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ABSTRACT: Higher rates of serious illness and death from coronavirus SARS-CoV-2 (COVID-19) infection among older people
and those who have comorbidities suggest that age- and disease-related biological processes make such individuals more sensitive to
environmental stress factors including infectious agents like coronavirus SARS-CoV-2. Specifically, impaired redox homeostasis and
associated oxidative stress appear to be important biological processes that may account for increased individual susceptibility to
diverse environmental insults. The aim of this Viewpoint is to justify (1) the crucial roles of glutathione in determining individual
responsiveness to COVID-19 infection and disease pathogenesis and (2) the feasibility of using glutathione as a means for the
treatment and prevention of COVID-19 illness. The hypothesis that glutathione deficiency is the most plausible explanation for
serious manifestation and death in COVID-19 patients was proposed on the basis of an exhaustive literature analysis and
observations. The hypothesis unravels the mysteries of epidemiological data on the risk factors determining serious manifestations of
COVID-19 infection and the high risk of death and opens real opportunities for effective treatment and prevention of the disease.

The novel coronavirus SARS-CoV-2 (COVID-19) con-
tinues to spread throughout the globe, affecting more and

more people; thus, the identification of effective drugs for
disease prevention and treatment is necessary. The over-
whelming majority of people infected by SARS-CoV-2 have
asymptomatic, mild, or moderate disease, and only 14% and
5% of patients developed severe or critical disease,
respectively.1 Higher rates of serious illness and death from
COVID-19 infection among older people and those who have
comorbidities suggest that age- and disease-related biological
processes make such individuals more sensitive to environ-
mental stress factors including infectious agents like
coronavirus SARS-CoV-2. Specifically, impaired redox homeo-
stasis and associated oxidative stress appear to be important
biological processes that may account for increased individual
susceptibility to diverse environmental insults.
Oxidative stress is a nonspecific pathological condition

reflecting an imbalance between the increased production of
reactive oxygen species (ROS) and an inability of biological
systems to detoxify the reactive intermediates or to repair the
resulting damage.2 Notably, ROS are closely related with aging
because they mediate a stress response to age-dependent
damage.3 Mounting evidence supports the concept that
oxidative stress and associated inflammation resulting from
an increased production of ROS and/or decreased antioxidant
defense contribute to the pathogenesis of various chronic
diseases,4 including diabetes and cardiovascular and respiratory
diseases, known to increase the risk of severe illness and death
in COVID-19 patients.5 It is also known that virus-induced
modulation of the host antioxidant response represents a
crucial determinant for the progression of several viral
diseases.6 In this regard, the antioxidant defense system
protecting against oxidative stress is of great interest in the

context of understanding the mechanisms underlying non-
specific sensitivity or resistance to infectious agents.
Glutathione (a tripeptide consisting of cysteine, glycine, and

glutamate) is the most abundant molecular weight antioxidant
that plays a crucial role in antioxidant defense against oxidative
damage of cells from ROS and is also involved in the
regulation of various metabolic pathways essential for whole
body homeostasis.7 The maintenance of the highest (milli-
molar) concentrations of reduced glutathione (GSH) in most
cell types highlights its vital and multifunctional roles in the
control of various biological processes such as detoxification of
foreign and endogenous compounds, protein folding, regener-
ation of vitamins C and E, maintenance of mitochondrial
function, antiviral defense, regulation of cellular proliferation,
apoptosis, and immune response.7 Despite a number of
publications reporting beneficial effects of glutathione on
human health, the key role of this powerful antioxidant in
human physiology and pathology and in clinical applications
still remains underestimated.
The aim of this Viewpoint is to justify (1) the crucial roles of

glutathione in determining individual responsiveness to
COVID-19 infection and disease pathogenesis and (2) the
feasibility of using glutathione as a means for the treatment and
prevention of COVID-19 illness.
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■ DOES GLUTATHIONE DEFICIENCY WORSEN
COVID-19 PROGNOSIS THROUGH THE RISK
FACTORS?

Numerous studies report that endogenous glutathione
deficiency attributed to decreased biosynthesis and/or
increased depletion of GSH represents a significant contributor
to the pathogenesis of various diseases through mechanisms
involving oxidative stress and inflammation. Figure 1
summarizes the most common causes responsible for
endogenous glutathione deficiency and also the mechanisms
through which this deficiency may contribute to the patho-
genesis of severe COVID-19 disease.
Age is a well-recognized risk factor for severe illness,

complications, and death from COVID-19 infection.8 Interest-
ingly, animal and human studies indicate that the levels of
endogenous glutathione progressively decline with aging,
thereby making cells in the elderly more susceptible to
oxidative damage caused by different environmental factors
compared to younger individuals.
Comorbidity is considered one of the major risk factors

responsible for poor prognosis in COVID-19 patients.5

Interestingly, the deficiency in endogenous glutathione is
common in individuals with chronic diseases as well as in
individuals with a worsening prognosis of COVID-19. This
means that decreased levels of glutathione occurring in
COVID-19 patients with chronic diseases could be a triggering
factor that shifts redox homeostasis toward oxidative stress,
thereby exacerbating lung inflammation and leading to acute
respiratory distress syndrome (ARDS), multiorgan failure, and
death.
Sex-related COVID-19 mortality is one of the common

epidemiologic findings around the globe,9 suggesting sexual
dimorphism in susceptibility to severe illness. It has been
observed that men are significantly more likely to suffer severe
effects of COVID-19 infection and experience a higher
mortality rate that women.9 In addition, men have lower

plasma levels of reduced glutathione (GSH) than women,
making men more susceptible to oxidative stress and
inflammation.
Smoking is also considered a risk factor for severe

complications and death from COVID-19.10 Cigarette smoke
is known to deplete the cellular glutathione pool in the airways,
exacerbating oxidative damage and inflammation in the lung,
which is likely the reason why smokers with COVID-19 more
likely require intensive medical interventions.
Dietary factors may also contribute to endogenous

glutathione deficiency in patients with severe COVID-19
illness. In particular, an insufficient consumption of fresh
vegetables and fruits, natural sources of glutathione, seems to
be an important but not yet established risk factor responsible
for glutathione deficiency in patients with severe COVID-19
illness.
Thus, the relationship between risk factors and serious

manifestations and death in COVID-19 patients could be
attributable to a common cause, glutathione deficiency.

■ WHAT IS THE PRIMARY CAUSE OF SEVERE
COVID-19 ILLNESS: GLUTATHIONE OR VITAMIN D
DEFICIENCY?

The novel hypothesis that vitamin D (VD) deficiency is
responsible for severe manifestations and death in COVID-19
patients has been proposed11 and is actively being discussed by
the scientific community. Several studies reported that
glutathione levels positively correlate with active vitamin
D.12,13 It has also been found that lower levels of L-cysteine
(a rate-limiting precursor of GSH) and GSH correlated with
lower vitamin D binding protein (VDBP) and VD levels in
T2D patients14 . L-cysteine supplementation is known to
improve GSH status through upregulation of expression of
VDBP, vitamin D 25-hydroxylase, and vitamin D receptor,
thereby increasing vitamin D levels and decreasing inflamma-
tory biomarkers in diabetic rats.15 Interestingly, a recent
experimental study16 showed that GSH deficiency and the

Figure 1. Factors responsible for endogenous glutathione deficiency and the mechanisms through which this deficiency may contribute to COVID-
19 pathogenesis and outcomes. The bottom of the figure shows that the risk factors for severe COVID-19 infection are associated with decrease/
depletion of intracellular glutathione. The top of the figure shows the potential mechanisms through which glutathione deficiency could influence
clinical manifestations and outcomes in COVID-10 disease. The numbers in brackets indicate PubMed references (PMID).
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associated increased oxidative stress epigenetically alters
vitamin D regulatory genes and, as a result, the suppressed
gene expression decreases VD biosynthesis, ultimately leading
to a secondary deficiency of vitamin D. It is important to note
that the replenishment of GSH by L-cysteine treatment
beneficially altered epigenetic enzymes methyltransferases
and increased the expression of VD-metabolism genes. This
study provides important information that glutathione is
essential for the control of endogenous vitamin D biosynthesis
and demonstrates potential benefits of GSH treatment in
reducing the deficiency of vitamin D. Taken together, these
findings suggest that glutathione deficiency rather than vitamin
D deficiency is a primary cause underlying biochemical
abnormalities, including the decreased biosynthesis of vitamin
D, and is responsible for serious manifestations and death in
COVID-19 patients.

■ ANTIVIRAL, ANTI-INFLAMMATORY, AND
ANTICOAGULANT PROPERTIES OF GLUTATHIONE

Several studies indicate that higher levels of glutathione may
improve an individual’s responsiveness to viral infections. In
particular, glutathione is known to protect host immune cells
through its antioxidant mechanism and is also responsible for
optimal functioning of a variety of cells that are part of the
immune system. It is important to note that there is evidence
that glutathione inhibits replication of various viruses at
different stages of the viral life cycle (Figure 1), and this
antiviral property of GSH seems to prevent increased viral
loads and the subsequent massive release of inflammatory cells
into the lung (“cytokine storm”).
The antiviral activity of glutathione was demonstrated in a

study of De Flora et al.17 who showed that a 6 month
preventive administration of N-acetylcysteine (NAC, gluta-
thione precursor) significantly reduced the incidence of
clinically apparent influenza and influenza-like episodes,
especially in elderly high-risk individuals. In addition,
pathophysiological conditions such as lung cell injury and
inflammation in patients with severe ARDS were identified as
the targets of NAC treatment. In particular, the deficiency of
reduced glutathione in the alveolar fluid in ARDS patients was
found to enhance lung cell injury by ROS/oxidative stress and
inflammation, and this damage could be effectively prevented
and treated by the administration of NAC (Figure 1).Gluta-
).Glutathione deficiency could also promote the increased
activation of von Willebrand Factor causing coagulopathy in
COVID-19 patients.

■ GLUTATHIONE DEFICIENCY EXACERBATES
COVID-19 ILLNESS: MY OBSERVATIONS

Kursk State Medical University has been involved in a project
on genetics of redox homeostasis in type 2 diabetes (T2D)
since December, 2016. In April 2020, four patients from the
control group were confirmed to have COVID-19. Blood
samples were collected from the patients and used to measure
total plasma ROS and GSH levels immediately after blood
sampling. All four patients were females, nonsmokers, and
without chronic diseases. Table 1 shows a description of the
cases. Patients with moderate and severe COVID-19 illness
had lower levels of glutathione and higher ROS and ROS/
GSH ratio in plasma than patients with mild disease, clearly
indicating glutathione deficiency and oxidative stress signs in
patients with serious disease manifestations. Notably, only the T
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patient with severe illness and a marked glutathione decrease is
still severely sick, whereas the other patients with high/
moderate levels of GSH have recovered.

■ HYPOTHESIS
Endogenous glutathione deficiency appears to be a crucial
factor enhancing SARS-CoV-2-induced oxidative damage of
the lung and, as a result, leads to serious manifestations, such
as acute respiratory distress syndrome, multiorgan failure, and
death in COVID-19 patients. When the antiviral activity of
GSH is taken into account, individuals with glutathione
deficiency seem to have a higher susceptibility for uncontrolled
replication of SARS-CoV-2 virus and thereby suffer from an
increasing viral load. The severity of clinical manifestations in
COVID-19 patients is apparently determined by the degree of
impaired redox homeostasis attributable to the deficiency of
reduced glutathione and increased ROS production. This
assumption can be supported by our findings. In particular,
COVID-19 patients with moderate and severe illness had
lower levels of glutathione, higher ROS levels, and greater
redox status (ROS/GSH ratio) than COVID-19 patients with
a mild illness. Long-term and severe manifestations of COVID-
19 infection in one of our patients with marked glutathione
deficiency suggest that the degree of glutathione decrease
correlates negatively with viral replication rate and that an
increasing viral load exacerbates oxidative damage of the lung.
This finding suggests that the virus cannot actively replicate at
higher levels of cellular glutathione, and therefore, milder
clinical symptoms are observed with lower viral loads.
Glutathione deficiency is an acquired condition attributable

to decreased biosynthesis and/or increased depletion of the
endogenous GSH pool influenced by risk factors such as aging,
male sex, comorbidity, and smoking alone or in combinations.
Glutathione deficiency in COVID-19 patients with serious
illness may also be a result of decreased consumption of fresh
vegetables and fruits (especially during winter and spring
seasons), which contributes to over 50% of dietary glutathione
intake.The hypothesis suggests that SARS-CoV-2 virus poses a
danger only for people with endogenous glutathione
deficiency, regardless which of the factors aging, chronic
disease comorbidity, smoking or some others were responsible
for this deficit. The hypothesis provides novel insights into the
etiology and mechanisms responsible for serious manifesta-
tions of COVID-19 infection and justifies promising
opportunities for effective treatment and prevention of the
illness through glutathione recovering with N-acetylcysteine
and reduced glutathione.
Since the antiviral effect of glutathione is nonspecific, there

is reason to believe that glutathione is also active against SARS-
CoV-2. Therefore, restoration of glutathione levels in COVID-
19 patients would be a promising approach for the manage-
ment of the novel coronavirus SARS-CoV-2. Notably, long-
term oral administration of N-acetylcysteine has already been
tested as an effective preventive measure against respiratory
viral infections.1 N-Acetylcysteine is widely available, safe, and
cheap and could be used in an “off-label” manner. Moreover,
parenteral injection of NAC or reduced glutathione (GSH is
more bioavailable than NAC) could be an efficient therapy for
COVID-19 patients with serious illness. Horowitz et al.18 just
published a paper confirming this hypothesis: the authors
reported the efficacy of glutathione therapy in relieving
dyspnea associated with COVID-19 pneumonia. Nonetheless,
the proposed hypothesis has to be confirmed in larger

epidemiological and experimental studies, and also, clinical
trials are needed to objectively assess the efficacy of N-
acetylcysteine and reduced glutathione for the treatment and
prevention of COVID-19 infection.
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Grkovic, I., Meirelles Guimaraẽs, S. M., Luigi Bragazzi, N., Bjorklund,
M., Sofi-Mahmudi, A., Altujjar, M., Tian, M., Arcani, D. M. C.,
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