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ARTICLE INFO ABSTRACT

Keywords: In SARSCoV-2 infections, excessive activation of the immune system dramatically elevates reactive oxygen
COVID-19 species levels, harms cell structures, and directly increases disease severity and mortality. We aimed to evaluate
SARS-CoV-2

whether plasma oxidative stress biomarker levels could predict mortality in adults admitted with Coronavirus
Disease 2019 (COVID-19), considering potential confounders. We conducted a cohort study of 115 adults (62.1
+ 17.6 years, 65 males) admitted to a Brazilian public hospital for severely symptomatic COVID-19. Serum levels
of o-tocopherol, glutathione, superoxide dismutase, 8-hydroxy-2-deoxyguanosine, malondialdehyde, and

Clinical outcomes
Oxidative stress

ROS

Reactive oxygen species

SOD advanced oxidation protein products were quantified at COVID-19 diagnosis using real-time polymerase chain
Superoxide dismutase reaction. Serum levels of a-tocopherol, glutathione, superoxide dismutase, and advanced oxidation protein
GSH products differed significantly between survivors and non-survivors. Serum glutathione levels below 327.2 ymol/
Glutathione mL were associated with a significant risk of death in COVID-19 patients, even after accounting for other factors
Vitamin E (adjusted hazard ratio = 3.12 [95% CI: 1.83-5.33]).

AOPP

Advanced oxidation protein products

8OHDG

8-Hydroxy-2-deoxyguanosine

1. Introduction

Approximately 5% of non-immunized patients with Coronavirus
Disease 2019 (COVID-19) develop a critical illness, and up to 50% of
these critical patients die [1]. The vast literature shows that excessive
inflammatory response and hypercoagulation are the primary patho-
physiological phenomena associated with poor outcomes [2,3].

Under normal circumstances, aerobic metabolism produces reactive
oxygen species (ROS) essential for cell signaling. However, in severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections, the
immune system is excessively activated with an exaggerated increase in
ROS levels [2,4]. The imbalance between the rate of ROS production and
the antioxidant mechanism leads to oxidative stress (OS). This clinical
condition encompasses three distinct stages: a) increased production of
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ROS, b) mobilization of antioxidant defenses, and c) oxidative damage
to the primary molecular targets such as lipids, proteins, and DNA [5].

ROS interfere with the main cellular metabolic pathways by inducing
lipid peroxidation, protein degradation, and DNA strand breaks [6].
Some first-line antioxidant substances include glutathione (GSH),
vitamin E, and superoxide dismutase (SOD). GSH is a functional mole-
cule with direct antioxidant activity; it prevents the generation of free
radicals via hydroperoxide formation. A study showed that patients with
severe COVID-19 have low serum GSH levels [7]. Vitamin E is a
fat-soluble antioxidant that removes peroxyl radicals and inhibits the
oxidation of polyunsaturated fatty acids (PUFAs), mainly due to an
interaction between peroxyl radicals and a-tocopherol rather than lipid
hydroperoxide [8,9]. SOD is a metal-containing antioxidant enzyme that
catalyzes the dismutation of superoxide into oxygen and hydrogen
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peroxide (H20). Several studies have shown that SOD is essential to
defend the organism against excessive ROS generation during viral in-
fections [10]. When ROS overwhelms antioxidants, oxidative stress oc-
curs and can be assessed by quantifying the serum levels of
malondialdehyde (MDA), advanced oxidation protein products (AOPP),
and 8-hydroxy-2'-deoxyguanosine (8-OHdG), respectively [5].

Despite the rapid development of multiple COVID-19 vaccines, new
SARS-CoV-2 variants may be highly infectious, and existing vaccines
may be less protective against severe illness and death [11]. In this
context, identifying more accurate prognostic markers and deepening
the pathophysiological knowledge of COVID-19 may result in new
therapeutic approaches that minimize damage caused by future
pandemic waves.

According to the current evidence, OS is crucial for the pathogenesis
of SARS-CoV-2 infection [12]. However, the role of biomarkers related
to OS remains unclear, and further research is required to investigate
biomarkers of the redox state in patients with COVID-19. This study
aimed to evaluate OS biomarkers and assess their potential application
in the mortality prediction of COVID-19 patients.

2. Materials and methods
2.1. Study design and patients

This cohort study was conducted at the University Hospital of the
Federal University of Sao Carlos, Sao Carlos, Brazil. We gathered the
data by conducting face-to-face interviews in the initial months of the
pandemic, which took place from May to October 2020. The study
sample was a convenience sample of 115 hospitalized adults with
confirmed COVID-19 infection. The exclusion criteria were pregnancy,
breastfeeding, or current use of vitamin supplements. For each subject,
we collected the following data upon hospital admission: sociodemo-
graphic characteristics, chronic comorbidities (Charlson comorbidity
index [CCI]), and clinical and laboratory data.

We used the Sequential Organ Failure Assessment [SOFA] to esti-
mate an individual’s disease severity. Subjects were assessed daily from
hospital admission to discharge or 30 days of hospitalization. Patients
were treated using a standard protocol, which included antibiotics for
concurrent bacterial pneumonia, enoxaparin for thromboembolism
prevention, and dexamethasone in selected cases. At the time of the
study, no specific treatment for COVID-19 had been approved in Brazil.

2.2. Ethics

The study followed the guidelines of the Declaration of Helsinki and
the Brazilian National Health Council (Federal Resolution 466,/2012).
The study protocol was approved by the Institutional Research Ethics
Committee (30184220.8.0000.5504). All patients who fulfilled the
eligibility criteria and agreed to participate in the study provided writ-
ten informed consent.

2.3. Sample collection and processing

Blood samples were collected immediately after COVID-19 diag-
nosis, which coincided with the day of hospital admission in 40% of the
cases. Venous blood samples (5 mL) were collected in sterile vacuum
tubes containing ethylenediaminetetraacetic acid (EDTA) and centri-
fuged at 3000 rpm for 10 min. The serum was split into three aliquots
and stored at —80 °C. All OS markers were measured in duplicate at the
same time by the same technician who had no access to the clinical data
of the patients.

2.4. COVID-19 diagnosis

SARS-CoV-2 infection was diagnosed using real-time polymerase
chain reaction (qPCR) in nasopharyngeal samples, according to the
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guidelines set forth by the US Centers for Disease Control and Prevention
[13].

2.5. Oxidative stress biomarkers

2.5.1. Antioxidants

Serum GSH was determined as described previously by Hu [14], in
which thiol groups react with dithionitrobenzoic acid (DTNB) to form a
deeply colored anion with a maximum peak at 412 nm (e412 = 13,600
M-1 cm—1). The concentration of sulfhydryl groups was calculated
using GSH, and the results were reported as micromoles per milliliter.

To assess vitamin E status, a-tocopherol concentration was deter-
mined by isocratic high-performance liquid chromatography, as
described previously by Arnaud et al. [15], and was reported as mi-
cromoles per milliliter.

For SOD determination, a commercial kit (#19160, Sigma-Aldrich,
St.Louis, MO, USA) was used according to the manufacturer’s in-
structions and read at 450 nm microplate reader (SpectraMax M5, Mo-
lecular Devices, USA). The results were reported as units per milliliter.

2.5.2. Pro-oxidative biomarkers

MDA was measured based on a previously described spectrophoto-
metric method using TCA-TBA-HCI (15% trichloroacetic acid, 0.375%
thiobarbituric acid, and 0.25 N hydrochloric acid) [5]. The results were
presented as micromoles per milliliter.

The levels of 8-OHdG were measured using the Stressgen DNA
Damage Enzyme-Linked Immunosorbent Assay (ELISA) Kit (Ann Arbor,
MI, USA) according to the manufacturer’s instructions and expressed as
ng/mL.

Finally, the biochemical analysis of AOPP was performed by chro-
matography as described by Witko-Sarsat et al. [16].

2.6. Statistical analysis

The primary outcome was the all-cause 30-day mortality rate.
Continuous data are presented as mean =+ standard deviation or median
[first, third quartile], whereas categorical variables are presented as
counts (percentage). Comparisons between groups were performed
using Student’s t-test or Wilcoxon-Mann-Whitney test for continuous
variables and Pearson’s chi-squared test for categorical variables. The
probability of survival was estimated using Kaplan-Meier analysis. The
groups were compared using the log-rank test. The hazard ratio (HR)
and 95% confidence interval (CI) of mortality were estimated using Cox
proportional hazards regression models. Statistical significance was
assessed using a two-sided p-value <0.05. All analyses were conducted
using TIBCO Statistica® version 14.0.0 (TIBCO Software Inc., CA, USA).

3. Results
3.1. Baseline characteristics of the patients

The study included one hundred fifteen individuals, and the overall
all-cause 30-day mortality was 17.4%. As shown in Table 1, non-
survivors were older (mean age 74.9 + 15.9 years vs. 59.2 + 16.8
years, respectively), had more comorbidities (CCI >5 in 50.0% vs.
21.0%, respectively), and had a higher prevalence of organ dysfunction
(SOFA >3 in 75.0% vs. 24.2%, respectively). Similarly, non-survivors
also had worse laboratory test results, characterized by lymphopenia
and higher serum levels of D-dimer, lactate dehydrogenase (LDH), and
C-reactive protein (CRP). The frequency of therapeutic anticoagulation
with heparin was found to be similar in both groups (p = 0.655).
However, it was observed that non-survivors were prescribed cortico-
steroids more frequently than survivors (p = 0.030).
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Table 1
Baseline demographic and clinical variables among COVID-19 inpatients.
Variable Participants p-value
Survivors (n = Non-survivors (n =
95) 20)
Demographic and clinical features
Age, years 59.2 +£16.8 74.9 £ 15.9 <0.001
Male sex 51 (53.7) 13 (65.0) 0.355
White 64 (67.4) 16 (80.0) 0.264
CCI >5 20 (21.1) 10 (50.0) 0.007
SOFA >3 23 (24.2) 15 (75.0) <0.001
ICU admission 20 (21.1) 13 (65.0) <0.001
Length of symptoms*, 7 [4-10] 7 [4-15] 0.411
days
Laboratory tests (units)
Lymphocyte count ( x 1156 [769-1531] 864 [575-1220] 0.002
10%/L)
Leukocyte count ( x 10%/ 6900 6390 [4940-12203] 0.845
L) [5400-8515]
Hemoglobin (g/dL) 14.0 [12.4-15.1] 13.8 [12.7-14.9] 0.941
D-dimer (pg/mL) 0.70 [0.40-1.69] 2.51 [1.85-4.71] <0.001
LDH (U/L) 276 [216-392] 473 [293-629] 0.005
CRP (mg/dL) 6.52 [1.2-13.4] 13.6 [5.1-20.4] <0.020
Albumin (g/dL) 3.50 [3.15-3.85] 3.30 [3.08-3.42] 0.246
Therapy n (%)
Corticosteroids 51 (53.7%) 16 (80%) 0.030
Anticoagulants 33 (34.7%) 8 (40%) 0.655

CCIL Charlson coorbidity index; SOFA: sequential organ failure assessment; ICU:
intensive care unit; LDH: lactate dehydrogenase; CRP: C-reactive protein. * Time
from clinical onset to hospital admission. Bold corresponds to a group of
variables.

3.2. Univariate analysis

Comparing survivors and non-survivors, significant differences were
observed in the serum levels of a-tocopherol, GSH, SOD, and AOPP.
However, the groups had slightly similar levels for MAD and 8-OhdG.
Table 2 lists both groups’ serum levels of antioxidants and pro-
oxidative biomarkers.

3.3. Accuracy of oxidative stress biomarkers in the prediction of mortality

Receiver operating characteristic (ROC) analysis of the biomarkers
with statistical significance between groups showed that SOD was the
best predictor of mortality [area under the ROC curve (AUC) = 0.834, p
< 0.001], and a-tocopherol was the least accurate predictor (Fig. 1).

A SOD concentration of >0.15 U/mL was predictive of death with
90.0% sensitivity, 66.3% specificity, 2.67 positive likelihood ratio, and
0.15 negative likelihood ratio. The ROC analysis of the four biomarkers
for predicting death is shown in Table 3.

Fig. 2 shows the survival probability curves according to the serum
levels of the OS biomarkers. Serum levels of GSH, SOD, and AOPP were
used to assess the survival probability. However, we observed borderline

Table 2

Serum levels of oxidative stress biomarkers among COVID-19 inpatients.
Parameters (units) Participants p-value

Survivors (n = 95) Non-survivors (n = 20)

Antioxidants
Vitamin E (ug/mL) 7.09 (0.42-23.8) 5.56 (1.82-11.6) 0.041
GSH (pmol/mL) 409 + 140 299 + 140 0.002
SOD (U/mL) 0.150 (0.141-0.159) 0.175 (0.156-0.201) <0.001
Pro-oxidative biomarkers
MDA (pmol/mL) 12.7 + 3.02 12.4 +3.38 0.767
8-OhdG (ng/mL) 6.30 (3.4-105.0) 5.86 (2.68-21.0) 0.562
AOPP (pmol/mL) 0.430 (0.09-1.03) 0.274 (0.118-0.501) <0.001

Vitamin E: a-tocopherol; GSH: glutathione; SOD: superoxide dismutase; MDA:
malondialdehyde; 8-OhdG: 8-hydroxy-2-deoxyguanosine; AOPP: advanced
oxidation protein products. Bold corresponds to a group of biomarkers.
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Sensitivity

100-Specificity

Fig. 1. Receiver operating characteristics (ROC) curves of advanced oxidation
protein products (AOPP), glutathione (GSH), superoxide dismutase (SOD), and
a-tocopherol (Vitamin E) for prediction of mortality among COVID-19 patients.

statistical significance in all cases (p = 0.055, 0.054, and 0.066,
respectively).

3.4. Multivariate analysis

In the multivariate analysis, GSH showed the best results. The Cox
regression model showed that the serum levels of GSH <327.2 pmol/mL
predict 30-day mortality among adults with COVID-19, even after
adjusting for potential confounders such as age, sex, race, CCI, length of
symptoms, SOFA score at hospital admission, and need for intensive care
unit (ICU) admission (adjusted HR 3.12, [95% CI: 1.83-5.33]; p <
0.001).

4. Discussion

This study showed that oxidative stress plays a significant role in the
severity of COVID-19. This aspect is consistent with other studies
showing an increased imbalance between ROS and antioxidant markers
in COVID-19 patients compared to healthy volunteers [10], mostly
reduced serum thiol levels [25-28] and increased SOD activity and MDA
concentrations [29-31].

As expected, we observed decreased serum levels of two antioxidant
biomarkers (vitamin E and GSH) in non-survivors. Surprisingly, SOD
concentrations were lower in survivors than in non-survivors. Also, we
found no significant differences between the groups for the serum levels
of the pro-oxidative biomarkers 8-OhdG and MDA; however, we
observed increased levels of AOPP in survivors.

Vitamin E is highly liposoluble and exists universally in human cell
membranes and lipoproteins. It exerts significant antioxidant activity
mainly by inhibiting the peroxidation of cell membrane lipids [17]. In
contrast to our results, two previous studies failed to demonstrate an
association between serum vitamin E levels and the severity of
COVID-19. A study in Saudi Arabia with 155 patients did not observe a
significant difference in the concentration of vitamin E in asymptomatic,
mild, moderate, or severe cases of COVID-19 [18]. Another report that
evaluated 88 patients and 34 healthy donors in Croatia also showed no
difference in vitamin E concentrations between survivors and
non-survivors. However, these patients had lower serum levels than the
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Table 3
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Accuracy of oxidative stress biomarkers for prediction of mortality among COVID-19 inpatients.

Biomarkers (units)< AUC [95% CI] p-value Optimal threshold Sensibility [95% CI] Specificity [95% CI] +LR [95% CI] -LR [95% CI]
Vitamin E (ug/mL) 0.646 [0.551-0.733] 0.042 <6.06 70.00% [45.7-88.1] 63.83% [53.3-73.5] 1.94 [1.31-2.87] 0.47 [0.24-0.93]
GSH (pmol/mL) 0.741 [0.651-0.819] <0.001 <327.27 80.00% [56.3-94.3] 69.47% 2.62 0.29

59.2-78.5 1.80-3.81 0.12-0.70
SOD (U/mL) 0.834 [0.753-0.897] <0.001 >0.15 90.0% [68.3-98.8] 66.32% [55.9-75.7] 2.67 [1.94-3.67] 0.15 [0.04-0.57]
AOPP (pmol/mL) 0.740 [0.649-0.817] <0.001 <0.35 75.00% [50.9-91.3] 65.26% [54.8-74.7] 2.16 [1.49-3.14] 0.38 [0.18-0.83]

AUC: area under the ROC curve; CI: confidence interval; +LR: positive likelihood ratio; -LR: negative likelihood ratio; Vitamin E: a-tocopherol; GSH: glutathione; SOD:

superoxide dismutase; AOPP: advanced oxidation protein products.
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Fig. 2. Kaplan-Meier curves according to a-tocopherol (Vitamin E), glutathione (GSH), superoxide dismutase (SOD), and advanced oxidation protein products

(AOPP) serum levels in COVID-19 patients.

controls [19].

GSH is the most abundant endogenous intracellular antioxidant in
multiple cellular components, including the cytosol, mitochondria, nu-
cleus, and endoplasmic reticulum [20]. Although the causes of GSH
deficiency in hospitalized COVID-19 patients are unknown, several
factors are possible, such as decreased synthesis and increased use [21].
Low serum levels of this thiol can predict the severity of COVID-19, such
as the need for ventilatory support, ICU admission, and death [22-27].
The findings of Karkhanei and colleagues’ study on oxidative stress
biomarkers in 78 hospitalized COVID-19 patients indicate a significant
difference in GSH levels between the non-ICU and the ICU groups, with
the former exhibiting higher levels of GSH in their serum (227.03 vs.
134.54 pmol/mL). Notably, the ICU patients who required endotracheal
intubation had the lowest levels of GSH (102.11 + 36.86 pmol/mL),
suggesting a potential correlation between GSH levels and disease
severity [22].

Our study has revealed a noteworthy finding that serum GSH levels
can predict mortality within 30 days among adults diagnosed with
COVID-19. The predictive ability was determined to be an AUC of 0.741
and an HR of 3.12 for serum concentrations below 327.2 pmol/mL. A
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study in France involving 160 confirmed COVID-19 patients also iden-
tified low serum thiol concentrations as predictors of ICU admission and
death, with an AUC of 0.762 and 0.750, respectively [27]. Another study
found that serum GSH levels can predict mortality rates in hospitalized
COVID-19 patients with an AUC of 0.820 [22].

However, several studies have not observed significant differences in
thiol or GSH concentrations between groups of COVID-19 patients with
different severity [28-33].

It was expected that the activity of essential antioxidant enzymes,
such as SOD, would be significantly reduced in the serum of patients
with severe COVID-19 [35,36]. However, our study revealed that an
increase in SOD activity might be synergistically associated with a
higher risk of death (AUC = 0.834). This result is supported by a study
that observed significantly higher SOD serum levels in patients placed in
the ICU compared to the non-ICU group [34].

Based on immunohistochemical analysis, a study showed that in-
dividuals who died due to COVID-19 had elevated levels of SOD-2 in
both their pneumocytes and alveolar macrophages [35]. As the
SARS-CoV-2 virus primarily targets pneumocytes, it triggers a state of
hyperinflammation in the cells, leading to extensive lung damage [36].
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We hypothesized that as the severity of the condition increases, the
alveolar damage would also become more severe, ultimately leading to
the release of intracellular superoxide dismutase, specifically SOD-1 or
SOD-2, and an increase in serum levels of the enzyme. However, other
studies have not found significant differences in SOD levels among pa-
tients with varying levels of severity [29,31,32,37].

Few studies have evaluated the composition of pro-oxidative bio-
markers in different groups of patients with COVID-19. A study in Serbia
found no difference in serum levels of thiobarbituric acid-reactive sub-
stances between groups of patients with different degrees of severity
[29]. A Brazilian study that compared patients with moderate and se-
vere COVID-19 did not observe differences in the serum levels of HyO,,
MDA, carbonyl, or sulfhydryl groups [30]. Similarly, Ducastel et al. did
not observe a significant difference in serum concentrations of AOPP
between survivors and non-survivors of COVID-19. In contrast, Tantry
et al. observed greater urinary excretion of 8-OhdG in COVID-19 pa-
tients diagnosed with thrombotic events such as venous thrombosis,
pulmonary thromboembolism, myocardial infarction, and ischemic
stroke [38].

We also observed lymphopenia and higher serum D-dimer, LDH, and
CRP levels in the non-survivor group. These findings were consistent
with those described in the scientific literature. The vast literature shows
the relevance of D-dimer in predicting adverse clinical outcomes in
patients with COVID-19; D-dimer can predict severity, mortality, and
venous thromboembolism in COVID-19 patients with high sensitivities
of 77%, 75%, and 90%, respectively [39]. Moreover, patients with se-
vere COVID-19 frequently have reduced lymphocyte counts, which can
be attributed to direct lymphocyte infections, inflammation-induced
apoptosis, and lactic acidosis, which inhibit lymphocyte and lymph
tissue degradation [40]. Similarly, high serum LDH levels may predict
disease progression, respiratory failure, and in-hospital death [41]. Our
study’s median serum LDH level was 473 mg/dL in non-survivors; a
Chinese study reported that an LDH >353.5 U/L predicted mortality
with a sensitivity of 94.4% and a specificity of 89.2% [42]. Moreover, a
meta-analysis that included 69,762 COVID-19 patients observed a pos-
itive correlation between high CRP levels, ICU admission, and mortality
[43]. CRP levels greater than 1.5 mg/dL provided a marker of disease
severity, and levels greater than 20.0 mg/dL on admission were asso-
ciated with five times the odds of death [29]. In parallel with these
findings, our study observed that the median serum CRP levels were
lower in survivors than non-survivors.

It is important to note that our study had some limitations. Firstly,
selection bias may have occurred due to the study being conducted at a
single center. Secondly, the patients recruited had multiple comorbid-
ities, which may have affected the changes in oxidative stress indicators.
Additionally, serum lipids were not measured, which could have
impacted the vitamin E serum concentration. Lastly, it should be noted
that only hospitalized patients were recruited, and therefore the findings
cannot be generalized to all ambulatory patients. Despite these limita-
tions, the study was conducted during the epidemic’s peak, providing a
unique opportunity to collect homogeneous data from the same
outbreak.

5. Conclusions

Our study showed significantly lower serum GSH levels in non-
survivors of COVID-19, and this biomarker was proven to help predict
the risk of death in hospitalized patients. Other recent observational
studies have supported these findings. Unfortunately, other markers of
OS did not show good accuracy in predicting mortality in COVID-19
patients.
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