/2160=56.11%) VOCs as per the data
submitted in GISAID till 31st March 2023 from central India.

do0i:10.20944/preprints202406.1394.v1
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Figure 1. Phylogenetic analysis of 38 SARS-COV-2 genomes sequenced at ICMR-NIRTH with the
reference genome (NC_045512) hCoV19/Wuhan/WH01/2019. The lineage distribution is depicted in
different colours.

A cluster of 8 samples belonging to B.1.195 lineage (Figure 1) comprises three of the first four
cases of Jabalpur (a family of 3 patients who had visited Dubai and tested positive on 20 March 2020)
and their one contact (ICMR-NIRTH-S7, tested positive on 21 March 2020). The other three
individuals in this cluster tested positive between 11-17 April 2020 and were also linked to each other.
Another sample with a foreign travel history was ICMR-NIRTH-S3 (lineage B.1.1) which had
returned from Germany and tested positive on 20 March 2020. We have made the analysis of the
cluster but, this sample didn’t group with other strains reported from central India (Figure 2).

Another cluster representing B.1 lineage strains (n=6 cases: three each from Chhindwara and
Indore districts which were epidemiologically linked) (Table 1). Two cases (ICMR-NIRTH-S1 and
ICMR-NIRTH-52) belonged to B.1.36.8 and had tested positive on the same day (27 March 2020).
Sample ICMR-NIRTH-514 (lineage B.6) belongs to a person who had traveled to Delhi and clusters
together with other strains sequenced by the Defense Research and Development Establishment
(DRDE), Gwalior (Figure 2).
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Figure 2. Phylogenetic analysis of 38 SARS-COV-2 genomes sequenced at ICMR-NIRTH with the 2160
genomes obtained from GISAID. Classification of the genome sequences according to the Pangolin
lineages, Nextstrain, and GISAID clade are shown in colour. The labels corresponding to the ICMR-
NIRTH genome sequences generated during this study are highlighted and have been marked with
light yellow colour.

The overall lineages distribution highlighted the dominant occurrence of B.1, B.1.36 and B.6
during the first wave, B.1.617.2 in the second and omicron in the third wave in central India.

Distribution of Circulating Lineages

We have investigated the global prevalence of the seven lineages by analyzing the genomes from
GISAID and found that, together, North America and Europe shared nearly 86% load of B.1 and 83%
of B.1.1; Europe and Asia shared nearly 82% load of Delta and Omicron VOCs. Though only 6.43%
of genomes of B.1 were observed in Asia but among them, nearly half of (3.7%) of the genomes were
submitted from India indicating the transmission of B.1 in this region. Interestingly, strains belonging
to lineage B.1.195 have not been observed after 2021 whereas the lineages B1 and B.1.1 have been
reported until very recently in the year 2022. In fact, in central India, B.1.1 was present in the year
2022 indicating that these strains were in circulation after the first report. B.1.36 was present in a small
percentage during the first wave but surged during the second wave. Lineages B.6 and B.1.195,
however, were prevalent in the first wave and an almost negligible number of genomes were reported
after the first wave. Together, South America and Asia submitted about 85.3% of Lineage B.1.195 so
far. Furthermore, Asia alone submitted 62.9% of lineage B.1.36.8 and 79.7% of B.6 SARS-CoV-2
sequences with most of the sequences coming from India (Figure 3).


https://doi.org/10.20944/preprints202406.1394.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 June 2024

do0i:10.20944/preprints202406.1394.v1

Lineage

B.1

B.1.195

B.1.36.8

B.6

B.1.617.2

A

B

12

BA.2.10

Worldwide Region
30000
Oceania 1 1498
, 25000
g South America I 163%
£ 20000
] North Armerica 71883
& 15000
8 Europe I 50857
S 10000
z nsia N 9103
£ so00
£ Africa N 64D
= 0
SO PP DD o > D 10000 7G000 30000 400O0 50000 60000 70000 BO00C
Pt o g of w@}q’@ @“19'0(\913'@4@0,‘9’0'@0(\?'1@ o
A 2 . LIS i Number of Sequences
R S LS S e q
14000
" '
& 12000 Oceania I 644
§ 10000 South America W 2285
z
E soo0 Narth America 15173
; 6000 Eurepe 33363
2 a0
. 5273
£ om0 Asia 927
0 Arica B 2559
C 0 o B G O D D oo om o o oan Dy @ om
S E2ERS82EgdddgsMyanNFaEs ; . . .
REREEESSBEEREEEEEERER 0 5000 10000 1S00D 20000 25000 30000 35000 40000
e T T e
REEF2 3385223388532 8358% Number of Sequences
80
§ 70 Oceania Q
& 60 South America 109
3
i North America B 5
oo
g 20 Europe NN 12
2
£ 20 asia fa
ERT)
o — - Africa I 16
SO DD BB DD DD DD DD D DD B
SR g R g g g g g g AR o oV o P <P 0 0 a0 &0 80 100 120
B B AT A R AP D AT A AT AR A A A
S N P D RS S B e e Number of Sequences
160
£ 140 Oceania | & 8
]
g 120 south America 0
2 s
g North Americs G 553
2 80
; &0 Eurcpe NN 118
2
£ 40 Asia 692
E]
2w
o Africa 1 617,
LA s g S R R P A Ry g LR R g L ol 0 100 200 300 400 500 600 70D 8OO 89%
S P P F B F
\ré‘@‘l@’* e \ﬁ'\‘@é“j\ St ‘@\sﬁ\ RS Number of Seuguences
400 .
% 350 Oceania W 91
g 14
g 300 south america | 2
g
i North America I 91
2 200
; 150 Curope W 29
2
£ 100 Asia 936 575,
Z s 61%
p - Mrica W 24
D A A D A NS A AN N S N oAl VAl A A
U TR S e g Aty R s g A L L A A g Ll 0 200 400 500 800 1000
R S I R S q
50000
£ 80000 Oceania | 786 2
£ 70000
%60000 South America | 1389
& s0000
2 North America  IEEEEG——
5 40000 e
& 20000 Europe 186370
£ 20000
5
= 1o0on Asia I 112021 81806,
iy A W 7132 5%
U S R g ngts A L L L gty Lt A U e
TR AP B AP
& ;p’" R e "‘\6*’\\3 s "‘@‘\’ Rt et 0 50000 100000 150000 200000
Number of Seruences
25000
£ Oceania N 4783
2 20000 30
i South America | 29
El
g 10 Morth America N 7317
5
2 10000 Furcpe I 21707
3
R Asia 36159
= 26405,
o Africa 1 412 73%
I T R P U Wt S e W S
B A U L L U U L U U o L N S LN 0 S000 10000 15000 20000 25000 30000 35000 40000
O i R Number of Sequences

Central Indian States
India (excluding Central Indian states)
Asia {excluding India}

Figure 3. Global distribution of 5 lineages of SARS-CoV-2 from GISAID database till August 2022. A)
Month-wise distribution of lineages from worldwide submitted data. B) Distribution of lineages
across different continents regions of the world. C) Comparison of lineages present in Central Indian
states with other Indian states and Asian countries.
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Discussion

Since the first case of SARS-CoV-2 was discovered in the state of Kerala, India has been on alert
for the spread of airborne viruses. To contain and stop the spread of viral transmission, the Ministry
of Home Affairs (MHA) subsequently declared a nationwide lockdown that would last from March
25, 2020, until April 14, 2020. A single case regarding lineage B.1.195 (associated with migration)
identified in this study may indicate that the initial period (March-April 2020) had effective
containment measures, especially for those who had returned from abroad. This strain was associated
with travel history to Dubai and was also closely related to another patients from Gujarat and Brazil.
All these individuals had a travel history to Dubai around a similar time. However, the subsequent
introduction of several lineages via interstate travel might have been the major driver of SARS-CoV-
2 transmission in central India. This is supported by the fact that a significant genomic diversity was
found during the initial WGS analyses of SARS-CoV-2 patients who travelled to India from other
countries.

Another observation from the genomic analysis carried out in this study was that the earliest
documented evidence of Delta variants in MP (GISAID ID: EPI_ISL_2461258, Lineage: AY.122) was
in September 2020. However, the proportion of this variant among the newly detected strains after
May 2021 has increased to over 90% in a short span of time. This indicates its selective advantage
over the other circulating lineages [20]. Delta and Omicron variants have been reported to be more
transmissible than the other variants and strong evidence is available which states that they were
behind the emergence of second and third wave of COVID-19 in central India [21,22]. These
observations suggested that the diverse genotypes of SARS-CoV-2 may have emerged as a process of
convergent evolution. In addition, certain mutations may lead to changes in their surface antigenic
structure whereby the antibodies due to previous infection/vaccination might not bind to them as
effectively, exerting an ‘immune evasion’ advantage to them which can serve as a selection pressure
and might associate with ‘breakthrough infections’

The D614G (37/38 strains) mutation has been shown to enhance the replication rate and
transmissibility of SARS-CoV-2 by more efficient binding of SARS-CoV-2 spike protein to human
angiotensin converting enzyme-2 (ACE2) receptors and subsequently increases viral entrance into
host cells. Mutations in the spike can enhance viral transmission, disease severity, and the virus’s
capacity to elude immune defensive responses [23].

Five immune escape mutations in the S gene at codon position other than D614G were L452R,
P681R/H, Q57H, E484A, and N501Y during second and third waves. Substitution at positions P681
and E484 has become increasingly common among clinical isolates. Previous studies showed that the
virulence and pathogenesis of the Delta variant could be impacted by D614G and P681R mutations
[24]. Aside from D614G, the B.1.617.2 lineage, which has the spike protein mutations L452R and
N501Y, may explain the transmission and surge in cases in central India in March 2021. Although the
D614G mutation occurs in the Omicron variant, the additional presence of the P681H mutation may
result in slow cleavage. Moreover, this may limit the Omicron virus replication to the upper
respiratory tract resulting in less fusion and infectivity as compared to the Delta and D614G + P681R
double mutants. A previous study reported that, 90.5% of the samples had the D614G mutation,
which has recently been linked to higher viral loads and accelerated replication on human lung
epithelial cells [25].

Among 29 mutations, 20 mutations were only identified in the ORFlab region which was known
to encompasses mutational spectra. ORF1lab is a conserved area in the SARS-CoV-2 genome[26]. Out
of these 29 mutations, 17 mutations were nonsynonymous, 11 were synonymous and one mutation
found in the non-coding region. By improving the virus’s adaptability to the utilization of human
codons, synonymous SARS-CoV-2 mutations associated with the action of various mutational
mechanisms may have a positive effect on viral evolution [26]. The non-synonymous mutation causes
epitope loss which might be connected to immune evasion, which would increase viral pathogenicity
and propagation [27].
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However, after the emergence of new Omicron sub-lineage BA.5, it is now unknown if SARS-
CoV-2 is shifting to a more gradual adaptive mechanism or if it will continue to evolve in this
beneficial fashion with the frequent emergence of highly divergent lineages [28,29].

In 2022, multiple lineages emerging within BA.2, BA.5, Omicron were observed, in a more step-
wise fashion, with several amino acid changes and moderate transmission advantages, which could
indicate a shift to a more gradual stepwise evolution. The formation of VOCs and possible future
antigenically different lineages may be viewed as ‘shift-like events,” which are unanticipated, major
alterations in the virus’s genetic make-up and, possibly, therapeutically relevant features [28,29]. It is
impossible to foresee where future significant lineages will emerge from in viral genetic diversity and
whether they will arise from ‘shift-like” or more gradual, ‘drift-like” progression similar to that seen
in the Omicron clade during 2022 [29,30].

However, these limitations do not affect our conclusions about the genetic diversity and
phylogenetic relatedness of the strains from central India. Overall, our study provides useful insights
into the extant of genetic diversity of SARS-CoV-2 strains over the course of COVID-19 pandemic
right from the very beginning to know its origin, dissemination and evolving pattern of genetic
diversity.

Limitations of This Study

This study has few limitations as well: (i) we have sequenced only a limited number of samples
from central India. (ii) Although we identified new mutations in SARS-CoV-2 genomes, we were
unable to link them with phenotypic effects. Despite these limitations, our study provides valuable
insights into the genetic diversity of SARS-CoV-2 infections in central India and its trajectory through
the two waves of SARS-CoV-2 pandemic.

Conclusions

To our knowledge, this is the among the very few studies in which the molecular surveillance-
based phylogenetic trends based on whole genome sequencing of SARS CoV-2 has been undertaken
from central India. In this study we have performed WGS of 38 strains from Jabalpur and adjoining
districts and compared them with over 2000 strains from various districts from central India
representing different lineages. This study shows that the primary sources of COVID-19 introduction
were those with a recent history of foreign travel in the affected countries. This was later on further
amplified by inter-state migration, which subsequently led to emergence of newer strains.

The phylogenetic analysis of the SARS-CoV-2 strains in this study points to multiple
introductions of the SARS-CoV-2 virus in central India. The genetic diversity, transmission, and
evolution of SARS-CoV-2 exhibited a consistent pattern of increasing divergence within major
lineages. Continued genomic surveillance strategies are needed for improved understanding of the
SARS-CoV-2 pandemic. Furthermore, increased sequencing capacity is necessary for contact tracing
and quicker identification of the transmission hotspots. This can be helpful for better preparedness,
effective interventions and surveillance activity.

The COVID-19 phenomena show that continuous and sustained monitoring of pathogens using
next generation sequencing is an useful tool for monitoring disease transmission and evolution
patterns. The pandemic accelerated the capacity building at district level to enable molecular
diagnostic with the capability of novel pathogen identification.
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