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ABSTRACT

The role of oxidative stress and the use of biochemical biomarkers in the severity of COVID-19 was
evaluated through a literature review (2020-2021) using scientific search engines such as PubMed,
Science Direct, and Google Scholar. The search was limited to articles published in Spanish or English
that reported on COVID-19 and its relationship with oxidative stress, following PRISMA-2020
guidelines. The search terms included oxidative stress, COVID-19, SARS-CoV-2, oxidative biomarkers,
and oxidative damage. 93.5% of the selected studies were from the year 2021. These studies
evaluated both oxidative stress biomarkers and oxidative damage biomarkers in COVID-19 patients.
The reviewed studies reinforce the strong association of SARS-CoV-2 with oxidative stress and
demonstrate how SARS-CoV-2 induced ROS production and disruption of the antioxidant defense
system trigger a pro-inflammatory environment and cause severe tissue damage. In 64.7% of the
studies, a combination of oxidative stress biomarkers (antioxidant and oxidative damage biomarkers)
was used to assess COVID-19 severity. The most commonly used antioxidant biomarkers were thiols
and total antioxidant capacity, followed by glutathione. The most commonly used oxidative damage
biomarkers were malondialdehyde and peroxides, followed by advanced oxidation protein products.
COVID-19 leads to a decrease in the antioxidant defense system, reflected by a decrease in
antioxidant biomarkers and an increase in oxidative damage biomarkers.
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individuals, which could be a determinant of the infection's
INTRODUCTION .

evolution.
The severe viral infpjctio.n. caused by. COVID-19 has become. a In general terms, respiratory viral infections are associated
challenge for the scientific community due to the complexity with inflammatory processes that may be linked to a redox
of the biochemical and cellular events involved that drive the imbalance or oxidative stress [2]. Based on an exhaustive
host's pathological responses, contributing to the severity of |iterature analysis, has proposed that endogenous glutathione

the disease [1]. One of the aspects to consider in determining  geficiency, a tripeptide considered the main cellular
the severity of COVID-19 is the oxidative state presented by
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antioxidant, could be a crucial factor in the increased
oxidative damage induced by SARS-CoV-2 in the lungs.
Consistent with these findings, it has been observed that the
reduction of protein Sulfhydryl groups (cysteine SH groups)
weakens the binding of the SARS-CoV/CoV-2 spike protein,
which points to a molecular basis that explains the severity of
COVID-19 infection due to oxidative stress [3].

Oxidative Stress (0OS) is produced by an inadequate
distribution between the production of Reactive Oxygen
Species (ROS) and antioxidant defenses [4]. Most scientists
define OS as a vast region of reactions and interactions
between ROS and other highly reactive species, including free
radicals. The imbalance in the body's antioxidant system
produced by OS can be a life-threatening factor, as the
overproduction of ROS and the deprivation of antioxidant
mechanisms are crucial for viral replication and the
subsequent disease associated with the SARS-CoV-2 virus. OS
can occur or be controlled by many agents: Genetic
background, biological enzymatic processes, lifestyle, and all
related aspects [5]. The close connection between respiratory
viral infections and the generation and spread of ROS strongly
involves OS in the severity of COVID-19 [6].

There are OS biomarkers that could be effectively used for the
prognosis and monitoring of COVID-19. These biomarkers
include antioxidant molecules (antioxidant vitamins; vitamin
A, vitamin C, vitamin D, and vitamin E), molecules such as
glutathione, thiols, and beta-carotene; antioxidant enzymes
Endogenous Glutathione (GSH), Glutathione Peroxidase (Gpx),
Superoxide Dismutase (SOD), free elements (Mn, Zn, Cu, Cr,
and Se); and oxidative damage biomarkers (malondialdehyde,
advanced oxidation protein products, ischemia-modified
albumin, oxidized low-density lipoproteins), among others
that stand out as oxidative damage biomarkers of lipids,
proteins (ischemia-modified albumin, advanced oxidation
protein products [7]. Analytical follow-up of the antioxidant
system can help prevent disease progression; thus, these
biomarkers could be included in the prescribed tests to
monitor COVID-19 patients, providing more analytical
information to the physician.

As of February 1, 2022, the pandemic caused by the SARS-
CoV-2 Coronavirus, responsible for COVID-19, has resulted in
56 million deaths and over 376 million confirmed cases
worldwide, with the United States of America leading in the
number of infections and deaths, followed by India, Brazil,
and Russia. In Guatemala, by the end of January 2022,
approximately 1% of the population (689,609 people) had
been infected with the virus, with 16,379 deaths reported [8].

This study aims to evaluate the role of oxidative stress in the
progression of COVID-19 severity through the use of
biochemical biomarkers; this will be done through a scoping
review. Given the current relevance of this disease, it is
important for the research group to compile information. The
results of this scoping review will provide valuable
information to clinical researchers and students in health-
related fields interested in deepening their knowledge about
the COVID-19 pandemic from a perspective that involves the

individual's OS as a major comorbidity for the progression of
this disease.

MATERIALS AND METHODS

Study Design

This work was conducted as a scoping review. A scoping review
aims to extract key concepts from cutting-edge literature in a
research area. This design was chosen because it provides a
broader scope of specific field coverage. In this particular
review, the purpose is to clarify concepts and inform the state
of the art regarding oxidative stress and its relationship with
COVID-19 severity, as well as to report on the analytical tests
used to evaluate the oxidative status of individuals with
COVID-19. The inclusion criteria applied were: Articles in
Spanish or English, experimental or clinical, published in the
last 2 years (due to the novelty of the topic), that included the
full text, and that focused on assessing oxidative stress as a risk
factor for the development of COVID-19 severity. The study
was conducted in Guatemala city from February 2020 to
January 2022.

Instruments and Data Analysis

This scoping review followed the steps of a systematic review
but with a broader scope. PRISMA guidelines for systematic
reviews and the Joanna Briggs Institute guidelines for scoping
reviews were adhered to [9].

For data collection, the procedure proposed by Arksey and
O’Malley was used. For the development of this scoping
review, original articles published in the last two years were
included from the following databases: PubMed, Google
Scholar, and Science Direct. The search was limited to full-text
articles published in Spanish or English and focused on
original research reporting on COVID-19 and its relationship
with oxidative stress according to the PRISMA-2009 checklist
criteria.

The following search terms were used: Oxidative stress,
COVID-19, oxidative damage, SARS-CoV-2, oxidative stress
biomarkers, and oxidative damage biomarkers. The search
terms were kept broad to cover all potential applicable studies.

RESULTS

A total of 1,536 abstracts were identified, and 65 documents
were categorized after primary exclusion. Of the categorized
works, 23 studies from indexed scientific journals were
included (Figure 1).
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93.5% of the selected studies are from the year 2021. Six (6)
studies were basic research investigations whose results show
evidence linking the redox state of the cell with COVID-19
(Table 1). The studies present results indicating that an
oxidized state of the molecules involved in viral recognition
and cell entry facilitates infection, as indicated by Hati and
Bhattacharyya in a study based on a simulation of the proteins
involved in the initial viral recognition, such as the ACE2
receptor and the viral spike protein, and their conformational
arrangement in an oxidized state, which allows greater
success in viral recognition and thus infection.

Figure 1: PRISMA 2020 flow diagram for updated scoping
review, including database research.

Table 1: Experimental basic research studies evaluating the role of the oxidative system in the progression of COVID-19.

No.

Title

Objective

Relevant result

Neutrophil-mediated oxidative
stress and albumin structural
damage predict COVID-19
associated mortality

Impact of thiol-disulfide balance
on the binding of COVID-19
spike protein with angiotensin
converting enzyme 2 receptor

Disruption of disulfides within
RBD of SARS-CoV-2 spike
protein prevents fusion and

represents a target for viral entry
inhibition by registered drugs

SARS-CoV-2 infection impairs
the metabolism and redox
function of cellular glutathione

Association of GSTM1 and
GSTT1 gene polymorphisms
with COVID-19 susceptibility and
its outcome

Upregulation of oxidative stress
gene markers during SARS-
CoV-2 viral infection

Evaluate the effect of oxidative
stress on albumin as an
antioxidant molecule

Study the dynamic molecular
simulation of the thiol-disulfide
balance on the interaction
between SARS-CoV/CoV-2
spike protein and the ACE2
receptor

Evaluate the role of sulfhydryl
bonds in the RBD and spike
protein and their role in viral

fusion

Investigate an in vitro model of
Vero EG6 cells infected with
SARS-CoV-2

Investigate the role of GSTM1
and GSTT1 gene
polymorphisms with COVID-19
susceptibility

Evaluate the expression of 125
oxidative stress genes, 37 pro-
oxidant genes, 32 oxidative
response genes, and 56
antioxidant genes

Human Serum Albumin (HSA)
from survivors showed a
significantly reduced protein
packing order parameter,
suggesting that a reduced state
of this protein protects against
the severity of COVID-19

When the thiol groups of
cysteines in both the protein and
receptor are reduced, the affinity

is weaker, providing a possible
molecular basis for
understanding cellular
recognition of the virus
according to oxidative stress

They demonstrated that the
integrity of disulfide bonds within
the Receptor-Binding Domain
(RBD) plays an important role in
the membrane fusion process,
indicating that an oxidized state
of these molecules on the
receptor facilitates virus entry
into the cell

Significantly reduced levels of
cellular thiols. Elevated levels of
oxidized Glutathione (GSSG)
and protein glutathionylation
were also observed, showing
that the cellular antioxidant
system is affected by the SARS-
CoV-2 virus

COVID-19 patients with
GSTT1-/- genotypes, indicating
the absence of the enzyme,
exhibited the highest mortality

Seven oxidative stress genes
were upregulated in leukocytes
and autopsied lungs; oxidative

and antioxidant response genes
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Experimentally demonstrate the role of the oxidized state of
the ACE2 receptor and the spike protein in the success of
SARS-CoV-2 infection, coinciding with what was proposed by
Hati and Bhattacharyya in their molecular simulation study.

Another study conducted on Vero 6 cells, which the authors
identify as a well-characterized in vitro model of SARS-CoV-2
infection, showed the involvement of the organism's oxidative
system in infection progression.

Studies on proteins directly related to oxidative stress showed
that COVID-19 patients with the GSTT1-/- genotype, which
codes for the glutathione S-transferase (GST) enzyme,
exhibited higher mortality. This is an important enzyme that
catalyzes the conjugation of glutathione (GSH) with
electrophiles to protect the cell from oxidative damage and
participates in the antioxidant defense mechanism in the
lungs. It was also demonstrated that oxidative and antioxidant
response genes were upregulated in the lungs and leukocytes
of COVID-19 patients.

The aforementioned findings constitute evidence of the
involvement of the organism's oxidative state in the
progression of the disease caused by the SARS-CoV-2 virus
and indicate that an oxidized environment facilitates the
virulence and severity of SARS-CoV-2. This may explain why
the severity of infection is greater in people with underlying
pathologies associated with reduced antioxidant defenses.

The second group of selected works responded to the
keywords COVID-19/oxidative stress and the established
criterion that they were not reviews, case studies, editorials,
hypotheses, or comments. Seventeen studies were selected,
of which 11 were clinical research studies, one was a pilot

study, one was a cross-sectional comparative study, one was a
single-center retrospective study, one was an observational
study, and one was a multicenter study (Table 2).

The results obtained in seven (7) of the reviewed studies
evaluated thiols as an indicator of the oxidative state of
COVID-19 patients, concluding that these molecules are
predictors of severity and admission to the ICU (intensive care
unit) for COVID-19 patients (Table 2).

In  studies where glutathione concentrations were
determined, it was found that this parameter was decreased
in COVID-19 patients (Table 2).

COVID-19 patients showed an increase in the activity of
antioxidant enzymes such as superoxide dismutase, catalase,
and glutathione peroxidase. Oxidative stress biomarkers
belonging to the category of oxidative damage indicators,
such as Malondialdehyde (MDA), Ischemia-Modified Albumin
(IMA), sulfhydryl groups, Advanced Glycation End Products
(AGEs), oxidized guanine, and peroxides, were elevated in
COVID-19 patients and increased with the severity of the
disease (Table 2).

The results reported regarding the oxidative stress biomarkers
evaluated in COVID-19 patients indicate the high commitment
of the body's antioxidant system to the pathogenesis of the
disease caused by the SARS-CoV-2 virus (Table 2).

Table 2: Studies evaluating oxidative stress based on primary metabolites of the antioxidant system generated or participating

in the oxidative stress process in COVID-19 patients.

No. Title

Objectives

Relevant results

1 Usefulness of oxidative stress
marker evaluation at admission
to the intensive care unit in
patients with COVID-19

2 Deficiency of antioxidants and
increased oxidative stress in

COVID-19 patients: A cross-

sectional comparative study in

Jigawa, Northwestern Nigeria

3 Oxidative stress status in
COVID-19 patients hospitalized
in intensive care unit for severe

pneumonia. A pilot study

4 Evaluation of oxidative stress
markers in hospitalized patients
with moderate and severe
COVID-19

Evaluate total antioxidants, total
oxidants, catalase, and
myeloperoxidase

Evaluate antioxidant levels and
oxidative stress markers in
COVID-19 patients

Evaluate oxidative stress status
in COVID-19 patients
hospitalized in ICU

Measure total antioxidant power,
reduced iron, and plasma
peroxides and correlate with
CRP, LDH, and INL in patients
with moderate and severe
COVID-19

No significant relationship was
observed between clinical
severity and oxidative stress
markers

Low concentrations of vitamins
A, C, Se, Zn, Mg, and Cu were
found in people with COVID-19.
GSH, GSx, catalase, and SOD
activity were lower in patients
than in controls

Patients showed decreased
values of vitamin A and C,
protein thiols, GSH, y-
tocopherol, 3-carotene, and total
antioxidant power compared to
laboratory reference values. C-
reactive protein and MDA were
elevated

Patients had the highest values
of plasma peroxides, which
correlated with CRP, LDH, and
INL, except for oxidative stress
index and CRP in the severe
COVID-19 group
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10

1

12

13

14

Evaluation of oxidative stress
level: Total antioxidant capacity,
total oxidant status and
glutathione activity in patients
with COVID-19

Oxidative stress and
inflammatory biomarkers for the
prediction of severity and ICU
admission in unselected patients
hospitalized with COVID-19

Thiol level and total oxidant/
antioxidant status in patients
with COVID-19 infection

Oxidant and antioxidant balance
in patients with COVID-19

Susceptibility of the patients

infected with SARS-CoV-2 to

oxidative stress and possible

interplay with severity of the
disease

Time course of redox biomarkers
in COVID-19 pneumonia:
Relation with inflammatory,
multiorgan impairment
biomarkers and CTfindings

Changes in oxidative markers in
COVID-19 patients

Analysis of
endogenous oxidative damage
markers and association with
pulmonary involvement severity
in patients with SARS-CoV-2
pneumonia

Presentation of cytokine profile
in relation to oxidative
stress parameters in patients
with severe COVID-19: An
observational pilot study

Acute lung injury biomarkers in
the prediction of COVID-19
severity: Total thiol, ferritin and
lactate dehydrogenase

Measure GSH, total antioxidant

capacity (CATOTAL), and total

oxidant status in the serum of
COVID-19 patients

Determine thiols, Advanced

Oxidation Protein Products

(AOPP), Ischemia-Modified
Albumin (IMA), IL-6, presepsin,

and cellular activation

biomarkers calprotectin in

plasma of patients admitted for
COVID-19

Evaluate oxidative stress
markers (thiols, EAT, EOT, and
OSl) to determine if they were

predictors of ICU admission

Evaluate total thiols, acid-soluble
thiols

Investigate the association
between COVID-19 severity and
oxidative stress parameters

Evaluate oxidative damage to
proteins, lipids, and DNA during
the acute course of the disease

Evaluate oxidative stress
markers in COVID-19 patients
and compare them with controls

Compare endogenous oxidative
damage markers (coenzyme
Q10, Nicotinamide Dinucleotide
Oxidase 4 (NOX4),
Malondialdehyde (MDA), and
Ischemia-Modified Albumin
(IMA)) in patients with SARS-
CoV-2 pneumonia

Investigate the correlation
between a set of cytokines and
oxidative stress markers

Evaluate the potential
discriminatory capacity of serum
biomarkers in patients with
ARDS and those with mild to
moderate disease (non-ARDS)

Total oxidant status was lower in
controls; GSH increased in
COVID-19 patients. CATOTAL
activity in non-ICU patients was
not different from the control

Thiol concentration decreased
while IMA, IL-6, calprotectin, and
presepsin increased with
COVID-19 severity and were
associated with the need for O,
and ICU admission

They found that increased
oxidative stress and decreased
antioxidant levels were
associated with COVID-19
severity and that measuring the
oxidative stress index can
determine ICU admission of
COVID-19 patients

Lower levels of TT, TSA, and
disulfides were found in
COVID-19 adults. TT and TSA
were lower in both children and
adults with severe COVID-19

No correlation was found
between oxidative stress
parameters and COVID-19
severity

Significant changes were
observed in MDA, 8-hydroxy-2'-
deoxyguanosine, and advanced
oxidation protein products during

the disease

MDA and oxidative stress
increased significantly in
COVID-19 patients and showed
the highest catalase and
glutathione peroxidase activity in
patients

High concentrations of ferritin,

CoQ10, MDA, NOX4, and IMA

were observed in SARS-CoV-2
pneumonia patients. CoQ10,
MDA, NOX4, and IMA were
higher in severe pneumonia
patients than in non-severe

ones

Plasma peroxides and total
antioxidant power were elevated
in severe COVID-19 patients

CRP, LDH, and ferritin were
significantly higher in ARDS
cases than in non-ARDS cases
at the time of hospital admission.
Total thiols were significantly
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15

16

17

A useful and sensitive marker in
the prediction of COVID-19 and
disease severity: Thiol

Predicting severity and intra-
hospital mortality in COVID-19:
The place and role of oxidative

stress

DNA and RNA oxidative damage
and mortality of patients
with COVID-19

Investigate thiol homeostasis in
COVID-19 patients

Determine predictors of
COVID-19 severity and negative
outcomes

Explore oxidative damage to
DNA and RNA in survivors and
non-survivors of COVID-19

lower in ARDS. Conversely, D-
dimer, matrix
metalloproteinase-9, and
advanced glycation end-
products were elevated

COVID-19 patients with severe
disease had the lowest TSA and
total thiol levels compared to
controls and those with
moderate or mild COVID-19.
Thiol groups have a strong
predictive value for COVID-19
severity and are determinants of
disease severity

Superoxide serum levels were
predictors of COVID-19 severity

Oxidative damage to DNA and
RNA was demonstrated in
COVID-19 patients

In Table 3, the two categories of oxidative stress biomarkers
evaluated in the reviewed studies are specified. In 11 of the

17 (64.7%) reviewed studies, a combination of antioxidant
biomarkers and oxidative damage biomarkers was used.

Table 3: Oxidative stress biomarkers evaluated in COVID-19 patients.

No.

Title

Evalued oxidative stress biomarkers

Evalued oxidative stress
biomarkers

Antioxidant biomarkers

Usefulness of oxidative stress
marker evaluation at admission
to the intensive care unit in
patients with COVID-19

Deficiency of antioxidants and
increased oxidative stress in
COVID-19 patients: A cross-

sectional comparative study in

Jigawa, Northwestern Nigeria

Oxidative stress status in
COVID-19 patients hospitalized
in intensive care unit for severe

pneumonia. A pilot study

Evaluation of oxidative stress
markers in hospitalized patients
with moderate and severe
COVID-19

Evaluation of oxidative stress
level: Total antioxidant capacity,
total oxidant status and
glutathione activity in patients
with COVID-19

Oxidative stress and
inflammatory biomarkers for the
prediction of severity and ICU

Total antioxidant status, total
oxidant status, catalase

Glutathione, superoxide
dismutase, glutathione
peroxidase, vitamins A and D

Glutathione, protein thiols,
glutathione peroxidase, vitamin
C and E, beta-carotene,
selenium, zinc, and copper, total
antioxidant capacity

Total antioxidant power

Glutathione, total antioxidant
capacity

Total thiols

Ferritin, myeloperoxidase

Malondialdehyde, 8-
isoprostaglandin F2 alpha

Lipid peroxides,
myeloperoxidase, oxidized LDL

Plasma peroxides

Not evaluated

Advanced oxidation protein
products, ischemia-modified
albumin
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10

11

12

13

14

15

16

17

admission in unselected patients
hospitalized with COVID-19

Thiol level and total oxidant/
antioxidant status in patients
with COVID-19 infection

Oxidant and antioxidant balance
in patients with COVID-19

Susceptibility of the patients

infected with SARS-CoV-2 to

oxidative stress and possible

interplay with severity of the
disease

Time course of redox biomarkers
in COVID-19 pneumonia:
Relation with inflammatory,
multiorgan impairment
biomarkers and CT findings

The comparison
of oxidative markers
between COVID-19 patients and
healthy subjects

Analysis of
endogenous oxidative damage
markers and association with
pulmonary involvement severity
in patients with SARS-CoV-2
pneumonia

Presentation of cytokine profile
in relation to oxidative
stress parameters in patients
with severe COVID-19: An
observational pilot study

Acute lung injury biomarkers in
the prediction of COVID-19
severity: Total thiol, ferritin and
lactate dehydrogenase

A useful and sensitive marker in
the prediction of COVID-19 and
disease severity: Thiol

Predicting severity and
intrahospital mortality
in COVID-19: The place and role
of oxidative stress

DNA and RNA oxidative damage
and mortality of patients
with COVID-19

Total thiols, total antioxidant
status, total oxidative status,
oxidative stress index

Total thiols, acid-soluble thiols

Glutathione, total antioxidant
capacity, glutathione transferase

Not evaluated

Catalase, superoxide dismutase,
total oxidative status

Not evaluated

Total antioxidant power,
oxidative stress index

Total thiols

Total thiols

Glutathione, catalase, and
superoxide dismutase

Not evaluated

Not evaluated

Sulfhydryl groups

Malondialdehyde, protein
carbonylation, sulfhydryl groups,
peroxides

Malondialdehyde, 8-hydroxy-2'-
deoxyguanosine, and advanced
oxidation protein products

Malondialdehyde

Ferritin, malondialdehyde,
ischemia-modified albumin,
nicotinamide adenine
dinucleotide oxidase 4 (NOX4),
coenzyme Q10

Plasma peroxides

Matrix metalloproteinase-9,
advanced glycation end
products, ferritin

Not evaluated

Lipid peroxidation index
(TBARS), peroxides, and
superoxide

Oxidized guanine

Among the antioxidant biomarkers, the most commonly used
were thiols and total antioxidant power, followed by the
determination of glutathione, the measurement of antioxidant

enzyme activity, and, to a lesser extent, the determination of
selenium and zinc, beta-carotene, and vitamins A, D, C, and E

(Figure 2).
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Figure 2: Antioxidant biomarkers determined in COVID-19
patients according to the reviewed literature. Years 2020-2021.
Note: Vit D: Vitamin D; Vit C: Vitamin C; Vit E: Vitamin E; Vit A:
Vitamin A.

On the other hand, the most commonly employed oxidative
damage biomarkers were the determination of malondialdehyde
and peroxides, followed by the determination of advanced
oxidation protein products, ferritin, and, to a lesser extent,
other indicators such as the measurement of myeloperoxidase
enzyme activity, the quantification of ischemia-modified
albumin, and the determination of lipid and plasma peroxides
and oxidized guanine (Figure 3).
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Figure 3: Oxidative damage biomarkers determined in
COVID-19 patients according to the reviewed literature. Years
2020-2021. Note: PAOP: Advanced Oxidation Protein Products;
NOX4: Nicotinamide Adenine Dinucleotide Oxidase 4.

DISCUSSION

This scoping review synthesizes the emerging global evidence
on the association of oxidative stress with the progression of
COVID-19 pathology and how this can explain the severity of
this viral infection. The reviewed studies reinforce what was
initially noted at the beginning of the COVID-19 pandemic by
some authors about the central role of oxidative stress in the
pathogenesis of this disease caused by the SARS-CoV-2
Coronavirus. The reviewed literature indicates that the
individual's redox state is diminished in the pathophysiological
process of this disease.

The reviewed experimental studies provide evidence of the
connection between the oxidative state of the body and the
virulence and progression of COVID-19, as demonstrated, who
found that patients with the GSTT1-/- genotype showed the
highest mortality from COVID-19. Similarly demonstrated that
the SARS-CoV-2 virus induces the expression of oxidative
stress genes. Highlight the importance of disulfide bonds in
the binding proteins of the virus to the receptor in the success
of fusion and virulence, and Bartolini et al. demonstrate in
Vero cells that the cellular antioxidant system is affected by
the SARS-CoV-2 virus.

Regarding the oxidative stress biomarkers evaluated in
COVID-19 patients, the reviewed studies show that a variety
of biomarkers are being used. The determination of thiol
groups, including Total Thiols (TT), Acid-Soluble Thiols (TSA),
and total antioxidant power, was the most commonly used.
Some authors suggest that the determination of thiol groups
is a sensitive biomarker to evaluate the oxidative state in
COVID-19 patients. Found a negative correlation between
symptoms and TT and TSA levels in COVID-19 patients,
indicating that there is a consumption of antioxidant
molecules as the body fights the infection. Similarly reported
that a thiol concentration of <154 pmol/l was predictive of
ICU admission in COVID-19 patients.

Thiol groups, which are predominantly found in protein
structures, can form reversible disulfide bonds due to the
presence of oxidants, maintaining a dynamic homeostasis of
thiols and sulfhydryl groups. Since they are found in proteins,
these groups are the body's major antioxidants and play a
crucial role against oxidative stress and in protecting against
damage induced by free radicals. They are present both in
cells and in plasma and serve as primary regulators of
oxidative stress. In cases where there are high levels of
oxidative stress, thiol levels decrease because they participate
in neutralizing free radicals.

The determination of glutathione represented the second
most evaluated oxidative stress biomarker in COVID-19
patients. Glutathione is a crucial antioxidant, well known for
modulating the behavior of many cells, including immune
system cells, enhancing innate and adaptive immunity, and
providing protection against microbial, viral, and parasitic
infections. According to low levels of GSH are associated with
abnormalities in the pulmonary surfactant system, while
normal intracellular GSH levels can exert critical negative
control over the elaboration of pro-inflammatory cytokines.
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Oxidative damage biomarkers such as Malondialdehyde
(MDA), an indicator of lipid peroxidation; 8-hydroxy-2'-
deoxyguanosine (8-OHdG), a marker of DNA damage;
Ischemia-Modified Albumin (IMA); and Advanced Oxidation
Protein Products (AOPP), which are biomarkers of protein
structure damage, were also determined by some authors.

Among the biomarkers mentioned in the previous paragraph,
malondialdehyde, followed by the determination of advanced
oxidation protein products, was the most frequently used.
Oxidative damage biomarkers varied with the course of the
disease and correlated with some inflammatory and tissue
damage biomarkers. Found that malondialdehyde levels in the
serum of patients were significantly higher in the ICU group
compared to non-ICU COVID-19 patients.

The production of free radicals during SARS-CoV-2 infection
has the ability to modify macromolecules, causing damage to
them. Oxidative damage to DNA and RNA has been reported
in severe COVID-19 patients admitted to the ICU.

The reviewed studies reinforce the strong association of SARS-
CoV-2 with Oxidative Stress (0OS) that triggers cytokine
production, inflammation, and other pathophysiological
activities. The production of ROS induced by SARS-CoV-2
disrupts the antioxidant defense system, which triggers a pro-
inflammatory environment and severe tissue damage,
contributing to fatal outcomes in patients. This would be one
of the main reasons why patients with pre-existing conditions
such as diabetes, hypertension, and pulmonary, cardiac, and
renal diseases, which are pathologies associated with chronic
inflammatory processes and oxidative imbalance, have a
higher risk of developing severe infection.

Similarly, the reviewed studies provide evidence of the well-
known association between inflammation and oxidative
stress. In the case of this global viral infection, the high
production of free radicals by primary immune system cells
such as neutrophils and macrophages can oxidize
macromolecules, as evidenced by the reviewed studies. This
excessive production of ROS can structurally modify proteins,
affect the metabolome, and modulate gene cascades involved
in inflammatory response signaling pathways, creating an
oxidative-inflammatory spiral that characterizes severe cases
of COVID-19, thus affecting all organs and facilitating the
progression of the disease to more severe stages in patients
with pre-existing conditions.

CONCLUSIONS

The data provided in the reviewed experimental studies
demonstrate the involvement of the oxidized state of the
body in the success of SARS-CoV-2 infection and disease
progression. This is evidenced by the significant decrease in
antioxidant biomarkers in people with COVID-19, among them
glutathione, thiols, total antioxidant capacity, antioxidant
enzyme activity, and other antioxidant parameters such as
beta-carotenes, zinc, selenium, and vitamins A, D, C, and E, as
well as the significant increase in oxidative damage
biomarkers such as malondialdehyde, advanced protein

glycation end products, ferritin, ischemia-modified albumin,
and lipid and plasma peroxides.

In 64.7% of the reviewed studies, a combination of oxidative
stress biomarkers (antioxidant biomarkers) and oxidative
damage was used. The most commonly used antioxidant
biomarkers were thiol determination and total antioxidant
power, followed by glutathione determination. The most
commonly used oxidative damage biomarkers were
malondialdehyde determination and peroxides, followed by
advanced oxidation protein products.

STRENGTHS AND LIMITATIONS

This scoping review focuses on the relationship between
COVID-19 and oxidative stress, mapping the different
biomarkers being used to monitor the oxidative state of
COVID-19 patients. The study focused on publications of
clinical research as well as experimental studies that could
provide evidence of the central role of oxidative stress in the
progression of disease severity.

This review also has limitations; one of them is that only three
databases were used for the review of selected studies, which
may have excluded some relevant studies on the topic.
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