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Abstract

Introduction: Coronavirus disease 2019 (COVID-19) is a highly contagious and pathogenic viral infection caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which emerged in Wuhan, China, and subsequently spread globally.

Methodology: Individuals were divided into categories (positive and control) according to their polymerase chain reaction (PCR) test results,
gender, and age (< 36, 37-46, and 47-56 years). Oxidative stress parameters including 8-hydroxydeoxyguanosine (8-OHdG), total oxidative
stress capacity (TOS), and total antioxidant capacity (TAS) in serum samples were investigated by enzyme linked immunosorbent assay
(ELISA). Trace elements iron, zinc, copper, and selenium were measured with the Thermo Scientific ICAP-Q ICP-MS device.

Results: Statistical analyses revealed significant differences in 8-OHdG, TOS, and TAS levels between the control and COVID-19 positive
groups (p < 0.01). Men had higher 8-OHdG and TOS levels than women. Iron, zinc, copper, and selenium did not show a normal distribution
in the COVID-19 group; and there was a significant difference in their levels between the control and COVID-19 groups (p < 0.05). There was
an increase in oxidative DNA damage and a decrease in antioxidant status in COVID-19 positive individuals due to oxidative stress parameter
values.

Conclusions: The results will contribute significantly to the current knowledge. Additional assessment of various oxidative stress and
antioxidant markers and the use of alternative molecular testing systems are mandatory to further elucidate the effect of COVID-19 on oxidative
stress. This study may have a pioneering status in the literature as such a comparative study has not been conducted before.
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Introduction

Coronavirus disease 2019 (COVID-19) is a highly
contagious and virulent viral disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). The infection first emerged in Wuhan, China, and
subsequently spread across the globe. The World
Health Organization (WHO) officially designated the
outbreak as COVID-19 and declared it a global
pandemic on 11 March 2020, when the global death toll
surpassed 4,000 cases [1]. The disease is characterized
by high transmissibility and a wide spectrum of clinical
manifestations, including myalgia, dry cough, fatigue,
fever, and dyspnea. Since its initial identification in
Wuhan in late 2019, COVID-19 has rapidly
disseminated throughout China and internationally [2].

A key pathogenic mechanism of COVID-19
involves excessive release of pro-inflammatory
cytokines—commonly referred to as a cytokine
storm—which can lead to severe complications such as
acute lung injury, acute respiratory distress syndrome
(ARDS), shock, and potentially death [2—4]. Previous
studies have demonstrated that oxidative stress—

resulting from excessive production of reactive oxygen
species (ROS) and/or impairment of the antioxidant
defense system—plays a critical role in viral replication
and the progression of virus-induced diseases [5-7].
Free radicals are reactive chemical byproducts
generated during normal metabolic processes. DNA
damage refers to alterations in the molecular integrity
of genetic material caused by endogenous or exogenous
factors. This is a recurrent event in the cell cycle and
may lead to mutations, cancer, aging, and eventually
cell death. DNA undergoes continuous modification
throughout life due to cellular metabolites (such as
ROS) and environmental agents, which can result in
cellular deterioration and aging in multicellular
organisms or cell death in unicellular organisms [3.4].
Several risk factors associated with severe COVID-19
infection overlap with those known to increase
oxidative stress. These include advanced age, male
gender, low socioeconomic status, hyperglycemia, and
obesity [5]. However, it is important to emphasize that
correlation does not imply causation. It has been
hypothesized that oxidative stress levels increase with
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the severity of COVID-19, whereas antioxidant levels
may decline in parallel [6]. Viral pneumonia caused by
SARS-CoV-2 induces hyperactivation of the immune
response in pulmonary tissues through viral replication,
and this pathological process is almost invariably
accompanied by oxidative stress [7]. ROS play a central
role in generating more than 20 different types of
oxidative DNA base damages [8,9]. Among these, 8-
hydroxy-2'-deoxyguanosine (8-OHdG) is the most
sensitive and is the commonly used biomarker for
oxidative DNA damage [10-12]. Guanine has the
lowest ionization potential among DNA bases and is
particularly susceptible to oxidation [13]. The
mechanisms underlying COVID-19-related
complications are complex and multifactorial,
necessitating specific strategies for effective patient
management.

In this study, it was observed that increased
production of reactive oxygen and nitrogen species
and/or excessive consumption of antioxidant molecules
resulted in a shift of the cellular oxidative balance
toward oxidants in COVID-19 cases. Given the critical
role of cofactors in antioxidant defense, trace elements
such as zinc (Zn), selenium (Se), iron (Fe), and copper
(Cu)—elements amenable to laboratory testing in our
setting—were also analyzed in both healthy individuals
and COVID-19—positive individuals suspected of
having elevated oxidative stress. One possible
explanation for the reduced trace element levels
observed in COVID-19 patients is their depletion due to
increased oxidative damage. The combined evaluation
of these parameters (8-OHdG, TAS, TOS, Fe, Zn, Cu,
and Se) offered a new perspective by demonstrating that
oxidative stress and the antioxidant response are
complex and multidimensional processes that cannot be
adequately captured by a single biomarker.

8-OHdG is a specific indicator of oxidative DNA
damage and reflects direct cellular-level injury. TOS
represents the overall oxidant burden in the body,
whereas TAS indicates the available antioxidant
defense capacity against this burden. The integrated
assessment of these three measures provides a
comprehensive view of the interplay among oxidant
formation, conversion of this burden into cellular
damage, and the defensive response generated.
Furthermore, transition metals such as Fe and Cu
contribute to oxidative stress by enhancing free radical
formation, while trace elements such as Zn and Se serve
as regulatory components of antioxidant defense
systems as cofactors of key enzymes (e.g., superoxide
dismutase (SOD), and glutathione peroxidase (GPx)).
Therefore, including metal levels offers critical insights
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not only into the magnitude of oxidative stress but also
into the underlying mechanisms through which this
stress develops. Trace element measurements may be
important for the diagnosis and management of various
diseases. Therefore, assessing trace elements in serum
and urine samples constitutes an essential component of
accurate diagnosis and appropriate therapeutic
planning. Collectively, these findings suggest that
oxidative stress markers may be elevated in individuals
testing positive for COVID-19. Although their precise
clinical significance remains to be fully elucidated, this
study provides preliminary data that may inform future
research.

Methodology
Research participants

Samples were randomly collected from COVID-19
positive patients admitted to the Cankir1 State Hospital's
Medical Microbiology and Infectious Diseases
Outpatient Clinic. The selected patients were those with
moderate COVID-19. The control group was selected
from randomized healthy individuals with negative
polymerase chain reaction (PCR) test results. Samples
were collected immediately after diagnosis and stored
at — 80 °C until the time of the study. In order to
investigate oxidative stress parameters and trace
element levels, patient groups were divided into a
control group, and a COVID-19 positive group. The
participants were also grouped based on their age (36,
3746, and 47-56 years) and gender because oxidative
stress can vary in these categories. In addition to the
oxidative stress parameters, trace elements were
compared between control and COVID-19 positive
groups.

The study received approval from the Ministry of
Health and the Harran University Clinical Research
Ethics Committee.

Methods

The samples were collected from patient groups
separated by age and gender. Healthy patients who
tested negative for COVID-19 were assigned to the
control group, and those who tested positive were
assigned to the COVID-19 positive group. Oxidative
stress parameters including 8-OHdG, total antioxidant
(TAS), and TOS were measured spectrophotometrically
with commercial enzyme-linked immunosorbent
analysis (ELISA) kits. For trace element analysis, Fe,
Zn, Cu, and Se were measured with the Thermo
Scientific ICAP-Q ICP-MS (USA) device. The analysis
was carried out according to the EPA 200.8 standard.
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Total antioxidant test (TAS)

In order to measure TAS, the ELABSCIENCE kit
(Cat No: E-B801C-K; Hubai, China) was added to the
96-well microplate with 10 mL of samples (control and
COVID-positive) following the ELISA protocol
provided in the kit. Standards (standard solutions
included in the kit) were prepared with ethanol
according to the manufacturer’s protocol at
concentrations of 2 mmol/L, 1.8 mmol/L, 1.6 mmol/L,
1.4 mmol/L, 1.2 mmol/L, 0.8 mmol/L, 0.4 mmol/L, and
0 mmol/L. 10 mL of sample and 10 mL of standards
were added to the wells. Then 200 mL of reagent 1 was
added to each well and the first calorimetric reading was
taken at 660 nm with the Thermo Scientific Plate
Reader spectrophotometer (USA) and recorded as Al.
Then 20 L of Reagent 2 was added and incubated at
37 °C for 5 min in a Niive Cooled incubator (Ankara,
Turkey). The second reading was taken at 660 nm upon
the conclusion of the incubation period, and recorded as
A2. The difference between the two readings (A2 — A1)
was calculated.

Total oxidative stress test (TOS)

The ELABSCIENCE (Cat No: E-BC-K802-M)
(China, Hubai) kit was used for TOS analysis. 20 [1L of
serum samples from the control and COVID-19
positive group were added to the 96-well microplate
according to the ELISA procedure recommended by the
manufacturer. Standard solutions included in the kit
were prepared with distilled water at concentrations of
100 Omol/L, 80 DOmol/L, 60 pmol/L, 50 CJmol/L, 40

mol/L, 20 [Imol/L, 10 [Imol/L, and 0 [Imol/L; and
added at 20 mL. 200 [JL of Reagent 1 was added to each
well and the first calorimetric reading was taken at 590
nm on a Thermo Scientific Plate Reader
spectrophotometer (USA) and recorded as Al. Then 50
(L of Reagent 2 was added and incubated at 37 °C for
5 min in a Niive Cooled incubator (Ankara, Turkey). At
the end of the incubation period, the second reading was
taken at 660 nm and recorded as A2. The difference
between the two readings (A2 — A1) was calculated.

8- hydroxy-deoxyguanosine (8-OHdG)

The 96-well microplate of the BT-LAB kit (Cat No:
EA0048HN; Hubai, China) was used for measuring the
8-OHdG levels. The standard solutions were prepared
according to the ELISA procedure recommended in the
kit, and 50 DL standard solutions of 50 ng/mL, 100
ng/mL, 200 ng/mL, 400 ng/mL, and 800 ng/mL
concentrations were added to the plate. 50 [1L of serum
samples from the control and COVID-19 positive
groups were added in the remaining wells. Then, 50 (L
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biotinylated antigen was added to each well and
incubated in a Niive Cooled incubator (Ankara, Turkey)
at 37 ° C for 60 min. The incubated plate was washed 5
times with 300 (1L washing solution. Then 50 [IL
avidin HRP was added. This was incubated again at 37
°C for 60 min, and then washed 5 times with 300 [JL
washing solution. After washing, substrate solution A
was added to each well, followed by substrate solution
B and incubated at 37 °C for 10 min in the dark. After
removal from the incubator, 50 [JL of stop solution was
added to each well and measured
spectrophotometrically at 450 nm.

Trace elements analysis

The elements Fe, Zn, Se, and Cu were analyzed
because they are used the most in cellular metabolism.
For trace element analysis, Fe, Zn, Cu, and Se were
measured with the Thermo Scientific ICAP-Q ICP-MS
device (Massachusetts, USA). The study was
performed using the ICP-MS device located in the Usak
University Scientific Research Center (UBATAM).
After optimizing the device, the analysis was carried
out following the manufacturer’s protocol. After the
samples and standards are prepared, the Chiller unit,
autosampler and ICP-MS device are turned on
(calibration standards: Inorganic Ventures, WW-CAL-
5 (Lot number: V2-MEB740749), WW-CAL-3 (Lot
number: V2-MEB730238), WW-CAL-4A (Lot
number: V2-MEB729687)).

Table 1. Descriptive statistics of the participants in the study.
Characteristics Fre(zll:)e ney P(e‘;: )e ntage
Gender

Female 150 50
Male 150 50
Age (years)

<36 120 40
37-46 90 30
47-56 90 30
Group

Control 100 333
COVID-19 + 200 66.7
8-OHdG

SD 437.87 £96.60
Min-max 311.10-596.90
Skewness-Kurtosis 0.218, 1.349

TAS

SD 0.92 +0.66
Min-max 0.282.90
Skewness-Kurtosis 0.9940.384

TOS

SD 26.38 3.85
Min-max 16.9733.78
Skewness-Kurtosis 0.4890.160

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative
system; 8-OHdG: 8 hydroxy-deoxyguanosine.
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Table 2. Differences between 8-OHdG, TAS, and TOS values based on gender.

Categories
Female
Male
Female
Male
Female
Male

8-OHdG

TAS

TOS

SD
4509110193 v
08406 o
816 S

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative system; 8-OHDG: 8-hydroxy-deoxyguanosine; N: number; ** p <0.001.

Statistical analysis

IBM SPSS Statistics version 22 (SPSS Inc.,
Chicago, IL) was used to analyze the data. Descriptive
categorical data are shown as numbers (n) and
percentages (%); quantitative data comparing the
OHdG, TAS and TOS values showed normal
distribution; therefore, independent sample t test was
used to compare the means of the two independent
groups and one way analysis of variance (ANOVA) was
used to compare the means of more than two groups.
There was no missing data. p < 0.05 was determined to
be the significance level.

In the case of the trace element data, the Mann
Whitney U test was used to determine whether the
descriptive statistics and values of Fe, Zn, Cu, and Se
levels in the control and COVID-19 positive groups
differed. There was no missing data. The significance
level was determined to be p < 0.05.

Results

There were significant differences between the
control group, and the COVID-19 positive group. Table
1 summarizes the descriptive statistics (n, percentage,
mean, standard deviation, skewness, and kurtosis) for
the study participants. It was found that 50% of the
participants were female and 50% were male, 40% of
the participants were under the age of 36 years, 30%
were between the ages of 37-46 years, and 30% were
between the ages of 47-56 years. When the control and
COVID-19 positive groups were examined, it was
observed that 33.3% were in the control group and
66.7% were in the COVID-19 positive group. The

average 8 OHdG value (for all participants) was 437.87
+ 96.60, with minimum 311.10, and maximum 596.90.
The average TAS value was 0.92 £ 0.66, with minimum
0.28, and maximum 2.90; and the average TOS value
26.38 + 3.85, with minimum 16.97, and maximum
33.78. The skewness and kurtosis values of the 8
OHJdG, TAS, and TOS parameters were in the range of
+ 1.5 and were compliant with the normal distribution
(Tabachnick). Therefore, parametric methods were
used for comparing the means.

Independent sample ¢ test was performed to
examine the differences between 8 OHdAG, TAS, and
TOS values for men and women (Table 2). A significant
difference was found between the 8 OHdG values of
men and women (p < 0.05). Accordingly, it was found
that the mean of 8-OHAG values of the men (mean =
450.91) was higher than that of the women (mean =
424.83). A significant difference was found between
the mean TAS of men and women (p < 0.05).
Accordingly, it can be said that the mean TAS of
women (mean = 1) was higher than that of men (mean
= 0.84) (p < 0.001). The mean TOS value of the men
(mean = 27.81) was also higher than that of women
(mean = 24.95).

One way analysis of variance (ANOVA) was
performed to examine the differences between 8-
OHAdG, TAS, and TOS parameters according to age
groups (Table 3). In the case of a significant difference,
Scheffe test was used when group variances were
homogeneous, and Tamhane’s T2 test was used when
they were not homogeneous. A significant difference
was found between the mean 8-OHdG according to age

Table 3. Differences between 8-OHdG, TAS, and TOS values according to age groups.

Years

1

8-OHdG 2
3

1

TAS 2

3

1

TOS 2

w

Differences between

388.7452.25
442.5491.34
498.72111.08
1.100.73
0.900.65
0.680.48
24.693.86*
26.663.23*
28.363.41*

SD P eroups
1-2,3

sk ’

0.001 5

0.001%* 1-3
1-2,3

dk ’

0.001 5

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative system; 8-OHdG: 8-hydroxy-deoxyguanosine; N: number. The F test statistic was
obtained from the ratio of the mean squares between groups to the mean squares within groups. **p < 0.001. ' Under 36 years old; > Between 37-46 years; 3

Between 47-56 years.
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Table 4. Comparison of 8-OHdG, TAS, and TOS parameters between COVID-19 positive and control groups.

Categories
Control
COVID-19 +
Control
COVID-19 +
Control
COVID-19 +

8-OHdG

TAS

TOS

SD )
493336843 0.001%%
043015 D001+
52;233;3? 0.001%*

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative system; 8-OHdG: 8-hydroxy-deoxyguanosine; N: number; independent sample T:

*kp <0.001.

groups (p < 0.001). Accordingly, the mean 8-OHdG of
those under 36 years of age (mean = 388.74) was lower
than those between 3746 years of age (mean = 442.54)
and those between 4756 years of age (mean = 498.72).
It was also found that the mean 8-OHdG of those
between 37—46 years of age (mean = 442.54) was lower
than those between 47-56 years of age (mean =
498.72). A significant difference was found in mean
TAS of the different age groups (p < 0.001).
Accordingly, it was found that the mean TAS of those
under 36 years of age (mean = 1.10) was higher than
those between 47-56 years of age (mean = 0.68). A
significant difference was found between age groups in
terms of mean TOS (p < 0.001). Accordingly, it was
found that the mean TOS of those under 36 years of age
(mean = 24.69) was lower than those between 3746
years of age (mean = 26.66) and those between 47-56
years of age (mean = 28.36). Also, the mean TOS of
those between 37—46 years of age (mean = 26.66) was
lower than those between 47-56 years of age (mean =
28.36).

The 8-OHAG, TAS, and TOS values were
compared between the control and COVID-19 positive
groups (Table 4). Independent sample t test was used to
examine the differences between the two groups. There
was a significant difference between the 8-OHdG
means of the control and COVID-19 positive groups (p
<0.001). The mean 8-OHdG of the control group (mean
= 326.97) was lower than that of the COVID-19
positive group (mean =493.33). There was a significant
difference in the mean TAS values of the control and

COVID-19 positive groups (p < 0.001). Accordingly,
the mean TAS of the control group (mean = 1.79) was
higher than that of the COVID-19 positive group (mean
= 0.48). There was a significant difference between the
control and COVID-19 positive groups in terms of TOS
values (p < 0.001). Accordingly, the mean TOS of the
control group (mean = 22.60) was lower than that of the
COVID-19 positive group (mean = 28.27).

Pearson correlation analysis was performed to
examine the relationship between 8-OHdG, TAS, and
TOS parameters according to the groups (Table 5).
There was a significant, negative, and quite strong
relationship between the 8-OHdG value and TAS in the
control group (p < 0.001). Accordingly, it can be said
that the TAS values will decrease as the 8-OHdG
increases for the control group. In addition, a
significant, positive and strong relationship was found
between the 8-OHdG value and TOS value in the
control group (p < 0.001). Thus, the TOS value will
increase as the 8-OHdG value increases in the control
group. In addition, a significant, negative, and moderate
relationship was found between TAS and TOS (p <
0.001). Thus, the TOS value decreased as the TAS
increased in the control group. A significant, negative
and strong relationship was found between the 8-OHdG
value and TAS in the COVID-19 positive group (p <
0.001). The TAS value decreased as the 8-OHdG
increased in the COVID-19 positive group. In addition,
there was a significant, positive, and moderate
relationship between the 8-OHdG and TOS values of
the COVID-19 positive group (p < 0.001); when the 8-

Table 5. Relationships between 8-OHdG, TAS, and TOS according to the groups.

Groups
8-OHDG !
P
Control TAS r
)4
TOS !
P
8 OHDG !
P
COVID-19+ TAS ;
TOS !
P

8-OHDG TAS TOS
1 -0.818™ 0.802"
0.001 0.001
—-0.818 1 —0.742
0.001 0.001
0.802" -0.742" 1
0.001 0.001
1 —0.814** 0.553%**
0.001 0.001
—0.814** 1 —0.555%*
0.001 0.001
0.553** —0.555%* 1
0.001 0.001

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative system; 8-OHDG: 8-hydroxy-deoxyguanosine; N: number. Pearson correlation
analysis: The correlation coefficient is shown as r and the r values range between —1 and +1. **p <0.001.
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Table 6. Comparison of 8-OHdG, TAS, and TOS between groups according to gender.

Gender Parameters Groups
3-OHDG coviD19+
Female TAS C (gl\c/);l];r_oll9 "
T0s CoVID-19+
3-0HDG COVID-19+
Mate TAS CoVIB9+
TS CovID9+

SD p
475256945 0.001°%
054013 0001+
S
LAvseE 0001
042010 0001+
53%3 0.001**

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative system; 8-OHdG: 8-hydroxy-deoxyguanosine; N: number; **p < 0.001.

OHAG values increased in the COVID-19 positive
group, the TOS values also increased. There was a
significant, negative, and moderate relationship
between the TAS and TOS values of the COVID-19
positive group; as the TAS values of the group
increased, the TOS value decreased.

Independent sample ¢ test was applied to compare
the 8-OHdG, TAS, and TOS parameters between the
groups according to gender (Table 6). There was a
significant difference in the 8-OHdG, TAS, and TOS
values of the control and COVID-19 positive groups
among women (p < 0.001). Accordingly, the mean 8-
OHAG of the control group among the women (mean =
324.01) was lower than the mean of the COVID-19
positive group (mean = 475.25). The mean TAS of the
women in the control group (mean = 1.90) was higher
than the COVID-19 positive group (mean = 0.54). The
mean TOS of the women in the control group (mean =
21.23) was lower than the COVID-19 positive group
(mean = 26.80). There was a significant difference
between the 8-OHdAG, TAS, and TOS values between
the control and COVID-19 positive groups among the

men (p <0.001). Accordingly, the mean 8-OHdG of the
men in the control group (mean = 329.93) was lower
than that of the COVID-19 positive group (mean =
511.40). The mean TAS of the men in the control group
(mean = 1.67) was higher than the men in the COVID-
19 positive group (mean = 0.42). The mean TOS of the
men in the control group (mean = 23.97) was lower than
the men in the COVID-19 positive group (mean =
29.74).

The one-way ANOVA test was performed to
compare the 8-OHdG, TAS, and TOS parameters
between the different age levels in the control and
COVID-19 positive groups (Table 7). Post hoc analysis
was performed to determine which groups differed.
When the group variances were homogeneous, Scheffe
test was applied; and when they were not homogeneous,
Tamhane’s T2 test was applied. A significant difference
was found between the mean 8-OHdG of the different
age groups in the control group (p < 0.001). The post
hoc analysis was performed to determine which groups
differed, and it was determined that the mean 8-OHdG
of those under 36 years of age (mean = 316) was lower

Table 7. Comparison of 8-OHdG, TAS, and TOS parameters among age levels according to groups.

Groups Parameters Years
1
8-OHdG 2
3
1
Control TAS 2
3
1
TOS 2
3
1
8 OHdG 2
3
1
COVID-19+ TAS 2
3
1
TOS 2

W

Differences between

SD p value
groups
3162.21
325.643.09 0.001** 1;2,33
342.935.72
2.110.31
1.800.19 0.001** 1;2,33
1.350.16
19.641.64 L3
23.252.40 0.001** 27,3
25.892.50
425.119.55 1o
500.9946.47 0.001** 5 i
576.619.39 s
0.600.10
0.450.08 0.001** 3—22i 1
0.350.06 s
27.211.34
28.362.01 0.001** 3—22i 1
29.593.14 s

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative system; 8-OHdG: 8-hydroxy-deoxyguanosine; N: number; **p < 0.001. Post hoc
analysis, F value, p value, Tamhane’s T2. ' under 36 years old; > between 3746 years; * between 47-56 years.
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Table 8. Descriptive statistics of the parameters of healthy and COVID-19 patient groups.

Group Variables SD Median
Iron 28.05+1.43 28.33
Control Zinc 4.02+041 4.04
Copper 88.50 +£16.92 92.45
Selenium 679.14 £ 79.86 673.50
Iron 25.17+5.02 26.78
Zinc 3.60+0.59 3.62
COVID-19+ Copper 86.34 + 630.26 495
Selenium 482.86 + 69.83 501.80

Minimum Maximum Skew. Kurt.
23.24 29.68 —1.369 3.182
3.28 4.87 -0.322 -0.555
14.72 99.31 —3.528 13.897
469 790.2 —1.007 1.815
4.15 29.68 —2.490 6.877
1.63 4.87 —1.237 2.972
3.20 4887 7.746 60
243.1 615 —1.143 2.311

SD: standard deviation; TAS: total antioxidant system; TOS: total oxidative system; 8-OHdG: 8-hydroxy-deoxyguanosine; N: number; *p <0.001.

than those between 3746 years of age (mean = 325.64)
and those between 4756 years of age (mean = 342.93).
It was also found that the mean 8-OHdG of those
between 47-56 years of age (mean = 342.93) was
higher than those between 37—46 years of age (mean =
325.64). A significant difference was found between
the mean TAS of the different age groups in the control
group (p < 0.001). According to the post hoc analysis
conducted to determine which groups differed, the
mean TAS of those under 36 years of age (mean =2.11)
was higher than those between 37-46 years of age
(mean = 1.80) and those between 47-56 years of age
(mean = 1.35). In addition, the mean TAS of those
between 47-56 years of age (mean = 1.35) was lower
than those between 3746 years of age (mean = 1.80).
There was a significant difference between the mean
TOS of the different age groups in the control group (p
< 0.001). According to the post hoc analysis conducted
to determine which groups had differences, it was found
that the mean TOS of those under 36 years of age (mean
= 19.64) was lower than of those between 37—46 years
of'age (mean = 23.25) and of those between 4756 years
of age (mean = 25.89). In addition, the mean TOS of
those between 47-56 years of age (mean = 25.89) was
higher than of those between 3746 years of age (mean
=23.25). There was a significant difference between the
mean 8-OHdG of those in the COVID-19 positive
group according to their age levels (p < 0.001).
According to the post hoc analysis conducted to
determine which groups had differences, it was
determined that the mean 8-OHdG of those under 36
years of age (mean = 425.11) was lower than of those
between the ages of 37-46 (mean = 500.99) and 47-56

years (mean = 576.61). In addition, it was found that the
mean 8-OHDG of those between the ages of 47-56
years (mean = 576.61) was higher than of those between
the ages of 3746 years (mean = 500.99). A significant
difference was found between the mean TAS of those
in the COVID-19+ group according to their age levels
(» < 0.001). According to the post hoc analysis
conducted to determine which groups had differences,
it was determined that the mean TAS of those under 36
years of age (mean = 0.60) was higher than those
between the ages of 37—46 (mean = 0.45) and 47-56
(mean = 0.35) years. In addition, it was found that the
mean TAS of'those aged 47-56 years (mean = 0.35) was
lower than of those aged 3746 years (mean = 0.45). A
significant difference was found between the mean
TOS of those in the COVID-19 positive group
according to their age levels (p < 0.001). According to
the post hoc analysis conducted to determine which
groups differed, mean TOS of those under 36 years
(mean =27.21) was lower than those aged 3746 (mean
=28.36) and 4756 (mean = 29.59) years.

Descriptive statistics (n, mean, standard deviation,
median, minimum, maximum) for the parameters of the
control and COVID-19 patient groups are in presented
in Table 8. When the skewness and kurtosis values of
the parameters of the control group were examined, it
was determined that the Fe and Cu values did not show
a normal distribution, while the Zn and Se values
showed a normal distribution. The Fe, Zn, Cu, and Se
values did not show a normal distribution in the
COVID-19 positive group.

Therefore, the Mann Whitney U test was used to
compare these values (Table 9). A significant difference

Table 9. Comparison of trace element parameters in control and COVID-19 groups.

Trace elements Gruoup
tron (Fe) COVID19+
Zinc (Zn) coc\(/)ﬁt)r-ollw
Copper (Cu) coc\(f)lnlg-oll%
Selenium (Se) C(S\(/)In];r—oll9+

%< 0.001.

Average ordinal numbers p value
795 oo01*
e
37(3 '957 0.001*
150 o001
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was found in terms of Fe levels between the control and
COVID-19 patient groups (p < 0.05). Accordingly, it
was found that the mean Fe values of the control group
(SD mean = 58.48) was higher than the value of
COVID-19 patients (SD mean = 37.98). A significant
difference was found in terms of Zn levels between the
control and COVID-19 patient groups (p < 0.05). The
average Zn levels (SD mean = 58.21) of the control
group was higher than the level in the COVID-19
patients (SD mean = 38.10). A significant difference
was found in terms of Cu levels in the control group and
COVID-19 patient groups (p < 0.05). It was found that
mean Cu level in the control group (SD mean = 73.50)
was higher than mean of the COVID-19 patients (SD
mean = 30.97). A significant difference was found in
terms of Se levels between the control group and
COVID-19 patient groups (p < 0.05). Accordingly, the
mean Se levels in the control group (mean = 71.50) was
higher than in the COVID-19 patient group (mean =
31.90).

Partial correlation analysis was applied to examine
the relationships between 8-OHdG, TAS, and TOS
when controlling for gender. Controlling for gender
revealed a significant, negative, and strong relationship
between 8-OHdG and TAS (p < 0.001), a significant,
positive, and strong relationship between 8-OHdG and
TOS (p <0.001), and a negative, significant, and strong
relationship between TAS and TOS (p < 0.001).

The scatter plot of the relationship between 8-
OHdG, TAS, and TOS parameters, controlling for
gender, is presented in Figure 1.

Discussion

Oxidative stress is continuously generated as a
byproduct of normal metabolic processes. Free radicals
are produced both through endogenous metabolic
pathways involving oxygen and via exogenous factors
such as radiation, pharmaceuticals, xenobiotics, and
other toxic chemicals. The accumulation of these
reactive species contributes to oxidative stress, which
exerts cytotoxic and genotoxic effects. The antioxidant
defense system must neutralize these reactive
molecules to maintain homeostasis and ensure
organismal survival. Enzymatic and non-enzymatic
components of the antioxidant system perform this
essential function by scavenging excess free radicals,
thereby preserving cellular integrity and viability
[14,15]. However, when oxidative stress exceeds the
capacity of these defense mechanisms, oxidative
damage occurs—a process implicated in the
pathogenesis of over 100 diseases [16]. Several studies
have examined gender-based differences in
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Figure 1. Scatter plot of the relationship between 8-OHdG, TAS,
and TOS parameters, controlling for gender.
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susceptibility to COVID-19 [17]. A systematic review
reported that the pooled prevalence of COVID-19 cases
was significantly higher in males (55.00%; 95% CI:
51.43-56.58) than in females (45.00%; 95% CI: 41.42—
48.57), with substantial heterogeneity (1> = 99.5%, p <
0.001). Similarly, a population-based study in Ontario,
Canada, found that males were more likely to test
positive for SARS-CoV-2 [18-25]. Consistent findings
were reported in Pakistan, where 72% of confirmed
COVID-19 cases occurred in males. Data from Global
Health also indicate that both the incidence and
mortality rates of COVID-19 are consistently higher
among males across multiple countries [26].

Experimental studies using animal models suggest
that estrogen may exert a protective effect against
coronavirus infections by modulating immune
responses. Specifically, estrogens have been shown to
attenuate the acute inflammatory phase and suppress
cytokine release [27]. One study demonstrated that
female mice treated with estrogen receptor antagonists
exhibited mortality rates comparable to male mice [28].
Estrogens activate manganese superoxide dismutase
and GPx expression via estrogen receptors, as well as
through the mitogen-activated protein kinase (MAPK)
and NF-«kB pathways. Early initiation of estrogen
therapy has been shown to mitigate oxidative and
metabolic stress [29].

This study supports the observation that oxidative
stress is more pronounced in males with COVID-19,
compared to females. While higher infection rates
among males may be partly attributable to greater social
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exposure, the elevated mortality observed in this group
could result from oxidative stress-induced
inflammation and apoptosis. Qin et al. reported that
COVID-19 activates phagocytic cells, leading to
excessive ROS production that overwhelms the
antioxidant defense system [30]. Another study
confirmed increased oxidative stress in COVID-19
patients, accompanied by altered levels of glutathione
(GSH), SOD, and GPx [31].

Furthermore, levels of 8-OHdG measured via high
performance liquid chromatography (HPLC) were
significantly higher in COVID-19 patients compared to
healthy controls. Although serum SOD and GPx levels
were elevated, GSH levels were markedly reduced.
Both malondialdehyde (MDA) and 8-OHdG levels
were significantly higher in COVID-19 patients and
positively correlated with disulfide levels [32]. In this
study, 8-OHdG was measured using ELISA kits to
evaluate its diagnostic and prognostic utility in COVID-
19. The results were consistent with previous reports:
8-OHdG levels were lowest in healthy individuals and
significantly higher in PCR-positive COVID-19
patients.

COVID-19 induces infection, inflammation,
increased oxidative stress, ROS accumulation, and
impairment of the antioxidant defense system. The
findings reinforce the critical role of oxidative stress in
COVID-19 pathogenesis and highlight its contribution
to oxidative DNA damage. One study assessed MDA
and TOS as markers of oxidative load, alongside TAS,
SOD, catalase (CAT), and glutathione reductase (GR)
as indicators of antioxidant capacity, particularly in
relation to smoking. The results indicated that smoking
exacerbated oxidative damage and significantly
diminished antioxidant defenses [33]. Another study
examining the combined effects of smoking and
COVID-19 found that antioxidant capacity decreased
by 27.4% among non-smokers diagnosed with COVID-
19, compared to healthy controls (»p < 0.001); whereas
in smokers, the reduction reached 33.8% (p < 0.001).
Comparisons of SOD and CAT levels across non-
smokers and smokers with or without COVID-19
demonstrated significant reductions, with the most
pronounced decreases observed in COVID-19 patients
who smoked. GR levels were similarly reduced,
suggesting that both smoking and SARS-CoV-2
infection exacerbate oxidative stress [34].

Acute respiratory distress in COVID-19 involves
severe oxidative damage, with 8-OHdG serving as a
key biomarker of such damage. COVID-19 exhibits a
spectrum of severity across individuals, and
understanding why some patients are more susceptible
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to severe outcomes could inform more effective
therapeutic strategies. Notably, there is a paucity of
studies investigating oxidative DNA damage across
different disease severity levels (outpatient,
hospitalized, and ICU patients).

Oxidative stress induces the oxidation of lipids,
proteins, and DNA, leading to cellular damage and
death, thereby contributing to aging and the
development of chronic diseases [35]. Older adults are
particularly susceptible to severe forms of COVID-19.
One study reported that MDA and protein carbonyl
(PC) levels increase with age, suggesting that aging and
age-related oxidative stress exacerbate disease severity
[36]. Aging is also associated with a decline in
glutathione synthesis and overall antioxidant defense
capacity, resulting in elevated levels of ROS and the
establishment of a pseudohypoxic state characterized
by reduced NAD'/NADP levels [37,38]. Notably,
NAD" levels are lowest in the elderly and highest in
children [26,36]. Oxidative stress further activates
NAD*-dependent enzymes such as poly (ADP-ribose)
polymerase 1 (PARP1), whose excessive activation
leads to NAD* and ATP depletion, energy failure, and
cell death, thereby initiating a pro-inflammatory
cascade [39].

Trace element levels in both patient and healthy
groups were measured to support the findings. Trace
elements play vital roles in metabolic pathways.
COVID-19 has been shown to affect oxidative stress
and alter trace element levels. For instance,
inflammation in COVID-19 patients generates
superoxide radicals, especially in the lungs. These are
converted to hydrogen peroxide by SOD (which
contains Zn), and then detoxified by catalase and
peroxidase [39]. Therefore, Zn is a crucial cofactor in
antioxidant defense [40]. A study involving 135
patients and 26 healthy individuals found that critically
ill patients were older than those with milder symptoms.
Zn levels were significantly lower in moderate, severe,
and critical patients than in mild cases and controls.
Moreover, Zn levels negatively correlated with
inflammatory markers such as C reactive protein
(CRP), ferritin, D-dimer, and fibrinogen [40]. Zn’s
immunomodulatory and antiviral effects suggest that it
may be a useful supportive treatment. Some studies
indicate that Zn supplementation can enhance the
effects of treatments like hydroxychloroquine and
reduce respiratory symptoms [41]. The findings
demonstrated that Zn levels were higher in the healthy
control group, aligning with previous reports in the
literature. Reduced Zn concentrations highlight the
immunomodulatory roles of Zn, Cu, and Mg in host
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defense [44]. In their study involving 150 COVID-19
patients and 50 healthy controls, serum Zn and Cu
levels were significantly lower in patients than in
controls. Notably, Zn concentrations were particularly
reduced in severe cases, whereas Cu levels exhibited a
paradoxical pattern—elevated in severe cases but
overall lower than in healthy individuals [42].
Similarly, in this study, Cu levels were higher among
healthy participants. Although copper is an essential
trace element, its imbalance during inflammatory
conditions may exacerbate oxidative stress. Fe is
another vital element whose metabolism is affected
during infection. Fe deficiency has been associated with
impaired immune function, including decreased
neutrophil and macrophage activity, and altered
cytokine production [43,44]. COVID-19 infection
disrupts Fe homeostasis, particularly in the elderly,
potentially exacerbating disease severity [45]. The
findings confirm that Fe levels were higher in the
healthy group. Optimizing Fe intake may help prevent
immune complications caused by SARS-CoV-2. Se,
though toxic in high doses, is an essential trace element
and a cofactor for various antioxidant enzymes,
including GPx and thioredoxin reductase. Se also plays
a role in immune and endocrine regulation [46]. Se
deficiency may compromise antioxidant defenses,
suggesting that supplementation could be beneficial
during the COVID-19 pandemic [47,48]. The Zn-to-Cu
ratio thus represents a critical determinant in mitigating
Cu-induced oxidative effects. While Cu levels are
known to fluctuate during infectious processes,
including viral infections, specific data on Cu
homeostasis in the context of COVID-19 remain
limited [48]. This study confirmed that Se levels were
higher in the healthy group, aligning with the literature.
Se’s antioxidant and immunoregulatory properties
make it a candidate for adjunctive therapy [49].

In summary, COVID-19 disrupts the balance
between oxidants and antioxidants, leading to
significant oxidative damage. Maintaining optimal
levels of trace elements such as Zn, Cu, Fe, and Se may
mitigate disease severity and improve clinical
outcomes.

Conclusions

It is well established that the excessive production
of reactive oxygen and nitrogen species, together with
the increased consumption of antioxidant molecules in
COVID-19 patients, disrupts the cellular redox balance
in favor of oxidants. Consequently, the role of cofactors
in antioxidant defense mechanisms becomes
increasingly important. In this study, 8-OHdG, TAS,
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and TOS levels were compared between healthy and
COVID-19 positive individuals, stratified by gender.
Significant differences were observed, indicating that
oxidative damage was higher in men than in women.
Moreover, higher average oxidative damage was
detected among men in both the healthy and COVID-
19 positive groups.

The analysis also revealed that metabolic cofactors
were present at lower levels in COVID-19 patients,
regardless of gender. One possible explanation for the
reduced levels of trace elements observed in patients is
the increased utilization of antioxidant molecules due to
elevated oxidative damage. Collectively, these findings
suggest that oxidative stress markers may be elevated in
individuals infected with COVID-19, although the
extent of their impact remains to be fully elucidated.

This study serves as a preliminary investigation that
may contribute to and support future research in this
field.
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