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ABSTRACT Since its advent, the pandemic has caused havoc in multiple waves due
partly to amplified transmissibility and immune escape to vaccines. Delhi, India also wit-
nessed brutal multiple peaks causing exponential rise in cases. Here we had retrospec-
tively investigated clade variation, emergence of new lineages and varied clinical charac-
teristics during those three peaks in order to understand the trajectory of the ongoing
pandemic. In this study, a total of 123,378 samples were collected for a time span of 14
months (1 June 2020 to 3 August 2021) encompassing three different peaks in Delhi. A
subset of 747 samples was processed for sequencing. Complete clinical and demo-
graphic details of all the enrolled cases were also collected. We detected 26 lineages
across three peaks nonuniformly from 612 quality passed samples. The first peak was
driven by diverse early variants, while the second one by B.1.36 and B.1.617.2, unlike
third peak caused entirely by B.1.617.2. A total of 18,316 mutations with median of 34
were reported. Majority of mutations were present in less than 1% of samples.
Differences in clinical characteristics across three peaks was also reported. To be ahead
of the frequently changing course of the ongoing pandemic, it is of utmost importance
that novel lineages be tracked continuously. Prioritized sequencing of sudden local out-
burst and community hot spots must be done to swiftly detect a novel mutation/lineage
of potential clinical importance.

IMPORTANCE Genome surveillance of the Delhi data provides a more detailed picture
of diverse circulating lineages. The added value that the current study provides by
clinical details of the patients is of importance. We looked at the shifting patterns of
lineages, clinical characteristics and mutation types and mutation load during each
successive infection surge in Delhi. The importance of widespread genomic surveil-
lance cannot be stressed enough to timely detect new variants so that appropriate
policies can be immediately implemented upon to help control the infection spread.
The entire idea of genomic surveillance is to arm us with the clues as to how the
novel mutations and/or variants can prove to be more transmissible and/or fatal. In
India, the densely populated cities have an added concern of the huge burden that
even the milder variants of the virus combined with co-morbidity can have on the
community/primary health care centers.
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Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a novel human beta-
coronavirus, was declared as a causative agent for global pandemic of the disease

Coronavirus disease 2019 (COVID-19) on11th March 2020, by World Health
Organization (WHO) (1, 2). In India, the first case of SARS-CoV-2 was reported on 27th

January 2020 (3). Following this, the country witnessed two major waves of infection in
August and September 2020 and April and May 2021 unlike National Capital Region,
Delhi with three peaks of infection reported in May–July 2020, November-December
2020, and later on a massive and deadly one in April–June 2021 (4, 5). A sudden surge
in cases of SARS-CoV-2 in a population rests upon several factors among which emer-
gence of novel mutations in the viral genome leading to the appearance of possibly
more virulent and fatal variants is a huge cause for concern in this ongoing pandemic
(6). In India, as has been observed by many studies, the spread of COVID-19 infection is
attributable to rising novel variants and their spread (7, 8). Studying SARS-CoV-2
genomic variants and their tracking with time might help us in understanding viral
evolution, behavior, and infection trajectory. To put a break on the possible eventual
waves of infection, continuous tracking on emerging mutations leading to novel viral
lineages and their clinical impact is of paramount importance.

Hence, a comparison between three peaks of infection in Delhi capital region is the focus
of the present study. Here we have described clade variation, emergence of new lineages
and varied clinical characteristics to understand the trajectory of the ongoing pandemic.

RESULTS

Among 612 samples, 560 fell into the defined time period of peak definition. A total
of 98 (16%) samples were collected during first peak, 83 (13.5%) during second peak
and 379 (61.9%) during the third peak (Table 1). The remaining 52 samples were col-
lected either just before (pre-third peak) or after Peak 3 (post-third peak).

Whenever peak-wise comparison was made, these 560 samples only were taken into
consideration. For rest of the analyses, total 612 sequences samples were considered.

Demographic and clinical data. Complete demographic and clinical details along
with comparison across different peaks are as follows:

(i) Overall clinical and demographic details. Among 612 cases, 60.4% (n = 370)
were males and 39.54% (n = 242) were females. The age-wise distribution was as follows:
67 cases (0–10 yr), 210 cases (11–25 yr), 237 cases (26–50 years) and 98 cases (.50 yr).
Majority of the enrolled cases (60.4%, n = 370) were symptomatic. Among these, severe
acute respiratory illness (SARI) was recorded only in 19% (n = 70) and remaining cases pre-
sented with influenza-like illness (ILI). Fatal outcome was reported in 7.5% (n = 46) cases.

(ii) Peak-wise comparison of clinical and demographic details. Males were more
affected than females, but no significant difference was found across peaks. For age group
I (0–10 yr), a significant difference was observed between three peaks (P = 0.03). Similarly,
more cases belonging to age group II (11–25 years) were reported in third peak compared
with first peak (P , 0.001) and second peak (P = 0.001) (Fig. S1 in the supplemental mate-
rial). Fraction of symptomatic cases gradually rose from 49% in first peak to 65% in third
peak with statistically significant difference (P = 0.01). Maximum SARI cases were recorded
during the third peak (P = 0.02). No significant difference in proportion of ILI cases was
seen across the peaks (Table 1). The mortality rate was considerably higher (10%) during
the third peak than the first (3.1%), and the second peak (2.4%). The specimen with low Ct
values was found to be significantly higher in third peak possibly indicating higher viral
load during infection. The median Ct value during the first two peaks were 15.3 and 17.7,
respectively, but during third peak, it was 21.6. (Fig. S2).

Diversity and distribution of SARS-CoV-2 lineages. A total of 26 different lineages
were identified from 612 sequences following PANGO (Phylogenetic Assignment of
Named Global Outbreak) nomenclature (Table S4 in the supplemental material).

(i) Trends of various circulating lineages across peaks. The most frequently detected
lineages in our data set were B.1.617.2 including its sub-lineages (n = 369, 60.3%) and
B.1.36 (n = 90, 14.7%). However, some of the lineages were observed to emerge and wane
with each emerging peak.
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During the first peak, a total of 11 different lineages were identified. The most common
lineage was B.1.36 (n = 67, 68.40%) followed by B.1.1 (n = 12, 12.25%). During the second
peak, 13 different lineages were identified, among which B.1.36 was the predominant
(n = 23, 27.71%) followed by B.1.617.2 (n = 20, 24.09%). Four lineages (B.1, B.1.1, B.1.36, and
B.1.1.216) continued to be detected during this peak also. There is a substantial rise of
B.1.617.1 immediately after the end of second peak along with B.1.617.2. However, during
the third peak the overall diversity of circulating lineages decreased to only 8. The
B.1.617.2 variant overpowered other circulating lineages and became the most predomi-
nant lineage (n = 311, 82.05%), during the third peak (Fig. 1). The other predominant line-
ages were – B.1.617.1 (n = 58, 13.46%), B.1.1.7 (n = 15,3.49%) and B.1.617.3 (n = 5, 1.16%).
Lineages detected during 1st peak (B.1, B.1.1, and B.1.1.216) were not frequent during third
peak. B.1.306 and B.1.456 were shared between second and third peak. B.1.216 was
detected in all three peaks. However, these three lineages were found in only one samples
each, during third peak.

Post second peak, three novel sub-lineages of B.1.617.2, (AY.6, AY.12, and AY.4)
started emerging. During third peak, these sub-lineages accounted for 16% of the total
lineages in circulation (AY.4, n = 32, 8.7%), AY.12 (n = 22, 6%), AY.6 (n =6, 1.6%). All line-
ages detected following third peak belonged to either B.1.617.2 or its sub-lineages.

(ii) Evolutionary relationship among detected lineages. The phylogenetic rela-
tionship of all the lineages detected in our data set shows eight major clade members
as per Nextstrain clade assignment (9). Three different Delta variant lineages (21A, 21I
and 21J) were present along with 20A, 20B and 20I (Alpha, V1) and 21B (Kappa) with
19A occurring rarely (Fig. 2).

Mutational spectra of SARS-CoV-2 during peaks. Along with the mutational bur-
den we also investigated their genomic location, frequencies, and eventual impact on
amino acid sequences (Fig. 3). A total of 18,316 mutations with median of 34 mutations/
sample were recorded (Table S5 in the supplemental material). A total of 1,803 mutations
were present nonredundantly. Out of these, 156 mutations (9%) were present in at least
1% of samples and remaining 91% were rarely detected. Only 21 mutations were found to
be present in at least half of the samples. Most commonly observed category was nonsy-
nonymous mutations.

The most common type of base substitution observed was C . T which accounted
for 40% of all the changes detected (Fig. S3 in the supplemental material). Among the
10 most frequent nucleotide mutations, the only genic deletion observed was of 6 bp
region (GATTTC) in ORF8 gene (Fig. 4A). The gene which was found to harbor the
greatest number of mutations was S gene (21% of all mutations), followed by NSP3
gene (11%) and N gene (10%) respectively (Fig. 4B and Fig. S4). Two-thirds (n = 12,138)

TABLE 1 Clinical and demographic details across three peaks

Parameter Groups 1st peak (N = 98) 2nd peak (N = 83) 3rd peak (N = 379) P-valuea

Sex Males 58 (59.2%) 48 (57.8%) 228 (60.2%) 0.92
Females 40 (40.8%) 35 (42.2%) 151 (39.8%)

Age Age group I (0–10 yr) 31 (31.6%) 13 (15.6%) 15 (3.9%) 0.03*
Age group II (11–25 yr) 25 (25.5%) 38 (45.7%) 120 (31.6%) 5.15� 1026***
Age group III (26–50 yr) 25 (25.5%) 20 (24.1%) 184 (48.8%) 0.89
Age group IV ($51 yr) 17 (17.3%) 12 (14.4%) 60 (15.8%) 0.56

Clinical symptoms Symptomatic 48 (49%) 48 (57.8%) 245 (64.6%) 0.014**
Asymptomatic 50 (51%) 35 (42.2%) 134 (35.4%)

Severe acute respiratory illness Yes 5 (5.1%) 7 (8.4%) 54 (14.2%) 0.025*
No 93 (94.9%) 76 (91.6%) 325 (85.8%)

Influenza-like illness Yes 43 (43.9%) 41 (49.4%) 191 (50.3%) 0.51
No 55 (56.1%) 42 (50.6%) 188 (49.6%)

Outcome Survived 95 (96.9%) 81 (97.6%) 341 (90%) 0.01**
Deceased 3 (3.1%) 2 (2.4%) 38 (10%)

Ct value (S gene) Low 85 (86.7%) 61 (73.5%) 141 (37.2%) 1.6� 10214***
Medium 13 (13.2%) 19 (22.9%) 214 (56.4%) 0.27
High 0 (0%) 3 (3.6%) 24 (6.3%) 0.69

a***,# 0.001; **,# 0.01; *,# 0.05.
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of all the detected mutations were nonsynonymous SNPs followed by synonymous
SNPs (n = 3,415) (Fig. 4C). The most common mutations that we observed in our data
set were S: D614G, NSP3:F106F, NSP12b:P314L, and 5'UTR: 241 (all present in more
than 90% of the sequences across all peaks) (Figs. 3 and 4D).

In terms of mutation load, samples from first peak contained expectedly lesser number
of total mutations compared to subsequent peaks. The median number of total mutations
during first peak was found to be only 13 which further increased to 20 mutations/sample
during second peak and to much higher number of 36 mutations/sample (2.8 times com-
pared to first peak) during third peak (Fig. 5).

As depicted in Fig. 6, apart from substantial increase in mutational load, propor-
tional change in mutation type was also observed with each peak.The fraction of syn-
onymous amino acid mutations decreased with each advancing peak (36% of all muta-
tions in first peak to 16% during third peak). However, fraction of nonsynonymous
SNPs/missense mutations gradually increased with time (53% during first peak to 68%

FIG 1 Trend of SARS-CoV-2 lineages in Delhi. A: Daily new cases, recovered cases and deaths reported in Delhi (https://github.com/covid19india/api.git). B:
Trend of the 10 most detected lineages in the present study.
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during third peak). The In-frame deletion were present in less than 0.5% of cases daily
during first and second peaks and jumped to approximately 5% cases daily (10 times
increase) in third peak (Fig. 6).

Comparison between common circulating lineages. Two of the most frequently
detected lineages(B.1.36 and B.1.617.2) in the present study were compared in terms
of clinical characteristics and associated mutations.

(i) Comparison of clinical characteristics. For age group I (0-10 years), significantly
more cases (24.4%) were affected by B.1.36 compared to B.1.617.2 (5.5%) (Table 2). In

FIG 2 Phylogenetic tree of detected lineages. The tree is rooted along Wuhan-Hu-1 (NCBI Reference Sequence: NC_045512.2) as reference (denoted by
black node). The four horizontal color panels represent the corresponding clade membership, peaks period, SARI and overall symptomatic relationship
respectively.

FIG 3 Mutational landscape of 612 samples. x axis shows the genomic coordinates of the SARS-Cov-2 virus. y axis depicts the frequency of detected
mutation, color coded by their types. The horizontal dotted red line denotes the 10% frequency cutoff.
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contrast, no significant difference was found for cases belonging to all the other age
groups across the two lineages. A greater proportion of cases were symptomatic when
infected with B.1.617.2 compared to B.1.36. Similarly, ILI and SARI was also significantly
associated with B.1.617.2. A higher mortality rate was reported among B.1.617.2 cases
(P, 0.05).

(ii) Comparison of mutation profile. The number of nonsynonymous amino acid
changes were found to be more in B.1.617.2 (63.7% vs 27%). Indel events were majorly
present in B.1.617.2 (82.1%) compared to B.1.36 (7.1%) (Fig. 7).

S gene was found to be more prone to nonsynonymous changes in both lineages
but with certain differences. Out of all S gene mutations detected in B.1.36, only 36.1%
(n = 13) was present exclusively during the first peak when this lineage was a predomi-
nant one. Interestingly B.1.36 acquired novel set of mutations (55.6%) exclusive to the
second peak. Similarly in B.1.617.2, only 5.4% (n = 4) and 4.1% (n = 3) were exclusively
present during second and pre third peak period respectively. During third peak
B.1.617.2 acquired 77% (n = 57) novel mutations. Only one novel mutation was
acquired following 30 days after third peak had subsided (Fig. 8).

DISCUSSION

This study combines the genomic information about the circulating lineages, associated
variations along with varied clinical details to understand the evolution dynamics of SARS-
CoV-2. The present study is first of its kind where we have tracked the SARS-CoV-2 muta-
tion repertoire for a time span of 14 months encompassing all the three peaks of infection
in Delhi.

In this study overall, 60.46% of the cases was male, which is expected as they were
more prone to exposure due to their livelihood. The median age was approximately
17 years during first two peaks which jumped to 31 years during the third peak. When
looked within each age bracket, we found no significant difference between age
groups III (26–50 years) and IV ($51 yr) but during third peak more patients belonging

FIG 4 The mutations detected and their distribution with respect to their type, genomic location, and frequency. A: The plot shows
the most frequent single base substitutions present in our data. B: The total mutation events in different genic and nongenic regions
of SARS-CoV-2. C: Type of mutations observed. D: Most frequent nonsynonymous amino acid changes observed.
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FIG 5 The phylogenetic relationship and mutation burden across different peaks. A: Lineages and their relationship with respect to each peak. The nodes
are colored according to different peaks. The radial axis shows the total number of mutations in a lineage. B: Mutational burden per sample in different
peaks. Strong correlation between mutational load and each consecutive peak is demonstrated (r2 = 0.82).
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to age groups I (0–10 years) and II (11–25 years) were observed. This can be attributed
to the fact that vaccination was not recommendatory for these subsets of susceptible
population in India at the time when they got infected. This is in concordance with
other studies where younger population was more affected during later peaks (10, 11).
During third peak, more symptomatic cases and higher mortality rate was observed.
The third peak as we have seen was dominated by the Delta lineage compared to the
other lineage (B.1.36) of earlier peaks. These findings were corroborated by other mul-
ticentric studies (11, 12).

The Ct value is inversely proportional to the sample’s viral load, and we noted some
significant difference in Ct value between the three peaks. We looked at the difference
in Ct value in two ways, firstly whether the overall median Ct across peaks varied or
not. We found that the median Ct value during the first two peaks were 15.3 and 17.7,

FIG 6 Drift in the number and types of mutations detected daily during the three peaks in Delhi. The stacked area plot shows the types of mutations
detected in sequenced samples per day and line plot (yellow) depicts the overall case burden in Delhi. x axis depicts the time duration (in days). y axis
(left-hand) depicts fraction of mutation types. y axis (right-hand) depicts number of daily infected cases in Delhi (https://github.com/covid19india/api.git).

TABLE 2 Comparison of demographic and clinical parameters between B.1.36 and B.1.617.2 lineages

Parameter Groups B.1.36 lineage B.1.617.2 lineage P value
Sex Males 59 (65.6%) 176 (61.1%) P = 0.52

Females 31 (34.4%) 112 (38.8%)
Age Age group I (0–10 yr) 22 (24.4%) 16 (5.5%) P = 0.02*

Age group II (11–25 yr) 23 (25.5%) 104 (36.1%) P = 0.17
Age group III (26–50 yr) 32 (35.5%) 124 (43%) P = 0.602
Age group IV ($51 yr) 13 (14.4%) 44 (15.3%) P = 0.72

Clinical symptoms Symptomatic 31 (34.4%) 188 (65.3%) P = 1� 1024***
Asymptomatic 59 (65.6%) 100 (34.7%)

Severe acute respiratory illness Yes 3 (3.3%) 56 (19.4%) P = 4� 1024***
No 87 (96.7%) 232 (80.6%)

Influenza-like illness Yes 28 (31.1%) 132 (45.8%) P = 0.01**
No 62 (68.9%) 156 (54.1%)

Outcome Survived 89 (98.9%) 250 (86.8%) P = 2� 1023**
Deceased 1 (1.1%) 38 (13.2%)
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respectively, but during third peak, it jumped to 21.6. It could be because of number of
reasons like people not getting themselves tested promptly, or the saturation of the
testing capacity of the labs during extremely high case load of third peak which could
also have delayed the testing for a fraction of infected patients. Secondly, we grouped
the samples in low, medium, and high Ct value groups and looked at the difference
across peaks. Here we noted that for medium and high Ct values groups we did not
find any significant difference between three peaks. The absence of low Ct value sam-
ples during the first peak could be because of prompt testing. In the low Ct group
however, we did observe significant difference between the third peak and previous
peaks (Fig. S2 in the supplemental material).

FIG 8 Exclusive S gene mutations detected in both lineages across different peaks. The mutations in B.1.36 and B.1.617.2 are coded in red and black,
respectively.

FIG 7 Comparison of mutations between B.1.36 and B.1.617.2 lineages. A: Nonsynonymous SNPs present in both lineages. B: The comparison of indel
events present in both lineages.

SARS-CoV-2 Lineage Dynamics and Evolving Trends Microbiology Spectrum

March/April 2022 Volume 10 Issue 2 10.1128/spectrum.02729-21 9

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02729-21


In our study, a total of 26 identified lineages dynamically varied over time. This tem-
poral shifting in lineages is well documented across the world (13, 14). During the first
peak, we observed multiple different lineages contributing to an abrupt rise in daily
cases. Initially, the overall number of lineages was very high which further decreased
with time indicating certain lineages became predominant and thus majorly contrib-
uted toward case rise. For example, B.1.36, which was a major player during the first
peak (68.40%), declined to 27.71% during second peak and finally became undetected.
Lineage B.1.617.2 emerged during second peak and was solely responsible for a deadly
third peak in Delhi. Soon after second peak B.1.617.2 started accumulating more muta-
tions ultimately giving rise of diverse sub-lineages (AY.x) which are proving to be a
potential threat. After the third peak, B.1.617.2 and its sub-lineages has overpowered
all other lineages. At the time of writing, as many as 33 different sub-lineages of the
Delta variant have been identified (15). In our study, after the second peak subsided,
we have found sub-lineage AY.4 in 11.4% (n = 49), AY.12 in 6% (n = 26), and AY.6 in
1.4% (n = 6) of samples.

Because of concerns of increased transmissibility and/or mortality, it is imperative
to be vigilant about novel mutations and their biological effects (13, 14, 16). In our
study, mutation landscape of 612 samples showed that not only mutation types but
also absolute number of mutation/sample changes with each peak. When we looked
at the commonly occurring mutations (mutation circulating in more than 10% of the
sequenced data for a given peak) irrespective of their type and lineages, it was found
that 81% of these frequent mutations were in circulation during third peak. Out of
which, almost 61% were exclusively present in third peak possibly contributing toward
exponential rise in daily cases and fatal outcomes. Only 39.2% of these common muta-
tions were seen during second peak, of which only 8.1% were exclusive to second
peak. Although 16.2% of these common mutations were part of the mutation reper-
toire of first peak but surprisingly no common single mutation was exclusive to the first
peak (Fig. 9A). This possibly indicates that the novel mutations arose during first peak
but declined in frequency across subsequent peaks.

Furthermore, when we looked at the most frequent mutations (S:D614G, NSP3:F106F,
NSP12b:P314L and 5'UTR:241), which were present in more than 90% of the sequences
across all peaks and almost all lineages (Fig. S5 in the supplemental material). These four
mutations appear to dominate the mutation repertoire throughout the world and have
been increasing gradually since the start of the pandemic (9). No other mutation except
these four was present in even half of the samples during first and second peaks. The
mutation D614G in S gene was found in all the lineages in our data except one sample
where B.1.393 was detected. The mutation at 14408C.T in RdRp gene (RNA-dependent
RNA polymerase) leading to NSP12b:P314L change has been found to be associated with
S:D614G mutation and the structural analysis suggested that it would increase protein sta-
bility (17). The mutation, 3037C.T in NSP3, a predicted phosphoesterase, papain-like pro-
teinase causing a synonymous change of F106F was found in all the 26 lineages in our
data across all peaks. The 4th most common mutation, 241C.T in 5`UTR region is impor-
tant for the genomic replication process (18, 19) (Fig. 9B).

During third peak in addition to these four, 13 more mutations were present in more
than 80% of samples (Fig. 9B). Three more out of these 13 mutations were in 39 or 59 UTRs.
One of these common mutations during third peak, S:P681R placed at a fur in cleavage
position that separates the spike 1 (S1) and S2 subunits is known to increase infectivity of
the Delta variant via cell surface entry (20). Similarly, the other most common mutation
during third peak viz. S:D950N in the S2 region may contribute to the regulation of spike
protein (21). Substitution mutation 29742G.T in 3'UTR conserved region (commonly
detected during third peak) known as 39 stem-loop II-like motif and plays a vital role in viral
replication and invasion via enhanced stability of 39 UTR and its interaction with 59 UTR
(22, 23). G210T in 5'UTR present at low frequency of 4–5% during first (in lineages B.1,
B.1.36, B.1.468) and during second peak (in lineages B.1 and B.1.617.2). Its frequency
jumped to almost 60% during a period before third peak (present combined in lineages
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AY.12, AY.4, B.1.1.7, B.1.617.1 and B.1.617.2). Then this mutation was detected in at least
80% of samples during third peak and in 100% of samples after third peak was over.

The sole deletion frequently observed was ORF8:D119 leading to deletion of aspar-
tic acid and is known to make ORF8, a fast-evolving protein involved in immune eva-
sion (24). The mutation 26767T.C leading to amino acid change I82T in the M gene
was found in primarily in B.1.36 in first peak and in B.1.617.2 during second peak and
B.1.617.2 and its sub-lineages AY.12 and AY.4 in third peak. Retention of this mutation
across peaks despite lineages switching indicates a significant role in case burden (I82T
is a mutation within third transmembrane helical domain, believed to attach to and
transport glucose) (25).

We noticed that within the same lineages in two continuing peaks, the mutational
load substantially increased. This pattern holds true for multiple lineages with one
exception (B.1.617.1). It further strengthens our observation that lineages over time are
enriching their mutation repertoire. (Fig. 9C).

Interestingly we also observed that on days when overall cases were not on the rise,
the mutation load was still increasing with time, which possibly indicates that the lineages
in low-level circulation were silently accruing mutations despite lack of high case burden.
For example, the daily mutation load/sample in B.1.36 was 13.2 during first peak but
increased to 20.2 during second peak. Similarly, in B.1.617.2 the daily mutation load/sample
continuously rose from 24.3 during second peak to 35.9 in third peak and to 40.3 after the
third peak had subsided. This shows that case burden and time for which the virus remains
in circulation plays an important role toward rise of newer mutations (Fig. 9D).

It was also noted that when gene-wise mutation burden was compared between two
dominant lineages, a consistent pattern of over-abundance of mutations in the B.1.617.2
was observed. For E gene no mutation was shared between two lineages. All of the 14

FIG 9 Common mutations across different peaks. A: The shared mutations between all three peaks. All types of mutations present in at least 10% of
samples in a peak are considered. B: The topmost common mutations during each peak. The third peak was found to contain 17 very frequent mutations
compared with 4 in first and second peak. C: Change in average mutation load/sample in lineages across peaks. Similar lineages in different peaks were
found to have increased mutation load with time. D: The mutational burden on a per sample basis as observed during three different peaks. The linear
trend line is given as dotted blue line. Mutation load/sample on each day is a blue solid blue circle (total days of collection = 133) and plot in black shows
the daily infection cases in Delhi during the same time period (https://github.com/covid19india/api.git).
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mutations present in M gene was present in B.1.617.2 with only one mutation M:I82T (pres-
ent across all samples between two lineages and peaks) shared with B.1.36 (Fig. S6 in the
supplemental material). As mentioned previously this is the worth highlighting again that
this shared mutation is present in high frequency in both the lineages. We also noted that
a substantial proportion of S gene mutations (94.6%) in B.1.617.2 were acquired after sec-
ond peak. As far as clinical characteristics are concerned, greater accumulation of muta-
tions in B.1.167.2 compared with B.1.36 could have contributed toward more severe symp-
toms and increased fatality as seen during third peak in Delhi.

Hence, we conclude that molecular epidemiology of SARS-CoV-2 needs to be stud-
ied continuously to track change in the amino acids. In addition, effect of such muta-
tions in the disease transmission dynamics and pathophysiology must be promptly
assessed. Recent news of emergence of a new variant “B.1.1.529- Omicron” which con-
tains heavily mutated S gene (;30 mutations) is making waves and has spread to
approximately 30 countries around the world and counting including India (25). The
pandemic is constantly changing, and we believe many novel mutations and lineages
potentially more infectious and/or fatal are bound to occur in near future.

Limitation of the study. This is a single center study and clinical details fetched
from the specimen referral form were limited. Hence genomic studies with larger sam-
ple size integrating data detailing patient’s clinical course are warranted.

Conclusion. To the best of our knowledge, this is the first study in which the data
from three consecutive peaks of COVID-19 pandemic in Delhi, has been analyzed. The
findings from our study suggest that lineage tracking and emergence of novel muta-
tion is of paramount importance. Thus, it is strongly believed that we need faster
sequencing in a greater number of samples in order to be ahead of the curve in the
fight with SARS-CoV-2.

MATERIALS ANDMETHODS
The Department of Clinical Virology, at the Institute of Liver and Biliary Sciences, New Delhi (ILBS) is

an ICMR (Indian Council of Medical Research) designated COVID-19 diagnostic facility and a satellite site
for INSACOG (Indian SARS-CoV-2 Genomics Consortium). Respiratory specimens (combined nasopharyn-
geal and oropharyngeal swabs in Viral Transport Medium) tested for COVID-19 in the laboratory from 1
June 2020 to 3 August 2021 were included in the present study. Combined nasopharyngeal and oral
swabs were collected from suspected cases of SARS-CoV-2 infection in viral transport media tubes
(2 mL) and was subjected to COVID-19 RT-PCR assay for diagnosis. For NGS, RNA elutes after extraction
from the viral transport media were used. For the purpose of the study, the time period of different
peaks in Delhi was defined as follows: first peak: June to July 2020; second peak: November to
December 2020; and third peak: April to July 2021.

A total of 1,23,378 samples were tested from 1 June 2020 to 3 August 2021 among which 15,652 (12.6%)
were found positive for COVID-19. Among these positives, a subset of 747 (4.7%) samples representing all
three peaks of infection having a cycle threshold (Ct) of # 30 on reverse transcriptase real-time PCR (RT-PCR)
were randomly selected from our in-house database and subjected to whole-genome sequencing.

Clinical analysis. Complete demographic and clinical details of patients infected with SARS-CoV-2
were recorded from the specimen referral form issued by ICMR. Cases were divided into different age
groups: #10, 11–25, 26–50, and .50 years.

Outcomes of all the enrolled cases were recorded via telephonic interviews. The cases were classified
into various groups as per WHO clinical definition (26).

SARS-CoV-2 RT-PCR testing. Total viral RNA was extracted using 300 mL of specimen using Chemagic
Viral DNA/RNA kit (PerkinElmer, Waltham, MA, USA) in a Chemagic 360 instrument (PerkinElmer, Waltham,
MA, USA) following manufacturer’s instructions. A 10 mL of the extracted viral RNA elute was further sub-
jected to RT-PCR for the detection of SARS-CoV-2 using RealStar SARS-CoV-2 RT-PCR (Altona Diagnostics,
Germany) targeting E gene and S gene. All the positive specimens were grouped into three categories based
on Ct values obtained: low (Ct#20), medium (Ct 21–25) and high (Ct 26–30).

SARS-CoV-2 whole-genome sequencing. Sequencing of the viral isolates was done by Illumina COVIDSeq
protocol on NextSeq 550 platform as per the manufacturer’s instructions. The quality check of the prepared libraries
was performed using DNA high sensitivity assay kit on Bioanalyzer 2100 (Agilent Technologies, United States). The
concentration of the libraries was assessed on Qubit (Thermo Fisher Scientific Inc., USA). For amplification and
cDNA conversion steps during library preparation, Veriti 96-Well Thermal Cycler (Applied Biosystems).

Quality control, mapping of sequences, and lineage assignment. The raw data in the form of bi-
nary base call format (.bcl files) was generated from the NextSeq 550 instrument. These raw files were con-
verted, demultiplexed to fastq file using bcl2fastq (Illumina, v2.20) and were aligned against the SARS-CoV-2
reference genome (NC_045512.2). The alignment of unmapped reads to a reference genome and generation
of a consensus genome sequence was done within the custom Illumina BaseSpace Sequence Hub. The line-
ages nomenclature for each sequence was retrieved using Illumina DRAGEN COVID Lineage App (v3.5.3)
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following the default parameters. The minimum accepted alignment score was set to 12 and results with
scores ,12 were discarded. The coverage threshold and virus detection threshold were set to 20 and 5
respectively. The variant calling target coverage which specifies the maximum number of reads with a start
position overlapping any given position was set at 50.

Among 747 sequenced, 612 (81.9%) samples with genomic coverage . 80% were finally selected for
downstream analysis. The median genomic coverage of quality passed samples was 98.8 while the me-
dian sequencing depth was 1805 (Supplementary Figs. S7 to S10 in the supplemental material).

Phylogenetic analysis and mutation profiling. QC-threshold passed FASTA files containing sequences
from 612 SARS-CoV-2 samples and a reference genome of SARS-CoV-2 isolate named Wuhan-Hu-1 (NCBI
Reference Sequence: NC_045512.2) was used for generating phylogenetic tree (Table S1 in the supplemen-
tal material). To do this, first multiple sequence alignment was done using MAFFT (MAFFT v7.487) with the
default options. After performing the alignment, the FASTA file was further refined to perform biologically
relevant trimming. Finally, FastME was used for distance-based inference to create an output tree file which
was used for visualization of phylogenetic tree. The annotation of nucleotide sequences was done based
on NUCMER (Nucleotide Mummer) alignment tool, version 3.1 (a part of the MUMmer package). The muta-
tions are classified according to frequency, the genomic coordinates affected and their subsequent effect
on amino acid sequences (Table S2). The retrieved sequences were deposited in the public repository,
GISAID (Global Initiative on Sharing All Influenza Data; https://www.gisaid.org) details of which are provided
as supplementary data (Table S3). Refer to the supplementary data for extended methodology.

Data availability. The raw sequencing data of all the samples have been submitted to the GISAID
database and the submission details are given in the Table S3 in the supplemental material. Moreover,
the sequences in the FASTA format are also supplied as Table S1.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 1.4 MB.
SUPPLEMENTAL FILE 2, XLSX file, 3.2 MB.
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