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Abstract

Background COVID-19 waves caused by specific SARS-CoV-2 variants have occurred globally at different times.
We focused on Omicron variants to understand the genomic diversity and phylogenetic relatedness of SARS-CoV-2
strains in various regions of Pakistan.

Methods We studied 276,525 COVID-19 cases and 1,031 genomes sequenced from December 2021 to August 2022,
Sequences were analyzed and visualized using phylogenetic trees.

Results The highest case numbers and deaths were recorded in Sindh and Punjab, the most populous provinces

in Pakistan. Omicron variants comprised 93% of all genomes, with BA.2 (32.6%) and BA.5 (38.4%) predominating. The
first Omicron wave was associated with the sequential identification of BA.1 in Sindh, then Islamabad Capital Terri-
tory, Punjab, Khyber Pakhtunkhwa (KP), Azad Jammu Kashmir (AJK), Gilgit-Baltistan (GB) and Balochistan. Phylogenetic
analysis revealed Sindh to be the source of BA.1 and BA.2 introductions into Punjab and Balochistan during early
2022. BA4 was first introduced in AJK and BA.5 in Punjab. Most recent common ancestor (MRCA) analysis revealed
relatedness between the earliest BA.1 genome from Sindh with Balochistan, AJK, Punjab and ICT, and that of first BA.
from Punjab with strains from KPK and GB.

Conclusions Phylogenetic analysis provides insights into the introduction and transmission dynamics of the Omi-
cron variant in Pakistan, identifying Sindh as a hotspot for viral dissemination. Such data linked with public health
efforts can help limit surges of new infections.
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Introduction

The rise and fall of coronavirus disease 2019 (COVID-
19) cases since the emergence of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) in
December 2019 has driven the need for monitoring of
variants through genomic surveillance [1]. The global
burden of COVID-19 is not fully known although
greater than 754 million cases have been reported as of
February 3, 2022. Pakistan has reported about 1.5 mil-
lion cases of COVID-19 and nearly 31,000 deaths [2, 3].
COVID-19 vaccines have had a significant impact on
controlling both morbidity and mortality from COVID-
19 [4, 5]. The proportion of deaths to cases changed
greatly throughout the pandemic with reduced disease
severity after vaccines were introduced and the evolu-
tion of SARS-CoV-2 variants of concern (VoC) toward
higher transmissibility and lower pathogenicity. The
epidemiology of COVID-19 has been informed by the
reported number of cases, deaths, hospitalizations, and
viral genomic sequencing. This information has varied
greatly between high- and low- income countries of
similar population sizes; explanatory factors include
lack of resources needed for gathering metadata, PCR
testing and genomic sequencing [6].

SARS-CoV-2 VoCs have shown a trend toward
increased transmissibility, leading to strain-specific
increases in COVID-19 cases [7]. The first VoC was the
Alpha variant or B.1.1.7, followed by Beta/B.1.351 and
Delta/B.1.617.2 strains in 2021. VoCs which emerged
after the introduction of vaccinations were more effec-
tive at evading host immunity driven by both natural
infection and vaccinations [8]. This was evidenced by
Omicron and its subvariants coming to dominate over
other lineages across the globe by the end of 2021 [9, 10].
Omicron has distinct subvariants, five of which include
BA.1, BA.2, BA.3, BA.4 and BA.5. BA.1 was first iden-
tified in South Africa and Botswana on November 26,
2021 [11]. By January 2022, BA.1 made up 81% of cases
in South Africa, rapidly decreasing to 45% in February
2022. BA.5 was first identified in South Africa on January
21, 2022, and spread elsewhere, particularly in Europe, by
April 2022. Soon after this time, BA.4 and BA.5 variants
became predominant [12].

Understanding the relationship between COVID-19
rates and SARS-CoV-2 variants at the regional level is
important for management of the public health response.
The identification of new SARS-CoV-2 variants and their
prevalence in different regions can help make public
health strategies, such as vaccination campaigns, test-
ing protocols, and contact tracing efforts. By monitor-
ing the circulation of SARS-CoV-2 variants and their
impact on COVID-19 rates, public health officials can
make decisions about the allocation of resources and
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implementation of preventive measures to limit the
spread of the virus.

Pakistan has a population of approximately 220 million
people. It consists of seven distinct regional territories:
Azad Jammu and Kashmir (AJK), Balochistan, Gilgit-
Baltistan (GB), Khyber Pakhtunkhwa (KP), Punjab, Sindh
and the Islamabad Capital Territory (ICT). The first
COVID-19 case from Pakistan was reported in Sindh on
February 26, 2020. The timeline of pandemic waves expe-
rienced in the country was; March to July 2020 where the
G Nextstrain clade of SARS-CoV-2 dominated, Octo-
ber 2020 to January 2021 dominated by GR/GH clades,
April to May 2021 where Alpha dominated [13], July to
September 2021 where Delta was the predominant strain,
and, December 2021 to February 2022 dominated by
Omicron.

Here, we studied COVID-19 waves in association with
cases and mortality and Omicron subvariants identi-
fied in regions across Pakistan. We also investigated the
introduction of SARS-CoV-2 strains and studied the
relatedness of variants in each region to understand their
patterns of transmission.

Materials and methods
This study was approved by the Ethical Review Commit-
tee, The Aga Khan University (AKU), Pakistan.

Data used in this study

The COVID-19 case numbers presented in this study
were obtained from the John Hopkins Coronavirus
resource center which collects data from the official
website of each country as mentioned in the article by
Dong et al. [14]. As per the Github repository https://
github.com/CSSEGISandData/COVID-19 the source
data for Pakistan is the Pakistan Government official
COVID-19 website, http://covid.gov.pk/stats/pakistan.
Thus, the numbers from the JHU Coronavirus resource
center reflect the aggregate of COVID-19 positive cases
reported from regional laboratories across Pakistan.

Selection of SARS-CoV-2 genomes

The genomes included in this study were those obtained
from clinical isolates identified from respiratory speci-
mens received for SARS-CoV-2 diagnostic testing at
the Aga Khan University (AKU) Hospital Laboratories
and other laboratories in Pakistan. SARS-CoV-2 strains
sequenced included but were not limited to those con-
ducted at AKU, Karachi [15], National Institute of
Health, Islamabad [16] and other laboratories thereby
representing nationwide data. AKU contributed to 324 of
the 1031 genomes analysed here, Supplementary Table 1.
Samples collected at AKU were from Sindh province
and were screened on a regular basis whereby up to five
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SARS-CoV-2 PCR positive samples were collected each
day and those which met sequencing criteria of a CT
value<26 were processed for whole genome sequenc-
ing (WGS). Overall, the data from GISAID represents
samples collected as a part of SARS-CoV-2 genomic sur-
veillance across Pakistan and were identified based on
collection dates between December 1, 2021 and August
14, 2022. The sequenced were downloaded from GISAID
on September 15, 2022 by selecting those submitted from
Pakistan and which were “complete’, whilst, “low cover-
age excluded” weas part of the filtering criteria. In total,
we downloaded 1031 sequences with metadata; of these,
955 were found to belong to the Omicron VoC, of which
952 had complete metadata and were used for phyloge-
netic analysis.

COVID-19 cases and mortality data

COVID-19 case data for the period December 1, 2021 to
August 14, 2022 were downloaded from the John Hop-
kins coronavirus resource center [3] and used for analy-
sis. COVID-19 mortality data were downloaded from
Pakistan’s official COVID-19 page (https://covid.gov.pk/)
accessed on September 1, 2022.

Phylogenetic tree and analysis

FASTA files of the 952 Omicron sequences with corre-
sponding metadata (age, gender, date of collection and
location) were used for phylogenetic tree reconstruction
using the augur pipeline [17]. Out of the total (952), 944
genomic sequences qualified for phylodynamic mapping.
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Full length SARS-CoV-2 genomes of Omicron subvari-
ants were aligned using the MAFFT alignment tool [18].
Multiple Sequence Alignment (MSA) files generated
from MAFTT were used for a maximum likelihood (ML)
phylogenetic tree through IQ-TREE2 [19]. By applying a
generalized midpoint rooting strategy, rooting of the tree
was carried out with branch length variance using Tree-
Time [20]. The tree was visualized and edited in Figtree v.
1.4.4 (https://tree.bio.ed.ac.uk). The final tree with anno-
tated nodes and metadata was exported to the phylody-
namic visualizing tool Auspice [21].

Statistical analysis

Demographic results are presented in mean+SD.
Kruskal-Wallis statistical tests were used to analyze
statistical significance, with p-value less than 0.05 con-
sidered statistically significant. Graph Pad Prism v. 5.0
(http://www.graphpad.com) was used for statistical
analysis.

Results

Infections and deaths in different regions of Pakistan
during the fifth COVID-19 wave

A total of 276,525 cases were reported between Decem-
ber 2021 and August 2022 [22]. The region-wide distribu-
tion of COVID-19 cases is depicted in Fig. 1, which also
depicts the population density of each of the 7 regions
studied. Sindh reported the most cases (41.7%; 2413 per-
sons per million), followed by Punjab with 27.1% (683
persons per million), 15.2% from KP (1185 persons per
million), 11% from ICT (15199 persons per million),
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Fig. 1 Population density, COVID -19 cases, deaths, and CFR across Pakistan. The graphs depict nationwide data from December 1, 2021

until August 14, 2022. A The region-wise population density of Azad Jammu and Kashmir (AJK), Balochistan, Gilgit-Baltistan (GB), Islamabad Capital
Territory (ICT), Khyber Pakhtunkhwa (KPK), Punjab and Sindh is presented. The scale bar displays population values in millions of persons shaded
by color. B Left panel x-axis shows number of COVID-19 cases, the middle panel shows number of COVID-19 related deaths, and the right panel
shows the case fatality rate (CFR %) per regions colered as: ICT (light blue), Punjab (dark blue), Sindh (green), KPK (orange), Balochistan (purple), GB

(yellow) and AJK (red)
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3.4% from AJK (2338 persons per million), 0.9% from
Balochistan (193 persons per million) and 0.6% from GB
(1040 persons per million) of total cases.

A total of 1,766 COVID-19 deaths were reported dur-
ing the study period (Fig. 1). Sindh reported the great-
est (33.1% of total deaths) followed by Punjab (31.1%),
KP (26.7%), ICT (3.9%), AJK (2.9%), Balochistan (2.0%)
and GB (0.3%). The overall case fatality ratio percentage
(CFR%) over this period was 0.6%. It was highest in Balo-
chistan (1.5%), followed by KP (1.1%), AJK (0.5%), Sindh
(0.5%), Punjab (0.5%), GB (0.3%) and ICT (0.2%).

COVID-19 case numbers rose rapidly from under 1,000
to more than 10,000 per week across Pakistani regions
between the end of January and beginning of February
2022, with 22,000 cases being reported in the last week
of January 2022 in Sindh alone (Fig. 2). COVID-19 peaks
occurred sequentially in other provinces; ICT by the last
week of January 2022; Punjab, KP, Balochistan and AJK
by the first week of February 2022; and GB by the sec-
ond week of February 2022. Cases declined around early
March 2022, reaching a few hundred cases per week by
June 2022. Another slight rise in cases was observed in
Sindh (early July 2022) and Punjab (early August 2022). A
similar trend was also observed in other regions. Of note,
arise in COVID-19 cases was observed in Sindh ahead of
the other regions of Pakistan.
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The mean age of COVID-19 cases across Pakistan was
39 SD +19 years. For each region the mean age was: ICT
38 SD£19, Punjab 39 SD+21, Sindh 40 SD+19, KP 32
SD+19, Balochistan 48 SD+17, AJK 38 SD+19 and
GB 43 SD+24 years. There was no significant differ-
ence between age groups of COVID-19 cases across the
regions.

Heterogeneity in data submission across regions

of Pakistan

We investigated the association of COVID-19 waves with
SARS-CoV-2 Omicron variants. We performed phylo-
genetic analysis of the 957 Omicron genomes available
in relation to their date and location of sample collec-
tion. The monthly rate of submissions across the study
period was not uniform (Supplementary Fig. 1 and 2).
More genomes were submitted in March, June, July and
August 2022. There was variability in the location of the
submissions. Provinces with laboratories with genomic
surveillance capacity had greater representation; Sindh
(n=364), ICT (376) and Punjab (n=117) contributed
more than 80% of total submissions, with limited repre-
sentation from GB (n=43), KP (n=61), and AJK (n=63).
The fewest SARS-CoV-2 genomes were from Balochistan
(n=14).

25,000 ICT
—Punjab
—Sindh
& 20,000 —KPK
) —Balochistan
<
o GB
(2]
15,000 —AJK
o
>
(]
O
L. 10,000
o
14
11
m
% 5,000
=
, A 4_@@
URIEUASIONSIR L, AL A L, L L L | G L | G L 14 LG L L L | G L, L O L L L L L L L g L 1 ¢
bt??'\:‘?‘b:‘gh:\s’\:19%’19‘9:19'\:&%'&‘)@W?\:&%’Wg‘):@';&%:ﬁ‘)‘ '\/'19%:‘9%:19"’::196:19'\"9h:s'\:&’\@hrﬁ’\:&%:&‘)@'ﬁﬁgr‘?b:@’bfﬁﬁr\gb:&
R AR g ,3,'”&&@"’ o 'i‘-‘”vé‘\ T T N S S S e
< < 2 QO S & ¥ 0 2 4 S ’ Q L . 2> S > RS - QOIS >
e o“’mw" Y e @ ,C,‘x‘ FEE S T @ ORI R AR 5"0\’13\ ¥
o a° & Ny W » S
4 b
N WEEK-WISE 2021-2022

Fig. 2 Trend of COVID-19 cases in Pakistan. The figure depicts the weekly count of COVID-19 cases through the period from December 1,
2021, until August 14, 2022. Cases are shown region-wise; ICT (light blue), Punjab (dark blue), Sindh (green), Khyber Pakhtunkhwa (KPK, orange),

Balochistan (purple), GB (yellow) and AJK (red)
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The pango lineage distribution was A (0.3%), AY
(4.8%), B (1.8%), B.1 (0.8%), BA.1 (Nextstrain 21 K;
16.6%), BA.2 (Nextstrain clade 21L; 31.5%), BA.4 (Next-
strain 22A; 3.6%) and BA.5 (Nextstrain 22B; 40.6%).

We also investigated the association between vari-
ants and age of COVID-19 cases; we divided the data
for sequences available into 4 groups (<18 years,
19-40 years, 41-55 years and > 56 years). For each of
the SARS-CoV-2 variants, we found the greatest num-
ber of cases to be in those aged 19-40 years, p <0.0001
(Table 1).
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Omicron and subvariants across regions of Pakistan

The frequency of Omicron subvariant sequences
observed across different regions of Pakistan is depicted
in Fig. 3. ICT uploaded 376 sequences to GISAID, the
greatest of which were Omicron mainly, BA.5 (n=153,
43.6%) and BA.2 (n=153, 43.6%). There were 117
sequences from Punjab, predominantly BA.5 (n=45,
41.3%) and BA.2 (n =43, 39.4%). The distribution of 354
genomes from Sindh included BA.5 (n=135, 41.9%),
BA.2 (n=76, 23.6%) and BA.1 (=102, 31.7%). The
fewest genomes were submitted from AJK (n=63, 6%),
KP (n=61, 6%) and GB (n=43, 4%); of those available,

Table 1 Distribution of SARS-CoV-2 lineages according to different age groups

SARS-CoV-2 variant (number, Age (years) number of variants in each % of variant in each group (%) p-value
%) group (Kruskal-
Wallis)

A <18 0 0.0 not possible
(n=3;0.3%) 19-40 2 66.6

41-55 1 333

>56 0 0.0
AY <18 3 6.5 <0.0001
(n=46, 4.7%) 19-40 29 63.0

41-55 8 174

>56 6 13.0
B <18 7 412 0.0029
(n=17,1.8%) 19-40 7 412

41-55 2 11.8

>56 1 59
B.1 <18 3 375 0.0933
(n=8, 0.8%) 19-40 3 375

41-55 1 12.5

>56 1 125
BA.1 <18 16 9.75 <0.0001
(n=164, 16.9%) 19-40 71 432

41-55 30 18.2

>56 47 286
BA.2 <18 36 11.8 <0.0001
(n=305, 31.5%) 19-40 146 479

41-55 57 18.7

>56 66 216
BA.4 <18 5 14.3 <0.0001
(n=35,3.6%) 19-40 16 457

41-55 229

>56 17.1
BA.5 <18 41 10.5 <0.0001
(n = 392, 40.4%) 19-40 199 50.8

41-55 68 173

>56 84 214

The age-group wise SARS-CoV-2 variants frequency is presented. The Kruskal-Wallis test was used to study association between the age groups, p-value <0.05 was

considered significant
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Fig. 3 Frequency of Omicron variants across Pakistan. The graph shows all Omicron (n=955) genomes submitted from each region

between December 1, 2021, and August 14, 2022. BA.1 (blue), BA.2 (orange), BA4 (yellow) and BA.5 (green)

AJK Pakistan

BA.2 and BA.5 were the predominant subvariants. The
fewest sequences were from Balochistan (n=14, 2%),
which did not report any BA.5 subvariant.

Phylogenetic Analysis of SARS-CoV-2 Omicron variants
from Pakistan
The phylogenetic analysis of the Omicron genomes across

Pakistan is depicted in Fig. 4. The phylogram presents the
evolution and spread over time of BA.1, BA.2, BA.4 and

Location A
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I india B cr
KPK [l saluchistan
| ES B ~x
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Fig. 4 Phylogenetics of early Omicron variants in Pakistan. The tree illustrates the relatedness of 944 omicron sequences submitted from Pakistan
between December 1, 2021, and August 14, 2022. The tree uses color coding to identify the travel origin of each case reported
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BA.5 variants across the country including sequences
from ICT, Sindh, Punjab, AJK, KP, GB and Balochistan.
Some were from travelers who entered Sindh from the
Kingdom of Saudi Arabia (KSA, n=3), the United Arab
Emirates (UAE, n=2), India (n=1), Turkey (n=1) and
the United States of America (USA, n=1).

Investigating the phylogeny of BA.1, BA.2, BA.4 and BA. 5
subvariants
The first BA.1 subvariant was detected on December 13,
2021, and was followed by a surge of cases. Subsequent
surges were associated with the BA.2 subvariant and then
the BA.4 and BA .5 subvariants. To understand this trend,
we separately looked at the phylogenetics of each variant.

The first case of BA.1 was identified in Sindh (Fig. 5A).
The BA.1 lineage encompassed sub-lineages BA.l.1,
BA.1.1.1, BA.1.1.13, BA.1.1.14, BA.1.1.18, BA.1l.15,
BA.1.15.1, BA.1.17, and BA.1.18. Subsequently, BA.1 was
reported in Punjab, ICT, and AJK. Later, reports of BA.1
were obtained from KP (January 2022) and Balochistan
(February 2022).

We next examined the phylogeny of the 317 BA.2
sequences found between January and July 2022. The
first BA.2 subvariant was reported in January 2022 from
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Sindh, and clustered closely with an isolate identified in
a traveler from India (Fig. 5B). Subsequently, BA.2 was
reported in ICT and Punjab in April 2022.

The BA.4 subvariant was first reported in AJK in May
2022, followed by reports in June 2022 onwards from
ICT, Sindh, KP, Punjab and GB (Fig. 5C).

The BA.5 subvariant was first reported in Punjab in
May 2022, followed by reports from Sindh, ICT, AJK, KP
and Gilgit (Fig. 5D).

Phylogenetic relatedness of cases reported across different
regions of Pakistan

To further understand the genetic relatedness of Omi-
cron subvariants across Pakistan, we analyzed the relat-
edness of sequenced genomes through the inference of
the most recent common ancestor (MRCA) across all
944 genomes (Fig. 6A), focusing on the first BA.1 case
reported in each region. The first BA.1 case from Balo-
chistan, with a sampling date of January 21, 2022, shared
a common ancestral node with one reported earlier from
Sindh on January 10, 2022 (Fig. 6B). The first case from
Sindh, reported on December 8, 2022, had no known
association with an overseas traveler [23] (Fig. 6C).
The first BA.1 case from AJK (January 8, 2022) shared

-

2021-Dec 2022-Jan 2022-Feb 2022-Mar

Fig. 5 Introduction and linkage of omicron variants in Pakistan. Phylogenetic trees depict the first case report for each variant as a red circle

in the identified timeline with relatedness to later isolates. Panels A-D depict the first case of each variant identified by a red circle for A, BA.1; B, BA.2;
C,BA4 and D, BA5. Regional locations are identified by colors; Sindh in light yellow, Balochistan in pink, AJK'in blue, Punjab in light green, GB in dark
green and ICT, light blue. Data are presented as auspice output of the tree generated using IQ-TREE v. 2.2.0
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Fig. 6 Evolutionary relatedness of the first reported Omicron variant from each region of Pakistan. A Phylogenetic tree for 944 Omicron genomes
and related strains sharing the most recent common ancestor (MRCA). The first BA.1 sequence from each region, B Balochistan (purple); C Sindh
(green); D AJK (light red); E Gilgit-Baltistan and KPK (yellow); F Punjab and ICT (light blue). Data are presented as Figtree v. 1.4.4 outputs using

the maximum-likelihood tree generated using IQTREE v. 2.2.0. Grey triangles represent collapsed nodes of relatively distant sequences from the first
Omicron sequences in each region. Scale bar presents nucleotide substitution/site

an ancestral node with a case from Sindh and Punjab
(Fig. 6D). The earliest case from GB and KP had the same
MRCA and shared an ancestral node with isolates from
the Punjab (Fig. 6E). Similarly, the earliest BA.1 cases
from ICT and Punjab shared an ancestral node with
Sindh (Fig. 6F).

Discussion
Genomic surveillance data from Pakistan has been lim-
ited especially, for early pandemic waves of 2020 and
2021. Our study provides insights into the phylogenetic
relatedness of different Omicron variants which spread
across Pakistan, associating the introduction of the Omi-
cron subvariants with COVID-19 surges in different
regions. This is the first study highlighting the genetic
relatedness of Omicron subvariants in Pakistan through
an analysis of the MRCAs. We identify Sindh as a hotspot
for variant introductions into the country.

COVID-19 waves displayed sequential geographic
transmission, occurring first in Sindh, followed by Punjab
and other regions. Whilst its population size is less than

half of Punjab’s, Sindh reported 41.7% of all COVID-19
cases. Balochistan reported 0.9% of total cases whilst hav-
ing the smallest population of all the regions. However,
the CER in Balochistan was the highest (1.5%) among all
regions, indicating that the pandemic’s impact was severe
there. In a similar manner, KP has a population of 36 mil-
lion, but has much higher deaths as compared to Sindh
(48 million population) and Punjab (110 million popula-
tion), as reflected by the CFR (1.1%).

Overall, the majority of COVID-19 cases were aged
between 19 and 40 years. Deaths have previously been
associated with older age groups [24]. The lack of a pro-
vincial sequencing facility in Balochistan limits available
sequencing efforts and the fewest genomes were submit-
ted from the province. Another challenge here was the
limited access to healthcare facilities in Balochistan, a
large but sparsely populated province (comprising 6% of
population with 43.6% of the land area of Pakistan). One
study showed a COVID-19 positivity of 13% between
March and December 2020, with the mean age of posi-
tive cases to be 36 + 14 years, with 20% of the cases being
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female [25]. Hence, due to the limited data available it is
not possible to understand fully the trend of COVID-19
in Balochistan.

Separately, over the course of the pandemic, the high-
est COVID-19 mortality (3.5%) reported in 2020 was
from Peshawar in KP province. Local experts have sug-
gested the lack of social distancing and a non-compliant
response to standard operating procedures (SOPs) in
the community to be the major reason behind this [26].
Other factors potentially contributing to the higher CFR
could include a delayed presentation of COVID-19 symp-
toms combined with limited testing and reporting.

The first introduction was BA.1 on 8th December 2021
into Karachi, Sindh. BA.1 was followed by reports from
Punjab, ICT and AJK. BA.1 reports from Balochistan and
KP occurred after January 2022. Soon after identification
of BA.1 strains, Pakistan experienced a surge of cases
across the country, with particularly high numbers of
cases and associated deaths in Karachi, Sindh. The iden-
tification of a larger than average case count in the Sindh
region was associated with travelers from other desti-
nations. Earlier, the introduction of the Alpha VoC was
associated with international travelers to Karachi [27].

The first case from Sindh appeared to have transmit-
ted locally as reported in previous studies [23]. The relat-
edness of strains between provinces was evident such
that, the earliest BA.1 cases from ICT and Punjab share
an ancestral node with Sindh. The first BA.1 strain from
Balochistan was related to that from Sindh. The first
BA.1 case from AJK shared an ancestral node with a case
from Sindh and Punjab. The earliest case from GB and
KP had the same MRCA and shared an ancestral node
with isolates from the Punjab. BA.1 cases in GB, KP, and
AJK regions shared a same ancestral node, which might
be due to the proximity of these three provinces in the
northern region of Pakistan. The spread of variants could
be through travel between these regions, but could also
be attributed to an independent introduction from else-
where. The provinces have a shared border with frequent
routine travel between them, allowing easy spread, how-
ever phylogeographic analysis would be needed to test
this hypothesis.

The first BA.2 variant was reported in January 2022
from Karachi, Sindh, and clustered closely with the iso-
late identified from a traveler from India. BA.2 variants
were subsequently reported in ICT and then Punjab.
BA .4 was first reported from AJK (May 2022) and BA.5
from Punjab (May 2022). The reporting of newly intro-
duced variants was followed by local transmission. This
was evident from reports in the same city/location in
addition to those from other provinces.

It is likely that the rise in cases observed in Sindh (July
2022), Punjab (August 2022) and similar trends observed
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in other regions was due to the spread of BA.4 and BA.5
strains at this time.

The introduction of Omicron variants in Karachi,
Sindh, followed by a rise in COVID-19 cases associated
with each wave may be due to the characteristics of the
location. The high case count in Sindh was likely driven
by its population; Karachi is a megacity with around 20
million inhabitants. It is the trading and financial hub of
the country, and receives more local and international
travelers than other regions. Further, higher case reports
may be attributed to the extensive network of diagnos-
tic laboratories in Karachi. Notably, the case numbers
reported between July and August 2022 surge were lower
than those reported between January and February 2022.
Possibly, due to reduced testing rates within the popu-
lation. Limited testing during the latter period could be
attributed to reduced disease severity of COVID-19 from
Omicron variants and increased vaccination coverage
and thus less concern in the population about sympto-
matic infections [28].

There is a dearth of information regarding SARS-CoV-2
genomic surveillance from Asia, with studies provid-
ing insights into viral transmission from limited datasets
[29].

It is a limitation of this study that interpretations
of the impact of Omicron subvariants in the different
provinces of Pakistan was dependent on genome sub-
missions from each region, and that these were not
consistent. For instance, despite having identified Sindh
as the entry-point of viral strains, this could be skewed
by the limited data from other provinces. Another con-
sequence of the limited genomic surveillance is delayed
sampling, testing, and reporting. We used the sample
collection dates for phylodynamic analysis and are able
to provide insights regarding strain variations across
the study period. Additionally, the sequencing was not
consistent over the entire study period, as more sam-
ples were sequenced in the wave between December
2021 and February 2022. This makes it difficult to ana-
lyze the data in the context of burden of disease with
age and gender stratification. However, given that most
of the COVID-19 cases reported from Pakistan are
from those aged 40 years and below, it is not surprising
that we found that there was a greater representation
of Omicron variants in this age group. This is in keep-
ing with the younger age of the population of Pakistan,
with 65% of individuals aged below 30 years. Another
limitation of the study is that only the first Omicron
subvariant, BA.1, was studied in terms of phyloge-
netic relatedness. Overall, it is likely that BA.5 samples
had a greater representation in this study selection as
the increase in this VoC occurred during a period in
2022 when there had been an increase in sequencing
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capacity for SARS-CoV-2 genomics. In the context of
Aga Khan University, this was due to a contribution
of institutional (Aga Khan University), national (GCF
grant no.913, Higher Education Commission, Pakistan;
World Health Organization, Pakistan) and international
(Health Security Partners, USA; Fogarty International
Center, NIH, USA; Bill and Melinda Gates Foundation)
funding support for sequencing and bioinformatics
initiatives.

In conclusion, correlation of SARS-CoV-2 genomic
data with COVID-19 epidemiological data in Pakistan
allowed us to describe the introduction of Omicron
subvariants with different pandemic waves. Further,
information regarding the relatedness of the lineages
introduced in each province provides insights into the
possible reasons for the waves observed in the prov-
inces, which were led by Sindh and then followed in
each case by ICT and Punjab. There is a need to estab-
lish more robust genomic surveillance networks to ade-
quately represent the entire country. The importance
of continuing genomic surveillance matched with ana-
lyzing epidemiological data is essential for successful
management of a highly transmissible pathogen such as
SARS-CoV-2.
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