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Aim and Background. Covid-19 has been as an important human infectious disease that
has affected several countries. Cytokine storm has major role is Covid-19 pathogenesis.
The association between inflammation and oxidative stress is well stablished. In this
article, we aim to assess oxidative stress markers in Covid-19 patients compare to the
healthy subjects.

Method. A total of 48 persons (24 with Covid-19 and 24 controls) were evaluated in
this research. Serum oxidative stress markers including Malondialdehyde (MDA), total
oxidant status (TOS), activity of catalase (CAT) and super oxide dismutase (SOD) were
measured alongside routine laboratory tests.

Results. Patients group were divided into ICU and Non-ICU groups. ESR, CRP and
serum level of ferritin were significantly higher in case group. Serum level of albumin
was significantly lower in Covid-19 patients. Serum MDA and TOS was significantly
increased in Covid-19 patients. Also, Covid-19 patients had higher serum activity of
CAT and GPX.

Conclusion. Oxidative stress markers are significantly elevated in Covid-19 patients.
This may have significant role in mechanism of disease development. In the fight against
Covid-19, as a global struggle, all possible treatments demand more attention. So, Covid-
19 patients may benefit from strategies for reducing or preventing oxidative stress. ©
2021 Published by Elsevier Inc. on behalf of Instituto Mexicano del Seguro Social

(IMSS).
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Introduction

Coronavirus disease 2019 (Covid-19) pandemic has rapidly
spread around the world and encountered as a significant
threat to global health. This disease identified for the first
time in December 2019 in Wuhan, China (1). The severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
an enveloped RNA betacoronavirus, is pathogenic agent of
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Covid-19 disease (2). Easily transmission of SARS-CoV-2
has major role in widely spread of this viral infection (3).
The clinical course of Covid-19 may vary from asymp-
tomatic to sever symptoms (acute lung injury), hospital-
ization for 3-4 d, transfer to intensive care unit (ICU)
and even death (4). Upon the past months, Covid-19 crisis
has dramatically increased risk of detrimental outcomes.
Therefore, it is required to identify complicated pathogenic
mechanisms of disease to decrease the risk of hospitaliza-
tion and mortality. Commonly, respiratory viral infections
have close association with inflammation and cytokine pro-
duction (5) High serum level of cytokines and chemokines
are reported in Covid-19 patients (6). In some cases, cy-
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tokine storm developed which is regarded as a key fac-
tor in acute respiratory distress syndrome development and
various organ dysfunctions (7). Oxidative stress has crit-
ical function in inflammatory processes; reactive oxygen
species (ROS) and H202 can activate NF-«B to trigger
inflammatory cytokine production (8). It is postulated that
oxidative stress is associated with pathogenesis of SARS-
CoV-2 infection (9). In this research, we measured oxida-
tive markers including TOS (total oxidant status), MDA
(Malondialdehyde) and antioxidant markers including CAT
(catalase), SOD (super oxide dismutase) in covid-19 pa-
tients compare to healthy control subjects.

Method and Material
Patients and Informed Consent

This case-control study was conducted at the public hospi-
tals of Hamadan province in Iran, which were designated
for Covid-19 patients. Twenty-four covid-19 patients (fe-
male: male, 17:7) and 24 healthy subjects (female: male,
14:10) were enrolled. The inclusion criteria for the control
and case group were as follows: healthy subjects with-
out any underlying condition and patients with laboratory-
confirmed Covid-19 without any underlying condition, re-
spectively. The Covid-19 diagnosis was based on World
Health Organization interim guidelines (10) infection is
suspected: interim guidance 2020. Subjects with a history
of diabetes, hypertension, cancers, auto immune disorders,
and smokers were excluded both from control and case
group. Also, subjects excluded if they had special regi-
men or take antioxidant supplements such as vitamin C,
vitamin E, Coenzyme Q10, selenium, and so on. The pro-
tocol of this study was approved by Hamadan University
of Medical Sciences with code 9906113797 and ethical
code: IR.UMSHA.REC.1399.441. All patients gave their
informed consent before being included in the investiga-
tion.

Sample Collection

Venous blood samples were collected in any time of the
day within 24 h after admission. The samples were cen-
trifuged at 3000g for 10 min; serum was separated, aliquot
and stored at —20 C till analyzed.

Biochemical Assays

After blood samples collection, routine laboratory tests,
such as CBC, C-reactive protein (CRP), ESR were done.
Also, serum Ferritin level was determined by Pishgaman
Sanjesh kit. Serum albumin was measured by Man com-
pany kit. CRP was measured by a semi-quantitative la-
tex agglutination technique (Bionik slide agglutination test
kit). ESR was quantified by a SE 9020 analyzer and CBC

was determined by a Sysmex (Kolbe, Japan) SE 9020 an-
alyzer.

Measurement of Oxidative Stress Markers

Serum MDA level measurement was based on Yagi
method. Thiobarbituric acid (TBA) reactive substances for-
mation, as a reaction product, was measured at a wave-
length of 532 nm using spectrophotometry (11). The serum
level of TOS was evaluated according to Erel, s method
(12). SOD and CAT serum level were measured using the
commercially available ELISA kits according to the in-
structions of the company (KIAZIST Life Sciences, Iran.
Cat. No: KSOD96 and KCAT96, respectively).

Statistical Analysis

The distribution of qualitative data was described by fre-
quencies and percentages and compared between three
groups (control, Non-ICU, and ICU patients) by Fisher
exact test. The quantitative data were described as the
mean =+ standard deviation (SD) and their Normal dis-
tribution was evaluated by Shapiro-Wilk test. In case of
normal distribution, the mean of quantitative data was com-
pared in three groups using one-way Analysis of Variance
(ANOVA). Moreover, the pairwise comparisons were done
using Tuckey post hoc test. All analyses were performed
at 0.05 significance levels using SPSS version 23 (SPSS
Inc., USA) and GraphPad Prism version 6 for Windows.

Result

In accordance with clinical features and intensive care
unit (ICU) admission, case group were divided into two
groups: ICU and Non-ICU patients. The mean + SD
age of the control group (51.5 £ 13.58 years), Non-ICU
(57.36 £ 10.87 years) and ICU patients (55.5 £ 15.65
years.) was not statistically significant (p >0.05). The main
characteristics of case (ICU and Non-ICU) and control
groups are shown in Table 1. All subjects were compa-
rable for age and sex. The control group was medica-
tion free, but all Covid-19 patient received Acetaminophen
codeine, enoxaparin, azitromicina, dexamethasone, dex-
tromethorphan, kaletra, naproxen, Vitamin D, and panto-
prazole. Ten patients required ICU admission and treat-
ment. The common symptoms on admission were fever
(79.6%), cough (62.5%). respiratory distress (79%) and
oxygen saturation (Spo2) less than 88 (75%).

Some of the biochemical and hematological character-
istics are shown in Table 2. The mean level of ESR, CRP,
Ferritin and Neutrophil count were significantly highest in
ICU group and the lowest in control group (p <0.001).
In addition, a significant difference was observed between
the mean level of albumin and Lymphocyte count between
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Table 1. Demographic and clinical characteristics of case (ICU and non-ICU patients) and control groups

Control No ICU ICU p*
Characteristics Number (N = 24) % Number (N = 14) % Number (N = 10) %
Age (year) 51.5 £ 13.58 57.36 + 10.87 55.5 £ 15.65 0.402
Gender
Male 7 29.2 5 35.7 5 50.0 0.575
Female 17 70.8 9 64.3 5 50.0
Education Level
Tlliterate 5 20.8 2 14.3 2 20.0 0.799
Primary 12 50.0 6 429 3 30.0
Diploma 5 20.8 3 21.4 4 40.0
Academic 2 8.3 3 21.4 1 10.0
Smoke
No 18 75.0 13 92.9 7 70.0 0.369
Yes 6 25.0 1 7.1 3 30.0
Fever
No - - 5 35.7 0 0.0 0.053
Yes - - 9 64.3 10 100.0
Cough
No - - 6 429 3 30.0 0.678
Yes - - 8 57.1 7 70.0
Respiratory distress
No - - 5 35.7 0 0.0 0.053
Yes - - 9 64.3 10 100.0
SPO2
>88 - - 71.4 2 20.0 0.506
<88 - - 10 92.9 8 80.0
*p-value was assessed by exact Fisher rest.
Table 2. The baseline characteristics of the case (ICU and non-ICU patients) and control groups
Mean (SD)
Characteristics Control (n = 24) NO ICU (n = 14) ICU (n = 10) P
ESR (mm/h) 9.88 (7.04) 35.86 (14.10) 43.20 (17.72) <0.001
CRP (mg/l) 6.21 (2.21) 43.93 (22.80) 49.80 (19.14) <0.001
Ferritin (pg/l) 90.33 (35.50) 517.57 (270.78) 544.70 (188.81) <0.001
Albumin(g/dl) 5.07 (0.48) 3.40 (0.38) 2.86 (0.97) <0.001
White blood cell count, x 10° per L 6483.33 (1632.46) 6907.14 (4695.74) 8110.00 (4894.99) 0.480
Neutrophil count x 10° per L 64.37 (10.62) 76.14 (13.57) 80.80 (8.51) <0.001
Lymphocyte count x 10° per L 33.46 (10.80) 21.28 (12.31) 16.70 (7.53) <0.001
Haemoglobin, g/l 12.74 (2.04) 12.61 (0.89) 12.73 (2.35) 0.977
Platelete count x 10° per L 225.92 (55.59) 196.71 (50.49) 217.10 (113.64) 0.468

*p value was determined by ANOVA.

these three groups: the lowest level in ICU group and high-
est level in control group. Moreover, no significant differ-
ences were observed in WBC, hemoglobin, and platelet
count between these groups. Pairwise comparison of sig-
nificant characteristics is indicated in Figure 1.

Assessment of TOS, MDA, CAT and SOD in Serum

The serum level of the TOS, MDA, CAT and SOD are
reported in Figure 1. Our results showed that CAT ac-
tivity was significantly higher in case groups (Non-ICU
and ICU) compared to control group: 16.34 + 2.97, 15.54
4 3.33 and 8.05 &+ 1.72 (mU/L), respectively; p <0.001,
(Figure 1A). CAT activity showed no significant differ-

ence between Non-ICU and ICU group. The serum level
of SOD was significantly increased in case group 25.22 +
5.75 and 34.89 £ 7 (U/mL) in comparison to control group
19.11 £ 4.72 (U/mL); p <0.001. Also, there was a sig-
nificant difference in serum SOD level between Non-ICU
and ICU group; p <0.01(Figure 1B). We observed that ox-
idative stress increases in Covid-19 patients. MDA serum
levels as an indicator of lipid peroxidation, were nearly
3 times higher in case groups in comparison to control
group: 1.54 £ 0.24 and 1.78 = 0.18 (nmol/l) in Non-
ICU and ICU, respectively VS 0.55 £ 0.24 (nmol/mL) in
control group, p <0.001. Interestingly, MDA serum lev-
els were significantly higher in ICU group compared to
Non-ICU, p <0.05 (Figure 1C). TOS is another marker to
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Figure 1.

assess total oxidation state of the body. The mean serum
concentration of TOS in Control group was 4.67 + 1.39
(wmol H202 Eqg/L) which was significantly less than that
of in case groups 13.08 £ 1.6 in Non-ICU and 15.13 £
2 (pmol H202 Eg/L), p <0.001. There was no significant
difference in TOS serum level between Non-ICU and ICU
groups (Figure 1D)

Discussion

Several studies proposed the association between oxida-
tive stress and Covid-19 pathogenesis (13,14). This study
supplies proof that Covid-19 patients showed high serum
level of oxidative stress and inflammatory markers and low
serum level of antioxidants, in comparison with control
group, especially in patients admitted in ICU. Our results
presented high serum level of MDA in case groups. MDA
is an important indicator of oxidative stress. There is a sig-
nificant correlation between oxidative stress markers and
respiratory viral infection particularly RNA viruses (15).
In vitro and In vivo studies indicated that some viruses
could change redox balance of cell. The beginning of ox-
idative stress by virus infection (such as respiratory syn-
cytial virus) is necessary for activation of innate immunity

by cytokines production (16). Besides, oxidative stress in-
duced by several viruses involved in facilitation of virus
replication inside the cell (17).

It is described the function of macrophage respiratory
burst in reaction to Covid-19 infection, which can lead
to ROS production (18). Over production of ROS/RNS
have role in lung tissue injury and dysfunction of epithelial
barrier induced by acute respiratory viral infections (19).
NADPH oxidase 2(NOX2) has important role in ROS pro-
duction, arterial dysfunction, and thrombosis (induced by
platelet activation) (20). It is indicated NOX2 overactiva-
tion in COVID-19 patients (21).

Viruses can suppress antioxidant systems including su-
per oxide dismutase, glutathione S-transferase, catalase,
glutathione peroxidase in human alveolar type 2-like ep-
ithelial cells and small airway epithelial cells (22). Al-
though we observed high level of antioxidant enzymes,
that may be a remedial mechanism to counteract oxidative
stress. CAT and SOD have major role in neutralization of
free radicals including ROS and RNS (23). In line with our
results, Zhu Z, et al, indicated high level of inflammatory
markers such as ESR and CRP (24).

Reduced oxygen transport to the tissues, dissemi-
nated intravascular coagulopathy and sepsis are shown in
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Table 3. Pairwise comparison of the characteristics of the case (ICU and non-ICU) and control groups using Tuckey post hoc

Characteristics Mean Difference SD 95% Confidence Interval P
Lower Bound Upper Bound
ESR (mm/h)
(control)-(Non-ICU) -25.98 4.06 -35.82 -16.15 <0.001
(control)-(ICU) -33.32 4.54 -44.33 —22.32 <0.001
(Non-ICU)-(ICU) -7.34 5.00 -19.45 477 0.315
CRP (mg/l)
(control)-(Non-ICU) -37.72 5.05 -49.97 -25.47 <0.001
(control)-(ICU) —43.59 5.66 -57.30 —29.88 <0.001
(Non-ICU)-(ICU) -5.87 6.22 -20.95 9.21 0.616
Ferritin (pg/1)
(control)-(Non-ICU) —427.24 57.23 -565.93 —288.55 0.000
(control)-(ICU) —454.37 64.05 —609.59 —299.14 0.000
(Non-ICU)-(ICU) -27.13 70.45 -197.88 143.63 0.922
Albumin(g/dl)
(control)-(Non-ICU) 1.67 0.20 1.19 2.16 0.000
(control)-(ICU) 221 0.22 1.67 275 0.000
(Non-ICU)-(ICU) 0.54 0.24 -0.06 1.13 0.085
Neutrophil count x 10° per L
(control)-(Non-ICU) -11.77 3.77 -20.89 -2.64 0.009
(control)-(ICU) -16.42 421 —26.64 -6.21 0.001
(Non-ICU)-(ICU) —4.66 4.64 -15.89 6.58 0.578
Lymphocyte count x 10° per L
(control)-(Non-ICU) 12.17 3.60 3.44 20.90 0.004
(control)-(ICU) 16.76 4.03 6.99 26.53 0.000
(Non-ICU)-(ICU) 4.59 4.43 -6.16 15.33 0.559

COVID-19 patients (25). Hypoxia can produce reactive
species such as superoxide and H202 which can up reg-
ulate the expression of inflammatory cytokines (13). In
turn, inflammatory cytokines can increase oxidative stress
markers via activation of macrophages, neutrophils, and
endothelium cells (26). These interactions between oxida-
tive stress and inflammatory cytokines can lead to several
organ failures in COVID-19 patients who proceed to wors-
ening the condition. “Cytokine storm” in covid-19 patients
is well established (27,28). Cytokine storm has prominent
role in development of acute respiratory distress syndrome
and various organ dysfunctions (13). Inflammasome, as
a cytosolic molecular complex, senses inflammatory sig-
nals to accelerate cytokines maturation. The NLR protein
NLRP3/NALP3 makes well known inflammasme (29). In
fact, Inflammasome is a significant component in cytokine
storm development (27). ROS as an inflammasome activa-
tor (via direct activation of NLRP3/NALP3 inflammasome)
has function in inflammation induced by COVID-19 virus
and following blood dissemination. As well, it is suggested
that adaptive immune response to oxidative stress may be
associated with systemic injury (13). Also, ROS can indi-
rectly increase inflammasoe via NF-«B activation (30,31).
The results of this study indicated high serum level of an-
tioxidants enzymes; this may be a remedial mechanism to
counteract oxidative stress. CAT and SOD have major role
in neutralization of free radicals including ROS and RNS
(23). According to Table 3, we observed hematological

disorder in COVID-19 patients: increased level of ferritin,
ESR and low count of lymphocytes. Lymphopenia is re-
ported in nearly 85% of sever Covid-19 patients (6). In
covid-19, uncontrolled inflammatory responses cause low
count of lymphocytes. Reduced oxygen transport to the
tissues, coagulopathy and sepsis are shown in COVID-19
patients (25). Hypoxia can produce reactive species such
as superoxide and H202 which can up regulate the expres-
sion of inflammatory cytokines (25,26). In turn, inflamma-
tory cytokines can increase oxidative stress markers via
activation of macrophages, neutrophils, and endothelium
cells (8). This interaction between oxidative stress and in-
flammatory cytokines can lead to several organ failures in
COVID-19 patients who proceed to worsening condition.
Ferritin with immune-inhibitory and pro-inflammatory ef-
fects, involves in cytokine storm (32). In line with our
results, Mehta P, et al, reported the high serum level of
ferritin in COVID-19 patients (27). It is hypothesized that
high serum ferritin level may be an influencing factor on
COVID19 severity, and reduction strategies in ferritin level
may decrease exacerbation of this disease (33). In this
study, we observed the low level of serum albumin in
COVID-19 patients. Albumin has different bioactive roles.
This negative acute phase reactant is involved in extra-
cellular antioxidant system via binding metals, scavenging
free radicals, and supplying thiol group (34). In consistent
with our results, Zhou F, et al. (35) and Zhang Y, et al.
(36) reported low level of serum albumin in sever Covid-
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19 patients. Huang J, et al. (37), in a retrospective study,
indicated that serum level of albumin has inverse associa-
tion with death risk in Covid-19 patients, independent of
other markers including lymphocyte count or comorbidi-
ties. Low level of serum albumin in COVID-19 patients
may be explained by systemic inflammation. The thera-
peutic role of albumin in inflammatory disorder (such as
sepsis) is mediated via controlling effect on inflammation
and oxidative stress (38,39). However, the advantage role
of albumin in COVID-19 patients should be documented
in more studies.

Conclusion

There is a clear association between oxidative stress and
severity of several viral diseases. Our results indicated that
Covid-19 patients suffer from oxidative stress which may
aggravate patients, condition. One of the advantages of this
study is that we exclude any underlying condition which
may have effect on oxidative stress. Over production of
free radicals and defect in antioxidant system have major
role in SARS-COV pathogenesis. On the other hand, the
cross talk between oxidative stress and cytokine storm may
have significant effect on the severity of Covid-19 patient’s
symptoms. It seems that strategies for reducing or prevent-
ing of oxidative stress may help in Covid-19 managements.
It is noted that our study has several limitations: the first
and the most important one is small sample size. Secondly,
we could not collect data on dietary patterns of subjects.
Thirdly, all the participants were middle-aged. More clin-
ical studies are necessary and should address young, aged
patients.
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