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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-COV-2) has recently
emerged as a new challenge for the medical sciences. It has been
considered a pandemic by the World Health Organization (WHO)
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Abstract

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection has become a global health issue and
develops into a broad range of illnesses from asymptomatic to fatal respiratory
diseases. SARS-CoV-2 infection is associated with oxidative stress that triggers
cytokine production, inflammation, and other pathophysiological processes.
Glutathione-S-transferase (GST) is an important enzyme that catalyzes the con-
jugation of glutathione (GSH) with electrophiles to protect the cell from oxidative
damage and participates in the antioxidant defense mechanism in the lungs. Thus, in
this study, we investigated the role of GSTM1 and GSTT1 gene polymorphism with
COVID-19 susceptibility, as well as its outcome. The study included 269 RT-PCR
confirmed COVID-19 patients with mild (n = 149) and severe (n=120) conditions.
All subjects were genotyped for GSTM1 and GSTT1 by multiplex polymerase chain
reaction (MPCR) followed by statistical analysis. The frequency of GSTM1™",
GSTT1”~ and GSTM177/GSTT1™~ was higher in severe COVID-19 patients as
compared to mild patients but we did not observe a significant association. In the
Cox hazard model, death was significantly 2.28-fold higher in patients with the
GSTT1™”" genotype (p=0.047). In combination, patients having GSTM1** and
GSTT1™" genotypes showed a poor survival rate (p=0.02). Our results suggested
that COVID-19 patients with the GSTT1™~ genotype showed higher mortality.

KEYWORDS
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from March 11, 2020, onwards." The pathogenesis of COVID-19 and
its cause of severity are still poorly understood. SARS-CoV-2 is as-
sociated with oxidative stress (OS) that triggers cytokine production,
inflammation, and other pathophysiological activities.” OS is defined
as the disturbance of the antioxidant and prooxidant balance in a

biological system.® During OS, highly reactive oxygen/nitrogen
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species (RONS) are produced such as hydroxyl, superoxide anion,
nitric oxide, and nitrosyl anion, which target various cells and da-
mage DNA, proteins, and lipids, leading to the pathogenesis of re-
spiratory viral infections including SARS-CoV-2 infections.®>®
Delgado-Roche and Mesta,” suggested that OS coupled with innate
immunity affects the onset of severe lung injury in COVID-19 pa-
tients and stimulates transcription factors, such as NF-kB, resulting
in an exacerbated pro-inflammatory host response. However, the
COVID-19 patients with pre-existing conditions such as diabetes,
hypertension, and pulmonary, cardiac, and kidney diseases are at a
higher risk of developing a severe infection.®””

Glutathione S-transferases (GSTs) are a superfamily of multi-
functional isoenzymes that catalyzes glutathione conjugation with
electrophilic compounds, resulting in the cellular detoxification of
several endogenous and exogenous compounds.'® GSTs play an im-
portant role in the detoxification of different carcinogens, drugs, and
against various types of cellular oxidative damage.’> The GST en-
zyme contributes to different interindividual activity in response to
clearance of oxidative stress products.? In mammalian tissue, eight
distinct classes of the cytosolic GST enzymes have been recognized
such as alpha («)-GSTA, mu (w)-GSTM, pi (m)-GSTP, omega (w)-GSTO,
theta (8)-GSTT, sigma (0)-GSTS, kappa (x)-GSTK), and zeta (§)-GSTZ.**
The w (GSTM1: MIM: 600436) and 6 (GSTT1: MIM: 138350) members
are the most common variant of GST genes, which are located on
chromosome 1p13.3 and 22q11.23, respectively.***®> The homo-
zygous deletion (null genotype) of the GSTM1 (GSTM1™") and GSTT1
(GSTT17") genes are associated with the loss of enzyme activity and
increase the risk of several oxidative stress associated multifactorial
diseases including cardiovascular and respiratory diseases.® 2°

Thus, in this study, we investigated the association of GSTM1
and/or GSTT1 polymorphisms with COVID-19 susceptibility as well

as its outcome in the North Indian population.

2 | MATERIALS AND METHODS

2.1 | Sample collection and experimental design
This study was approved by the Ethics Committee of the Era
University, India. We recruited 269 RT-PCR confirmed COVID-19
patients, enrolled in Eras Lucknow Medical College and Hospital
(ELMC&H), Era University, Lucknow from August 2020 to September
2020, and all patients were followed up for 1 month from the date of
admission. Informed consent from all participants was obtained in
accordance with the ethical standards of Era University, India. All
demographic and clinical data of patients were collected as per a self-
administered questionnaire and other clinical data was collected
from hospital records with the help of an expert clinician. All patients
with inclusion criteria (COVID-19 patients confirmed by RT-PCR of
more than 20 years) and no exclusion criteria (Pregnant patients,
patients with known malignant disease) were selected.

Patients were categorized into two groups, mild and severe as

per the criteria of the Indian Council of Medical Research (ICMR),
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New Delhi, India. Patients with a respiratory rate less than 24 per
min and SpO, > 94% on room air were considered as mild patients
while patients with a respiratory rate more than 30 per min and
SpO, < 90% on room air with pneumonia were categorized into se-
vere patients.’*?? 2 ml of the blood sample from all patients were
collected in ethylene diamine tetraacetic acid (EDTA) vials and
stored at -20°C until further use.

2.2 | Genotyping

Genomic DNA was extracted from peripheral blood samples by using a
Commercially Available Kit (Macherey-Nagel) and the quality/quantity of
DNA was assessed by using a spectrophotometer and gel electrophoresis
checked on 1% agarose gel and quantified in a biophotometer (Eppen-
dorf). GSTM1 and GSTT1 null genotypes were detected by using multiplex
polymerase chain reaction (mPCR) using specific primers: F-5’
GAACTCCCTGAAAAGCTAAAGC-3' and R-5'GTTGGGCTCAAATATA
CGGTGG-3'; F-5"TCCTTACTGGTCCTCACATCTC-3' and R-5TCACCG
GATCATGGCCAGCA-3’ respectively and for positive control, angio-
tensin Il receptor type 1 (AGTR1) gene primers were used: F-5'
GCCAAATCCCACTCAAACCTTTCAACAA-3" and R-5'AAGCAGGCT
AGGGAGATTGC ATTTCTGT-3'.

PCR was performed in a 25 pl reaction mixture of 150-200 ng
genomic DNA, 5 pmol of each primer, 2x master mix (Takara), and
0.5 U of Tag DNA polymerase (G-Biosciences) per tube using a
gradient Master Cycler (Bio-Rad). The PCR products were visualized
by 2.5% agarose gels in a Gel Documentation System (EZ, Bio-Rad).
The null genotypes of both genes (GSTM1 and GSTT1) were de-
termined by the absence of gene products. The AGTR1 gene was co-

amplified and used as a positive control (Figure 1).

2.3 | Statistical analysis

Demographic and clinical data were compared with genotypes using
x2 analysis and Fisher's exact test. Allele and genotype frequencies in
mild and severe cases were compared using a 2 x 2 contingency table
by Fisher's exact test. The odds ratio (OR) at 95% confidence interval

500 bp 458 bp
421bp

200 bp 230 bp

100 bp

FIGURE 1 Agarose gel showing multiplex PCR products of
different genotypes of GSTM1 (230 bp) and GSTT1 (458 bp). Lane 1:
100 bp ladder; Lane 2: GSTM177/GSTT1**; Lane 3: GSTM1"/
*/GSTT1™"; Lane 4: Non template control; Lane 5: GSTM1"/
*/GSTT1%*; Lane 6: GSTM17/7/GSTT1”~. AGTR1 gene (421 bp) was
used as a positive control. PCR, polymerase chain reaction
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(Cl) was used to determine the strength of association. All p values
were considered statistically significant if p < 0.05. Genotype effects
GSTM1 and GSTT1 on overall survival were evaluated by the
Kaplan-Meier function and the Cox proportional hazards model. The
differences in overall survival and genotypes were compared using
the log-rank test. Hazard ratios (HRs) were estimated using a mul-
tivariate Cox hazards model/Cox regression analysis with adjustment

for age, sex, hypertension, and diabetes.

3 | RESULTS
3.1 | Clinical characteristics of patients

The mean age of patients was 52.7 years. A total of 269 COVID-19
patients were enrolled in this study. Out of 269, 149 patients (47.2%)
were showing mild symptoms and 120 patients (38.0%) were
showing severe symptoms. A total of 32 deaths (10%) were observed

from 120 severe patients.

3.2 | Genotyping

The distribution of GSTM1 and GSTT1 genotypes in mild and se-
vere patients is shown in Table 1. The frequency of GSTM1™~~ and
GSTT17/~ (null genotypes) was higher among severe patients than
in mild (13.3% vs. 10.7%; 14.2% vs. 10.7%, respectively) that
showed the corresponding marginal increased risk of severity
with null genotypes (Table 1). Individuals with a combination of
two null genotypes (GSTM17/7/GSTT17/") showed a 3.91-folds
higher risk of severity due to COVID-19 infection when adjusted

with age, sex, hypertension, and diabetes (Table 1). However,

GSTM1/GSTT1 polymorphism was not shown to have a significant
association with the severity of the COVID-19 (p > 0.05, Table 1).
We have also shown the distribution of GSTM1 and GSTT1 gen-
otypes with demographic and clinical data in COVID-19 severe
patients. But none of the demographic and clinical parameters
showed a significant association with GSTM1/GSTT1 polymorph-
ism (p >0.05, Table 2).

3.3 | Survival of patients

The follow-up duration for all patients was 1 month. During the study
period, 11.9% of patients succumbed to death. The median survival
had not been reached and the overall mean survival time was 27.79
days. The association of GSTM1 and GSTT1 genotypes with overall
survival were analyzed by Cox proportional hazards model, adjusted
for age, sex, hypertension, and diabetes are shown in Table 3. There
was a significant increase in the hazard of death to 2.28 among
patients with GSTT1™~ when compared with patients having the
GSTT1"* genotype (95% Cl=1.013-5.141; p=0.047). However,
there was no significant association with GSTM1 genotypes
(p=0.853). In the combined effect of GSTM1 and GSTT1, individuals
with GSTM1** and GSTT17 genotypes showed a significantly 2.72-
folds higher risk of death due to COVID-19 (95% Cl = 1.172-6.295;
p=0.02). The Kaplan-Meier function for survival in cases with
GSTM1 and GSTT1 genotypes is shown in Figure 2. In the
Kaplan-Meier curve, GSTT1™”~ was associated with poor overall
survival (log-rank, p =0.020, Figure 1B). In addition, the combined
effect showed that both genes have an impact on survival. Patients
with GSTM1**/GSTT1™~ genotype showed significantly poor overall
survival as compared to patients having GSTM1"*/GSTT1"* geno-
types (log-rank, p = 0.015, Figure 1C).

TABLE 1 Genotype frequencies of GSTM1 and GSTT1 and their association with severity of COVID-19

Severe, Unadjusted OR Adjusted® OR
Genes Mild, n (%) n (%) (95% ClI) p (95% Cl) p
GSTM1 149 120
M1+ 133 (89.3) 104 (86.7) 1.0 (Ref) 1.0 (Ref.)
M1/~ 16 (10.7) 16 (13.3) 1.28 (0.611-2.677) 0.514 1.47 (0.638-3.384) 0.367
GSTT1
T1* 133 (89.3) 103 (85.8) 1.0 (Ref.) 1.0 (Ref.)
T17/~ 16 (10.7) 17 (14.2) 1.37 (0.661-2.846) 0.396 1.33 (0.574-3.059) 0.51
GSTM1/GSTT1
M1 /T 120 (80.6) 90 (75.0) 1.0 (Ref.) 1.0 (Ref.)
M1+ T17" 13 (8.7) 14 (11.7) 1.44 (0.643-3.205) 0.377 1.08 (0.436-2.694) 0.863
M17/T1H* 13 (8.7) 13 (10.8) 1.33 (0.590-3.015) 0.49 1.22 (0.493-3.009) 0.67
M17/T17/" 3(2.0) 3(2.5) 1.33 (0.263-6.761) 0.728 3.91 (0.587-26.062) 0.159

Note: n, number; %, percentage; Significance association (p < 0.05); Cl, confidence interval; OR, odds ratio; 1.0 (Reference); (+/+), present; (=/-), null.

@Adjusted for age, sex, hypertension, and diabetes.
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TABLE 2 Distribution of GSTM1 and
GSTT1 genotypes with demographic and

GSTM1
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GSTT1

clinical data in COVID-19 severe patients Patients
Age
<45 11 (78.6)
246 3(21.4)
Gender
Male 63 (86.3)
Female
Diabetes
No 74 (86.0)
Yes 12 (14.0)
Hypertension
No 85 (85.0)
Yes 15 (15.0)

M1**, n (%)

10 (13.7)

M1/, n(%) p T1"*  n(%) Ti17,n(%) p

93 (87.7) 0.343 12 (85.7) 91 (85.8) 0.989

13 (12.3) 2 (14.3) 15 (14.2)

41 (87.2) 0.883 60 (82.2) 43 (91.5) 0.154
6 (12.8) 13 (17.8) 4 (8.5)

30 (88.2) 0.751 76 (88.4) 27 (79.4) 0.205

4 (11.8) 10 (11.6) 7 (20.6)

19 (95.0) 0.23 87 (87.0) 16 (80.0) 0.412
1 (5.0) 13 (13.0) 4 (20.0)

Note: n, number; %, percentage; Significant association (p < 0.05); (+/+), Present; (=/-), null.

TABLE 3 Associations between GSTM1 and GSTT1 genetic
polymorphisms and survival of COVID-19 patients

No. of

cases, Deaths,
Genotypes n (%) n (%) HR? (95% ClI) p
GSTM1
M1+ 209 (88.2) 28 (87.5) 1.0 (Ref)
M1 28 (11.8) 4 (12.5) 1.11(0.386-3.165) 0.853
GSTT1
T 212 (89.5) 24 (75.0) 1.0 (Ref)
T17/" 25(10.5) 8(25.0) 2.28(1.013-5.141) 0.047
GSTM1/GSTT1
M1 T 190 (80.2) 20 (62.5) 1.0 (Ref.)
M1 /T17" 19 (8.0) 8(25.0) 272 (1.172-6.295) 0.02
M1 /T1* 22 (9.3) 4(12.5) 1.52 (0.515-4.468) 0.449
M177/T17" 6 (2.5) 0

Note: n, number; %, percentage; Significant association (p < 0.05); Cl,
confidence interval; HR, hazard ratio; 1.0 (Reference); (+/+), present;
(=/-), Null.

?Adjusted for age, sex, hypertension, and diabetes.

4 | DISCUSSION

GST-mediated GSH conjugations have been well recognized for the
detoxification of several exogenous xenobiotics and/or their Phase |
metabolites.”**> However, the null genotype of the GSTM1 and GSTT1
genes raise the risk of several oxidative stress-associated multifactorial
diseases, including COVID19.'®242> GST polymorphisms are associated

with a higher risk of oxidative stress, which may play an important role
in susceptibility to infection with SARS-CoV-2 and/or its outcome.”®
SARS-CoV-2 induced reactive oxygen species (ROS) production disturbs
the antioxidant defense system that triggers a pro-inflammatory en-
vironment and severe tissue damage, contributing to the fatal outcomes
of COVID-19 patients.’® However, the mechanisms of virus-induced OS
and its subsequent effects in cells, tissue, and the organism are not well
known. There are indeed many contradictory data on antioxidants and
the role of ROS in viral replication.?” Melatonin treated animals showed
significantly enhanced activity of the GST enzyme that may reduce
COVID-19 infection-associated 0S.2%%?

The current study found that COVID-19 patients with GSTT1™/~
have a higher risk of mortality and lower overall survival. These
findings support the theory that oxidative stress is more prevalent in
patients with low or no GST activity. Saadat®® reported that in-
dividuals with GSTT1™~ had a higher risk of COVID-19 infection as
compared to an individual with GSTT1**, however, the population
with a low prevalence of GSTT1”~ genotype showed the higher
numbers of COVID-19 cases and deaths in East-Asian coun-
tries. Another study reported that individual with GSTT1™~ alone or
in combination with GSTM1™/~ genotype had an excess decrease in
forced expiratory volume in the first second (FEV+) in men, regard-
less of the smoking status.’° Ding et al.*! reported that individual
with GSTT1™~ and/or GSTM1™~ had a higher risk for the develop-
ment of pulmonary fibrosis in chronic obstructive pulmonary dis-
ease which is also one of the most important complications of
COVID-19 and characterized by long-term breathing problems. The
main observations of the present study are that GSTT1”~ was po-
sitively associated with COVID-19 mortality in our population but
does not have a correlation with the prevalence of COVID-19. The
present findings suggest that the GSTT1”~ could have a clinical
impact on the COVID-19 treatment and help to identify the
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FIGURE 2 Kaplan-Meier estimates of 30-day survival of the 269 COVID-19 patients, by GSTM1 (A) and GSTT1 (B) genotypes, in

combination (C). Survival difference by log-rank test

individuals who are at high risk of COVID-19 severity in the North
Indian population. However, the present study is preliminary with
limited sample size. Thus, further experiments are currently ongoing
in our laboratory to identify the role of GSTT1 polymorphisms for

the cause-effect on COVID-19 severity in a larger patient population.
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