Evaluation of oxidative stress level: total antioxidant capacity, total oxidant
status and glutathione activity in patients with COVID-19
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Coronavirus disease 2019 (COVID-19), as a dangerous global pandemic, has led to high morbidity and mortality in all countries. There is a lot
of evidence for the possible role of oxidative stress in COVID-19. In the present study, we aimed to measure the levels of glutathione (GSH),
total antioxidant capacity (TAC) and total oxidant status (TOS) in the serum of patients with COVID-19.

A total of 96 individuals with and without COVID-19 were enrolled and divided into four groups, including hospitalised group in
non—intensive care units (non-ICU) (n = 35), hospitalised group in intensive care units with endotracheal intubation (El) (ICU with EI)
(n = 19), hospitalised group in intensive care units without endotracheal intubation (ICU without El) (n = 24) and healthy people without
COVID-19 disease as our control group (n = |8). The present study revealed that the TOS level was significantly lower in the group of
control (p = 0.001), and level of GSH remarkably increased in the patients’ groups (p < 0.001). TAC activity in non-ICU group of
patients had no significant difference in comparison with the control group. However, in hospitalised patients’ groups in the ICU with
and without El this activity was significantly different from the control group (p < 0.001). Moreover, there was a significant relationship
between the levels of TOS, GSH and TAC with blood oxygen saturation (SpO2), fever, duration of hospitalisation and the prognosis of
this disease (p < 0.001). Area under the curve (Cl, 95%) of TOS, TAC and GSH-C to predict death among patients were, respectively,
0.907 (0.841, 0.973), 0.735 (0.626, 0.843) and 0.820 (0.725, 0.914). Receiver operating characteristic curve analysis showed that TOS,
TAC and GSH-C have the potential specificity and sensitivity to distinguish between alive and dead patients. We found that elevated
levels of oxidative stress and reduction of antioxidant indices can aggravate disease’s severity in hospitalised patients with COVID-I9.
Therefore, it can be suggested to apply antioxidant agents as one of the effective therapeutic strategies in these groups.
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COVID-19 pandemic [|]. COVID- 19 has several unique features
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can, unfortunately, lead to ventilation of patients and even dying
[3]. Critical characteristics of this pandemic are high rate of
spread, lack of knowledge, lack of effective treatment and high
mortality. Symptoms can vary drastically; they include fever
(99%), chills, dry cough (59%), sputum production (27%), fatigue
(70%), lethargy, arthralgias, myalgias (35%), headache, dyspnoea
(31%), nausea, vomiting, anorexia (40%) and diarrhoea; Some

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2) emerged in late December 2019 and was responsible for the carriers may be asymptomatic, whereas others can experience
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Demographic characteristics of the study population

Covariate Control Non-ICU ICU without EI ICU with EI P-value
Gender

Male 11 (61.11) 13 (37.14) 16 (66.67) 9 (47.37) 0.117
Female 7 (38.89) 22 (62.86) 8(33.33) 10 (52.63)

Age

<60 10 (55.56) 12 (34.29) 11 (45.83) 4 (21.05) 0.141
>60 8 (44.44) 23 (65.71) 13 (54.17) 15 (78.95)

Education

llliterate 1 (5.56) 13 (37.14) 1 (4.17) 14 (73.68) <0.001*
Under diploma 1 (5.56) 13 (37.14) 2(8.33) 3 (15.79)

Diploma 3 (l16.67) 5(14.29) 14 (58.33) 1 (5.26)

University 13 (72.22) 4 (11.43) 7 (29.17) 1 (5.26)

Job

Unemployed 3 (16.67) 22 (62.86) 1 (4.17) 14 (73.68) <0.001
Employed 15 (83.33) 13 (37.14) 23 (95.83) 5(26.32)

Residence

City 17 (94.44) 29 (82.86) 10 (41.67) 7 (36.84) <0.001
Village 1 (5.56) 6 (17.14) 14 (58.33) 12 (63.16)

Smoking

No 17 (100.00) 31 (88.57) 20 (83.33) 17 (89.47) 0.435*
Yes 0 (.00) 4 (11.43) 4 (16.67) 2 (10.53)

Opiate

No 18 (100.00) 33 (94.29) 21 (87.50) 18 (94.74) 0.450*
Yes 0 (.00) 2 (5.71) 3 (12.50) 1 (5.26)

Fever

No — 28 (80.00) 7 (29.17) 7 (36.84) <0.001
Yes — 7 (20.00) 17 (70.83) 12 (63.16)

Length of hospitalisation

<1 week — 34 (100.00) 19 (79.17) 2 (10.53) <0.001
>| week — 0 (.00) 5 (20.83) 17 (89.47)

SpO2

<88 — 0 (.00) 2 (8.33) 10 (52.63) <0.001*
88-90 — 20 (57.14) 13 (54.17) 6 (31.58)

>90 — 15 (42.86) 9 (37.50) 3 (15.79)

Outcome

Alive — 35 (100.00) 18 (75.00) 4 (21.05) <0.001
Dead — 0 (.00) 6 (25.00) 15 (78.95)

Without star: Chi-square test.
With star: Fisher exact test.

acute respiratory distress syndrome and death [4]. Therefore, it
is required to identify complicated pathogenic mechanisms of this
virus to decrease the time of hospitalisation and mortality rate. It
is known that oxidative stress is associated with the severity of
the disease. Oxidative stress is involved in ageing and found in
certain chronic pathologies, such as diabetes mellitus, cancers,
hypertension, coronary heart disease etc., and certain infections,
especially by RNA viruses, belonging to coronavirus family [5].
Some authors have postulated that oxidative stress might be as an
important player in the activation of the inflammasome during
SARS-CoV-2 infection [6]. Over the past months, the COVID-19
crisis has seriously jeopardised the capabilities of most healthcare
systems worldwide. Given to recent studies, oxidative stress is an
essential factor in increasing the severity of COVID-19 in some
patients, and it is associated with pulmonary dysfunction, cyto-
kine storm and viral sepsis derived from SARS-CoV-2 infection
[7]- The deleterious effects of ROS on the functions of both
pulmonary cells and red blood cells can be seen as a major
contributor of hypoxic respiratory failure in the most severe
cases of COVID-19 [3]. Because oxidative stress seems to play an
important role in the pathogenesis of respiratory syncytial
virus and possibly other viral-associated lung diseases, antioxi-
dant intervention would represent a rational approach for the
treatment of lower respiratory tract infections, caused by,

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 42, 100897

various respiratory viral infections [8]. The pathogenesis of many
diseases can be as a result of apoptosis cascade induced by
oxidative stress—induced apoptotic signalling oxidative stress,
leading to ROS increases and/or antioxidant decreases, disrup-
tion of intracellular redox homeostasis and irreversible oxidative
modifications of lipid, protein or DNA [9]. In general, respiratory
viral infections, such as SARS-CoV-2 infection, cause cytokine
production, inflammation, cell death and other pathophysiolog-
ical processes, which can be linked with redox imbalance or
oxidative stress [|0]. All these processes are associated with the
development of oxidative stress, which makes an important
contribution to the pathogenesis of viral infections [I1].
Strengthening immune system and reducing inflammation and
oxidative stress through diet and nutrition, such as consuming
sufficient protein, vitamin C, vitamin E, vitamin A, zinc,
carotenoids and polyphenols play an essential role in fighting
against COVID-19 [12,13]. In general, changes in redox ho-
meostasis in infected cells are one of the key events thatare linked
to infection with respiratory viruses, inflammation and subse-
quent tissue damage [|4]. It appears that oxidative stress plays a
critical role in the pathogenesis of COVID- 19, as perpetuating the
cytokine storm cycle, blood clotting mechanism and exacerbating
hypoxia [|5]. It is known that oxidative stress is associated with
the severity of the disease, but the status of this biomarker is

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/

unclear in patients hospitalised in the hospital with various con-
ditions, in terms smoking and drug use, place of residence,
occupation, fever, the length of hospitalisation and SpO2.
Therefore, the present study was conducted to evaluate oxida-
tive stress biomarkers’ levels in hospitalised COVID-19 patients
and control individuals in public hospitals of Hamadan City, in
Iran, in regarding factors mentioned.

Patients and informed consent

This case-control study was conducted at the public hospitals of
Hamadan City, located in the west of Iran. Ninety-six COVID-19
patients were selected in four groups, including hospitalised group
in non—intensive care units (non-ICU group) (n = 35), hospitalised
group in intensive care units with endotracheal intubation (El)
(ICU with El group) (n = 19), hospitalised group in intensive care
units without endotracheal intubation (ICU without El group)
(n = 24) and healthy people without COVID-19 as the control
group (n = 18), between May and September in 2020.

The inclusion criteria for selecting healthy people as our
control group were the people who had no COVID-19
symptoms, or a history of visiting a doctor or being hospital-
ised due to COVID-19, and for patient groups where patients
admitted in hospital due to infection with COVID-19, with a
positive COVID-19 RT-PCR test, and identified based on
World Health Organization interim guidelines [16]. Subjects
with a history of diabetes, hypertension, cancers and autoim-
mune disorders were excluded from the control and case
groups. Also, subjects were excluded if they had a specific
regimen or took antioxidant supplements such as vitamin C,
vitamin E, coenzyme Q10, N-acetylcysteine and selenium. All
patients or their surrogates had completed the consent form

before being involved in this investigation.

Procedure and sample collection

We used a researcher-made questionnaire that included some
factors, such as age, sex, education, smoking and drug use, place
of residence, occupation, fever, the length of hospitalisation and
SpO, for selected individuals in the patient and control groups.
After that, venous blood samples were collected within a
minimum of 24 hours after admission. The samples were
centrifuged at 3000g for 10 minutes; serums were separated,
liquated and stored at -20 C until analysed.

Measurement of oxidative stress markers

The serum levels of glutathione (GSH), total antioxidant ca-
pacity (TAC) and total oxidant status (TOS) were measured by
using the commercially available ELISA kits as per the
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instructions of the company (ZellBio GmbH, Veltlinerweg 42,
and 89072 Ulm, Germany).

Statistical analysis

The distribution of qualitative data was described by fre-
quencies and percentages and compared between four
groups (control group, non-ICU group, ICU without El
group and ICU with El group) by Chi-square and Fisher exact
test. The quantitative data were described as the
mean * standard deviation (SD), median and interquartile
range (IQR) and their normal distribution was evaluated by
Shapiro-Wilk test. In case of normal distribution, the mean of
quantitative data were compared in two groups using inde-
pendent t-test, and in four groups using one-way analysis of
variance, otherwise Mann-Whitney and Kruskal-Wallis tests
were performed. Moreover, the pairwise comparisons were
carried out using Tukey post hoc test. The receiver operating
characteristic (ROC) curve and the area under the
curve were used to determine the feasibility of using oxida-
tive status as a classifier to predict death among patients. All
analyses were performed at 0.05 significance levels using SPSS
version 23 (SPSS Inc., USA) and GraphPad Prism version 6 for
Windows.

Assessment of demographic characteristics of the
study population

The main demographic characteristics of the study population
are shown in Table |. No significant difference in age, sex,
smoking and opium use was observed between different groups
(p > 0.05). There was a significant difference between these
four different groups according to their education level, job
position and residential area. In this regard, 73.68%, 73.68% and
63.16% of infected patients in ICU with El were illiterate,
unemployed and lived in rural areas, respectively. In accordance
with the results, body temperature (fever) of patient groups
was higher than that of the control group (p < 0.001), which
indicated that 63.16% of patients in ICU with El, 70.83% of
patients in ICU without El and 20.00% of patients (non-
ICU) had fever. Our findings illustrated that the duration of
hospitalisation of patients was variable among different groups.
Over 80% of patients in ICU without El were hospitalised for
less than one week, whereas 89.47% of patients in ICU with El
were hospitalised for more than one week. Based on the re-
sults, SpO?2 significantly decreased in patient groups in accor-
dance with the severity of the disease (p < 0.001). In addition, a
significant difference between case groups was observed in the
outcome of the disease (p < 0.001).
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Comparison of glutathione (GSH), total antioxidant capacity (TAC) and total oxidant status (TOS) levels between the control group (n = 18)

and patient group of non—intensive care unit (non-ICU) (n = 35), intensive care unit with intubation (ICU with El) (n = 19) and intensive care unit

without intubation (ICU without El) (n = 24); *p < 0.001.

Assessment of TOS, GSH and TAC in serum

Results for oxidative stress markers, including TOS, GSH and
TAC, were described by mean and 95% confidence intervals in
different patient groups compared with the control group,
presented in Fig. |(a-c). In accordance with the presented re-
sults in Fig. 1(a-c), the TOS levels in different case groups were
significantly higher than the control group. The mean * SD for
this biomarker was 1540 + 2.94 for the non-ICU group,
28.13 * 4.87 for the ICU group without El, 82.89 + 8.49 for the
ICU group with El and 1.28 £ 0.75 for the control group.
Moreover, in accordance with Fig. | a, the mean of GSH in
different groups of patients was significantly lower than the
control group; the mean + SD of GSH was 227.03 + 36.91,
134.54 £ 38.11 and 102.11 + 36.86 in the non-ICU group, the
ICU group without El and the ICU group with El, respectively,
compared with 374.94 £ 41.15 in the control group (p < 0.001).
Also, the mean * SD of TAC in non-ICU group of patients had
no significant difference with the control group (50.26 + 9.47
and 66.72 + 6.99), while there was a significant difference in the
ICU group with and without EI (310.00 + 131.90 and
519.26 = 175.89) in comparison with the control group
(p < 0.001). Table 2 represents the relationship between
oxidative stress biomarkers and the level of other parameters
in all patients. The results in this table indicate that those pa-
tients with fever, SpO2 lower than 88 percent, the length of
hospitalisation higher than one week and dead patients had
significantly higher mean (SD) and median (IQR) of TOS and
lower mean (SD) and median (IQR) of GSH and TAC. On the
other hand, the TOS/GSH and TOS/TAC ratios in both control
and the patient group are shown in Table 3. In our study, the
TOS/GSH ratio was 0.003 + 0.002, 0.070 *= 0.018,
0.224 + 0.069 and 0.907 £ 0.331 in the control group, non-ICU

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 42, 100897

group, ICU without El group and ICU with ET group, respec-
tively, and TOS/TAC ratio was 0.019 £ 0.011, 0.323 £ 0.106,
0.061 + 0.025 and 0.306 + 0.129 in the control group, non-ICU
group, ICU without El group and ICU with ET group, respec-
tively. Our study showed the TOS/GSH ratio was
0.590 + 0.025 and 0.129 + 0.031 in expired patients and dis-
charged patients, respectively; and the TOS/TAC ratio was
0.318 £ 0.115 and 0.063 + 0.015 in expired patients and dis-
charged patients, respectively. Also, we found that 78.95% and
25% of patients in ICU with and without ET deceased, while all
patients were alive in the non-ICU group.

The results of the ROC analysis for discriminating the power
of oxidative status to distinguish between alive and dead pa-
tients are shown in Fig. 2. This figure presents that the area
under the curve (Cl, 95%) for TOS, TAC and GSH-C were,
respectively, 0.907 (0.841, 0.973), 0.735 (0.626, 0.843) and
0.820 (0.725, 0.914).

In the present study, we investigated the role of oxidative stress
biomarkers in different groups of patients hospitalised in all
public hospitals of Hamadan city in Iran. In accordance with
previous studies, an imbalance in the production of reactive
species and the body’s inability to detoxify these reactive spe-
cies is referred to oxidative stress [17,18]. It is known that
oxidative stress is triggered by a wide variety of viral infections,
including HIV 1, viral hepatitis B, C and D viruses, herpes vi-
ruses, respiratory viruses, such as corona viruses [5], and is
associated with severity and predictive of outcome. Although, it

has been clearly understood that many of viral, bacterial and
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Oxidative stress and COVID-19

Relationship between oxidative stress biomarkers and others demographic characteristics of the study population

Outcome Count Mean SD Median IQR P-value
TOS (nmol/mL)
Fever No 42 29.38 26.76 17 15 0.002
Yes 36 43.19 27.88 32 50
SpO2 <88 12 73.58 21.50 80.5 12.5 <0.001
88-90 39 3051 25.70 20 16
>91 27 26.52 19.14 20 17
dur_hospitalisation =<| week 55 22.20 13.06 18 13 <0.001
>1 week 23 70.82 25.10 78 17
Outcome Alive 57 24.14 17.75 18 13 <0.001
Dead 21 67.29 26.51 77 53
GSH-C (umol/ml)
Fever No 42 188.36 61.84 199.5 91 0.004
Yes 36 144.56 63.59 124.5 75
SpO2 <88 12 106.25 21.88 99.5 315 0.002
88-90 39 177.79 64.75 189 115
>91 27 181.70 66.89 191 110
dur_hospitalisation =<| week 55 191.09 60.88 199 101 <0.001
>| week 22 108.36 34.48 98.5 34
Outcome Alive 57 188.12 62.23 199 106 <0.001
Dead 21 113.90 41.31 101 6l
TAC (umol/dl)
Fever No 42 361.54 248.19 308 394
Yes 36 165.19 177.89 55.5 245 <0.001
SpO2 <88 12 227.85 260.14 63.5 347
88-90 39 24321 230.49 67 345
>91 27 348.58 161.67 3185 160 0.090
dur_hospitalisation =<| week 55 37043 183.68 308 120
>| week 22 213.69 237.32 56 345 0.003
Outcome Alive 57 377.00 19211 308 155
Dead 21 211.44 232.25 59 345 0.002

5

GSH, glutathione; TAC, total antioxidant capacity; TOS, total oxidant status.

parasitic infections trigger the production of ROS and reactive
nitrogen species implicated in lung tissue injury and epithelial
barrier dysfunction, but understanding the molecular inflam-
mation mechanisms of stress oxidative contributing to COVID-
|9 progression is a current clinical need to improve therapies in
patients [I9]. As mentioned in previous studies, hypoxia
induced by lung injury can be due to mitochondrial dysfunction.
Mitochondrial dysfunction leads to a relative decrease in oxygen
and energy production and increase in ROS production. In this
regard, superoxide, H,O, and other reactive species are mainly
produced by the mitochondrial respiratory chain. Hydrogen
peroxide causes the expression of many genes that activate
proinflammatory cytokines in macrophages, neutrophils and
endothelial cells through NADPH oxidase (NOx) to produce
more superoxide and H,O, [15,20]. Also, published researches
showed COVID-19 microbiota dysbiosis disturbs mitochon-
drial homeostasis via the production of toxic as gases hydrogen
sulfide (H,S) and nitrogen oxide (NO) [20]. These processes

ultimately lead to oxidative damage in COVID-19 patients.
Survey data describe that oxidative damage occurs in humans
and the demographic, physical or nutritional factors may be
associated with it [21]. Our results demonstrated that oxidative
stress profile in COVID-19 patients is closely related to pa-
tients’ health level and demographic characteristics. Owing to
our results, the serum level of TOS, as one of the oxidative
stress biomarkers, was higher in patients with acute disease
conditions, like those in ICU with and without El, than in the
control group (Fig la). In general, factors such as medication,
environmental pollutants and dietary components highlight the
importance of an optimal nutrient status to reduce inflamma-
tion and oxidative stress: thereby, they strengthen the immune
system during the COVID-I9 crisis [I12]. Our study showed
that there is a direct relationship between the serum levels of
TOS in infected patients with COVID-19 and some criteria,
such as fever, the length of hospitalisation more than one week,

residency, the educational status and their job type, and indirect

ROS/GSH and ROS/TAC ratios in the control group and the patient groups

Ratio Control Non-ICU ICU without El ICU with EI P-value
TOS/GSH 0.003 + 0.002 0.070 + 0.018 0.224 + 0.069 0.907 + 0.331 <0.001
TOS/TAC 0.019 £ 0.011 0.323 + 0.106 0.061 + 0.025 0.306 + 0.129 <0.001

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 42, 100897
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Receiver operating characteristic (ROC) curve analysis showed that a) TOS and TAC, b) GSH-C have the potential specificity and sensitivity to

distinguish between alive and dead patients.

relationship with SpO2. Nucleic acid damage by the generated
oxidative stress is associated with viral mutations which can
potentially reduce the effectiveness of COVID-19 management,
including the vaccine approach [22]. Oxidative stress via RNA
virus infections can contribute to several aspects of viral disease
pathogenesis, including apoptosis, loss of immune function, viral
replication, inflammatory response and loss of body weight.
While there is a clear correlation between oxidative stress
markers and the severity of many viral diseases such as hepatitis
C, for SARS-CoV-2, clinical data are limited. However, in the
preclinical setting, many lines of evidence suggest that over-
production of ROS and a deprived antioxidant system play a
significant role in the pathogenesis of SARS-CoV-2 infection, as
well as in the progression and severity of the respiratory dis-
ease [10]. In our study, TOS levels clearly increase with the
worsening of COVID-19 disease. It can be explained that the
elevated level of oxidative stress has the capability to intensify
the severity of COVID-19 disease, whereas antioxidant sup-
plementation and physical exercise could reduce its severity
[10]. SARS-CoV-2 has the potentials in the generation of ROS
and oxidative stress [23]. High levels of ROS with deprived
antioxidant mechanisms are of great importance for viruses to
replicate and cause disease [24]. Although reactive species are
frequently formed after viral infections and antioxidant de-
fences, such as enzymatic and non-enzymatic components,
protect against reactive species, sometimes these defences are
not completely adequate [|7]. The major antioxidant enzymes,
directly involved in the neutralisation of ROS and reactive ni-
trogen species are superoxide dismutase, catalase, glutathione
peroxidase, and glutathione reductase [25]. The non-enzymatic
antioxidants are also divided into metabolic antioxidants and

nutrient antioxidants. Metabolic antioxidants belonging to

© 2021 The Authors. Published by Elsevier Ltd, NMNI, 42, 100897

endogenous antioxidants are produced by metabolism in the
body, such as lipoid acid, glutathione, L-arginine, coenzyme
QI10, melatonin, uric acid, bilirubin, metal-chelating proteins,
[26,27].

belonging to exogenous antioxidants are compounds and

transferrin  etc. However, nutrient antioxidants
cannot be produced in the body and must be provided through
foods or supplements, such as vitamin E, vitamin C, caroten-
oids, trace metals (selenium, manganese and zinc), flavonoids,
omega-3 and omega-6 fatty acids etc. [18,25]. The practice of
physical exercises acts as a modulator of the immune system.
During and after physical exercise, pro- and anti-inflammatory
cytokines are released, lymphocyte circulation increases, as
well as cell recruitment. Such practice has an effect on the
lower incidence, intensity of symptoms and mortality in viral
infections as COVID-19 [28]. As shown in Fig. 2b, although
there was a significant increase in the serum levels of TAC in
ICU hospitalised patients with and without El, no statistically
significant difference of this biomarker expression was found in
the control group compared with non-ICU hospitalised pa-
tients. Comparison of TAC in all four groups in this study
shows that in patients with COVID-19, TAC initially decreases
compared with the control group; then, it increases sharply as
the disease progresses. Finally, if the disease worsens and the
patient needs El, the TAC decreases again. This decrease in
TAC may lead to a reduction in patient resilience and ultimately
an increase in mortality in patients with El. Because TAC is a
biochemical parameter, it can be suitable for evaluating the
overall antioxidant status of cells against free radicals. Similar to
our study, various investigations have indicated that when a
virus enters the human body under oxidative stress conditions,
the levels of antioxidant biomarkers increase to fight against
oxidative compounds [13,18,29,30]. The important notion of
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the relationship between dietary constituents, nutrition,
inflammation and oxidative stress is well-regard. So that low
micronutrient status, such as of vitamin A or zinc, has been
associated with increased infection risk. As previous studies
have shown, decreased plasma concentrations of vitamins A, C
and E vitamins, Se, Zn, Mg and Cu, and decrease activities of
glutathione, glutathione peroxidase, catalase, superoxide
dismutase and impairment in antioxidant system can result in a
weakened immune system, and subsequently cause disease
progression in patients with COVID-19 [31,32]. Moreover, it
has been proved that the malnourished individuals have a rising
risk of being admitted to the ICU and COVID-|9-related
mortality [33]. Other evidence confirmed the role of oxidative
stress in COVID-19 [19,22,34,35]. GSH as a thiol compound is
one of the most important small molecular weight antioxidants,
produced in the cell [36]. Based on the results we obtained,
GSH level as an antioxidant was significantly lower in patients
with COVID-19 hospitalised in different hospital wards
compared with the control group (Fig Ic). Our study also
showed GSH levels in infected patients with COVID-19 have an
indirect relationship with fever, duration of hospitalisation and
direct relationship with SpO2. Also there was a direct relation
between TOS/GSH ratio and TOS/TAC ratio and the severity
of COVID-19. GSH is a peptide composed of three amino acids
and a free radical scavenger, preventing damage induced by
ROS in oxidative stress conditions. The thiol function of GSH
gives it the role of reducing agents related to ROS. Many studies
have emphasised the advantages of glutathione in the body,
acting as an anti-viral factor and managing COVID-19 patients
[32,37-40]. The higher levels of GSH may improve an in-
dividual’s responsiveness to viral infections [41]. In particular,
GSH is known to protect host immune cells through its anti-
oxidant mechanism, and it is also responsible for the optimal
function of various cells, such as those in the immune system
[41-43]. In accordance with several studies, COVID-19 pa-
tients with moderate and severe illness had lower levels of
GSH, higher ROS levels, and greater redox status (ROS/GSH
ratio) than those patients with a mild illness [36,42,44,45].
Taken together, applying antioxidants therapy can be useful as a
promising approach for lowering oxidative stress and accom-
panying complications of viral infections. However, further
experiments in vivo and clinical trials are necessary to reveal
the potential effects of these therapeutic approaches on viral
diseases with unknown mechanisms, like COVID-19.

Our studies showed a significant association between oxidative
stress biomarkers and disease severity in different groups of
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hospitalised patients. In addition, our results illustrated that life-
style and education level has played an important role in
increasing stress levels and disease progression. In fact, there was
a significant relationship between oxidative stress levels and pa-
tients’ condition in terms of SpO2, fever, the median duration of
hospitalisation as well as the outcome of this disease. It seems
that strategies for reducing or preventing oxidative stress may
help in COVID-19 management. In accordance with many
studies on the role of oxidative stress in the pathophysiology of
COVID-19 disease, it seems that further investigations should be
conducted to determine the time of onset of antioxidants and
their required dose to treat this disease.
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