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Introduction: SARS-CoV-2 causes severe lung damage and respiratory failure through oxidative stress. Biomarkers play a role 
in inflammation, in revealing the effects of oxidative stress, and in the regulation of treatment. The aim of our study was to 
reveal oxidative stress in COVID-19 patients by determining oxidative biomarkers and to examine the relationship of these 
parameters with lung involvement.
Methods: The prospectively designed study included 45 patients hospitalized with the diagnosis of COVID-19 and 38 
healthy controls. Total thiol, native thiol, disulfide, myeloperoxidase, ischaemia-modified albumin, and acute phase reactant 
levels to determine oxidative stress and inflammation were compared between the groups. Thorax tomography scoring was 
performed to determine the severity of pneumonia. The association of oxidative biomarkers with length of hospital stay and 
radiological score was evaluated.
Results: We found that native thiol and total thiol levels decreased, and disulfide and myeloperoxidase levels increased in 
COVID-19 patients compared to the control group. A negative correlation was found between the duration of hospitalization 
and native thiol and total thiol levels (r=-0.312, p=0.043; r=-0.309, p=0.049). Native thiol and total thiol were negatively 
correlated with lung involvement on thorax tomography (r=-0.450, p=0.002; r=-0.436, p=0.003). MPO level was positively 
correlated with the duration of hospitalization (r=0.317, p=0.034).
Discussion and Conclusion: These oxidative/inflammatory parameters play an important role in the lung involvement and 
disease monitoring of COVID-19 patients and can be used in the management of patients.
Keywords: COVID-19; myeloperoxidase; oxidative stress; pneumonia; thiol.

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a new type of coronavirus first 

discovered in December 2019 in China. The disease caused 
by this pathogen was named coronavirus disease 2019 
(COVID-19) by the World Health Organization (WHO) in 
February 2020 and declared a pandemic in March 2020 

[1]. The virus can cause different clinical outcomes ranging 
from asymptomatic disease to acute respiratory distress 
syndrome caused by cytokine storm [2]. To understand the 
cytokine storm and severity of disease that cause multiple 
organ failure and high mortality, it is necessary to know the 
inflammation pathways well.
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The main reason for progression to severe disease is the 
cytokine storm caused by uncontrolled and excessive 
production of cytokines and pro-inflammatory markers 
such as IL-1, IL-6, TNF-α, and IL-17 [3]. Interleukin secretion, 
which plays a role in increased antiviral immunity, has also 
been shown in infections with other types of coronaviruses, 
such as SARS-CoV-1 [4]. In some studies, the fact that IL-6 
levels are associated with severe COVID-19 disease and are 
detected as ten times higher in severe critical cases than in 
severe patients has been interpreted as a reliable marker in 
showing the severity of the disease [5–7].

In the pathophysiology of COVID-19, reactive oxygen 
products (ROS) such as hydrochloric acid, hydrogen 
peroxide, and superoxide are formed, and cytokine levels 
increase with the increase in the number of neutrophils that 
play an active role in inflammation and myeloperoxidase 
(MPO) released from inflamed neutrophils. ROS products 
are also increased by the consumption of Nitric Oxide (NO), a 
potent vasodilator, in the course of COVID-19 inflammation 
[8,9]. Vasoconstriction in pulmonary vessels developed by 
NO consumption and ROS production associated with 
increased MPO values trigger tissue damage. It is thought 
that ROS leads to COVID-19-related lung damage by tissue 
damage, thrombosis, and red blood cell dysfunction [8,10].

The decrease in protective antioxidants such as 
thiol against the increase of ROS is important in viral 
replication and virus-related diseases [11]. Thiols, which 
are transformed into disulfide bond structures by ROS, are 
involved in the formation of inflammation, apoptosis, and 
immune response [12,13]. After the oxidant/antioxidation 
status deterioration, antioxidant levels have been shown 
to decrease not only with COVID-19 but also with other 
respiratory viruses such as Respiratory Syncytial Virus 
(RSV), human metapneumovirus (hMPV), and influenza 
[14]. Ischemia-modified albumin (IMA) levels increase in 
response to oxidative stress in conditions of perfusion 
disruption and ischemia of different tissues in the body. It 
is well known that serum IMA levels increase in pregnancy, 
pregnancy-related complications, and terminal cancers, 
especially in the early period of ischemic heart disease 
[15,16]. Badawy et al. [17] reported that there may be a 
relation between the change in serum albumin by increased 
oxidative stress and mortality in patients with COVID-19.

The first aim of our study was to demonstrate the oxidative 
stress through the detection of native thiol, total thiol, 
disulfide, IMA, and MPO levels in hospitalized COVID-19 
patients and to examine the relationship of these parameters 
with lung involvement and time of hospital stay.

Materials and Methods 
The study protocol was approved by Biruni University 
Faculty of Medicine Ethics Committee and the Ministry 
of Health (Authorization Number: 2021/47-42). The study 
was completed in accordance with the requirements of the 
Helsinki Declaration.

Study Design and Participants

The study was conducted with individuals who applied to 
the internal medicine and chest diseases outpatient clinics 
with the suspicion of COVID-19 between September 31, 
2021, and February 28, 2022.

The study included a total of 45 patients hospitalized 
for lung involvement in COVID-19 disease after the 
diagnosis was confirmed by positive real-time reverse 
transcriptase-polymerase chain reaction (RT-PCR) test in 
oro-nasopharyngeal swab and radiological changes in 
chest computed tomography (CT). In addition, 38 healthy 
participants of similar age and sex were included as a 
control group.

Patients with chronic diseases such as diabetes mellitus 
and other endocrinopathies, hypertension, chronic 
heart, liver, and kidney diseases, rheumatological 
diseases, malignancies, neurologic problems, those using 
steroids or immunosuppressive drugs, individuals with 
immunosuppressive illnesses, alcohol and smoking users, 
pregnant women, and those younger than 18 years old 
were excluded.

During hospitalization, oropharyngeal and nasal swab 
samples for the COVID-19 RT-PCR nucleic acid test 
developed with the virus sequence specified in the Ministry 
of Health guidelines and blood samples for laboratory 
tests (biochemical analyses such as complete blood count) 
were taken from all patients. Demographic characteristics, 
symptoms, physical examination findings, laboratory and 
radiological findings at the onset of the disease, and length 
of hospital stay were recorded.

In our study, thoracic CT images taken with a Siemens 
Somatom Scope (Germany) 16-slice CT device with 
section thickness 1.5 mm, obtaining images without 
gaps between slices (gapless) using low-dose radiation 
(mAs: 50, Kvp: 120), were assessed. CT positivity was 
defined by findings consistent with COVID-19 pneumonia 
(peripheral, bilateral ground-glass appearance, multifocal 
rounded ground-glass areas, reverse halo) and findings 
consistent with viral pneumonia, including COVID-19 
(peripheral and non-rounded multifocal, diffuse, perihilar 
or unilateral ground-glass opacity, low numbers, and very 
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small peripheral and non-rounded ground-glass areas). 
The severity of pulmonary involvement was obtained by 
dividing both lungs into three sections—upper, middle, 
and lower zones—for a total of 6 regions [18]. The volume 
involvement in each region was graded with 1 point for 
0-25%, 2 points for 25-50%, 3 points for 50-75%, and 4 
points for 75-100%.

After an overnight fast, in the morning (08–09 a.m.), blood 
and urine samples were taken simultaneously. Blood 
samples were collected in EDTA-containing tubes and 
anticoagulant-free tubes. After centrifugation at 2500xg for 
5 min, the plasma and serum were separated for at least 30 
min. Each sample (serum, plasma, and urine) was divided 
into four aliquots, and samples were stored at -80°C until 
biochemical analysis.

Total/native thiol and disulfide levels were measured 
using the method developed by Özcan Erel and Salim 
Neşelioğlu in 2014 [13], and IMA levels were measured 
using the method developed by Bar-Or et al. [19]. These 
were studied with reagents prepared by us, as stated in 
the reference articles, in our automatic spectrophotometry 
device in our laboratory [20]. MPO activity was also studied 
in our spectrophotometer device with the reagents 
prepared by us using the method specified in the reference 
articles [13,19,20]. IL-6 levels were measured using an ELISA 
(enzyme-linked immunosorbent assay) kit.

Statistical Analysis

The normal distribution of the data was tested using 
the one-sample Kolmogorov-Smirnov test. Continuous 
variables are presented as mean±standard deviation. 
Categorical variables are presented as numbers. The 
statistical comparisons were performed using the two-sided 
Student's t-test. Categorical variables were compared using 
the Chi-square test or Fisher's exact test for small samples. 
Pearson’s correlation was used for the numerical data, and 
Spearman’s correlation was used for the nominal data. 
p<0.05 values were considered statistically significant. 
The statistical analyses were performed using SPSS 20.0 
software (SPSS, Chicago, IL, USA) for Windows.

Results
A total of 83 people, including 45 patients with COVID-19 
disease and 38 healthy participants, were included in the 
study. Age and gender distribution were similar in both 
groups. The most common symptoms in COVID-19 patients 
were fatigue, fever, and cough. In the patient group, the 
oxygen saturation was significantly lower, while respiratory 
rate and heart rate were significantly higher than in the 
control group (p<0.001) (Table 1).

In the patient group, leukocyte and neutrophil numbers 
from blood count tests, and levels of CRP, ferritin, LDH, 
D-dimer, and IL-6 were significantly higher compared to 
the control group (Table 2).

Table 1. Demographic characteristics, symptoms and clinical-radiological findings of the study 
groups.

  Control (n=38) COVID patients (n=45) p

Gender (F/M) 11/27 19/26 0.255
Age (years) 53.8±14.3 55.5±19.2 0.317
Symptoms
 Fatigue  42 (93.3) 
 Fever  37 (82.2) 
 Cough  30 (66.6) 
 Chest pain  14 (31.1) 
 Dyspnea  8 (17.7) 
 Taste/smell abnormalities  6 (13.3) 
 Diarrhea  5 (11.1) 
Clinical Findings
 Systolic blood pressure (mmHg) 118.1±14.4 119.4±21.2 0.474
 Diastolic blood pressure (mmHg) 69.9±6.6 69.1±8.8 0.691
 Heart beat (/minute) 83.9±10.8 94.1±15.2 <0.001
 Oxygen saturation (%) 97.4±1.4 94.4±5.1 <0.001
 Respiratory rate (/minute) 14.1±2.2 19.6±4.1 <0.001
 Duration of hospitalization  5.8±4.1 
 Total score of radiological findings  6.5±4.8
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Native thiol level, one of the protective antioxidants 
against oxidative stress, was significantly higher in the 
control group (581±137 μmol/L) than in the COVID-19 
patient group (390±109 μmol/L) (p<0.001). In the 
control group, the levels of total thiol (625±142 μmol/L) 

were also significantly higher than in the patient group 
(461±140 μmol/L) (p<0.001). The levels of disulfides, as the 
degradation products of oxidative stress, were significantly 
higher in the patient group (35.5±37.4 μmol/L) than in the 
control group (22.1±5.5 μmol/L) (p=0.021). Disulfide/native 

Table 2. Laboratory findings of the study population.

  Control (n=38) COVID patients (n=45) p

Leukocyte (103/mL) 6.99±2.71 9.74±5.36 <0.001
Neutrophil (103/mL) 4.60±2.44 7.58±5.05 <0.001
Lymphocyte (103/mL) 1.58±0.75 1.38±1.08 0.080
Monocyte (103/mL) 0.67±0.28 0.72±0.39 0.298
Eosinophil (103/mL) 1.14±1.26 0.84±0.94 0.081
Haemoglobin (g/dL) 13.40±1.78 13.17±2.21 0.199
Haematocrite 39.76±4.62 38.34±5.70 0.401
Platelet (103/mL) 227±79 229±16 0.814
CRP (mg/L) 3.5±2.1 86.6±88.1 <0.001
Ferritin (ng/mL) 76.3±58.2 266±275 <0.001
Creatinine (mg/dL) 0.7±0.1 0.8±0.2 0.709
AST (U/L) 19.9±11.2 20.4±8.6 0.798
ALT (U/L) 23.7±15.8 22.4±13.9 0.626
LDH (U/L) 170.6±37.6 305±294 0.005
D-dimer (ng/mL) 95.7±45.3 679±945 <0.001
Native thiol (μmol/L) 581±137 390±109 <0.001
Total thiol (μmol/L) 625±142 461±140 <0.001
Disulphide (μmol/L) 22.1±5.5 35.5±37.4 0.021
Disulphide/native thiol (%) 3.9±0.9 9.2±9.9 0.001
Disulphide/total thiol (%) 3.6±0.8 6.9±5.2 <0.001
Native thiol/total thiol (%) 92.8±1.7 86.1±10.3 <0.001
IMA (ABSU) 0.72±0.15 0.86±0.14 <0.001
IL-6 (pg/mL) 63.3±44.9 172.8±104.9 <0.001
MPO (U/L) 34.4±26.3 58.2±37.7 0.002

ABSU: absorbance units; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CRP: C-reactive 
protein; IMA: ischemia modified albümin; LDH: lactate dehydrogenase; MPO: Myeloperoxidase.

Table 3. Relationship of total score of radiological findings and duration of hospitalization with 
other parametres.

   Total score of   Duration of 
   radiological findings   hospitalization

  r  p r  p

Age 0.328  0.028 0.473  0.001
Leukocyte 0.476  0.002 0.379  0.015
CRP 0.486  0.001 0.314  0.038
Native thiol  -0.450  0.002 -0.312  0.043
Total thiol  -0.436  0.003 -0.309  0.049
Disulphide -0.216  0.155 -0.054  0.725
IMA 0.146  0.337 -0.010  0.948
IL-6  0.227  0.134 0.241  0.110
MPO 0.252  0.095 0.317  0.034

CRP: C-reactive protein; IMA: ischemia modified albümin; LDH: lactate dehydrogenase; MPO: Myeloperoxidase.
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thiol (%) and disulfide/total thiol (%), which are indicators 
of disulfide-thiol homeostasis, were statistically higher in 
the patient group than in the controls (p=0.001, p<0.001, 
respectively). IMA (0.86±0.14 ABSU) and MPO (58.2±37.7 
U/L) levels in the patient group were significantly higher 
than IMA (0.72±0.15 ABSU) and MPO (34.4±26.3 U/L) levels 
in the control group (p<0.001, p=0.002, respectively).

The total score of thoracic CT findings in the patient group 
was positively correlated with acute phase reactants such 
as leukocytes and CRP, and was negatively correlated with 
native thiol and total thiol levels (r=-0.450, p=0.002; r=-
0.436, p=0.003, respectively).

The duration of hospitalization was significantly negatively 
correlated with native thiol and total thiol levels (r=-0.312, 
p=0.043; r=-0.309, p=0.049). MPO levels were significantly 
positively correlated with the duration of hospitalization, 
but there was no correlation between the total score of 
thoracic CT findings and MPO levels (r=0.252, p=0.095) 
(Table 3).

Discussion
In our study, it was shown that native thiol, total thiol, 
disulfide, and myeloperoxidase levels decreased in 
COVID-19 patients, and thiol levels decreased with 
increasing lung involvement and duration of hospitalization 
associated with disease severity.

Oxidative stress, which occurs when the balance 
between antioxidant defense and ROS and reactive 
nitrogen products is disrupted in the body, damages 
deoxyribonucleic acid, lipids, and proteins [21]. Transcription 
factors activated by oxidative stress affect the expression 
of genes in the inflammatory pathway [22]. It is known 
that chronic inflammation caused by oxidative stress may 
lead to cancer, diabetes, cardiovascular, neurological, and 
pulmonary diseases [23]. Oxidative stress plays an essential 
role in COVID-19. Oxidative stress biomarkers were found 
to be associated with COVID-19 pneumonia severity, the 
decision to admit the patient to an intensive care unit, and 
COVID mortality [24-26].

Thiols are compounds containing a sulfhydryl group, 
which are important in the detoxification process through 
antioxidant protection, signal transduction, and apoptosis 
mechanisms [27]. Antioxidant levels can be determined by 
measuring total thiol, and oxidant levels can be determined 
by measuring oxidized protein products and IMA [2]. Duran 
et al. [28], in their study of 25 COVID-19 patients followed up 
in the intensive care unit, found that disulfide and total thiol 
levels increased in 9 discharged patients due to immune 

response, in contrast to 16 patients who were deceased. 
Similar to our study, Aykac et al. [29] found decreased native 
thiol and total thiol levels in 40 adult COVID-19 patients in 
a study conducted with 153 patients, including 79 children 
and 74 adults. Disulfides, formed as a result of the reaction of 
oxidized proteins with thiols, show the defense mechanism 
and also occur in the presence of pathological conditions 
[2]. Erel et al. [30], in their study with 517 COVID-19 patients 
and 70 healthy control groups, found that the total thiol 
level was low in the COVID-19 patient group and was at 
the lowest level, especially in intensive care patients. In a 
study by Ducastel et al. [2] in 160 COVID-19 patients, and in 
a study by Çakırca et al. [11] in 86 patients, it was reported 
that low total thiol levels may predict intensive care unit 
hospitalization. In our study, there was a negative correlation 
between the duration of hospitalization and native thiol 
and total thiol levels in hospitalized patients who did not 
require intensive care admission, and native thiol and 
total thiol levels decreased in COVID-19 patients. Typical 
tomographic findings for COVID-19 are bilateral multifocal 
ground-glass or consolidated opacities, and it is known 
that the prognosis worsens with increasing radiological 
involvement [31]. In our study, unlike other studies, a 
negative correlation was found between the radiological 
score showing the amount of radiological involvement and 
native thiol and total thiol levels. These findings suggest 
that the decrease in protective antioxidants such as thiols 
against ROS and thiols transformed into disulfide bond 
structures plays an important role in the development of 
diffuse lung involvement seen in the course of COVID-19 
and thus in the formation of the immune process.

Shrivastava et al. [32] found that MPO levels increased 
in 63 patients with COVID-19, similar to our study. MPO 
is an antimicrobial enzyme found in the azurophilic 
granules of neutrophils, and it is stated that its release 
during inflammation and decrease in levels may play a 
role in COVID-19-related coagulopathy [33]. In our study, 
while MPO levels were increasing in COVID-19 patients, a 
significant relationship was found between MPO levels and 
the duration of hospitalization. Although these findings 
support the formation of lung damage by vasoconstriction 
in the pulmonary vessels caused by NO consumption and 
MPO-related ROS and lung damage in COVID-19 patients, 
no correlation was found between the amount of lung 
involvement and MPO levels.

The current study has some limitations. First, the results 
cannot be generalized to the whole population because 
the study was conducted in a single center, included 
only patients over 18 years of age, and excluded those 
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with comorbid diseases. Second, the experimental data 
are limited. It would also be interesting to compare these 
groups with other populations that develop ARDS.

Conclusion
Disruption of thiol-disulfide homeostasis and inflammation 
triggered by increased oxidative stress may cause 
severe disease that may progress to acute respiratory 
distress syndrome in COVID-19 patients. We think that 
the measurement of thiol and oxidative biomarkers in 
COVID-19 patients may be useful in determining the 
duration of hospitalization and radiological involvement, 
indicating the severity of pneumonia.
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