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ABSTRACT

Special Issue on
Coronavirus (COVID19)

The naturalness of severe acute respiratory syndrome
coronavirus 2 infections (SARS-Cov-2) appears to impact the
respiratory system and lungs. However, the etiology of many
cases exhibited several various features of the disease. The
Coronavirus disease 2019 (COVID-19) symptoms are not limited
to the virus’s first definitions. This review gathered the
contemporary information throughout PubMed, Scopus, and
Science Direct databases regarding possible effects of the virus in
generating reactive oxygen species and causing oxidative stress.
However, this endures a hypothesis for now, yet from the
literature and incidence of COVID-19 symptoms along with
comorbidities we can observe the potentials of the virus in the
generation of oxidative stress. Especially the virus’s route to cell
entry via angiotensin-converting enzyme 2 (ACE2) receptor is
well known that leads to pathogenesis in angiotensin II (AT II)
which are critical in NADH/NADPH oxidase inducing ROS
generation. Moreover, the virus’s activity to replicate seems to be
reduced in high antioxidant glutathione level concentrations. The
outcome of the review proposes a hypothesis that COVID-19 is
associated with reactive oxygen species and its comorbidities
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mostly joined with oxidative stress including hypertension,
cardiovascular, thrombosis, obesity, and diabetes besides of
chronic obstructive pulmonary disease and asthma.
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1. INTRODUCTION
The emerging pandemic with severe acute respiratory syndrome coronavirus 2 (SARS-CoV2)
initiated with symptomatic individuals of respiratory infections in Wuhan, China's Hubei
province in mid-December 2019. At first, the exact causes of the new outbreak were
unknown, so the cases were classified as "pneumonia of unknown etiology." After intensive
investigations, the etiology of the disease linked to the coronavirus (CoV) family’s novel virus
[1]. The new virus is a non-segmented enveloped RNA virus that comes from widely
dispersed in animals and humans subfamily of viruses namely sarbecovirus,
orthocoronavirinae [2],[3]. The single-stranded virus has a diameter of about 65-125 nm with
a crown-like outer surface. It comes as a novel β-coronavirus following earlier identifications
of MERS-CoV and SARS-CoV which assured outbreaks mostly in China, Guandong, and
Saudi Arabia with symptoms of strong respiratory tract infections and pulmonary failure. The
origin of the new novel coronavirus is doubted to be from bats. Researchers found 96.2%
similarity in genome sequencing between the bat CoV RaTG13 and SARS-CoV-2 [4],[5]. The
new 2019-nCoV adopts the same entry mechanism as its ancestor SARS-CoV, which is
exploiting the receptor angiotensin-converting enzyme II (ACE2) [6]. The mechanism of the
cellular entry relies on the tethering of the subsequent S protein prepared by the cellular
proteases and spike (S) protein to the receptor [7]. Although the virus's path of entry is
through the lungs, but the virus's ACE2 receptor is broadly expressed in the human body,
especially in the heart, gastrointestinal system, kidney, and the lung’s type II alveolar [8],
which makes it feasible for the virus to do its damage in cells other than of respiratory system.
Oxidative stress (OS):
The OS is an imbalance in prooxidant-antioxidant level gratifying the prooxidants that costs
cell to die [9]. During the normal physiological functions of cells, reactive oxygen species
(ROS) are essential to maintain smooth biological function, however, the role of ROS is
firmly coordinated via redox regulation, redox sensing, and redox signaling [10]. During
abnormal physiological conditions, the OS occurs due to the uncontrolled ROS production in
which redox signaling is disrupted and causes molecular damage [11]. Although, the new
redox signaling pathways redefined OS with two new mechanisms including disruption of
thiol redox circuits and macromolecular damage leading to irregular signaling of the cells and
non-functioning redox control [12],[13]. This disruption in redox circuits by specific reactions
with thiol elements that are sensitive to redox reactions change the electron transfer or
interrupt the gating mechanism that has a crucial role in physiopathology and physiology [13].
OS induces protein oxidations and deregulates cell signals causing impairment of many
important processes in vascular function, activation of immune cells, remodeling of
cardiovascular, renal dysfunction and the sympathetic nervous system excitation such as
inflammation, apoptosis, proliferation, migration, and fibrosis [14]. Generation of high ROS
levels due to toxins, pollutants, and airways viral infections are linked with OS that causes
damage to the cells. The respiratory system’s viral infections are linked with the production of
cytokine, cellular damage, inflammation and some other pathophysiological processes that
have potential links with OS or redox imbalance. High levels of ROS with deprived
antioxidant mechanisms are of great importance for viruses to replicate, and cause disease
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[15]. There is a certain association between OS and inflammation [16]. Many viruses that
infect the respiratory system induce an increase in ROS formation in response to high levels of
infected cells. Besides, viral infections act on antioxidant mechanisms making an imbalance
status between oxidative-antioxidants that result in cell damage because of the OS. The
mechanisms by which ROS induce the function of the cell are through post-translational
modification including phosphorylation, and oxidation (nitrosylation, sulfenylation,
glutathionylation, and carbomylation) [17],[18],[19]. The proteins that are sensitive toward the
oxidation effect of the ROS are receptors, ion transporters, signaling molecules, transcription
factors, matrix metalloproteases (MMP) and cytoskeletal structural proteins in which all
participate in the regulation of vascular, cardiac, and renal function [19],[20]. In normal
balanced status of oxidative-antioxidants, during exposure to pro-oxidants, the (Nrf2) a
nuclear factor erythroid-2-related factor 2 is activated and an antioxidant response regulates
the status, but in respiratory viral infections the Nrf2 factor is inhibited and (NF-kB) a nuclear
factor kappa-light-chain-enhancer of activated B cells signaling is activated that causes further
inflammation and cell damages due to OS [21]. Cell proliferation is induced via oxidative
stress, apoptosis, inflammation and hypertrophy through initiation of chain redox reactions.
The activity of free radicals with other ROS molecules can oxidize various molecules. Protein
oxidations and lipid oxidation results in damages of vascular smooth muscle cells (VSMCs),
endothelial cells, myocardial cells, and by changing the expression of redox genes, an
intracellular calcium overload, and fragmentation of DNA [22].
SARS-Cov-2 entry mechanism to the cell
The length of SARS-CoV-2 strains showed to have 29.2 kb. The sample isolates were taken
from COVID-19 patients with pneumonia from Wuhan’s seafood market [23]. The structure
of SARS-CoV-2 is comprised of many accessory proteins with four main structural proteins
that are small envelope (E) glycoprotein, nucleocapsid (N) protein, spike (S) glycoprotein, and
membrane (M) glycoprotein, [24]. On the surface of the virus, the S spike proteins with
molecular weights of about 150 kDa are located. The S protein binds the virus with host cells
by forming homotrimers sticking on the top of the virus which accelerates the binding
between the ACE2 enzymes in the cells of the lower respiratory tract with the envelope virus.
The glycoprotein from the surface of the virus is cleaving into two subunits S1 and S2 by the
activity of protease enzymes from the host cell. The S1 part is responsible to the cellular
tropism for making of a binding domain to the receptor and determination of host-virus range.
Whereas, the mediation to the fusion of the virus in transmitting host cells is done by S2 part
[4],[25],[26]. The ACE2 receptor is highly expressed in lung’s type II alveolar cells (AT2),
stratified epithelial cells, and upper esophagus with cells from the colon and ileum,
myocardial, kidney’s proximal tubule, cholangiocytes, and proximal urothelial cells [27]. The
abundance of ACE2 receiver in other than respiratory cells expand the symptomatic features
of COVID-19 to include problems such as cardiovascular, digestive tract, and kidneys [28].
NADH/NADPH Oxidase:
The majority of vasculature’s ROS are come from NADH/NADPH oxidase, these are nonphagocytic oxidases that include (Nox1, Nox2, Nox4, Nox5 (humans) and Nox1, Nox2, Nox4
(rodents)) [29],[30]. Many pathways mediate NADH/ NADPH oxidase induced ROS
production [31], one of the main sources is because of AT II [32]. The ACE2 receptor
generates angiotensin 1,7 (AT 1,7) from angiotensin II (AT II) that balances the ACE effect in
which generates AT II from AT I [33]. AT II with ET-1 are among many vasoactive factors in
circulation that are important in pathophysiology hypertension [34],[35]. High ROS levels in
vascular as an effect of ATII, ET-1with some other vasoactive peptides activates the Ca2+
channels that piles up the Ca2+ activating Nox sensitive to Ca2+, this process consequently
leads to amplification of redox signaling and damages the epithelium cell [36].
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2. LITERATURE REVIEW
2.1 The association of OS markers with some viral infection
The association of OS markers with some viral infection severities such as hepatitis C (HCV)
virus is obvious, yet regarding the SARS-CoV virus the clinical data is finite, even though
some lines of evidence propose that the ROS overproduction along with depletion of
antioxidant functions have a great importance in the pathogenesis of SARS-CoV infections
accompanied by the severity and development of the respiratory diseases. Animal studies of
SARS models exhibited an increase in levels of ROS with distress in antioxidant levels in the
time of infection with SARS-CoV [37]. The lung injury severities of infected SARS-CoV
patients are speculated to be in association with transcription factors including NF-kB that are
activated as a result of OS coupling with innate immunity, worsen the pro-inflammatory
response of the host cell [38]. A viral protease enzyme 3CLpro of SARS-CoV is entangled in
apoptosis of cell by increasing the generation of ROS in HL-CZ cells. The viral protease
enzyme activates a reporter gene that is NF-kB factor-dependent that linked with ROS
generation in HL-CZ cells. The NF-kB factor also appears in other apoptosis and proinflammatory genes, this suggests that the viral protease plays a central role in SARS-CoV
pathophysiology [39]. Moreover, 3a protein of SARS-COV is linked with mitochondrial cell
death pathways. The mechanism of this protease in Huh7 cells is depended on the activation
of p38 mitogen-activated protein kinase (MAPK) and involves high levels of p53 protein
expression and Bax oligomerization. MAPK are activated due to oxidative stress, DNA
damage, viral infections and carcinogenic stimulations [40]. The active phosphorylated
MAPK form has been found in infected SARS CoV cells [15]. The pathogens, including viral
such as SARS CoV can amplify the inflammatory response of the host cells in a reaction to
oxidative stress induced on NF-kB, this finally causes lung injury [41]. The bond between OS,
pathogenesis and inflammation of SARS-CoV is proved by regulation of mitochondrial genes
and genes responsible for OS in peripheral blood mononuclear cells (PBMC) in recovering
SARS CoV patients. The sensitive genes to OS such as, FTH1, PRDX1, and FOS exhibited a
striking increase in their expression, furthermore, IFRDI, IL-IB, and some other genes that are
associated with stress response protein DNAJBI all overexpressed in PBMC of SARS-CoV
infected patients [42]. In the consequence of OS with deprived antioxidant mechanisms aging
process occurs [43],[44], in aged mice, SARS CoV induced more severely than the younger
mice. The expression of the virus in the proinflammatory medium is higher as seen in older
mice. This result suggests the age-related OS with weak antioxidant system disturbs the
balance and rises the ROS. Consequently, other than the adaptive immune function that is
affected by the ageing process, but the whole host cell becomes a proinflammatory
environment. However, an immune response of host cells with differential expression of
inflammation-associated genes in which NF-kB played a central role, was stronger in younger
macaques [45].
2.2 OS effect on cardiac function
The key signaling molecules for mediation of the regulation and homeostasis of intracellular
calcium that is critical for the maintenance and triggering of the vasoconstriction and cardiac
contractions are ROS in which signal the vasoactive agents like ATII, endothelin-1 (ET-1),
prostanoids and aldosterone [46],[47],[48],[49]. The vascular and cardiac cell proliferation,
hypertrophy, inflammation, and mitigation is controlled by (MAPK) a mitogen-activated
protein kinase that all of its three members JNK, ERK1/2, and p38MAPK are activated by
ROS [48],[49],[50],[51]. High intracellular levels of H2O2 promote the phosphorylation of
p66Shc that is a major ROS regulator in mitochondria in which involves VEGF which is
important in angiogenesis, proliferation, and migration in endothelial cells [52]. According to
both clinical and pre-clinical studies, the OS biomarkers in males are confirmed to be higher
than females [53], [54], [55]. The highly abundant ROS in the cardiovascular system are (O2–
), (H2O2), (ONOO–), and (NO) [10],[11],[56]. O2– is very unstable, impermeable molecule to
the cell membrane with a short half-life, H2O2 with longer half-life is more stable and
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permeable, making it more efficient molecule in signaling [57],[58]. NO which is a prototype
endothelial vasodilator is produced by the activity of NOS enzymes [59], [60]. The product of
combining the two radicals O2– and NO is ONOO– a short-lived highly unstable molecule
with strong oxidation capabilities, if protonated (HOONO) becomes permeable to the cell
membrane [61]. The interconversion between NO and O2– accompanied by uncontrolled
production of O2– and H2O2 costs the redox signaling a change in the cell leading to cells and
tissue damage as a result of oxidative stress [62].
2.3 Antioxidant system
Elevated ROS levels in the cells lead to oxidative stress, some are free radicals possess
unpaired electrons that have oxidizing power including superoxide anion (O2–), NO, and
hydroxyl radical (OH). Others like hydrogen peroxide (H2O2), hypochlorous acid (HOCl), and
peroxynitrite (ONOO–) are non-free radicals with oxidation abilities. ROS produced in many
cells like vascular smooth muscle cells (VSMCs), endothelial cells, and mononuclear cells by
catalyzing activities of many enzymes such as nicotinamide-adenine dinucleotide phosphate
(NADPH) oxidase, uncoupled endothelial NO synthase (eNOS), xanthine oxidase,
cyclooxygenase, lipoxygenase, glucose oxidase, and mitochondrial electron transport [22].
The enzyme superoxide dismutase (SOD) of three isoforms which are the cytosolic Cu/Zn
SOD, the extracellular SOD, and mitochondrial Mn-SOD convert O2– to water through the
process of detoxification that also includes catalase, and glutathione peroxidase (GPx)
[22],[63]. The homeostasis between the extent of the antioxidant defense and oxidative stress
indicates the susceptibility ratio of the vascular cells to the ROS [63].
2.4 Glutathione
Glutathione is a tripeptide composed of three amino acids which are cysteine, glycine, and
glutamate role as a copious antioxidant that stops the ROS from damaging the cells [64].
Keeping inflated concentrations of a reduced form of the glutathione GSH, in cells is enough
to exhibit its importance in jurisdiction of many biological processes including folding of
proteins, vitamin E and C regeneration, anti-viral actions, cell proliferation regulation,
immune response, apoptosis and detoxifying the endogenous and external oxidants [64],[65].
Many studies stressed out the advantages of glutathione on human body acting as an anti-viral,
yet, this prominent antioxidant in pathology and clinical applications is misconstrued [66].
The glutathione exhibits antiviral activities in various ways, it’s well-known for its role in the
inhibition of many types of virus replications, and since the GSH is not limited to one single
processes, common sense suggests the possibility of its effectiveness over SARS CoV-2 as
well. The ROS/GSH ratio is correlated with the severity of COVID-19, in moderate and
severe cases the ROS/GSH ratio was bigger than the milder COVID-19 symptoms. The
outcoming results postulate the inactivity of the SARS CoV-2 to replicate in high glutathione
levels [66].
2.5 Evidence supporting bipartite role for oxidative stress and COVID-19
However the mechanism is not clear, yet the COVID-19 complications in cardiovascular are
becoming a prominent threat of the disease other than respiratory diseases [67]. There is
evidence that COVID-19 is linked with the incidence of thrombosis [68]. COVID-19 patients
with moderate and severe symptoms showed elevated ROS levels accompanied by a decrease
in glutathione and a bigger ratio of ROS/GSH, while the patients with milder symptoms kept
their glutathione levels [66]. Many studies suggest that ATII pathogenesis increases the
production of O2– in vascular cells, the SARS-CoV-2 interferes ATII while the virus binds to
the ACE2 receptor [69],[70],[71]. In COVID-19 patients, neutrophils significantly increase
[72], it is well established that neutrophils increase ROS and use for defense mechanism [73].
The ACE2 by generating AT1,7 reduces the ROS effects, maintains functionality of the
endothelial cells and through inhibition of the inflammatory response, prevents early
atherosclerosis [74],[75]. In an original investigation about comorbidities among 5700
hospitalized patients of COVID-19 in New York City Area, researchers found out
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hypertension was the most common with 56.6% of the cases, then comes obesity with 41.7%,
and diabetes with 33.8%. Only 30.7% were febrile, among all patients 17.3% were suffering
respiratory issues with 24 breathes per minute and only 27.8% of the total number of patients
needed supplemented oxygen. The rate of chronic obstructive pulmonary disease (COPD) and
asthma hospitalized patients were only 5% and 9% respectively. From all cases, 553 patients
(21%) died, 320 (12.2%) of patients putted on a mechanical ventilator in which only 38
(3.3%) discharged alive, 81 (3.2%) of the patients were received therapy for their kidneys
[76]. Atherosclerosis starts from endothelial dysfunction leading to cardiovascular diseases.
Oxidative stress results in the impairment of the endothelial function and development of
cardiovascular diseases through distorting the balance between high reactive oxygen species
(ROS) and low NO production in particular superoxide [22]. OS and hypertension are
associated in various ways including hypertension induced by endocrine (aldosterone, AT II,
deoxycorticosterone acetate DOCA)), stroke-prone SHR (SHRSP), genetic hypertension
(spontaneously hypertensive rats (SHR), diet-induced hypertension (zinc, fat, salt),
hypertension induced by surgery (two-kidney one clip (2K1C), aortic banding), pre-eclampsia,
neurogenic hypertension and pulmonary hypertension [77],[78],[79]. Vascular injuries as a
result of endothelial dysfunctions are linked to high- production levels of vascular ROS, OS,
and vascular inflammations [80]. The ROS production in vascular smooth muscle cells
(VSMC) of hypertensive patient’s arteries, showed elevations of enzymatic catalytic activity
of Nox. The inflammatory response of the cells in hypertensive patients enhanced by O 2- and
H2O2, in comparison to cells from normotensive counterparts [81]. Evidence suggests that the
ER stress participates in OS by a high generation of O2-, activation of the mitochondrial
oxidases, and decrease in antioxidants [82],[83]. The mortality rate of newly emerged SARS
CoV-2 or COVID-19 infection is associated with the patient’s age and sex [84]. The data
suggests the case fatality rate in adults be estimated less than 0.2% while in elderly patients
above 80 reaches 9.3%. The OS markers in men are generally higher than women and the
levels of the ROS in postmenopausal women increases from premenopausal [54].In addition,
chronic diseases like hypertension, obesity, and diabetes elevate the fatality risk by a factor of
5 times. Meanwhile, the risk is milder in younger COVID-19 patients [85].
3. CONCLUSION
To conclude this review, the hypothesis proposes that, rather than the obvious route of action
that SARS CoV-2 dispatches to perform most of its damage, which is pneumonia in the lungs,
another highly possible destination for the virus to vandalize is epithelium cells by causing
OS, disturbing the environment through the generation of many ROS making a disproportion
in favor of oxidants over immune function possessions of anti-oxidant mechanisms. The
impact of OS is magnified if accompanied by age-related immune dysfunctions and other
chronic diseases such as cardiovascular, diabetes, hypertension, and obesity. Also, antioxidants can serve as both preventatives and therapy in COVID-19 infection.
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