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Abstract: Background: About 1.6 million COVID-19 cases have been reported from Pakistan across
6 pandemic waves associated with different SARS-CoV-2 variants. Vaccinations were introduced in
2021 however there is paucity of information regarding the effect of vaccinations in the context of
SARS-CoV-2 viral transmission. We investigated the association of vaccinations with circulating
SARS-CoV-2 variants by studying the phylogenetic diversity of strains infecting vaccinated and
unvaccinated cases in Pakistan. Methods: We analyzed the diversity of SARS-CoV-2 strains in
children (< 18 years) tested at Aga Khan University Hospital during the period. We downloaded
SARS-CoV-2 genome data from GISAID for samples collected May 2021-October 2022. SARS-CoV-2
variants were analyzed as per age, sex and vaccination status. Phylogenetic diversity was determined
using the Augur pipeline and visualized using the Auspice platform. Results: Of the 569 samples
analyzed, 54.1% samples were collected in 2021, 47.1% were from females, and 71% were from
individuals aged below 18 years. Variants identified include Wildtype (3.87%), Alpha (2.11%), Beta
(1.76%), Delta (45.17%), and Omicron (45.87%). The dominant variant in 2021 was Delta, mainly the
B.1.167.2 lineage, while Omicron dominated in 2022 with BA.5.2 being the most common lineage.
Overall, 29.3% of the cohort was vaccinated. Of note, there was no difference in preponderance of
variants between vaccinated and unvaccinated groups. There was no difference in SARS-CoV-2
variant distribution among age groups. Genomic divergence between those <18 years and >18 years
was similar. Facility-based analysis on pediatrics aged <18 years showed Delta and Omicron to have
been dominant in 2021 and 2022 respectively. PCR-based comparison of viral load revealed a
significant variability (p=0.0002) among the SARS-CoV-2 variants. Amongst children, Omicron had
the highest viral load. Conclusions: Our study reveals that SARS-CoV-2 infections were caused by
similar strains in both vaccinated and unvaccinated cohorts, as well as between younger and older
age groups. This provides important insights into a population where high rates of subclinical
transmission were observed and explains the low rates of COVID-19 morbidity and mortality
observed.

Keywords: COVID-19; SARS-CoV-2 variants; genomic divergence; temporal mapping; vaccines;
pandemic; phylogenetic diversity; Pakistan

Introduction

COVID-19 is a respiratory infection caused by SARS-CoV-2 that led to an unprecedented global
pandemic between 2020 and 2022 and thereafter has been endemic up to the present time (December
2024). In Pakistan, approximately 1.6 million COVID-19 cases and 30,700 deaths were reported to
WHO from March 2020 to April 2023 (1).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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SARS-CoV-2 mutated from the original Wuhan strain to a range of variants. Emergence of
variants that posed an increased risk to global public health prompted the World Health
Organization (WHO) to classify the variants for better global monitoring and research, and to inform
and adjust COVID-19 responses (2). The classification includes variant under monitoring (VUM),
variant of interest (VOI), and variants of concern (VOC) (3). VOC have genetic changes that (i) are
known to affect virus characteristics such as transmissibility; (ii) have a growth advantage over other
circulating variants; (iii) result in detrimental change in clinical disease severity; or, change in
COVID-19 epidemiology causing substantial impact on health systems; or, significant decrease in the
effectiveness of available vaccines (3). From May 2021 onwards, WHO began to assign Greek
alphabets for key variants, that is VOI and VOC (4). VOCs include Alpha, Beta, Delta and Omicron
with mutations linked to vaccine breakthrough infections in the case of delta and omicron variants
5).

Genomic divergence results from mutations, recombination, and genetic drifts (6). Sequencing
of SARS-CoV-2 genomes from all over the world has enabled unprecedented tracking of COVID-19
for public health measures. In addition, studying of SARS-CoV-2 genome substitution rate and
entropy has shown genome stabilization after vaccination (7).

Vaccinations against SARS-CoV-2 have been critical in managing the COVID-19 pandemic. It
has been reported that vaccinations prevented 19.8 million deaths globally (63% reduction in global
deaths) in the first year (December 8, 2020 to December 8, 2021) of COVID-19 vaccination programs
(8). In the WHO European region, 1.4 million lives were saved (57% reduction of deaths) by the
COVID-19 vaccines since their introduction in December 2020 to March 2023 (9). In Pakistan, vaccines
were rolled out in 2021 with the elderly and healthcare workers given the priority. Vaccine types
distributed in Pakistan include mRNA, inactivated and viral vector vaccines. Studies of vaccine
effectiveness (VE) have been conducted (10, 11). Nisar et al. reported 67.4% VE for mRNA vaccines,
58.6% for sputnik V, 49.3% for Sinovac. 47.9% for CanSino Bio, 47.4% for AstraZeneca, and 33.8 for
Sinopharm. The VE was evaluated during Delta variant was in circulation (12). Khan et al. showed
33% VE for inactivated vaccines in the setting of emerging VOC(13). In general, all COVID-19
vaccines approved by WHO are protective against severe disease and death from COVID-19 infection
(14).While we know that vaccines prevented death and hospitalizations(15) (16), it is not clear
whether the spectrum of infecting variants differed between vaccinated and unvaccinated
individuals.

Furthermore, there is a paucity of COVID-19 data and information regarding children in
Pakistan. A multi multicenter longitudinal study (March 2020-December 2021) from Pakistan
reported high mortality rate (18.6%) among hospitalized pediatric population (17). While this study
reported the largest spike in cases and mortality was when the Delta variant first emerged in July to
September 2021, it is not known whether children were predisposed to a particular variant of SARS-
CoV-2.

The present study examined sequenced genomes from Pakistan and analyzed them for VOC
genomic epidemiology whilst, comparing phylogenetic variations and genomic divergence during
the 2021 and 2022 period. Further, we focused on local data from Karachi, comparing strains
transmitted in children as compared with adults.

Methods

Study Description

The ethical clearance was obtained from Aga Khan University’s Ethics Review Committee. This
was a retrospective analysis of SARS-CoV-2 strains identified in patients from Pakistan during the
period May 2021-October 2022.

We downloaded all the available Pakistan SARS-CoV-2 genome sequences (FASTA) and their
corresponding metadata deposited to GISAID (a global data sharing platform of priority pathogens,
gisaid.org). For quality control, we applied f “high coverage” and “complete collection date” filters


https://doi.org/10.20944/preprints202504.2203.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 April 2025

3 of 15

before downloading the data. Further, we only included the 569 samples where the vaccination status
of the COVID-19 study subject was available.

Aga Khan University Hospital, Karachi, SARS-CoV-2 positive laboratory records were used for
analysis of SARS-CoV-2 genomes in younger aged individuals aged below years (n=143). Sample
selection was as described by Nasir et al. (18). Briefly, SARS-CoV-2 samples were selected by
identifying the first 10 specimens reported positive on each previous day. Inclusion criteria for
samples was a CT (cycle threshold) value < 35 as measured by the Cobas SARS-CoV-2 diagnostic
assay. Exclusion criteria were specimens that had a CT value >35, or were duplicate specimens for
the same individual (18).

Classification of vaccinated versus unvaccinated cases was done as per the study period
whereby 2021 COVID-19 cases were classified as vaccinated whilst 2022 comprised mostly vaccinated
cases. Of note, vaccination for children aged < 18 year were not available in Pakistan until later in
2021 (19). Hence, it was assumed that the cohort aged under 18 years was unvaccinated.

Bioinformatics Analysis

For the analysis of SARS-CoV-2 genomes, phylogenetic analysis was carried out on Augur
pipeline and visualized on Auspice (auspice.us). Briefly, the Augur pipeline was followed to prepare
datasets for phylogenetic analysis. then aligned with respect to the reference sequence (NC 045512.2)
using the MAFFT alignment tool. An alignment maximume-likelihood tree was generated using
igtree2 tool by applying the substitution model General Time Reversible (GTR). The tree was further
refined based on ancestral sequence inference and dating. Augur pipeline was further used to assign
clades to the nodes on the tree and infer ancestral sequences. The phylogenetic analysis was
visualized on Auspice, a phylogeny visualizing tool(auspice.us). Further downstream analysis was
done by applying visualization filters based on variables such as vaccination status and
demographics. Further, divergence values were retrieved from json file for statistical testing.

Statistical Analysis

Data analysis was performed on IBM SPSS v24 and GraphPad prism v8.0.1. Normality test for
the genomic divergence values of the samples in the dataset was conducted using Kolmogorov-
Smirnov test. Chi-square, unpaired samples t-test, Mann Whitney U test and Kruskal-Wallis
statistical tests were used to analyze for significant differences. P-value < 0.05 was considered
statistically significant.

Results

Study Cohort Description

We wanted to understand the effect of COVID-19 vaccination on the transmission of SARS-CoV-
2 variants in Pakistan by examining the genomic epidemiology of strains circulating in 2021 and 2022.
The 569 SARS-CoV-2 genomes we analyzed were those available in GISAID for samples collected
between May 2021 and October 2022 and which had metadata available (Supplementary Table S1).
Overall, Omicron and Delta variants were dominant at 45.87% and 45.17% respectively (Table 1).
54.1% of the strains had been collected in 2021 of which the dominant variant was Delta (82.8%). The
remaining (45.9%) strains were from 2022 when Omicron was dominant (92%). 47.1% genomes were
collected from females. The greatest number of sequences (71%) were from strains collected from
children (<18 years, p<0.001).

Of the SARS-CoV-2 genomes analyzed, vaccination data was available for 569 strains. These
were 29.3% (n=167) from vaccinated individuals and 70.7% (n=402) from unvaccinated individuals
(Table 2). Most unvaccinated individuals were children aged <18 years. Most (69.5%) of the
vaccinated persons were in the 18-50 years old category (p<0.001).

d0i:10.20944/preprints202504.2203.v1
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The SARS-CoV-2 genome submission were from across Pakistan. Of the 569 samples, most
(38.7%) were from Islamabad (Islamabad Capital Territory, ICT), followed by Sindh (32.7%), Punjab
(10.5%), Kyber Pakhtunkhwa (8.8%), Baluchistan (2.3%) and the rest from Gilgit-Baltistan and Azad

Jammu and Kashmir (Figure 1).

Table 1. Demographics of the study cohort in the context of SARS-CoV-2 variants.

Total Wildtype Alpha  Beta Delta Omicron Unassigned Test p-value
N=569 N=22 N=12 N=10 N=257  N=261 N=7
% of variant
in each 100 3.87% 2.11% 1.76% 4517%  4587%  1.23%
group
Year of .
sample Chi- . <0.001
collection square
308 o o oy 255 o o
2021 ca1y (13 %) 12 (3.9%) 10 (3.2%) 8% 2 (6.8%) 6 (1.9%)
261 . . . . 240 s
2022 (45.9%) 18 (6.9%) 0 (0%)  0(0%)  2(0.8%) (92.0%) 1(0.4%)
Sex Chi- 0.945
square
268 . . .. 119 124 .
Female ar1y) 1008 %) 5(0.9%) 6 (1.1%) 209% (18w (0.7%)
301 . ) .. 138 137 .
Male (52.9%) 12 (2.1%) 7 (1.2%) 4 (0.7%) (243%)  (24.1%) 3 (0.5%)
Age category Chi-
(N=566) square <0.001
402 . . o 197 175 .
<18 7i0% 8 (32%) 6(1.1%) 6(1.1%) (48%)  (309%) 0 (0%)
18-50 2210657) 2(04%) 5(0.9%) 3(0.5%) 46 (8.1%) 57 (10.1%)3 (0.5%)
>50 48 (85%) 2(0.4%) 1(02%) 1(0.2%) 11(1.9%) 29 (5.1%) 4 (0.7%)
p-value < 0.05 was considered significant.
Table 2. Age categories of the individuals in the study as per their vaccination status.
Total
Age category o Unvaccinated Vaccinated
(vears) (n=566) n(%) n(%) P-value
y n(%)
<18 402 (71.0%) 399 (70.5%) 3 (0.5%)
18-50 116 (20.5%) 2 (0.4%) 114 (20.1%) <0.001
>50 48 (8.5%) 1(0.2%) 47 (8.5%)

The chi-squared test was used to analyze for statistical difference among the age groups. P-value < 0.05 was

considered significant.
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Figure 1. Province-wise distribution of samples. Graph shows geographical distribution of SARS-CoV-2
genomes downloaded from GISAID for phylogenetic analysis. Samples were from the provinces of Pakistan;
ICT - Islamabad Capital Territory, KPK - Khyber Pakhtunkhwa. * includes samples from Gilgit-Baltistan and

Azad Jammu Kashmir provinces as well as those for which location was unavailable.

SARS-CoV-2 Phylogenetic Diversity

The phylogenetic diversity of SARS-CoV-2 genomes sequences during this period were studied
and the divergence between the Delta variants in 2021 and Omicron variants in 2022 was evident
(Figure 2A). The most common Delta lineage was B.1.167.2 (53.7%; n=137) followed by AY.108 (24%;
n=60 (Supplementary Table 2). In 2021 there were 1.3% wildtype, 3.9% Alpha and 3.2 % Beta strains.
In 2022, within the Omicron lineage BA.5.2 was prevalent (34.5%, n=87). Importantly, isolates from
both unvaccinated and vaccinated groups were found amongst the SARS-CoV-2 lineages identified.
We further compared the occurrence of variants between vaccinated and unvaccinated groups. Strain
divergence is visualized through a scatterplot and a similar pattern was observed in both vaccinated
and unvaccinated cohorts (Figure 2B). Genetic differences between vaccinated and unvaccinated
individuals did not show any statistically significant difference (p=0.75, unpaired samples t-test),
(Supplementary Table S3).
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Figure 2. SARS-CoV-2 phylogenetic divergence based on vaccination and time of sample collection from May
2021 to October 2022. 569 SARS-CoV-2 genomes were analyzed using the Augur pipeline. (A) The graph shows
the diversity of SARS-CoV-2 genomes collected from unvaccinated (dark blue dots) or unvaccinated persons
(light green dots) respectively. The X-axis shows samples along the timeline of the pandemic from 2019 to 2022,
while the Y axis shows the two main branches of the phylogenetic tree. (B) The scatterplot shows genetic
divergence between SARS-CoV-2 strains from either unvaccinated (dark blue) or vaccinated (light green)
individuals. The X-axis of the graph shows divergence values of each sample in the cohort, and Y-axis shows the

groups. The data was downloaded from GISAID (gisaid.org).

Age Wise Distribution of SARS-CoV-2 Variants

Next we compared the occurrence of variants across different age groups. Delta and Omicron
were the most abundant variants across all age groups (Figure 3A) and age-wise comparison of the
strains showed a distribution of the prevalent SARS-CoV-2 variants (Beta, Alpha, Delta and Omicron)
across older and younger age groups, as divided between those below 18 years and those aged 18
years and above (Figure 3B, Supplementary Table S3). We divided the dataset for cases less than 18
years and more than 18 years. The statistical test between the two age categories did not give a
significant difference in terms of divergence. Genomic divergence analysis of variants with age also
displayed the spread of those <18 years and >18 years old cases to be similar (Figure 3B). Also,
unpaired samples T-test on the genomic divergence values did not give a significant statistical
difference between the two groups (p-value= 0.6038, Supplementary Table S3).
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Figure 3. Age-wise comparison of SARS-CoV-2 variants. We compared the occurrence of SARS-CoV-2 variants
based on the age of cases. (A) The graph depicts Next clade-based phylogeny of strains from individuals
according to their age. The scatter plot shows the clade on the X-axis and age (years) on the Y-axis as represented
by the dots for each individual. (B) Strains were plotted to show genetic divergence as per age of individuals.
SARS-CoV-2 divergence between samples is shown on the X axis whilst the Y-axis shows age. The dotted
horizontal line marks at age 18 years to give a visual comparison of individuals aged less than 18 years and those

above 18 years.

Distribution of SARS-CoV-2 Variants in Children from Karachi

There has been limited information on COVID-19 in children aged <18 years and we now
focused on this age group by comparing trends based on genomic sequences available countrywide
and compared with those from our facility-based testing in Karachi. Of the SARS-CoV-2 genomes
analyzed from across Pakistan, 402 were from those aged < 18 years with 218 isolated in 2021 and 184
from 2022. In 2021, 89.9% of these belonged to the Delta variant, and in 2022, Omicron was the most
variant (90.2%), Figure 4A. We also studied SARS-CoV-2 isolates received at the Aga Khan University
Hospital (18) . We focused on 143 isolates collected in Karachi, of which 103 were from 2021 and 40
from 2022. Of the SARS-CoV-2 strains tested at AKUH, 70% were outpatient cases and 30% were
from inpatients COVID-19 patients. Unfortunately, data on clinical disease severity of all individuals
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was not available. We observed the dominant variants to be Delta in 2021 (57.3%) and Omicron in
2022 (100%), Figure 4B.

Further, we examined the SARS-CoV-2 viral loads of 143 AKUH specimens from those aged <
18 years and found SARS-CoV-2 viral loads, as determined by Ct values, to differ significantly
between variants (Kruskal Wallis p value=0.0002). There was a higher Ct in wild type compared with
VOC Delta (p=0.0007) and Omicron (p=0.0001), Figure 4C. This indicated higher viral loads in cases
involving VOCs as compared with wildtype strains. There was no significant difference between
Wildtype and Alpha, p=0.6653; Wildtype and Beta, p=0.3239; Alpha and Beta, p=0.6238; Alpha and
Delta p=0.0957; Beta and Delta, p=0.1350; Delta and Omicron, p=0.2408. Alpha variant viral loads
(median CT=27) were lower than in the case of Omicron (median CT=21) (p=0.0449) infections; and
the same trend was observed for Beta variants (p=0.0249). Of note, samples containing Omicron
variants had the lowest median Ct value (higher viral load) in children.
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Figure 4. Study of SARS-CoV-2 variants in children in the study cohort. We first identified wildtype and
variants alpha, beta, delta and omicron amongst the strains studied. (A) The graph shows the frequency of
variants in 402 genomes sequenced from children (<18 years) within the study cohort. The graph depicts the
frequency of isolates from 2021 (n=218) and 2022 (n=184). (B) Identification of VOC from children diagnosed at
AKUH. The graph depicts the frequency of 143 variants identified (2021 n=103; 2022 n=40). (C) The SARS-CoV-
2 diagnostic PCR cycle threshold value was compared between the variants identified in those aged under 18
years at AKUH. Kruskal-Wallis test shows the medians vary significantly among the 5 groups, P=0.0002. Mann-
Whitney U test showed significant differences between wildtype and delta p=0.0007; wildtype and omicron
p=0.0001; alpha and omicron p-0.0449; beta and omicron p-0.0249; *CT1 denotes cycle threshold of orflab gene

target. *p<=0.05 was considered significant.

Discussion

COVID-19 vaccinations were essential for reducing the morbidity and mortality during the
pandemic. The public health impact of COVID-19 was variable across the globe, differentially
impacting countries from high and low resource settings. Pakistan reported about 31,000 COVID-19
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related deaths up to 10 March 2023, when global COVID-19 tracking was stopped. Factors associated
with the impact of COVID-19 include, the age of populations, pre-existing immunity due to exposure
to viral pathogens such as endemic coronaviruses (20), routine vaccinations (BCG, influenza) (21, 22),
and COVID-19 vaccinations (14). Whilst, there is variation between protective efficacy afforded by
different COVID-19 vaccinations all of them have been shown to reduce severe disease (14). Here, we
investigated whether there were differences in the transmission of SARS-CoV-2 VOC during the early
pandemic period when a sub-set of the population received vaccinations. Further, we also focused
on the younger population, studying children which, in the 240 million populous country of Pakistan,
comprise 47% of the population according to the 2023 Census report by Pakistan Bureau of Statistics
(23).

This study investigates the impact of vaccines and age in the context of SARS-CoV-2 variants.
Overall results show that the spectrum of infecting variants did not differ between vaccinated and
unvaccinated individuals. Similarly, <18 years pediatric population was not predisposed to any
variant(s) when compared to adults.

The years 2021 and 2022 are important to study as this is when SARS-CoV-2 VOCs emerged
causing significant global health crises (24). COVID-19 vaccines were first administered in Pakistan
in 2021 based on their availability, with primary usage of inactivated virus vaccine followed by single
dose vaccine formulations providing a unique situation of a mixed-vaccination status population (25,
26). By 2022, the majority of the population was vaccinated and therefore we were able to compare
SARS-CoV-2 epidemiological trends comparing these time periods.

Most of the SARS-CoV-2 cases were from Islamabad (ICT) and Karachi (Sindh province) (Figure
1 and Supplementary Figure S1) as reported by Aziz et al. as well (27). These are the main cities in
Pakistan and were hotspots for virus introductions into the country during the pandemic (28, 29). In
addition, Karachi is the most populous city of Pakistan and has been the site for new variant
introductions through the pandemic (29, 30).

The dataset analyzed was extracted from GISAID and most of the SARS-CoV-2 genomes
collected during the study period were mostly from the pediatric population. This resulted from
exclusion of samples from adult age groups where vaccination status was not available.

Vaccinations have been shown to reduce SARS-CoV-2 viral transmission, disease severity and
mortality (8, 16, 31). A study by Umair et al. looked at COVID-19 variants including in individuals
who had received vaccinations but the data was limited and not sufficient to study the impact of
vaccination on circulating variants (32). We hypothesized that vaccination may have had an impact
on the type of infecting SARS-CoV-2 variant to vaccinated persons. Visual inspection of the
phylogenetic tree and scatterplot comparing both groups showed similar dispersion within the
clades. Statistical analysis of genomic divergence values of the samples in the two cohorts also gave
no statistically significant differences. This is the first study to investigate SARS-CoV-2 diversity
based on vaccination status using genomic divergence values in Pakistan. In this case, our study fits
with reports which show high rates of asymptomatic COVID-19 transmission in the Pakistani rural
and urban population likely attributable to subclinical infections (33).

We found in relation to age there was similarity between COVID-19 divergence of genomes.
There is paucity of information on COVID-19 in children in Pakistan. A study on hospitalized
pediatric patients (<18 years) by Abbas et al. conducted in five tertiary care hospitals across three
major cities in two provinces of Pakistan, noted that Alpha was the dominant variant from January
to April 2021, followed by mixed variants of Alpha, Beta and Delta from May-July 2021. Delta became
dominant from July to November 2021, before it was replaced the Omicron variant in December
2021(17). Less COVID-19 diagnostic testing was conducted in children therefore there is limited
information (34).

To further investigate how COVID-19 affected children nationally and locally in Karachi, we
analyzed national data downloaded from GISAID and compared it with data collected from AKUH
clinical laboratory. Both datasets showed similar VOC trends. In the year 2021, Delta was the main
SARS-COV-2 variant affecting the pediatric population while in the year 2022, Omicron was the main
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SARS-COV-2 variant. Similar trends have been reported for the general population in Pakistan (7, 18)
and globally (35, 36). Among the infecting variants in the pediatric population, Omicron variant had
the highest viral load which may be linked to higher transmission (37). Similar findings in the general
population have been reported by Nasir et al.(18).

There were limitations in this study. Firstly, vaccination details were not available for all SARS-
CoV-2 genomes submitted in GISAID and therefore these data were excluded from the study.
Secondly, clinical information such as reasons for testing and hospital admission, and disease severity
were not available therefore we could not conclude on the impact of different VOCs in the study in
the context of vaccinations.

Protection against SARS-CoV-2 is provided by humoral and cellular immunity which is driven
by both natural infection and vaccinations. Earlier, we showed that population seroprevalence had
reached 81% by November 2021 (38). We also showed the importance of studying immunity in the
local context, as seen in the context of endemic coronaviruses which also contribute to boosting of
COVID-19 vaccine immunity (39). These suggest host protection due to high seroprevalence in the
population.

In conclusion, we found similar occurrence of SARS-CoV-2 strains between vaccinated and
unvaccinated individuals in our population. Further, the strain divergence was similar between
adults and children. These data shed important insights into the COVID-19 pandemic in the country,
which was largely asymptomatic disease. This supports the importance of understanding factors
driving protective immunity in this high infectious disease burden largely young population.
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