
Saudi Journal of Biological Sciences 30 (2023) 103813
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Impact of ACE2 gene variations on COVID-19 pathogenicity
in Pakistani patients
https://doi.org/10.1016/j.sjbs.2023.103813
1319-562X/� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Department of Molecular Biology and Genetics,
Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan.

E-mail addresses: yar.muhammad@lumhs.edu.pk (Y.M. Waryah), ferhia.fatima@
lumhs.edu.pk (F.F. Khidri), roohinigarujjan@lumhs.edu.pk (R. Nigar), tarachand@lumhs.
edu.pk (T. Devrajani), ali.raza@lumhs.edu.pk (A.R. Rajput), aliwaryah@lumhs.edu.
pk (A.M. Waryah), ikramujjan@lumhs.edu.pk (I.D. Ujjan).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Yar Muhammad Waryah a,e, Feriha Fatima Khidri b,f, Roohi Nigar c, Tarachand Devrajani d, Ali Raza Rajput e,f,
Ali Muhammad Waryah e,f,⇑, Ikram Din Ujjan e

a Scientific Ophthalmic and Research Laboratory, Sindh Institute of Ophthalmology and Visual Sciences, Hyderabad 71500, Pakistan
bDepartment of Biochemistry, Bilawal Medical College, Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan
cDepartment of Gynecology, Bilawal Medical College, Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan
dDepartment of Medicine, Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan
eDepartment of Pathology, Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan
fDepartment of Molecular Biology and Genetics, Liaquat University of Medical and Health Sciences, Jamshoro, Pakistan

a r t i c l e i n f o a b s t r a c t
Article history:
Received 14 July 2023
Revised 24 August 2023
Accepted 15 September 2023
Available online 20 September 2023

Keywords:
ACE2
COVID-19
Gene
Variants
Pakistan
Background: COVID-19, caused by the SARS-CoV-2 virus, swiftly disseminated and was declared a pan-
demic. Variations in the ACE2 gene can impact the virus’s ability to bind to ACE2 receptor, potentially
influencing an individual’s susceptibility and its association with COVID-19 severity across various
populations.
Methods: In total, 200 individuals were sequenced for the ACE2 gene and potential impact of the found
variants on the ACE2 protein was assessed using in-silico tools.
Results: Eight variations in the ACE2 gene were identified in 27 COVID-19 patients, of which four were
missense and four were intronic variants. Three variants had a MAF of < 0.01 (c.251C > T, p.Pro86Leu;
15C > G, p.S5S; and c. 91 A > G, p.Lys31Glu). A missense variant, p.Pro86Leu, C > T, TT genotype, was found
in 9 out of 200 individuals with an allele frequency of 0.045 and showed a significant association with
COVID-19 (P = 0.003). The heterozygous allele of 15C > G, p.S5S, was found with a frequency of 0.02
(8/400) in eight patients, and its CG genotype showed a significant association with COVID-19
(P = 0.0068). The remaining identified variants were not associated with COVID-19 susceptibility.
Conclusion: The ACE2 gene sequence in Pakistani individuals exhibited a low frequency of identified vari-
ants in COVID-19 patients. Overall, only two variants were associated with susceptibility to the disease,
possibly contributing to Pakistan’s lower COVID-19 mortality and infection rates. However, individuals
carrying the mutant variant experienced more severe symptoms.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The novel coronavirus emerged from animals to humans, got
first noticed in December of 2019 in Wuhan, China (Zhou et al.,
2020, Jiatong and Wenjun, 2020) and disseminated worldwide.
Due to the rapid global transmission of coronavirus and increased
infection rate (Khidri et al., 2022), the WHO announced the novel
coronavirus (COVID-19) a pandemic disease (Organization, 2020,
Rodriguez-Morales et al., 2020). It infected 687 million individuals
globally, and about 6.8 million deaths were recorded worldwide.
So far, there have been 659 million recovered patients. Over the
last two decades, a family of coronaviruses has caused three
epidemics, they manifest similar common symptoms in humans,
such as cold, fever, fatigue, and decreased or loss of smell/taste
(Wu et al., 2020, Dhama et al., 2020).
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There are several scientific challenges to understanding viral-
host interaction and the mechanism by which the virus infects
hosts. The clinical presentation, progression, and mortality of
COVID-19 have shown variations among individuals belonging to
different ethnic groups globally (Kopel et al., 2020, AbuRuz et al.,
2022). The SARS CoV 2 (severe acute respiratory syndrome
coronavirus 2) utilizes spike protein to attach to ACE2
(angiotensin-converting enzyme 2) receptor and infect human
cells. This binding is crucial for the virus to replicate and spread,
affecting many organs in addition to the lungs. The ACE2 catalyza-
tion reaction of angiotensin II to angiotensin-(1–7), and the ACE2/
angiotensin-(1–7)/MAS system counteracting the renin-
angiotensin system (RAS) effects are crucial in sustaining the
pathophysiological balance. The virus’s direct effects on inflamma-
tion, immune response, and infection, in addition to the
disturbance of the ACE2/angiotensin-(1–7)/MAS and RAS equilib-
rium, can cause multiple organ injury in COVID-19 pathogenesis
(Vieira et al., 2021, Ni et al., 2020). The structure analysis showed
that the interaction of spike’s protein receptor binding domain
(RBD) and the ACE2 peptide domain facilitates the recognition
and entrance of SARS-COV-2 into the cells, making it a valuable tar-
get for the development of specific vaccines, antibodies, and drugs
(Tipnis et al., 2000, Ni et al., 2020).

Epidemiological data indicates that COVID-19 has spread dis-
proportionately across various populations. However, despite its
rapid transmission, not all persons who have been in close contact
with confirmed COVID-19 cases have contracted the disease, sug-
gesting that distinct genetic variants of ACE2may influence suscep-
tibility and severity in different ethnicities and populations
(Mueller et al., 2020, Jain et al., 2020, Ghosh et al., 2020). Therefore,
this study aimed to investigate the role of ACE2 gene variations on
COVID-19 pathogenicity in Pakistani patients.
Table 1
Demographic and clinical profile of patient.

Characteristics COVID-19 patients

Gender Male (n; %) 64 (64)
Female (n; %) 36 (36)

Age (Years) Median (min–max) 44 (24–76)
Presence of Symptoms Symptomatic 100 (100)

Asymptomatic 0 (0)
Contact history Yes (n; %) 03 (3)

No (n; %) 97 (97)
Travel history Yes (n; %) 10 (10)

No (n; %) 90 (90)
Severity Mild (n; %) 13 (13)

Moderate (n; %) 25 (25)
Severe (n; %) 62 (62)

O2 saturation (%) Median (min–max) 89 (66–99)
COVID-19 antibodies Positive (n; %) 31 (31)

Negative (n; %) 69 (69)
ESR (mm/1st hour) Median (min–max) 55 (0–658)
2. Material and methods

2.1. Ascertainment and clinical evaluation

In this study, 100 individuals tested PCR positive for COVID-19,
home quarantine and patients admitted to different COVID-19
emergency wards, the Intensive Care Unit of Liaquat University
of Medical and Health Sciences (LUMHS) Hospital, Sindh, Pakistan,
were enrolled. After tested of antibodies by using SD Biosensor
COVID-19 IgM/IgG plus kit and RT-PCR for COVID-19 one hundred
healthy exposed individuals from the general population were also
recruited as controls. Informed consent was obtained, and blood
samples of infected and control individuals were collected for
DNA isolation. The laboratory investigations based tests including
CBC-ESR, CRP, D-Dimer, ferritin, LDH and ProBNP, were sent to
diagnostic research laboratory Hyderabad. The study got approval
from the Ethical Review Committee of LUMHS. The SARS-CoV-2
infection was confirmed using reverse transcription polymerase
chain reaction (RT-PCR) on a nasopharyngeal swab. The COVID-
19 cases were categorized according to the NIH (National Institute
of Health) guidelines into mild (COVID-19 symptoms without dys-
pnea, or abnormal chest imaging, moderate (lower respiratory dis-
ease and SpO2 � 94%), and severe (SpO2 < 94%, PaO2/
FiO2 < 300 mm Hg, respiratory rate > 30 breaths/min, or lung
infiltrates > 50%).
CRP (mg/dl) Median (min–max) 6.09 (0–133)
Ferritin (ng/ml) Median (min–max) 650 (12–6151)
LDH (IU/l) Median (min–max) 603 (75–2456)
Pro-BNP (pg/ml) Median (min–max) 488 (19–10208)
D-dimer Positive (n; %) 39 (39)

Negative (n; %) 61 (61)

COVID: Coronavirus disease; CRP: C-reactive protein; ESR: Erythrocyte sedimen-
tation rate; LDH: Lactate dehydrogenase; BNP: B-type natriuretic peptide.
2.2. Sequencing and bioinformatics analysis

Genomic DNA was extracted from both COVID-19 patients and
controls for ACE2 gene analysis. The quantification of DNA was per-
formed using a spectrophotometer. Intronic and exonic boundaries
were selected for primer design of the ACE2 (NM_001371415) gene
2

using the Primer 3 bioinformatics tool (Kõressaar et al., 2018). The
all exons of ACE2 gene were amplified by 5 primer pairs as previ-
ously described (Sheikh et al., 2014). The amplified products were
sequenced through Sanger sequencing method described earlier
(Waryah et al., 2013) and human assembly GRCH37/hg19 of
ACE2 (NM_001371415) gene was used for reference alignment.

2.3. Statistical analysis

Among the demographic and clinical variables, categorical data
such as gender, symptoms, contact and travel history, COVID-19
severity, presence of COVID-19 antibodies, and D-dimer were
shown as frequencies and percentages. The continuous variables,
including age, O2 saturation, erythrocyte sedimentation rate
(ESR), ferritin, C-reactive protein (CRP), lactate dehydrogenase
(LDH), and pro-brain natriuretic peptide (proBNP) were presented
as medians along with their corresponding lowest and highest val-
ues. To assess the normal distribution of the continuous data, the
Shapiro-Wilk test was used. The Kruskal-Wallis test followed by
the Mann-Whitney test was applied to assess the differences
between continuous variables based on COVID-19 severity. The
genetic data were presented as MAF and genotypes as frequency
and/or percentages. To determine the association between geno-
types and COVID-19, Fisher’s exact test was applied to compare
genotype distributions between COVID-19 cases and controls.
The IBM SPSS Statistics 20.0 and GraphPad Prism 9.5.0 software
were used for Statistical analyses, and a p-value of � 0.05 was con-
sidered statistically significant.
3. Results

3.1. Demographics, clinical presentation, and laboratory investigations

Table 1 displays the demographics, laboratory investigations,
and clinical presentation of COVID-19 cases including Age, gender,
ESR, CRP, Ferritin, D-dimers, ProbPNP, LDH and antibodies. The
patients had a median age of 44 years, and the majority were male
(64%). Most of the patients (62%) had a severe COVID-19 infection,
while 25% had a moderate infection and 13% had a mild infection.
All COVID-19-positive individuals were symptomatic and experi-
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enced a range of symptoms, including fever, sore throat, shortness
of breath, myalgia, body ache, headache, loss of taste, loss of smell,
vomiting, diarrhea, and abdominal pain. The majority of patients
had no travel or contact history. COVID-19 antibodies were not
detected in most patients (69%). The analyzed biomarkers showed
elevated levels above the normal range among the COVID-19
patients. The age, gender, and clinical investigation did not differ
(p > 0.05), when analyzed according to the COVID-19 severity
among patients (Fig. 1).

3.2. Identified ACE2 gene variations and COVID-19 susceptibility

All 18 exons of the ACE2 gene were sequenced, and eight varia-
tions were identified, of which 4 were located in the exonic region
and 4 in the intronic region. Out of 100 patients, these variations
were found in 27 patients. No variant was detected in healthy con-
trols. In present study the heterozygous allele of c.15C > G, p.Ser5-
Fig. 1. Distribution of variables ac
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Ser, was observed with a frequency of 0.02 (8/400) in eight
patients, and its CG genotype showed a significant association with
COVID-19 (P = 0.0068). The heterozygous allele of c.15C > G was
not previously reported in COVID-19 patients, and the 1000 gen-
ome database (https://www.internationalgenome.org/) showed a
low allele frequency of c.15C > G, p.Ser5Ser, worldwide population
(Table 2). Three other missense variations were detected in the
ACE2 peptide domain with low allelic frequency in COVID-19-
positive individuals. A novel missense variant, p.Pro86Leu, C > T,
TT genotype, was found in 9 out of 200 individuals with an allele
frequency of 0.045 and showed a significant association with
COVID-19 (P = 0.003) (Table 3). Another novel heterozygous mis-
sense variation, c.91 A > G, p.Lys31Glu, was found in five individu-
als with an allele frequency of 0.013 (5/400) (Table 2), but it did not
show any significant association with the disease susceptibility in
our population. Moreover, the rare homozygous variant of c777
T > C, p.Ile259Thr, was identified in one individual with an allele
cording to COVID-19 severity.

https://www.internationalgenome.org/


Table 2
The minor allele frequency (MAF) of SNPs in exonic and intronic regions of different populations.

Chromosomal
location

c.DNA /intronic and
Protein location

European
(non-
Finnish)

Latino Ashkenazi
Jewish

African East Asian South
Asian

Finnish Other Global In this
study
n = 200

X:15600897 rs775089013
c.15C > G, p.Ser5Ser

0.000 0.000 0.000 0.000 0.0002793 0.000 0.000 0.000 0.000 0.023 (8/
400)

X:15587779 c.777 T > C, p.
Ile259Thr

0.000 0.000 0.000 0.0001094 0.000 0.000 0.000 0.000 0.000 0.005 (2/
400)

X:15600828 c. 91 A > G, p.
Lys31Glu

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.013 (5/
400)

X:15594939 c.251C > T, p.
Pro86Leu

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.045 (18/
400)

X:15587729 rs4646140
c.802 + 24G > A

0.0003950 0.007945 0.000 0.1212 s 0.02503 0.06189 0.0003374 0.01115 NA 0.0025 (1/
400)

X:15594812 13025A > G 00 00 00 00 00 00 00 00 00 0.005 (2/
400)

X:15582771 2565C > G 00 00 00 00 00 00 00 00 00 0.005 (2/
400)

X:15579040 28798A > G 00 00 00 00 00 00 00 00 00 0.005 (2/
400)

Table 3
Distribution and association of genotypes of ACE2 variants in patients and controls.

Variants Genotype Cases Controls P*

c.777 T > C,p.Ile259Thr TT 99 (99) 100 (100) 1.00
CC 1 (1) 0 (0)

c.15C > G, p.Ser5Ser CC 92 (92) 100 (100) 0.0068
CG 08 (8) 0 (0)

c.91 A > G, p.Lys31Glu AA 95 (95) 100 (100) 0.059
AG 05 (5) 0 (0)

c.251C > T, p.Pro86Leu CC 91 (91) 100 (100) 0.003
TT 09 (9) 0 (0)

rs4646140 GG 99 (99) 100 (100) 1.00
GA 01 (1) 0 (0)

13025A > G AA 99 (99) 100 (100) 1.00
GG 1 (1) 0 (0)

2565C > G CC 99 (99) 100 (100) 1.00
GG 1 (1) 0 (0)

28798A > G AA 99 (99) 100 (100) 1.00
GG 1 (1) 0 (0)

P* value is calculated by Fisher exact test.

Table 4
Distribution of SNPs and Genotypes according to severity and gender.

SNP Genotype Mild/Moderate Patients Severe/Critically ill Patients Gender

c.777 T > C,p.Ile259Thr CC 0 01 Male
rs775089013

c.15C > G, p.Ser5Ser
CG 04 04 Female: 03

Male: 05
c.91 A > G, p.Lys31Glu AG 02 03 Female: 03

Male: 02
c.251C > T, p.Pro86Leu TT 02 07 Female: 05

Male: 04
rs4646140 c.802 + 24G > A GA 0 01 Female
13025A > G GG 0 01 Male
2565C > G GG 0 01 Male
28,798 A > G GG 0 01 Male
Total 27 08 19 Male: 15

Female: 12
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frequency of 0.005 (2/400). Four intronic variants were identified
once in four unrelated individuals; the allele rs4646140 c.802 + 2
4G > A was already reported with low allelic frequencies in differ-
ent worldwide population (Table 2). Whereas three novel alleles
rs900277187 28,798 A > G, 13025A > G and 2565C > G, detected
in this study with an allele frequency of 0.0025 (1/400) in our pop-
ulation. the alleles frequency of three novel variants were not
reported in the gnomad1000 database (Table 2). These four intro-
4

nic variants showed no association with disease susceptibility in
the study participants (Table 4).

3.3. ACE2 gene variations according to COVID-19 severity

The identified variations were present in 15 males and 12
females, with a ratio of 5:4. Among the 27 patients with identified
variations, 19 were severe or critically ill, whereas 8 were mildly or
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moderately ill. The majority of the severely or critically ill patients
(n = 7) were identified with c.251C > T, p.Pro86Leu variation. The
association of genotype with illness and severity has revealed that
individuals with mutated genotypes experience severe symptoms
and critical conditions. This suggests that genetic changes have a
crucial role in determining the severity of illness in these patients
(Table 4).

3.4. Functional impact of variations

To predict the functional impact of identified variations on pro-
teins, several bioinformatics tools were used to assess their
pathogenicity. Mutation Taster indicated these changes as
disease-causing, Provean suggested the change as deleterious, Shift
highlighted the change as damaging, and Polyphen2 recommended
this change as probably damaging. Hope protein prediction indi-
cated the amino acid variation as pathogenic, and found that the
mutated residue is situated in a domain that is crucial for protein
activity and has contact with another domain residue. This interac-
tion may be essential for normal protein function, and the muta-
tion may potentially disrupt it, impairing protein function.

The wild-type Ile259 (Fig. 2A) is a conserved residue in the ACE2
gene and supports the structural integrity of the protein. It is
located at the junction between the collectrin-like and the pepti-
dase domain, interacting with surrounding residues and stabilizing
the protein structure. Due to the loss of hydrophobicity and exter-
nal interaction, the mutated Thr259 residue (Fig. 2B) affects regular
interaction and normal protein function.

The wild-type lysine residue (Fig. 2A) has been replaced with a
mutant glutamic acid residue (Fig. 2D) at position 31. The lysine
residue is not located in a conserved domain of the ACE2 gene,
but this is essential for the regular activity of the functional pro-
tein. The wild-type lysine is positively charged and replaced by a
Fig. 2. Phyre2 protein modeling of wil
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mutant negatively charged glutamic acid residue, which could dis-
rupt this type of interaction and potentially affect the binding of
the spike glycoprotein to ACE2. A wild-type Pro86 residue
(Fig. 2A) is vital for the protein’s normal function. The mutated
Leu86 residue could potentially disrupt this special conformation
and, as a result, interfere with an important interaction between
the domains. This disruption could then impact the overall activity
of the protein.

The MetaDome bioinformatics tool has suggested that the
amino acid substitution at position Lys31 is located in a domain
that is intolerant to changes. In contrast, the substitutions at posi-
tions Pro86 and Ile259 are located in slightly tolerant domains and
are tolerant to changes, respectively (Fig. 3). In predicting the
potential impact of genetic variants on protein structure and func-
tion, amino acid substitutions that occur in domains that are intol-
erant to changes are more likely to have a deleterious effect on
protein function, while substitutions in domains that are tolerant
to changes are more likely to be functionally neutral or have a
milder effect.

4. Discussion

COVID-19 has shown disproportionate mortality globally. The
mortality rate in the India and South Asia is lower compared to
western countries (Jain et al., 2020). Pakistan confirmed 659,116
infections and 14,256 deaths and ranked 31st among countries
with a high COVID-19 burden. The mortality rate in Pakistan
stands at 2%, which is comparable to India (1.45%) though lower
than Iran (4.68%), Italy (3.52%), the UK (3.43%), and other European
countries (Burdorf et al., 2020, Sarfaraz et al., 2021). The reasons
for this difference in mortality are complex and can be attributed
to multiple factors, including age, gender, ethnicity, type of treat-
ment, viral immunogenicity, host genetics, demographics, and sea-
d-type ACE2 and Mutant variants.



Fig. 3. MetaDome health map showing ACE2 residues Lys31, Pro86, and Thr259.
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sonal variations (Abdalla et al., 2022, Banik et al., 2020). Genetic
variations due to differences in ethnic and geographical patterns
may add to the observed clinical variability of COVID-19; therefore,
we investigated whether genetic variations in the ACE2 gene mod-
ulate susceptibility and severity in COVID-19 among Pakistani
patients. This is the first study to sequence all exons of the ACE2
gene in COVID-19 patients and healthy individuals among the Pak-
istani population (Abdalla et al., 2022).

Genetic variations play a notable role in disease progression and
virus-host interaction. The SARS-CoV-2 has a higher binding affinity
and binds at least ten times more than SARS-CoV (Cai et al., 2020).
The different in silico data suggested that variations within ACE2 im-
pact dynamic binding and expression levels (Hussain et al., 2020).
The structure analysis of SARS-CoV-2 has revealed several key resi-
dues (K417, F486, Q498, Y453, T500, Q474, and N501 of the RBD)
that are involved in the virus’s interaction with the peptide domain
of ACE2 and its ability to infect human cells. One of the essential
residues is the RBD of the virus’s spike protein, which contains sev-
eral important amino acid residues crucial for ACE2 binding
(Hoffmann et al., 2020, Yan et al., 2020).

In the present study, eight variants in the ACE2 gene were iden-
tified, of which two were novel missense and three were novel
intronic variants. In total, three variants had a minor allele fre-
quency (MAF) of < 0.01 (c.251C > T p.Pro86Leu, c.15C > G, p.Ser5-
Ser, and c.91A > G, p.Lys31Glu). Two variants, c.251C > T, p.
Pro86Leu, and c.15C > G, p.Ser5Ser, were found to be strongly
linked with COVID-19, suggesting that they are quite prevalent
in our population andmay contribute to an increased susceptibility
to or severity of COVID-19.

According to the gnomAD database, the c.15C > G, p.Ser5Ser
variant is a rare allele with a MAF of < 0.01 in the general popula-
tion, However, its frequency is slightly higher in East Asian popu-
lations, at 0.0002793. The allele c.15C > G, p.Ser5Ser was not
previously reported from South Asian population, we have found
the heterozygous allele of c.15C > G, p.Ser5Ser, in eight patients
with low allele frequency.This shows that genetic variant among
individuals could play a role in disease susceptibility and response
to treatment. It is necessary to consider these differences in per-
sonalized medicine and interpretation of genetic testing. In this
study, the c.777 T > C, p.Ile259Thr, was found at an extremely
low frequency. The MAF of this variant is reported to be < 0.01 in
African populations, indicating its rarity in this group. Bioinformat-
ics tools did not predict any deleterious effects of this amino acid
change, which suggests that it is unlikely to significantly impact
the protein’s structure or function.

Previous studies have indicated the influence of intronic SNPs,
such as c.802 + 24G > A (rs4646140), on hypertension and the pos-
sibility of interference with the ACE2 protein product. The
6

rs4646140 variant is not present in the indigenous population,
and the MAF ranges from 0 in Indians to 0.13 in Africans, 0.17 in
Nigerians (Khayat et al., 2020), and 0.0025 in the Pakistani popula-
tion, according to the present study. Another three intronic vari-
ants (13025A > G, 2565C > G, and 28798A > G) were found with
a low MAF (<0.01) in three unrelated severe and critically ill
COVID-19 positive individuals, suggesting they may be uncommon
in the general population and could be linked to susceptibility and
severity to the disease. However, further information is required to
establish their significance.

Previous studies have reported that the insertion/deletion (Ins/
Del) variant (rs4646994) of the ACE gene is linked to higher levels
of serum ACE, hypertension, obesity, increased cardiovascular risk,
and thrombophilia, all factors that are linked to more severe
COVID-19. The deletion/deletion (Del/Del) variant of this gene
has also been connected to mortality in acute respiratory distress
syndrome and may help explain why COVID-19 is having such a
devastating impact in Southern Europe. The frequency of the Del/
Del variant differs among populations, with Italy having a much
higher representation, especially in older individuals, compared
to China. Studies have reported an association between the Del/
Del variant and COVID-19-related deaths in 25 European countries
(Bellone and Calvisi, 2020, El-Sayed Marei et al., 2023). Other vari-
ants, rs4240157 and rs4240157 T > C, have been associated with
increased disease severity in some studies, although the underly-
ing mechanism remains under investigation (Mir et al., 2021).
The variations rs73635825 and rs143936283 are common in Euro-
pean and African populations (Senapati et al., 2021); however, they
were not detected in the Pakistani population in our study. A pre-
vious study conducted in Pakistan on the Punjabi ethnicity did not
find any link between the only identified p.lys26Arg variant and
susceptibility to SARS-CoV-2 (Muhammad et al., 2023), and this
variant was not detected in the mixed ethnic population of Pak-
istan studied in the present research.

The present study confirms that variations in ACE2, both previ-
ously reported and newly identified, are uncommon in the Pak-
istani population. The research findings indicate that changes in
the SARS-CoV-2 binding area and protein cleavage sites are mini-
mal in COVID-19 positive patients and healthy individuals. The
study suggests that two variations in the ACE2 gene are linked to
COVID-19 susceptibility in the Pakistani population, and mutant
genotypes may increase severity and mortality risk.
5. Conclusion

In conclusion, the ACE2 gene sequence in Pakistani individuals
exhibited a low frequency of identified variants in COVID-19
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patients. Overall, only two variants were found to increase COVID-
19 susceptibility among patients, which could explain the lower
mortality and infection rates of COVID-19 in Pakistan compared
to neighboring and European countries. Nonetheless, patients car-
rying the mutant variant had more severe symptoms. Further
research is required to confirm these findings to understand the
role of genetic factors in COVID-19 susceptibility and severity.
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