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Background: Omicron, a new variant of Severe Acute Respiratory Syndrome-
Coronavirus 2 (SARS-CoV-2), was first detected in November 2021. This was
believed to be highly transmissible and was reported to evade immunity. As a
result, an urgent need was felt to screen all positive samples so as to rapidly
identify Omicron cases and isolate them to prevent the spread of infection.
Genomic surveillance of SARS-CoV-2 was planned to correlate disease severity
with the genomic profile.

Methods: All the SARS-CoV-2 positive cases detected in the state of Rajasthan
were sent to our Lab. Samples received from 24 November 2021 to 4 January
2022 were selected for Next-Generation Sequencing (NGS). Processing was
done as per protocol on the lon Torrent S5 System for 1,210 samples and
bioinformatics analysis was done.

Results: Among the 1,210 samples tested, 762 (62.9%) were Delta/Delta-
like and other lineages, 291 (24%) were Omicron, and 157 (12.9%) were
invalid or repeat samples. Within a month, the proportion of Delta and other
variants was reversed, 6% Omicron became 81%, and Delta and other variants
became 19%, initially all Omicron cases were seen in international travelers
and their contacts but soon community transmission was seen. The majority of
patients with Omicron were asymptomatic (56.7%) or had mild disease (33%),
9.2% had moderate symptoms, and two (0.7%) had severe disease requiring
hospitalization, of which one (0.3%) died and the rest were (99.7%) recovered.
History of vaccination was seen in 81.1%, of the previous infection in 43.2% of
cases. Among the Omicron cases, BA.1 (62.8%) was the predominant lineage
followed by BA.2 (23.7%) and B.1.529 (13.4%), rising trends were seen initially
for BA.1 and later for BA.2 also. Although 8.9% of patients with Delta lineage
during that period were hospitalized, 7.2% required oxygen, and 0.9% died.
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To conclude, the community spread of Omicron occurred in a short time
and became the predominant circulating variant; BA.1 was the predominant
lineage detected. Most of the cases with Omicron were asymptomatic or had
mild disease, and the mortality rate was very low as compared to Delta and

other lineages.

SARS-CoV-2, NGS, Omicron, pandemic, BA.2, BA.1

Background

On 24 November 2021, B.1.1.529, a new variant of Severe
Acute Respiratory Syndrome-Coronavirus 2 (SARS-CoV-2),
was reported to the World Health Organization (WHO).
This variant was first detected in Botswana on 11 November
2021 and on 14 November 2021 in South Africa, which was
later termed Omicron by WHO and declared a variant of
concern (VOC) eventually*. Omicron (21 M) or the Pango
lineage B.1.1.529 includes 21K Omicron (BA.1), its sister clade
21L Omicron (BA.2), and other diverse Omicron sequences.
21L and 21K share 38 mutations but 21L has additional 27
mutations (with12 unique mutations), and 21 K has 20 more
(6 unique deletion/mutation), 21L lacks the SH69 and Sv70
deletions, which lead to S Gene Target Failure (SGTF) that
has been used a proxy marker for Omicron in TaqPath PCR
Kits (1).

Many studies have reported that Omicron spreads faster
than the Delta variant, up to 3.31 times faster than the Delta
variant (2). It can evade the immunity provided by natural
infection and vaccination due to the mutations, which are
known to increase transmission, immune escape, and enhance
binding affinity (3). The preliminary data on Omicron suggest
that the illness caused may be asymptomatic to mild disease.
However, the severity of the disease due to the Omicron variant
remains questionable as many factors, such as immune status,
age, co-morbid conditions, etc. may affect it and vary in different
regions (4). Omicron has been reported from various countries
and now from many states of India too. It is predicted that very
soon it will take over the Delta strain and become the dominant
strain. Rajasthan is the largest state of India with a 342,239
square kilometers area and a 78.23 million population. Rajasthan
witnessed a very high number of SARS-CoV-2 cases during the
second pandemic peak, on 6 May 2021, 7,532 new cases were
reported and as per Integrated Diseases Surveillance Program
(IDSP) data, 17.7% positivity rate, and 1.2% death rate (4,146
deaths) were seen in May 2021. It has been observed that there is
a correlation between population density and basic reproductive

1 https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-

variant.ntml (accessed 29 Jan, 2022).
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number (Rg) of SARS-CoV-2 and disease transmission (5). To
contain the infection, it is important to isolate the individuals
who have been infected with SARS-CoV-2. It is important to
carry out genomic surveillance for the early detection of new
variants for effective control and treatment.

The objective of the study was to carry out the genomic
surveillance of SARS-CoV-2 and correlate it with the severity of
disease in patients with Omicron and other variants.

Methods

Study design and sample collection

Genomic surveillance of SARS-CoV-2 from all positive
cases in Rajasthan state, especially the foreign travelers and
their contacts, was initiated by the Government of Rajasthan
at Sawai Man Singh Medical College (SMSMC) Jaipur. Jaipur
lab was designated as the satellite lab of the Indian SARS-
CoV-2 Genomics Consortium (INSACOG), and the National
Institute of Virology (NIV) Pune (national reference laboratory
for virology and SARS-CoV-2 testing in India) was the hub lab
for SMSMC. The fund for genomic surveillance was provided by
the Government of Rajasthan. The study was approved by the
ethics committee of SMSMC, Jaipur (ref. no. 299/MC/EC/2022).
All SARS-CoV-2 positive samples from all the 33 districts of
Rajasthan were sent to SMSMC for gene sequencing through
the state IDSP team along with clinical details and vaccination
status. The international travelers were tested on priority.
Samples received from 24 November 2021 to 4 January 2022
were included in the study.

Nucleic acid extraction and real-time
PCR

Nasopharyngeal/throat swab specimens, which were
collected in Viral Transport Medium (VTM) from all over
Rajasthan, from positive patients with SARS-CoV-2 were
received at SMSMC, Jaipur for Next-Generation Sequencing
(NGS). Samples received from 24 November 2021 to 4 January
2022 were included in this study. Nucleic acid extraction was
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TABLE 1 International travel history in Omicron cases.
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District NO Status of vaccination Travel History
No Partially Fully Noteligible Unvaccinated International National Contacthistory Others
No No No No No No No No
Jaipur 206 10 173 15 8 23 24 42 117
% 48 83.9 7.3 3.8 11.1 11.6 20.3 56.8
Ajmer 20 0 16 4 0 9 2 6 3
% 0.0 80.0 20.0 0.0 45.0 10.0 30.0 15.0
Udaipur 9 0 9 0 0 2 0 4 3
% 0.0 100 0.0 0.0 22.2 0.0 144 333
Sikar 6 1 3 1 1 0 0 5 1
% 16.6 50.0 16.6 16.6 0.0 0.0 83.3 16.6
Bhilwara 7 1 3 2 1 2 1 0 4
% 14.3 12.8 28.5 14.3 285 14.3 0.0 57.1
Jodhpur 3 0 3 0 0 2 0 1 0
% 0.0 100.0 0.0 0.0 66.6 0.0 333 0.0
Alwar 8 1 6 0 1 1 1 1 5
% 12.5 75.0 0.0 12.5 12.5 12.5 12.5 62.5
Bikaner 3 0 2 1 0 0 0 0 3
% 0.0 66.6 333 0.0 0.0 0.0 0.0 100.0
Pratapgarh 7 0 6 1 0 3 0 4 00.0
% 0.0 85.7 14.3 0.0 42.8 0.0 57.1 0
Sirohi 3 1 1 1 0 3 0 0 0
% 333 333 333 0.0 100 0.0 0.0 0.0
Bharatpur 2 0 1 0 1 0 0 0 2
% 0.0 50.0 0.0 50.0 0.0 0.0 0.0 100.0
Hanumangarh 1 0 0 0 1 0 0 0 1
% 0.0 0.0 0.0 100 0.0 0.0 0.0 100.0
Kota 7 0 5 0 2 0 0 5 2
% 0.0 714 0.0 285 0.0 0.0 714 28.5
Jhunjhunu 1 0 1 0 0 0 0 0 1
% 0.0 100.0 0.0 0.0 0.0 0.0 0.0 100.0
Other 8 1 7 0 0 0 5 0 3
% 12.5 87.5 0.0 0.0 0.0 62.5 0.0 37.5
Total 291 15 236 25 15 45 33 68 145
% 5.1 81.1 8.6 5.1 15.4 11.3 23.4 19.8

done on an automated extraction system, NucliSENS easyMAG
(BioM¢érieux, France) using 400 1 VTM. Samples were retested
for SARS-CoV-2 using TRUPCR (3B BlackBio Biotech, India)
real-time reverse transcriptase PCR (RT-PCR) kit in our lab for
checking the cycle threshold (Ct) value of the sample.

Genome sequencing
In total, 1,210 samples, having high viral load (Ct < 25

for E and open reading frame (ORF) gene), were selected
for genome sequencing (6). Briefly, quantification of extracted
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RNA was done using a Qubit HSRNA Kit (Life Technologies,
USA). Superscript VILO Reverse Transcriptase Kit (Invitrogen,
USA) was used for cDNA synthesis. Library preparation was
done using Ton AmpliSeq Library Plus Kit (Life Technologies)
and Ion AmpliSeq SARS-CoV-2 Research Assay Panel (Life
Technologies), which consists of two primer pools that target
amplicons ranging from 125 to 275 bp in length for complete
coverage of over 99% of viral genome and variants. Briefly,
two pools of amplicons prepared from ¢cDNA were combined
to make a single amplicon pool, which was then partially
digested with FuPa reagent followed by ligation of specific
barcode adaptors. Prepared libraries were purified and finally
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FIGURE 1
Week wise PCR positivity in Omicron and Delta cases.
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amplified before library quantification using a Qubit dsDNA
High Sensitivity Kit on Qubit 2.0 Fluorometer (Thermo Fisher
Scientific, Waltham, MA, USA). Libraries having concentrations
<300 ng/ml were rejected. The libraries were diluted to 20 pM
and multiple diluted libraries were pooled in equal volumes
before running on the Ion One Touch 2 Instrument, which
prepares template-positive ion sphere particles (ISPs) containing
clonally amplified DNA, using the Ion 530-OT2 Kit. The
template-positive ISPs were enriched with the Ion One Touch
ES instrument and were loaded on an Ion 530 Chip. The
loaded chips were sequenced on the Ion S5 Next-Generation
Sequencing (NGS).

NGS data quality check and analysis

Base calling and data processing were done by using various
plugins, i.e., Coverage Analysis, SARS-CoV-2 Variant Caller,
Generate Consensus, and SARS-CoV-2 Lineage ID using the
Torrent Suite software v5.12.0 (Thermo Fisher Scientific, USA).
Torrent Mapping Alignment Program (TMAP) in Torrent Suite
Software was used for the alignment of reads with the reference
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genome of SARS-CoV-2 (Gen Bank accession NC_045512.2).
The process involved aligning reads produced by the pipeline
to the SARS-CoV-2 reference sequence and extracting metrics
from those alignments. The output of the alignment process
was in a Binary Alignment Map (BAM) file. The BAM file
included alignment of all reads, including the unmapped reads,
with exactly one mapping per read. The number of called bases
with a predicted quality of Q20 was reported. The criteria to
define a valid sequence were the number of reads higher than
1 million and <1% of unknown nucleotides (N) in the sequence.
A total of 1,053 good-quality sequences were submitted to
the Global Initiative on Sharing All Influenza Data (GISAID)
EpiCoV repository.

Construction of phylogenetic tree of
Omicron sequences

Fast alignment sequence test for application (FASTA)
sequences generated from generate consensus plugin was
downloaded and these were aligned with Wuhan-Hu-1/2019
(Genbank: MN908947) as a reference, and the sequences were
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downloaded from GISAID (7) using Nextclade (https://
Nextclade different
processes, such as sequence alignment (pairwise alignment

clades.Nextstrain.org). carries  out

using a variation of the Smith-Waterman algorithm),
clade assignment, and phylogenetic placement of these
sequences, which can be visualized and/or downloaded. The
phylogenetic tree was constructed, downloaded, and visualized
using Nextstrain Auspice (accessed on 05 February 2022)
web software.

Mutation analysis of Omicron sequences

Mutation analysis of Omicron sequences was done at NIV,
Pune. The data generated through NGS were analyzed by using
software CLC Genomics version 21.0.4, while the GraphPad
(PRISM 9.2.0) was used to construct a heat map of Omicron
variant analysis.

Statistical analysis

Metadata of the patients was noted in terms of age,
gender, VOC type, vaccination status, and clinical outcomes

(hospitalization, oxygen requirement, and death). The
data were analyzed and correlated with the results of
whole genome sequencing. Clinical characteristics and

outcomes were reported as either counts or percentages and
compared between patients with Omicron variant vs. Delta
variant. Comparisons for dichotomous variables were done
by chi-square test (Fisher’s exact test for counts <5). All
statistical tests were two-sided, and p < 0.05 were considered
statistically significant.

Results

Baseline characteristics

Among the 1,210 samples tested, 762 (62.9%) were
Delta/Delta-like and other lineages, 291 (24%) were Omicron,
and 157 (12.9%) were invalid or repeat samples. Among
the 291 Omicron cases, higher positivity was seen in male
patients (56.7%) than in female patients (43.2%). Moreover,
the highest positivity (68%) was seen in the 19-59 age group.
In total, 50 (17.18%) of Omicron cases were <18 years old
and 82.82% were >18 years old. In addition, in the pediatric
age group, 17.10% positivity was observed. Among the 762
Delta/Delta-like and other variants, 480 cases (62.99%) were
male patients, and 282 (37.01%) were female patients; 82
(10.76%) cases were <18 years old and 680 (89.34%) were >18
years old.
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TABLE 2 Clinical outcome in Omicron and Delta cases.

Patient details ~ Omicron Delta/Delta p-value
(N=291) (%) like/other
variant
(N=1762)
Clinical profile P < 0.00001
Asymptomatic 165 (56.70) 115 (15.09)
Mild symptoms 97 (33.33) 356 (46.72)
Moderate 29 (9.97) 291 (38.19)
symptoms
Vaccination P < 0.00001
history
Vaccinated 251 (86.25) 575 (75.50)
Unvaccinated 15 (5.15) 187 (24.50)
Clinical outcome
Hospital admission 3(1.03) 68 (8.92) P < 0.0001
Oxygen 2(0.69) 55(7.22) P < 0.0001
requirement
Death 1(0.34) 7(0.92) P =045

Family cluster and history of contact or
travel in Omicron cases

The first nine Omicron positive cases were seen in a
family with a history of travel to South Africa and their close
contacts. The family of four international travelers reported
negative for SARS-CoV-2 in South Africa and in Dubai before
arriving in India. On reaching Rajasthan, they visited their
relatives. One of the local relatives developed mild symptoms
and was found positive, which led to the testing of the family
and after which the other four contacts came positive (a
total of 5). On tracing their contact history, the international
travelers were traced and were found to be positive. Eventually,
other members of the local family and their driver with
his family also became positive for Omicron, thus affecting
19 persons in the cluster. Earlier samples were of B.1.1.529
lineage and later cases were found to be of BA.I1. Another
big cluster of nine patients from Jaipur district jail was found
to be BA.2 positive and had mild symptoms. Sequentially,
a total of 1,053 SARS-CoV-2 RT-PCR positive samples were
sequenced among which 291 (27.64%) cases were identified as
Omicron variants. Among the 291 Omicron cases, 45 (15.4%)
had a history of international travel, 33 (11.3%) national
travel, and 68 (23.4%) of known positive cases. No history
of contact or travel was obtained in 145 (49.8%) patients
(Table 1).
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FIGURE 2

Time to recovery after PCR positivity in Omicron cases.
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FIGURE 3
Phylogenetic tree of Omicron built using the Nextclade online tool.
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TABLE 3 Unique mutations detected in Omicron cases.

Position Mutations found Absent in Present in

BA.1 and derivatives (total = 106)

5730 T18221 28 78
22813 K417N 0 106
22882 N440K 0 106
22898 G446S 0 106
22195 N211K (N2111 is signature mutation) 13 93
22197 L212C 13 93

BA.1.1 and derivatives (total = 44)

21846 T951 29 15
22195 N211K 7 37
22197 L212C 7 37
22813 K417N 0 44
22882 N440K 1 43

BA.2 and derivatives (total = 65)
Unassigned (total = 35)

Omicron prevalence dynamics and
clinical outcome

Positivity for Omicron and other variants is given in
Figure 1. In a very short time, Omicron rose from 6.2 to 81%,
overtaking Delta and Delta-like variants. Initially, the B.1.1.529
lineage was 100% but later both BA.1 and BA.2 emerged, and
BA.1 was the predominant lineage but BA.2 was found to be
increasing each week. The highest positivity for Omicron was
found in the Jaipur district followed by Ajmer and Udaipur
(Table 1).

The clinical characteristics and outcomes of the patients
included in this study are given in Table 2. Indicators of disease
severity were more common in the Delta cases as compared to
the Omicron cases, including hospitalization (8.92 vs. 1.03%)
and O, requirement (7.22 vs. 0.69%).

The majority of the Omicron cases were asymptomatic
(56.7%), 33% had mild disease (sore throat and myalgia), and
9.6% had moderate disease/symptoms (fever, myalgia, cough,
loss of taste, smell, etc.). Two patients >60 years of age with
multiple co-morbidities who developed respiratory distress were
hospitalized and required oxygen. One of them had recovered
while the other died 7 days after illness. Metadata of the cases
included in the study are given in Supplementary Table S1.
Facility quarantine was done for Omicron-positive international
travelers and their Omicron-positive contacts while other
patients were home isolated. Time to recovery ranged from 0
to 15 days, the majority of patients recovered in 7 days’ time
(Figure 2), and only 1 (0.3%) patient died while the rest 290
(99.7%) patients recovered.
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Genomic analysis

Among 1,210 samples tested, 157 (12.9%) samples gave
invalid results (>50%N) or were repeat samples (were removed
from analysis). On Pangolin lineage analysis (accessed on 17
January 2022) of 1,053 (87%) samples, 762 (72.30%) belonged to
Delta/Delta-like and other lineages [Delta (218; 20.7%), Delta-
like (538; 51.1%), no VOC (4; 0.3%), Alpha (1; 0.1%), and B.1
(15 0.1%)] and 291 (27.6%) were Omicron, out of which 13.40%
were B.1.1.529, 62.88% were BA.1, and 23.72% were BA.2. The
phylogenetic tree of Omicron cases is shown in Figure 3.

On re-analysis of 262 Omicron sequences (with >98%
genome coverage) for mutation profiling, the lineage assignment
was found to be BA.1 (n = 106, 36.42%), BA.1.1 (n = 44,
15.12%), and BA.2 (n = 65, 22.33%) using the Pangolin online
software (accessed on 02 June 2022). Sequences with <98% (n
= 30) genome coverage were not used for further analysis. Of
the 262 sequences, Pangolin software has assigned the lineage
to only 215 sequences, whereas 47 (16.15%) sequences were
reported as unassigned (mixed lineage of Omicron).

In BA.1 and sub-lineages, 73% of sequences showed unique
T1822I mutation in the ORFlab region at nucleotide position
5,730. Surprisingly, spike gene relapse with the VOC mutation
K417N, highly infectious variant N440K of SARS-CoV-2 Delta,
and G446S mutation in receptor-binding domain (RBD) region
of Omicron (B.1.1.529) was found in all BA.1 sequences. In 87%
of sequences, the N211K mutation was found instead of N2111,
the signature mutation of BA.1l. Similarly, L212C mutation
in the spike gene was found in 87% of sequences. In BA.1.1
Pangolin lineage, the spike region showed relapse mutation at
K417N in all 44 sequences while mutation at N211K and L212C
was observed in 84% of sequences, which are not signature
mutations of BA.1.1 lineage (Table 3).

A heat map generated using GraphPad software (PRISM
9.2.0) marked with all the signature mutations of each lineage
and sub-lineages of BA.l1, BA.l.1, and BA.2 is shown in
Figures 4-6.

Correlation of clinical profile with
genomic analysis

The lineage detected in asymptomatic Omicron cases was
BA.1-31.1%, BA.2-13.4%, and B1.1.529-12%. In cases with
mild symptoms, the lineage detected was BA.1-23%, BA.2-
9.2%, and B1.1.529-0.7%; in moderate symptom cases, BA.1
was 7.9%, BA.2 was 1%, and B.1.1.529 was 0.7%, both the
two severe disease cases belonged to BA.1. Since BA.1 was the
predominant lineage, it was found to be predominant among all
the clinical groups up to January 2022. A total of three cases
were found with severe symptoms, hospitalized, and were on
oxygen support. On mutational analysis, we found that N211K
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FIGURE 4
Heat map of Omicron (BA.1 and derivative) lineages.

was absent in all three cases. On mutational analysis of one positivity is given in Figure 7, in the majority (77.3%) of cases, it
death case out of the three hospitalized patients, it was found was <6 months. The majority (70.3%) of the patients had taken
that T95I and K417N (nucleotide positions 21,846 and 22,813, Covishield, 20.9% had taken Covaxin, 6.6% had taken Pfizer,
respectively), mutations were found. However, in the other 2.2% had taken Astra Zeneca, and 43.2% of the patients had a
two cases, T1822I and N440K mutations (nucleotide positions history of past infection in the last 6 months (Table 4).

5,730 and 22,882, respectively) were also found along with the

mutations mentioned above.

Discussion

Vaccination status of Omicron cases Severe Acute Respiratory Syndrome-Coronavirus 2 (SARS-
CoV-2) was first isolated from Wuhan, China in December 2019

Details of vaccination status in various districts are given (8). Soon the virus spread worldwide, and the pandemic was
in Table 4, 81.1% were fully vaccinated and 5.1% had only one declared by WHO in March 2020. Since then, due to many
dose, 5.1% were not vaccinated, and 8.6% were not eligible mutations, different variants have emerged and caused multiple
for vaccination. Time elapsed between vaccination and RT-PCR waves of infection. The second pandemic peak in India was
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FIGURE 5
Heat map of Omicron (BA.1.1) lineage.

caused by the Delta variant, which caused high morbidity and
mortality, an increase in the number of hospitalizations, a high
requirement for oxygen, and many cases of mucormycosis too.
With the emergence of Omicron in South Africa, the concern
was its effect on the Indian population. Initial cases were of
B.1.1.529 lineage while in later contacts, BA.1 lineage emerged
(9). In our study, only 15.4% had a history of international and
11.3% traveled to India, 23.4% were their contacts; but most
importantly, 49.8% of cases had no history of travel or contact
and this indicated that community transmission had occurred
by late December 2021 to early January 2022. Even another
study from Delhi reported community transmission by early
January (10). At the same time, a rapid rise in infection was
seen in Mumbai and Delhi (11). Ranjan reported that more than
50 countries including the United Kingdom, the United States,
France, Italy, Netherlands, and India have caused new waves of
Omicron (12).

In our study, the majority of patients were asymptomatic
(56.7%) or had mild disease (33%), only 28 (9.6%) had moderate
disease, and only two (0.7%) patients had severe disease
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requiring hospitalization. No difference was found in the clinical
profile of different lineages of Omicron. These results are in
concordance with another study from India (10). The majority
of patients had recovered in 7 days’ time except for one person
who succumbed to death. Though initially, the international
travelers and their contacts were admitted to designated areas
of the hospital as part of facility quarantine. A recent study
from Gauteng, South Africa reported that only 4.9% of cases
were admitted to the hospital in the fourth wave (due to
Omicron variant) as compared to 18.9 and 13.7% in the third
and second waves (due to Delta and other variants). In addition,
the study reported that 28.8% of admitted cases in the fourth
wave had severe disease as compared to 60.1% and 66.9% in
the third and second waves. As per the South African study,
the proportion of cases admitted in the Omicron-dominated
wave was lower than Delta-dominated wave and the severe cases
were lower too (9, 13). However, a study from Imperial College
London reports that there is no evidence that the disease severity
or hospitalization due to Omicron is lower than Delta (13).
Many factors, such as age, geographic area, and immunization
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FIGURE 6
Heat map of Omicron (BA.2 and derivative) lineages.

[ZR203

coverage, can affect the severity of the disease. Peak positivity
in Rajasthan during Delta-dominated second pandemic peak
(May 2021) was 17.7% (341,957/1,926,446) with a 1.2%
death rate (4,146/341,957) vs. 15.43% (9,016,687/58,454,872)
positivity and 1.33% (120,072/9,016,687) death rates in India.
The positivity during the third Omicron-dominated pandemic
peak (January 2022) was 14.6% (250,194/1,706,003) and only
0.12% (304/250,194) death rate in Rajasthan vs. 12.77%
(6,605,694/51,708,083) positivity and 0.22% (14,757/6,605,694)
death rate in India. Vaccination plays a major role in preventing
infections and in reducing the severity of the disease. As on
31 December 2021, the vaccination coverage was 35.02 million
(with two doses administered) in Rajasthan and 606.2 million
doses in India (IDSP, Jaipur Data). Not only the vaccination
but previous infection also plays a role in reducing disease
incidence, hospitalizations, and deaths. Moreover, there is a need

for close monitoring of all hospitalized patients, especially severe
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cases and deaths during the Omicron-driven wave in India to
understand the clinical and public health implications of the
new variant. Omicron is reported to be more transmissible than
Delta (2); the concern is that there is higher positivity due to
Omicron than Delta. The Omicron poses a higher risk of re-
infection than Delta (14) and the distribution by age, region,
and ethnicity may also be different in Omicron (13). Various
modeling groups have predicted that SARS-CoV-2 infections
will reach an unprecedented peak in the next 1-2 months and
may reach 35 million per day, which is triple the delta wave. It is
estimated that the infection-hospitalization rate maybe 90-96%
lower for Omicron as compared to Delta, and the infection-
fatality rate will also be 97-99% lower for the same (15).>°
Omicron has affected more than 140 countries worldwide and

2 https://cmmid.github.io/topics/covid19/reports/omicron_england/
report_11_dec_2021.pdf

frontiersin.org


https://doi.org/10.3389/fmed.2022.888408
https://cmmid.github.io/topics/covid19/reports/omicron_england/report_11_dec_2021.pdf
https://cmmid.github.io/topics/covid19/reports/omicron_england/report_11_dec_2021.pdf
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Sharma et al.

most of the states in India. The number of Omicron has also
risen to more than 10,000 cases. India reported 285,000 new
COVID-19 cases and 665 deaths in the last 24 h on 26 January
2022 with 2.223 million active cases; the daily positivity rate was
16.16% with a 93.2% recovery rate (16). Positivity was seen even
when India has already administered 1,635.8 million vaccine
doses till 26 January 2022. In a vast country, such as India, if
only a small percentage of cases get hospitalized and few die,
the sheer numbers get high and affect the health care systems.
Since the majority of patients were asymptomatic or had mild
disease, it was difficult to track the positive persons leading to
the widespread in the community (2).

In the present study, K417N mutation was found in BA.1 and
BA.1.1 sequences, which is a significant mutation contributing
to the immune escape and higher infectivity as also reported in
earlier studies (17-19). Other mutations responsible for immune
escape, such as G446S and N440K, were also found in the
sequences included in our study. Surprisingly, L212C mutation
instead of L212I and N211K instead of N211I, the signature
mutation of BA.1 was found in our sequences. We found that
23.7% of strains belonged to BA.2. This lineage does not have the
SH69 and Sv70 deletions, which lead to S gene drop out or SGTF,
which has been used as a proxy marker for Omicron in TaqPath
PCR Kits, therefore, using such kits may not detect Omicron,
which was also reported by Cobar and Cobar (1). Moreover, a
rising trend in BA.2 lineage was found in our samples, hence use
of these kits can give false negative for Omicron* (20). However,
a new kit Omisure (TATA Medical and Diagnostics) validated
by the Indian Council of Medical Research (ICMR) for Omicron
detection may be used to detect Omicron. This kit is particularly
useful to identify if the hospitalized patient is Omicron or not,
as with the increase in positivity, all the positives cannot be
sequenced anymore (19)°.

We observed that 81.1% of patients were fully vaccinated and
5.1% were partially vaccinated, and the time elapsed in 77.3%
of cases was <6 months. The majority (70.3%) of patients had
taken Covishield, 20.6% had taken Covaxin while only a few
had taken other vaccines abroad [Pfizer (6.6%) and AstraZeneca
(2.2%)]. As per a serosurvey done in Rajasthan during the
period November 2021-December 2021, 85-94% population
had neutralizing antibodies against SARS-CoV-2 and even the

3 https://www.gov.scot/binaries/content/documents/govscot/
publications/research-and-analysis/2021/12/omicron-scotland-
evidence- paper/documents/omicron-scotland- evidence- paper/
omicron-scotland-evidence- paper/govscot%3Adocument/omicron-
scotland-evidence- paperexternalicon;https://indianexpress.com <
India

4 https://www.fhi.no/en/news/2021/updated- risk- assessment-
about-omicron-variant/externalicon.

5 https://www.icmr.gov.in/pdf/covid/kits/archive/
RT_PCR_kits_for_LOMICRON_VOC_30122021.pdf.
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TABLE 4 Details of travel and vaccination history in Omicron cases in
Rajasthan.

Country Cases %
South Africa 5 11.1%
Ukraine 1 2.2%
Ghana 1 2.2%
Nigeria 4 8.9%
Zambia 2 4.4%
USA 7 15.6%
Tanzania 1 2.2%
UAE 11 24.4%
Spain 1 2.2%
UK 4 8.9%
Switzerland 1 2.2%
Congo 2 4.4%
London 1 2.2%
Ttaly 1 2.2%
Bangkok 1 2.2%
New York 1 2.2%
France 1 2.2%
Total 45 100.0%

unvaccinated had seropositivity of 74-84% cases depending
on the dosage of vaccination taken (IDSP, Jaipur data). The
low severity of diseases in these cases may be due to the
protective effect of the past vaccination or infection. A study
by Murhekar et al. reported a seroprevalence of 81 and 89.8%,
among individuals who had received first and second vaccine
doses, respectively, as compared to 62.3% in unvaccinated adults
(21, 22). However, Omicron has been reported to evade the
immune response both due to vaccination and due to earlier
infection too (23-26). As per a report from Imperial College
London, the vaccine effectiveness against the Omicron vs. Delta
variant after two doses of vaccine (AstraZeneca or Pfizer) was
0% and 20%, and after the booster dose was 55% and 80%,
respectively (13). As per the vaccine surveillance report from
the UK, AstraZeneca vaccine efficacy after two doses against the
Omicron was initially 45-50% but dropped to no effect after 20
weeks of the second dose. Similarly, after two doses of Moderna
or Pfizer, the efficacy reduced from 65 to 10% by 25 weeks after
the second dose. However, after the additional booster dose, the
efficacy dropped from 65 to 25-40% in 15 weeks. Efficacy was
better in the younger age group than in elder age and better
in Delta than Omicron (27). An interesting observation in a
study done at NIV, Pune demonstrated that substantial immune
response was seen after breakthrough infection of Omicron
against other variants. The sera of Omicron-infected persons
could neutralize not only the Omicron but also other variants
of concern, i.e., the most prevalent Delta variant, thus reducing
the chances of reinfection due to Delta; hence replacing the
Delta variant in the population. This stresses the urgent need
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to have an Omicron-specific vaccine strategy (28). Though the
virus is known to evade the immune response, the severity of
infection will be lower in the immunized person. Therefore, it is
important to take booster/precautionary dose timely. Moreover,
it is suspected that nonvaccinated may bear the brunt, so
aggressive drives should be there to vaccinate all.

As per our preliminary data, the Omicron was found to be
highly transmissible. In a very short time, it has spread in the
community and has overtaken the existing Delta strain. It causes
mainly asymptomatic to mild disease in vaccinated persons and
severe disease in persons with co-morbidities. It is important
to plan for Omicron-specific vaccination and give additional
booster dose/precautionary doses to frontline workers and those
with comorbidities on priority, and carry out sequencing of
hospitalized, dead, and unvaccinated cases to know the variant
responsible for the serious and unvaccinated cases.

Limitation of the study

The samples included in our study were collected within
a time frame of 2 months when there was a rise in Omicron
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cases as compared to Delta cases, which were decreasing each
week. The comparison in the disease severity due to Delta is
not truly reflected in our study as the morbidity and mortality
due to Delta variant during the second pandemic peak, which
was due to Delta, was much higher than that observed in our
study. As a result, it reduces the significance of the comparison
made between the two variants. A study comparing both variants
during a longer period of time involving both waves would give
a better picture.
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