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Abstract

Introduction: Coronaviruses, a family of enveloped RNA viruses, have been implicated in various clinical disorders including coronavirus
disease 2019 (COVID-19). Host genetic factors, including the OA4S7 and MxA gene variants may have a role in determining susceptibility to
viral infections. Understanding the genetic factors involved in unraveling COVID-19's diverse clinical outcomes is critical for disease
management. This study investigated the impact of OASI rs2660 and MxA rs2071430 genotypes on COVID-19 susceptibility and severity
among Pakistani patients.

Methodology: This was a comparative cross-sectional study. Fifty patients diagnosed with COVID-19 and 50 controls were recruited and
genotyped for the selected gene variants.

Results: The OAS! gene rs2660 exhibited an association with COVID-19 susceptibility in various genetic models. The risk decreased with AG
genotype (OR =0.23, 95% CI=0.09-0.58; p = 0.0011) compared to GG in codominant models. In dominant (OR = 0.35, 95% CI=0.15-0.81;
p =0.013) and overdominant (OR = 0.21, 95% CI = 0.08-0.53; p = 0.0005) models, the single nucleotide variant (SNV) decreased COVID-19
susceptibility risk. There was no association of OASI rs2660 genotypes with COVID-19 severity. We did not find a significant association
between MxA rs2071430 variant and COVID-19 susceptibility.

Conclusions: OA4S! rs2660 AG genotype showed decreased risk of COVID-19 susceptibility among Pakistani patients. This study provides
insight into the role of the OASI and MxA variants in COVID-19. This finding could aid researchers in understanding genetic susceptibility
and severity in COVID-19 by identifying at-risk individuals and determining the optimal treatment.
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Introduction

The coronavirus disease (COVID-19) was first
noted in Wuhan, China, in December 2019, and
declared a pandemic on March 11, 2020. It is caused by
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1-3]. Coronaviruses are single-strand,
enveloped RNA viruses, with genomic size of
approximately 30 kb, and belong to the Coronaviridae
family. These viruses have been associated with various
clinical disorders, including respiratory,
gastrointestinal, hepatic, neurological,
hypercoagulability, and endothelial dysfunction [4,5].

SARS-CoV-2 attaches to host cells through the
angiotensin-converting enzyme-2 (ACE2) receptor [6].
After endocytosis and eventual uncoating, it uses host
cellular machinery to generate mnew viruses.
Subsequently, the exocytosed virions activate the host
immune system, releasing cytokines, leading to
inflammation and immunological dysfunction by
activating or inhibiting immune cells. This may lead to
septicemia, shock, multiple organ system failures, and
death [4].

Host genetic factors influence susceptibility and
modulate the severity of acquiring various infections
[7]. The 2', 5'-oligoadenylate synthetase (OAS)



Shaikh et al. — OASI and MxA variants in COVID-19 patients

antiviral protein has been shown to be associated with
COVID-19 susceptibility. The chrl2q24.13 locus
harbors three genes that encode antiviral OAS enzymes
(OAS1/2/3) alongside interferon (IFN)-induced
antiviral proteins that activate ribonuclease L, which is
an essential component of intracellular viral immune
response; however, only OAS1 has been proven crucial
for anti-SARS-CoV-2 action [8]. Single nucleotide
variants (SNVs) of the OASI gene influence OASI
expression and enzyme activity, possibly affecting viral
infection susceptibility and severity. So far, 57 SNVs of
the OAS1 gene have been documented. Two functional
variants (rs/131454 and rs2660) have been linked to
the inhibition of viral replication in hepatitis B and C,
dengue, influenza A, and SARS-CoV [9].

The antiviral protein Myxovirus resistance A
(MxA) influenced by IFN a and B, may inhibit viral
replication. Variants found in the MxA4 promoter region
have been linked to enhanced promoter function and a
modified response to IFN-a and P. These genetic
variations in MxA could potentially impact an
individual's susceptibility to SARS-CoV infection and
disease progression [10,11].

This study investigated the impact of OAS! rs2660
and MxA rs2071430 variants on COVID-19
susceptibility and severity among Pakistani patients.
This study could aid researchers in understanding
genetic susceptibility and severity to SARS-CoV-2
infection, distinguishing at-risk individuals, and
determining the optimal treatment.

Methodology
Study design

After obtaining approval from the ethical review
committee, this comparative cross-sectional study was
conducted at the Molecular Biology and Genetics
Laboratory, Liaquat University of Medical and Health
Sciences (LUMHS), Jamshoro, Pakistan, in 2021-—
2022. All participants (cases and controls), or the next
of kin of critically ill patients, provided informed
consent.

Study participants, sample size, and selection criteria
One hundred male and female participants were
recruited for this study. Fifty patients diagnosed with
COVID-19 were recruited from isolation wards at
LUMHS hospital. SARS-CoV-2 infection was
confirmed using the real-time reverse transcription
(RT) polymerase chain reaction (PCR) method (RT-
PCR) on nasopharyngeal swab samples. Fifty healthy,
unrelated, and exposed individuals with negative
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SARS-CoV-2 RT-PCR from general population were
randomly chosen as controls.

The COVID-19 patients were categorized into;
mild/moderate  (COVID-19  symptoms  without
dyspnea, or abnormal chest radiography, or lower
respiratory disease with SpO2 > 94%) and, severe (SpO-
< 94%, respiratory rate > 30 breaths per min, PaO,/FiO»
<300 mm Hg, or lung infiltrates > 50%) [12].

Cases with a negative and controls with a positive
SARS-CoV-2 RT-PCR, patients with any other viral
illness, and symptomatic controls were excluded from
the study.

Molecular detection and statistical analysis

For molecular detection, DNA was extracted from
collected blood samples via an inorganic method [13].
The OASI gene rs2660 is a nonsynonymous SNV
(g.chr12:112919637) and corresponds to an Arg397Gly
substitution [14,15]; whereas, MxA rs2071430 is a 5°-
UTR G>T variant (g.chr21:41426138). The primer
sequences were designed on Primer3web version 4.1.0
(https://primer3.ut.ee/), followed by confirmation
through UCSC in-Silico PCR and Blat [16]. The
sequence of primers for OAS1 rs2660 were: forward: 5'-
GAGGACTGGACCTGCACCATCCTC-3";  reverse:
5'-AGAAAGTCAAGGCTGGAATTTCAT-3'.  The
sequence of primers for MxA4 1rs2071430 were: forward:
TGAAGACCCCCAATTACCAA; reverse:
GAAACTCACAGACCCTGTGCTGA.

The primers were optimized by using different
buffer  concentrations at  various  annealing
temperatures. A PCR mixture of 20 uL. comprised of
DNA (4uL), dNTPs (2uL), MgCl, buffer (2uL), 0.6 U
Tag polymerase, and primers (forward and reverse: 0.6
puL each) was prepared. The desired fragments were
amplified wusing a 2720 thermocycler (Applied
Biosystems, Foster City, California, USA). For OAS!
rs2660, PCR conditions were 95 °C (7 min); 35 cycles
at 95°C (30s), 58 °C (30s), 72°C (30 s); and a final
extension at 72 °C (7 min). The PCR amplified products

Figure 1. Agarose gel electrophoresis showing AA 309 bp; GG
188 and 121 bp; and AG 309, 188, and 121 bp fragments of
polymerase chain reaction (PCR) amplified DNA digested with
Mboll emzyme.
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of 309 bp were digested with the Mboll enzyme (New
England Biolabs, Ipswich, Massachusetts, USA) at 37
°C for one hour. Subsequently, the fragments were
separated into AA 309 bp; GG 188 and 121 bp; and AG
309, 188, and 121 bp on 2% agarose gel (Figure 1).

The PCR conditions for MxA rs2071430 were 94 °C
(5 min); 35 cycles at 94 °C (30 s), 58 °C (30's), 72 °C (1
min); and a final extension at 72 °C (7 min). The PCR
products of 296 bp were separated on 1.2% agarose gel
and sequenced on ABI PRISM 3130 genetic analyzer
(Foster City, California, USA).

For data analysis, SPSS version 23 (IBM Corp,
Armonk, NY, USA) and SNPStat [17] software were
used. Frequency/percentage were computed for
categorical variables and mean + standard deviation
(SD) for continuous variables. The association of SNV
with COVID-19 was calculated by logistic regression
analysis at p < 0.05 significance.

Results

No difference in age distribution (p = 0.28), gender
(» = 0.07), or smoking status (p = 0.19) between
controls and cases were found (Figure 2). The majority
of the patients in our study presented with symptoms,
comorbidities, and raised laboratory biomarkers (Table
D).

The genotype distribution of SNVs was concordant
with Hardy-Weinberg equilibrium (HWE) in controls.
0AS1 rs2660 exhibited an association with COVID-19
in various genetic models (Table 2). The risk with
genotype AG was lower compared to GG (OR = 0.23,
95% CI=0.09-0.58; p =0.0011). The SNVs decreased
the COVID-19 susceptibility risk under dominant (OR
= 0.35, 95% CI = 0.15-0.81; p = 0.013) and
overdominant (OR = 0.21, 95% CI = 0.08-0.53; p =
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Figure 2. Age, gender and smoking status of the COVID-19
cases and controls.
Age Gender

= COVID Cases - Controls Males; n=32 COVID Cases Females;n=18

40

Controls
Males; n = 23 Females;n =27

Below 45 Years Above 45 Years

Smokers Ly

= COVID Cases - Controls

Smokers Non-smokers

0.0005) models. No association of OASI rs2660
genotypes with COVID-19 severity was found (Table
3).

No association between MxA4 rs2071430 variant and
COVID-19 susceptibility was detected among Pakistani
patients.

Discussion

Interindividual response variability to SARS-CoV-
2 infection, varying from asymptomatic and mild to
lethal disease, necessitates an immediate
comprehension of the underlying molecular
mechanisms.  Genome-wide  association  study
investigating COVID-19 severity and susceptibility
have found strong evidence for the interaction of
various genomic loci. Strong association of COVID-19-
related respiratory failure with »s/7/385942 SNVs at the
3p21.31 locus incorporating CCR9, SLC6A420, XCRI,
CXCR6, FYCOIl, and LZTFLI genes; and with
rs657152 SNV at 9q34.2 locus corresponding to the

Table 1. Symptoms, comorbidities, and clinical investigations in COVID-19 cases.

Variables

COVID-19 cases

Shortness of breath Present n (%) 44 (88)
Absent n (%) 06 (12)
Comorbidity Diabetes n (%) 12 (24)
Hypertension n (%) 14 (28)
More than one comorbidity n (%) 15 (30)
None n (%) 09 (18)
O: Saturation > 94% n (%) 16 (32)
< Lower than 94% n (%) 34 (64)
D-dimer Raised n (%) 31 (62)
Normal n (%) 19 (38)
ESR (mm/1% hour) Mean + SD 42.6+30.3
C-reactive protein (mg/dL) Mean + SD 8.77+18.4
Ferritin (ng/mL) Mean = SD 931.6 £929.6
LDH (TU/L) Mean + SD 630.2 +£357.8
Pro BNP (pg/mL) Mean + SD 7459 £717.9

COVID-19: coronavirus disease 2019; ESR: erythrocyte sedimentation rate; LDH: lactate dehydrogenase; Pro BNP: B-type natriuretic peptide; SD: standard

deviation.
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Table 2. Genotype/allele frequencies and association of the OAS! rs2660 and MxA rs2071430 gene variants with COVID-19.

Genetic model/HWE (p) Allele/Genotype COVID-19 cases n (%)  Controls n (%) OR (95%CI) p
0AS1 rs2660
Alleles G 82 (82) 74 (74) 1.00 0.1740
A 18 (18) 26 (26) 0.62 (0.32-1.23) ’
Codominant GG 37 (74) 25 (50) 1.00
AG 8 (16) 24 (48) 0.23 (0.09-0.58)* 0.0011*
AA 5(10) 1(2) 3.38 (0.37-30.68)
Dominant GG 37 (74) 25 (50) 1.00 0.013*
AG-AA 13 (26) 25 (50) 0.35 (0.15-0.81)* '
Recessive GG-AG 45 (90) 49 (98) 1.00 0.079
AA 5(10) 1(2) 5.44 (0.61-48.40) ’
Overdominant GG-AA 42 (84) 26 (52) 1.00 0.0005*
AG 08 (16) 24 (48) 0.21 (0.08-0.53)* ’
Log-additive e e e 0.64 (0.33-1.25) 0.18
HWEQ@) e 0.0041 0.14 e e
MxA rs2071430
Alleles G 99 (99) 100 (100) 1.00 0.4988
T 01 (1) 0 3.03 (0.12-75.28) '
Genotypes GG 49 (98) 50 (100) 1.00 0.4966
GT 01 (02) 0(0) 3.06 (0.12-76.95) '
HWEQ@ e 1 |

CI: confidence interval; COVID-19: coronavirus disease 2019; HWE: Hardy-Weinberg equilibrium; OR: odds ratio. * represent significant p values.

ABO blood group was reported. European association
studies have distinguished the OA4S zone as a COVID-
19 risk region [18]. The identified protective
Neanderthals-inherited haplotype on chromosome 12
covers the three genes OASI1/2/3. The region encodes
enzyme-activating proteins for RNA virus infections
and confers 22% lower risk of developing severity
among COVID-19 patients. However, geographical
distribution of the Neanderthal risk haplotype revealed
the absence of OASI rs47767027 in East Asian
populations [19,20]. Most COVID-19 association
studies were conducted in Caucasians, whereas
previous SARS genetic studies were primarily
performed in East Asians. In the COVID-19 era, host
genetic research in populations from South Asia,
Africa, and South America remains underreported [21].

This study has reported the OASI rs2660 variant
and COVID-19 susceptibility and severity in South
Asians and found that the individuals with the AG
genotype were protective to COVID-19. A previously
reported gene candidate approach that focused on
selected target genes identified 57143627 (IL1B gene)
and rs1131454 (OASI gene) as independent genetic risk
factors related to COVID-19 severity among the
Japanese, whereas rs2660 and rs10774671 had no
effect in that study. The mechanism involving disease

susceptibility and severity due to different genetic
variations among similar genes in different ethnicities
may be elucidated to understand the OA4S! pathway, as
hereditary tendency may further cause dysfunction of
antiviral innate immune response in COVID-19
patients. In addition to these findings, additional
research on the mechanisms underlying COVID-19
pathogenesis may advance novel preventative and
therapeutic strategies [22].

OAS genes are IFN-inducible genes that play a
crucial role as the initial line of antiviral defense.
Preliminary findings from phase III of a clinical trial
demonstrated that pegylated interferonl (peglFN-1)
significantly reduced hospitalization and mortality
related to COVID-19. Inhaled type 1 IFNs, IFNfB-1a and
IFNa2b, are currently being studied as initial therapies
for COVID-19 infection, with impressive outcomes
[23,24]. The nonsense-mediated mRNA decay (NMD)
targeting the OASI haplotype was linked to lower
standard OASI expression, a significantly increased
risk for COVID-19 severity, and compromised SARS-
CoV-2 clearance. A clinical trial suggested that
treatment with IFNs may improve SARS-CoV-2
clearance in relation to specific OAS/ variants Though
these medications improved viral clearance,
populations with the OASI risk haplotype (rs2660-4,

Table 3. Association of OA4S! rs2660 gene variant with COVID-19 severity.

0OAS1 genotype Mild/Moderate Severe OR (95% CI) p

GG 12 25 1.00 -
AG 02 06 1.44 (0.25-8.22) 0.68
AA 02 03 0.72 (0.11-4.89) 0.74

CI: confidence interval; COVID-19: coronavirus disease 2019; OR: odds ratio.
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rs1131454-A, and rs10774671-A4, i.e., AAA) would
gain the most from them due to their reduced ability to
eliminate the virus in the absence of treatment [§]

We did not find any association of MxA4 gene variant
with COVID-19 in our population. Mx4, a cytoplasmic
protein, has demonstrated antiviral action against
multiple viruses and genetic variants. Specifically,
rs17000900 and rs2071430 SNVs at the promoter
region, have been linked to increased activity and
potential effects on nuclear protein binding [25].
Previous studies have reported an association between
the 752071430 SNV and SARS-CoV infection, as well
as hypoxia resulting from the infection [26,27]. Despite
promising initial findings, further investigation into the
association between MxA and CoV-related phenotypes,
employing robust study designs and larger cohorts,
especially in COVID-19 patients is necessary.

Though the small sample size is one of our study
limitations, the significant association of the OAS! gene
variant with COVID-19 in our study directs further
research to explore the genetic susceptibility and
disease severity in larger sample size studies in other
populations. Moreover, we recognize the imperative for
future investigations to explore the relationship
between different COVID-19 variants and genetic
variations.

Conclusions

This study provides insight into the role of the OAS1
and MxA variants in COVID-19 among Pakistani
population. Moreover, hereditary factors influencing
the COVID-19 disease course may provide novel
biological perspectives into pathophysiology and
distinguish potential therapeutic targets for drug
development or repositioning. This finding is important
because, even though vaccines are available, treating
the disease is still a top priority.

References

1. World Health Organization (2020) WHO timeline-COVID-19.
Available: https://www.who.int/news-room/detail/27-04-
2020-who-timeline-covid-19. Accessed: 27 April 2023.

2. LiM, Lei P, Zeng B, Li Z, Yu P, Fan B, Wang C, Li Z, Zhou
J, Hu S (2020) Coronavirus disease (COVID-19): spectrum of
CT findings and temporal progression of the disease. Acad
Radiol 27: 603—608. doi: 10.1016/j.acra.2020.03.003.

3. Khidri FF, Riaz H, Bhatti U, Shahani KA, Kamran Ali F,
Effendi S, Rani K, Chohan MN (2022) Physical activity,
dietary habits and factors associated with depression among
medical students of Sindh, Pakistan, during the COVID-19
pandemic. Psychol Res Behav Manag 15: 1311-1323. doi:
10.2147/PRBM.S364540.

10.

11.

12.

J Infect Dev Ctries 2024; 18(9.1):S147-S152.

Kumar M, Al Khodor S (2020) Pathophysiology and treatment
strategies for COVID-19. J Transl Med 18: 353. doi:
10.1186/s12967-020-02520-8.

Dos Santos ACM, Dos Santos BRC, Dos Santos BB, de Moura
EL, Ferreira JM, Dos Santos LKC, Oliveira SP, Dias RBF, ¢
Silva ACP, de Farias KF (2021) Genetic polymorphisms as
multi-biomarkers in severe acute respiratory syndrome (SARS)
by coronavirus infection: a systematic review of candidate
gene association studies. Infect Genet Evol 93: 104846. doi:
10.1016/j.meegid.2021.104846.

Waryah YM, Khidri FF, Nigar R, Devrajani T, Rajput AR,
Waryah AM, Ujjan ID (2023) Impact of ACE2 gene variations
on COVID-19 pathogenicity in Pakistani patients. Saudi J Biol
Sci 30: 103813. doi: 10.1016/}.sjbs.2023.103813.

Zhou S, Butler-Laporte G, Nakanishi T, Morrison DR, Afilalo
J, Afilalo M, Laurent L, Pietzner M, Kerrison N, Zhao K,
Brunet-Ratnasingham E, Henry D, Kimchi N, Afrasiabi Z,
Rezk N, Bouab M, Petitjean L, Guzman C, Xue X, Tselios C,
Vulesevic B, Adeleye O, Abdullah T, Almamlouk N, Chen Y,
Chassé M, Durand M, Paterson C, Normark J, Frithiof R,
Lipcsey M, Hultstrom M, Greenwood CMT, Zeberg H,
Langenberg C, Thysell E, Pollak M, Mooser V, Forgetta V,
Kaufmann DE, Richards JB (2021) A Neanderthal OAS1
isoform protects individuals of European ancestry against
COVID-19 susceptibility and severity. Nat Med 27: 659-667.
doi: 10.1038/s41591-021-01281-1.

Banday AR, Stanifer ML, Florez-Vargas O, Onabajo OO,
Papenberg BW, Zahoor MA, Mirabello L, Ring TJ, Lee C-H,
Albert PS, Andreakos E, Arons E, Barsh G, Biesecker LG,
Boyle DL, Brahier MS, Burnett-Hartman A, Carrington M,
Chang E, Choe PG, Chisholm RL, Colli LM, Dalgard CL,
Dude CM, Edberg J, Erdmann N, Feigelson HS, Fonseca BA,
Firestein GS, Gehring AJ, Guo C, Ho M, Holland S,
Hutchinson AA, Im H, Irby LS, Ison MG, Joseph NT, Kim HB,
Kreitman RJ, Korf BR, Lipkin SM, Mahgoub SM, Mohammed
1, Paschoalini GL, Pacheco JA, Peluso MJ, Rader DJ, Redden
DT, Ritchie MD, Rosenblum B, Ross ME, Anna HPS, Savage
SA, Sharma S, Siouti E, Smith AK, Triantafyllia V, Vargas JM,
Vargas JD, Verma A, Vij V, Wesemann DR, Yeager M, Yu X,
Zhang Y, Boulant S, Chanock SJ, Feld JJ, Prokunina-Olsson L
(2022) Genetic regulation of OASI nonsense-mediated decay
underlies association with COVID-19 hospitalization in
patients of European and African ancestries. Nat Genet 54:
1103-1116. doi: 10.1038/s41588-022-01113-z.

Yaping LI, Song Z, Wenjun W, Huiling D, Mei LI, Xiaoli J,
Shuangsuo D (2019) OAS1 gene polymorphism is associated
with central nervous system involvement in children with
enterovirus 71 infection. Nan Fang Yi Ke Da Xue Xue Bao 39:
381-386.

Ching JC-Y, Chan KYK, Lee EHL, Xu M-S, Ting CKP, So
TMK, Sham PC, Leung GM, Peiris JSM, Khoo U-S (2010)
Significance of the Myxovirus Resistance A (MxA) gene -
123C>a single-nucleotide polymorphism in suppressed
interferon B induction of severe acute respiratory syndrome
coronavirus infection. J Infect Dis 201: 1899-1908. doi:
10.1086/652799.

Di Maria E, Latini A, Borgiani P, Novelli G (2020) Genetic
variants of the human host influencing the coronavirus-
associated phenotypes (SARS, MERS and COVID-19): rapid
systematic review and field synopsis. Hum Genomics 14: 30.
doi: 10.1186/s40246-020-00280-6.

National Health Sevices GoP (2020) Definitions, criteria for
testing, admission and management of patients with suspected/

S151



Shaikh et al. — OASI and MxA variants in COVID-19 patients

13.

14.

15.

16.

17.

18.

19.

20.

confirmed COVID-19. Available: https://www.nih.org.pk/wp-
content/uploads/2020/04/20200402-Testing-Admission-
Management-of-COVID-19-cases-1202.pdf.  Accessed: 2
April 2023.

Waryah AM, Shahzad M, Shaikh H, Sheikh SA, Channa NA,
Hufnagel RB, Makhdoom A, Riazuddin S, Ahmed ZM (2016)
A novel CHST3 allele associated with spondyloepiphyseal
dysplasia and hearing loss in Pakistani kindred. Clin Genet 90:
90-95. doi: 10.1111/cge.12694.

Zhao'Y, Kang H, Ji Y, Chen X (2013) Evaluate the relationship
between polymorphisms of OA4SI gene and susceptibility to
chronic hepatitis C with high resolution melting analysis. Clin
Exp Med 13: 171-176. doi: 10.1007/s10238-012-0193-6.
Martin FJ, Amode MR, Aneja A, Austine-Orimoloye O, Azov
AG, Barnes I, Becker A, Bennett R, Berry A, Bhai J, Bhurji
SK, Bignell A, Boddu S, Lins PRB, Brooks L, Ramaraju SB,
Charkhchi M, Cockburn A, Fiorretto LDR, Davidson C,
Dodiya K, Donaldson S, El Houdaigui B, El Naboulsi T,
Fatima R, Giron CG, Genez T, Ghattaoraya GS, Martinez JG,
Guijarro C, Hardy M, Hollis Z, Hourlier T, Hunt T, Kay M,
Kaykala V, Le T, Lemos D, Marques-Coelho D, Marugan JC,
Merino GA, Mirabueno LP, Mushtagq A, Hossain SN, Ogeh
DN, Sakthivel MP, Parker A, Perry M, Pilizota I, Prosovetskaia
I, Pérez-Silva JG, Salam AIA, Saraiva-Agostinho N,
Schuilenburg H, Sheppard D, Sinha S, Sipos B, Stark W, Steed
E, Sukumaran R, Sumathipala D, Suner M-M, Surapaneni L,
Sutinen K, Szpak M, Tricomi FF, Urbina-Goémez D,
Veidenberg A, Walsh TA, Walts B, Wass E, Willhoft N, Allen
J, Alvarez-Jarreta J, Chakiachvili M, Flint B, Giorgetti S,
Haggerty L, Ilsley GR, Loveland JE, Moore B, Mudge JM,
Tate J, Thybert D, Trevanion SJ, Winterbottom A, Frankish A,
Hunt SE, Ruffier M, Cunningham F, Dyer S, Finn RD, Howe
KL, Harrison PW, Yates AD, Flicek P (2023) Ensembl 2023.
Nucleic  Acids  Research  51: D933-D941.  doi:
10.1093/nar/gkac958.

Kent WIJ, Sugnet CW, Furey TS, Roskin KM, Pringle TH,
Zahler AM, Haussler D (2002) The human genome browser at
UCSC. Genome Res 12: 996-1006. doi: 10.1101/gr.229102.
Sol¢ X, Guind E, Valls J, Iniesta R, Moreno V (2006)
SNPStats: a web tool for the analysis of association studies.
Bioinformatics 22: 1928-1929. doi:
10.1093/bioinformatics/bt1268.

The Severe COVID-19 GWAS Group (2020) Genomewide
association study of severe COVID-19 with respiratory failure.
N Engl J Med 383: 1522-1534. doi:
10.1056/NEJMo0a2020283.

Zeberg H, Padbo S (2021) A genomic region associated with
protection against severe COVID-19 is inherited from
Neandertals. Proc Natl Acad Sci USA 118: ¢2026309118. doi:
10.1073/pnas.2026309118.

Huffman JE, Butler-Laporte G, Khan A, Pairo-Castineira E,
Drivas TG, Peloso GM, Nakanishi T, Ganna A, Verma A,
Baillie JK, Kiryluk K, Richards JB, Zeberg H, Initiative C-HG

21.

22.

23.

24.

25.

26.

27.

J Infect Dev Ctries 2024; 18(9.1):S147-S152.

(2022) Multi-ancestry fine mapping implicates OAS! splicing
in risk of severe COVID-19. Nat Genet 54: 125-127. doi:
10.1038/s41588-021-00996-8.

Velavan TP, Pallerla SR, Riiter J, Augustin Y, Kremsner PG,
Krishna S, Meyer CG (2021) Host genetic factors determining
COVID-19 susceptibility and severity. EBioMedicine 72:
103629. doi: 10.1016/j.ebiom.2021.103629.

Tanimine N, Takei D, Tsukiyama N, Yoshinaka H, Takemoto
Y, Tanaka Y, Kobayashi T, Tanabe K, Ishikawa N, Kitahara
Y, Okimoto M, Shime N, Ohge H, Sugiyama A, Akita T,
Tanaka J, Ohdan H (2021) Identification of aggravation-
predicting gene polymorphisms in coronavirus disease 2019
patients using a candidate gene approach associated with
multiple phase pathogenesis: a study in a Japanese city of 1
million people. Crit Care Explor 3: e0576. doi:
10.1097/CCE.0000000000000576.

Mesic A, Jackson EK, Lalika M, Koelle DM, Patel RC (2022)
Interferon-based agents for current and future viral respiratory
infections: a scoping literature review of human studies. PloS
Glob Public Health 2: €0000231. doi:
10.1371/journal.pgph.0000231.

Zhou Q, MacArthur MR, He X, Wei X, Zarin P, Hanna BS,
Wang ZH, Xiang X, Fish EN (2020) Interferon-o2b treatment
for COVID-19 is associated with improvements in lung
abnormalities. Viruses 13: 44. doi: 10.3390/v13010044.
Hijikata M, Mishiro S, Miyamoto C, Furuichi Y, Hashimoto
M, Ohta Y (2002) Genetic polymorphism of the MxA gene
promoter and interferon responsiveness of hepatitis C patients:
revisited by analyzing two SNP sites (-123 and-88) in vivo and
in vitro. Intervirology 44: 379-382. doi: 10.1159/000050075.
He J, Feng D, de Vlas SJ, Wang H, Fontanet A, Zhang P,
Plancoulaine S, Tang F, Zhan L, Yang H (2006) Association of
SARS susceptibility with single nucleic acid polymorphisms of
OAS1 and MxA genes: a case-control study. BMC Infect Dis 6:
1-7. doi: 10.1186/1471-2334-6-106.

Hamano E, Hijikata M, Itoyama S, Quy T, Phi NC, Long HT,
Van Ban V, Matsushita I, Yanai H, Kirikae F (2005)
Polymorphisms of interferon-inducible genes OAS-1 and MxA4
associated with SARS in the Vietnamese population. Biochem
Biophys Res  Commun  329: 1234-1239.  doi:
10.1016/j.bbrc.2005.02.101.

Corresponding author

Feriha Fatima Khidri, MBBS, PhD

Liaquat University of Medical and Health Sciences (LUMHS),
Deh Soun Valhar,

Jamshoro, District Jamshoro, Sindh Province, Pakistan, 76090
Tel: +92 22 9213305, +92 22 9213310

Fax: +92 22 9213306

Email: feriha.fatima@lumhs.edu.pk

Conflict of interests: No conflict of interests is declared.

S152



	Introduction
	Methodology
	Study design
	Study participants, sample size, and selection criteria
	Molecular detection and statistical analysis

	Results
	Discussion
	Conclusions
	References
	Corresponding author


