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Abstract
Background Accumulating evidence suggests that oxidative stress is closely related to the pathogenesis and severity of 
COVID-19 infection. Here, we attempted to compare thiol, total oxidant status (TOS), total antioxidant status (TAS), and 
oxidative stress index (OSI) levels between COVID-19 patients who need and do not need intensive care unit (ICU) support, 
and determine whether these markers could be used as predictors of ICU admission.
Methods We recruited 86 patients with COVID-19 infection and classified them into two groups according to the level of 
care: ICU group (n = 40) and non-ICU group (n = 46). Thiol, TAS, TOS, and OSI levels were determined and compared 
between the two groups.
Results The levels of thiol and TAS in serum were markedly lower in ICU patients than in the non-ICU patients. On the 
contrary, TOS and OSI levels were markedly higher. Inflammatory markers, including white blood cell, neutrophil, C-reactive 
protein, procalcitonin, and ferritin, were negatively correlated with the thiol and TAS, and positively correlated with the 
TOS and OSI. We determined that areas under the ROC curve for thiol, TAS, TOS, and OSI were 0.799, 0.778, 0.713, and 
0.780, respectively.
Conclusions Our results revealed that the increase in oxidative stress and decrease in antioxidant levels in COVID-19-infected 
patients were associated with worsening of disease. Thiol, TAS, TOS, and OSI parameters can be used to distinguish between 
ICU patients and those who do not, among which thiol was the best predictor of ICU requirement.
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Introduction

The new corona virus 2019 (COVID-19) infection, which 
can cause life-threatening consequences and even deaths, 
was first seen in Wuhan, China, in late 2019 [1]. Accumu-
lating evidence suggests that elevated inflammation levels, 
increased oxidative stress, and dysregulation of immune 

response may contribute to the pathogenesis and conse-
quences of COVID-19 infection. These factors trigger an 
excessive pro-inflammatory cytokine secretion, namely 
cytokine storm, and thus can cause severe complications 
such as acute lung damage, acute respiratory distress syn-
drome (ARDS), shock, and even death [2–4].

Previous studies have reported that oxidative stress 
caused by excessive reactive oxygen species (ROS) produc-
tion and/or reduction in antioxidant defense system plays a 
crucial role in viral replication and the occurrence of virus-
related diseases [5–7]. Antioxidant defense systems such as 
thiol or sulphydryl (–SH) in the organism play a protec-
tive role in cells and tissues against the harmful effects of 
ROS [8]. Thiols exhibit antioxidant properties via differ-
ent mechanisms such as component of thiol-disulfide redox 
buffer, radical quenchers and chelators of metal ions [9]. 
Thiol groups are quickly and easily converted to reversible 
disulfide bonds through thiol-disulfide exchange reactions in 
ROS exposure. This double-sided cycle is crucially involved 
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in various biological processes (e.g., signal transduction, 
apoptosis, protein conformation, immune response, cell 
growth and death) as well as antioxidant systems [10–12]. 
In recent studies, it has been reported that the thiol param-
eter can be used as a marker in the diagnosis and prediction 
of the severity of COVID-19 infection [13, 14].

There are many antioxidant and oxidant molecules that 
reflect the oxidative stress state in the organism, but measur-
ing their levels separately is both difficult and costly. There-
fore, practically total oxidant status (TOS) and total antioxi-
dant status (TAS) are measured [15, 16] and the oxidative 
stress index (OSI), which reflects the degree of oxidative 
stress, is calculated by proportioning TOS to TAS [17].

Studies focusing on the direct role of oxidative stress and 
its biomarkers in COVID-19-infected patients are limited in  
the literature. Therefore, we compared thiol, TOS, TAS, and  
OSI levels between COVID-19 patients with and without 
intensive care unit (ICU)  requirement and investigated  
their predictive values for ICU admission.

Materials and methods

This prospective, single-center study contained 86 adult 
COVID-19-infected patients (≥ 18  years old) admitted 
to the Sanliurfa Training and Research Hospital between 
March and May 2021. This study was confirmed by the 
Ethics Committee of Harran University (Protocol number: 
HRU/21.07.13). The results of the RT-PCR tests performed 
to determine the presence of novel coronavirus in all patients 
were positive. The 86 patients with COVID-19 included in 
the study were divided into two groups according to level 
of care: ICU group (n = 40) and non-ICU group (n = 46). 
COVID-19 patients admitted to the ICU met one of the fol-
lowing criteria in accordance with Chinese clinical guide-
lines [18]: (I) respiratory failure and needing mechanical 
ventilation; (II) shock; (III) other organ failure that needs 
ICU support.

Patients who had a chronic kidney failure, chronic hepatic 
disease, endocrinological disease (excluding diabetes), cer-
ebrovascular disease, malignancy, hematological disorder, 
and rheumatic disease, and who were pregnant were not 
included in our study. In addition, none of the patients was 
using cigarette, alcohol, antioxidant, or vitamin supplements.

Demographic information, including age and gender, and 
coexisting conditions (diabetes, hypertension, cardiovascu-
lar disease, dyslipidemia, and respiratory system disease) 
and the results of routine blood tests (complete blood count, 
albumin, urea, creatinine, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), uric acid, C-reactive pro-
tein (CRP), procalcitonin, ferritin and fibrinogen) at admis-
sion to the hospital of each patient were extracted from the 
hospital database.

For detecting the levels of serum thiol, TAS, and TOS 
parameters, peripheral blood samples were obtained from 
participants on the first day of admission to the hospital 
after diagnosis of COVID-19 infection. Serum samples were 
obtained by centrifugation (1500 × g, 10 min) of the col-
lected blood samples and then kept at 80 °C until analysis 
of the thiol, TAS, and TOS parameters.

White blood cell (WBC), neutrophil, lymphocyte, hemo-
globin, and platelet counts were determined with the Sys-
mex XN-1000 analyzer (Sysmex, Japan). Serum albumin, 
urea, creatinine, ALT, AST, uric acid, CRP, procalcitonin, 
and ferritin levels were measured by conventional labora-
tory methods on Cobas 8000 analyzer (Roche, Germany). 
Plasma fibrinogen level was detected on the Sysmex CS-
2000i device (Sysmex, Japan).

Thiol level was measured with the spectrophotometric 
method defined by Erel & Neselioglu [10]. TAS and TOS 
levels in serum were measured spectrophotomerically 
according to Erel’s method [15, 16]. Additionally, the OSI 
value of each participant was calculated by proportioning 
TOS to TAS [17].

Statistical analysis

SPSS 20.0 software (Chicago, IL) was used for statisti-
cal analysis of the data and a p value less than 0.05 was 
considered significant. The normality of the variables was 
determined by the Kolmogorov–Smirnov test. Comparison 
of variables between ICU and non-ICU COVID-19 groups 
was performed by Student’s t-test, Mann–Whitney U-test, 
or chi-square test when applicable. Correlations between 
oxidative stress parameters and inflammatory markers in 
COVID-19-infected patients were made using Pearson or 
Spearman correlation tests. Receiver operator characteristic 
(ROC) analysis was performed to determine whether thiol, 
TAS, TOS, and OSI tests could distinguish ICU patients 
from non-ICU patients.

Results

A total of eighty-six COVID-19 patients, comprising 40 
ICU and 46 non-ICU COVID-19 patients, were included 
in our study. Table 1 summarizes the age, sex, comorbidi-
ties, routine laboratory findings, and oxidative stress lev-
els of all participants. There was no statistical difference 
between ICU and non-ICU COVID-19 patients in terms of 
age, gender, number of comorbidities, hemoglobin, plate-
let, creatinine, ALT, and uric acid levels (p > 0.05 for all). 
WBC (p < 0.001), neutrophil (p < 0.001), CRP (p < 0.001), 
procalcitonin (p < 0.001), ferritin (p < 0.001), fibrinogen 
(p = 0.043), AST (p = 0.001), and urea (p = 0.011) levels 
were found to be higher, and lymphocyte (p < 0.001) and 
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albumin (p < 0.001) levels were found to be lower in ICU 
group compared to non-ICU group.

When the oxidative stress parameters of both patient 
groups were compared, it was seen that ICU patients had 
lower thiol (p < 0.001) levels than non-ICU patients. TOS 
(p = 0.001) and OSI (p < 0.001) levels were markedly higher 
in ICU patients than in non-ICU patients. On the contrary, 
TAS level was markedly lower (p < 0.001).

The correlations between oxidative stress parameters and 
inflammatory marker levels in COVID-19 patients are shown 
in Table 2. Thiol levels were found to be inversely corre-
lated with WBC, neutrophil, CRP, procalcitonin, ferritin, 
and fibrinogen. The TAS level was inversely correlated with 
the WBC, neutrophil, CRP, procalcitonin, and ferritin. On 
the contrary, TOS and OSI levels were positively correlated 
with the WBC, neutrophil, CRP, procalcitonin, and ferritin.

ROC analysis indicated that the cut-off values of thiol 
[AUC (95% CI): 0.799 (0.705–0.893); sensitivity: 73.9%; 

specificity: 75%; p < 0.001], TAS [AUC (95% CI): 0.778 
(0.679–0.877); sensitivity: 73.9%; specificity: 72.5%; 
p < 0.001], TOS [AUC (95% CI): 0.713 (0.599–0.827); 
sensitivity: 67.5%; specificity: 67.4%; p = 0.001], and OSI 
[AUC (95% CI): 0.780 (0.679–0.882), sensitivity: 72.5%; 
specificity: 73.9%; p < 0.001] were 262.9, 1.28, 16.6, and 
1.26, respectively (Table 3 and Fig. 1).

Discussion

To our knowledge, this is the first research to compare thiol, 
TOS, TAS, and OSI levels between COVID-19 patients  
with and without ICU  requirement and investigate  
their predictive values for ICU admission. We detected 
that ICU patients had lower thiol and TAS levels than non-
ICU patients. On the contrary, TOS and OSI levels were 
markedly higher in ICU patients. Inflammatory markers, 

Table 1  Baseline characteristics 
and laboratory results of 
patients with COVID-19 on 
admission

Results are expressed as median (min–max), mean ± standard deviation and number (%). WBC white blood 
cell, ALT alanine aminotransferase, AST aspartate aminotransferase, CRP C-reactive protein, TAS total anti-
oxidant status, TOS total oxidant status, OSI oxidative stress index

ICU group
(n = 40)

Non-ICU group (n = 46) P value

Age, years 63 (21–80) 60.5 (20–83) 0.815
Male gender, n (%) 28 (70) 25 (54.3) 0.137
Comorbidities
Diabetes, n (%) 6 (15) 12 (26.1) 0.207
Hypertension, n (%) 15 (37.5) 17 (37) 0.959
Cardiovascular disease, n (%) 9 (22.5) 6 (13) 0.249
Dyslipidemia, n (%) 6 (15) 7 (15.2) 0.978
Respiratory system disease, n (%) 6 (15) 9 (19.6) 0.578
Laboratory parameters
WBC, ×  103/μL 13.7 ± 6.4 6.9 ± 2.5  < 0.001
Neutrophil, ×  103/µL 10.5 ± 6.2 4.7 ± 2.4  < 0.001
Lymphocyte, ×  103/μL 0.83 (0.25–3.01) 1.49 (0.46–3.79)  < 0.001
Hemoglobin, g/dL 13.2 ± 1.8 13.5 ± 1.6 0.485
Platelet, ×  103/μL 244 (108–707) 232 (130–408) 0.181
Albumin, g/dL 3.31 ± 0.49 4.18 ± 0.49  < 0.001
Uric acid, mg/dL 5.58 ± 2.81 5.13 ± 1.86 0.381
ALT, U/L 27.7 (7.2–164.6) 28.1 (7.7–132.5) 0.729
AST, U/L 42.3 (14.7–135.3) 30.4 (10.7–138.8) 0.001
Creatinine, mg/dL 1.16 (0.52–2.43) 1.08 (0.56–1.98) 0.121
Urea, mg/dL 45.7 (21.6–165.5) 32.3 (18.5–72.4) 0.011
CRP, mg/L 114.2 (7.5–407.2) 19.6 (0.6–236.8)  < 0.001
Procalcitonin, ng/mL 0.30 (0.03–2.15) 0.08 (0.02–1.62)  < 0.001
Ferritin, µg/L 711.3 (34–2000) 207.2 (35.9–1193)  < 0.001
Fibrinogen, mg/dL 527.9 ± 192.7 446.3 ± 147.1 0.043
Thiol, µmol/L 243.4 ± 36.7 298.1 ± 49.9  < 0.001
TAS, mmol Trolox Equiv/L 1.23 (0.66–1.59) 1.39 (0.70–1.72)  < 0.001
TOS, µmol  H2O2 Equiv/L 18.36 ± 4.72 15.34 ± 2.64 0.001
OSI, arbitrary units 1.54 (0.70–3.10) 1.15 (0.62–2.01)  < 0.001
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including WBC, neutrophil, CRP, procalcitonin, and ferri-
tin, were negatively correlated with the thiol and TAS, and 
positively correlated with the TOS and OSI. In addition, our 
data showed that thiol, TAS, TOS, and OSI markers could 
be used to distinguish between COVID-19 patients with and 
without ICU  need.

The clinical presentation of COVID-19 infection ranges 
from asymptomatic/mild infection to lung injuries, ARDS, 
or even deaths [1, 19]. Due to the rapid spread of COVID-
19 infection and its severe or critical course in suscepti-
ble individuals (e.g., elderly or patients with co-existing 
illnesses) [20, 21], there is an urgent need to understand 
the pathogenesis of the disease and find specific therapy 
options. Although the pathogenesis of COVID-19 is still 
not fully elucidated, oxidative stress, defined as the imbal-
ance between the production of ROS and its elimination by 
antioxidants, is thought to be related to the pathogenesis and 
consequences of COVID-19 [2]. ROS triggers a transcrip-
tion factor NF-κB-driven proinflammatory cytokines (e.g., 
TNF-α and IL-6) as well as chemokines (e.g., macrophage 
inflammatory protein-1), and thus causing an uncontrolled 
cytokine storm that promotes acute lung injury/ARDS in 
COVID-19-infected patients [22]. Thiols are part of the anti-
oxidant defense systems that prevent or mitigate the damage 

of cellular components (e.g., proteins, lipids, and nucleic 
acids) by ROS in the organism [23]. Recently, Erel et al. [13] 
investigated the thiol levels in COVID-19-infected patients 
and found that thiol levels were lower in COVID-19 patients 
compared to healthy individuals. Moreover, they observed 
a gradual decrease in thiol levels as the severity of the dis-
ease increased from mild to critical condition. In another 
study, thiol-disulfide balance was examined in COVID-19 
patients, and it was seen that COVID-19 patients had lower 
levels of thiol and higher levels of disulfide than healthy 
individuals, suggesting that increased oxidative stress and 
impaired thiol-disulfide balance may play a vital role in the 
pathogenesis of COVID-19 infection. They also found that 
mild/moderate COVID-19 patients had higher thiol levels 
than severe COVID-19 patients [14]. Muhammad et al. [24] 
reported that the concentrations of antioxidant molecules 
(glutathione, glutathione peroxidase, catalase, and super-
oxide dismutase), antioxidant trace elements (copper, zinc, 
selenium, and manganese),  and vitamins A, C, and E were 
markedly lower, while the level of 8-iso-prostaglandin F2α, 
a product of ROS-induced lipid oxidation, was markedly 
higher in COVID-19 patients compared to healthy controls. 
On the contrary, a study by Gadotti et al. [25] found no dif-
ference in levels of oxidative damage, and oxidant and anti-
oxidant markers between moderate and severe COVID-19 
patients. The researchers explained that these unexpected 
results may be due to the time of sample collection, as the 
moderate and severe groups were in the critical stage of 
COVID-19 disease. In addition, factors affecting oxidative 
stress such as gender, smoking, comorbidities, intake of 
vitamin, or antioxidant agent were not taken into account in 

Table 2  Correlation between oxidative stress markers and inflamma-
tory markers in COVID-19 patients

WBC white blood cell, CRP C-reactive protein, TAS total antioxidant 
status, TOS total oxidant status, OSI oxidative stress index

Thiol TAS TOS OSI

WBC r  − 0.387  − 0.379 0.214 0.364
p  < 0.001  < 0.001 0.048 0.001

Neutrophil r  − 0.321  − 0.377 0.321 0.492
p 0.003  < 0.001 0.003  < 0.001

CRP r  − 0.363  − 0.421 0.328 0.385
p 0.001  < 0.001 0.002  < 0.001

Procalcitonin r  − 0.364  − 0.315 0.233 0.296
p 0.001 0.003 0.031 0.006

Ferritin r  − 0.218  − 0.403 0.220 0.358
p 0.047  < 0.001 0.044 0.001

Fibrinogen r  − 0.309  − 0.095 0.003 0.117
p 0.007 0.412 0.979 0.315

Table 3  ROC analysis results of 
the thiol, TAS, TOS, and OSI 
parameters

TAS total antioxidant status, TOS total oxidant status, OSI oxidative stress index

AUC (95% CI) Cut-off level Sensitivity (%) Specificity (%) P value

Thiol 0.799 (0.705–0.893) 262.9 73.9 75  < 0.001
TAS 0.778 (0.679–0.877) 1.28 73.9 72.5  < 0.001
TOS 0.713 (0.599–0.827) 16.6 67.5 67.4 0.001
OSI 0.780 (0.679–0.882) 1.26 72.5 73.9  < 0.001

Fig. 1  ROC curves of antioxidant (A) and oxidant parameters (B) to 
predict ICU admission in patients with COVID-19
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their studies. In our study, thiol and TAS values were lower 
in ICU COVID-19 patients compared to non-ICU COVID-
19 patients, whereas TOS and OSI values were determined 
higher. These findings show that the increase in oxidative 
stress and the decrease in antioxidant levels in infected 
patients are closely related to the increase in the severity of 
COVID-19 infection. We observed markedly elevated levels 
of inflammatory parameters, including WBC, neutrophils, 
CRP, procalcitonin, and ferritin in ICU COVID-19 patients 
compared to non-ICU COVID-19 patients, consistent with 
previous studies [26, 27]. Besides, these inflammatory 
markers were inversely correlated with thiol and TAS and 
positively correlated with TOS and OSI, demonstrating that 
inflammation plays a role in the imbalance between oxidant 
and antioxidant status in COVID-19 infection. It has also 
been postulated that smoking, male gender, old age, insuf-
ficient dietary intake, and pre-existing comorbidities like 
diabetes and cardiovascular diseases may contribute to this 
imbalance by causing a deficiency of thiol, and high ROS 
levels in COVID-19-infected patients [28].

In this study, we also investigated the efficacy of thiol, 
TAS, TOS, and OSI parameters in distinguishing patients 
who require ICU care from patients who do not require ICU 
care. According to the ROC curve analysis, the AUCs of 
thiol, TAS, TOS, and OSI markers were 0.799, 0.778, 0.713, 
and 0.780, respectively. These outcomes show that the thiol, 
TAS, TOS, and OSI parameters can be used effectively in 
separating ICU patients from non-ICU patients, among which 
thiol was the best predictor of ICU admission in COVID-
19-infected patients. Erel et al. [13] reported that thiol could 
be used as a potential marker to distinguish patients with 
COVID-19 infection from healthy controls with an AUC of 
0.949 (sensitivity, 98.6%; specificity, 80.4%). Kalem et al. 
[14] also noted that thiol has a strong predictive value in 
distinguishing between mild/moderate COVID-19 patients 
and severe COVID-19 patients. These findings suggest that 
thiol may be a good candidate parameter for the diagnosis 
and prediction of severity of COVID-19 disease.

Beneficial effects of antioxidant therapy have been reported 
in a wide variety of pathological conditions, including viral 
infections [29]. Recently, researchers have focused on the 
use of thiol-containing agents such as glutathione, N-acetyl-
cysteine, and alpha-lipoic acid in the treatment of COVID-19 
patients to reduce the extent of oxidative damage [30–32]. 
Glutathione, a tripeptide thiol compound, blocks the activa-
tion of NF-κB, which plays an important role in inflamma-
tion via many mechanisms such as inducing the expression 
of several proinflammatory genes, and can ultimately prevent 
cytokine storm [33]. Horowitz et al. [34] reported that admin-
istration of glutathione was effective in alleviating COVID-19 
pneumonia-related dyspnea. N-acetylcysteine, a precursor of 
glutathione, has been proposed as a potential therapeutic agent 
against COVID-19 infection [31]. In a randomized study, it 

was observed that the administration of α-lipoic acid reduced 
the mortality rate in critically ill patients with COVID-19 
from 77.8% to 37.5% [32]. Namely, supplementation with 
antioxidants such as thiols may increase treatment efficacy in 
patients suffering from COVID-19. However, further studies 
should be conducted on this subject.

Our study has certain limitations. First, this study was 
conducted in a single center with a small study population. 
Second, thiol, TAS, TOS, and OSI biomarkers were meas-
ured on admission and continued monitoring and compari-
son could not be performed. Finally, oxidative stress param-
eters other than thiol, TAS, and TOS were not studied.

Conclusion

Herein, we found that ICU-COVID-19 patients had lower 
levels of thiol and TAS compared to non-ICU COVID-19 
patients and higher TOS and OSI levels, suggesting that the 
enhancement of oxidative stress and reduction of antioxi-
dant levels in patients with COVID-19 correlate with the 
increased severity of the disease. Our data also showed that 
thiol was the best predictor of ICU requirement in COVID-
19-infected patients, followed by OSI, TAS, and TOS. 
Antioxidants such as thiol molecules can be considered an 
adjunctive therapeutic option in COVID-19 disease.
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