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Abstract

In the last two years, coronavirus infections increased the mortality rate among the elderly and especially patients who suffer from chronic
diseases. Despite vaccination, many people are still dying from COVID-19. Among these, the role of minerals in increasing the function of
the immune system and combating coronavirus infection has been proven. Selenium (Se) is a crucial valuable element for human health with
a determinative in decreasing the amount of ROS produced in response to different viral infections within the body. The role of selenoprotein
enzymes in struggling oxidative caused by ROS overproduction is very important. The overall function of cytotoxic cells increases by the
presence of selenium. Recent clinical trials carried out on patients with COVID-19 have demonstrated that the deficiency of selenium is
obvious in patients who suffer from acute respiratory infections. Due to the role of selenium in viral inflammation, it is expected that this
substance will prevent the cytokine storm and ultimately mortality of infected people by reducing the production of inflammatory cytokines.
The present study investigates the role of selenium and selenoproteins and their possible mechanisms in the pathogenesis of viral infections.
Further comprehension on the the role of the pathogenesis of viral infections and their mortality could be achieved through identifying
potential selenoproteins in the COVID 19 genome by means of computational tools. The following core competencies are addressed in this
article: The effect of selenium on pathogenicity and mortality of COVID-19.
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INTRODUCTION

COVID-19 is a respiratory disease that was first identified
in Wuhan in December 2019 and later spread to other
countries. The new epidemic of COVID-19 was declared by
World Health Organization (WHQO) in March 2020. WHO
warned all countries around the world to take preventive
measure against the immediate spread of the virus (1).

The Covid epidemic now affects 19 million people and has
caused major health and economic disruptions worldwide.
Although mortality is declining with the start of vaccination,
new infections are steadily increasing due to mutated
strains. Nutrition and immunity are two vital factors in the
successful fight against coronavirus. Recent studies revealed
a significant positive correlation between the survival rate of
COVID-19 patients and their selenium levels in comparison
with non-survivors (2). Selenium is an essential trace
element and its situation is varies based on the region in the
world. Recent studies in European (48 studies) and Middle
East (44 studies) have reported that the normal range of
selenium is 98.7 ng /ml serum at which optimizes

glutathione peroxidase activity. However, previous studies
reported that the normal range of selenium was 150-170
ng/ml (3,4). In patients who are affected by viral infections,
administration of inflammatory mediators in high dosage
causes acute lung injuries which increases the potential of
acute respiratory distress syndrome (ARDS) and in some
cases may leads to death. The release of innate immune cells
activated by proinflammatory cytokines, leads to acute lung
damage and local inflammation. Additionally, in patients
with viral infection, one of the main causes of ARDS with
increased oxygen species (ROS) is detected to be oxidative
stress. Such a condition activates the inflammatory
pathways and leads to a marked increase in inflammatory
cytokines, leading to death in some cases (5, 6). Studies
show that impaired antioxidant defense in the acute
respiratory syndrome of SARSCoV infection is due to a
decrease in the function of certain enzymes called
selenoproteins. At the center of these enzymes is the trace
element selenium, which has a crucial role in decreament of
the production of ROS which may be produced as a
response to different viral infections. Selenium is also
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involved in inhibiting NF-kB activation and reducing
inflammation (6).

Examining the pathology of respiratory virus infections is
very important in diagnosing, preventing and providing
treatment strategies, as well as developing new therapies.
Since many studies indicated low levels of selenium in
patients with COVID-19, so in this study we intend to
investigate the relationship between the level of this
micronutrient and the severity of COVID-19 disease. The
present study is trying to investigate the main role of
selenium and Selenoprotein mechanisms in the pathogenesis
of viral infections.

Oxidative stress in viral infections

Generally, the changes in Oxidation happen during different
cellular processes, such as metabolism, signaling,
differentiation, and proliferation. Maintaining redox
homeostasis has a crucial role in pathology. Any decrement
in degradation systems or accumulation RNS and/or ROS
could cause inflammation, oxidative stress, and chronic
activation of immune responses. Due to the capability of
ROS in reacting with almost any type of biological
molecules such as nucleic acids, lipids, and proteins, their
rapid increase to a chronic level could lead to apoptosis,
organ dysfunction, and genome instability (7-9). As a result,
it can be stated that oxidative stress increases with viral
infection.

The role of antioxidant functions is prominent in
reducing reactive oxygen species and cell damage

The term ‘"reactive oxygen species (ROS)" includes
intermediates with short reactivity oxygen life. ROS
chemical mainly include hydrogen peroxide (H202),
hydroxyl radical (HO), and superoxide anion (02). The
choice of antioxidant pathways, which are activated in
response to ROS, depends on their position in a cell (10).
Some ROS, such as lipid peroxides due to peroxidation of
membrane phospholipids (e.g., malondialdehyde), can affect
blood circulation and cell membranes, disrupting normal
cellular processes such as membrane transfer and
mitochondrial respiration. Therefore, ROS is often
recognized as the cause of cell damage (8).

Disruption of antioxidant pathways provides the
conditions for viral replication

The total oxidant status (TOS) would be affected by viruses
following which the main balance between peroxidants and
antioxidants in the body would be disturbed. ROS-inducing
enzymes may disrupt the antioxidant balance. These
enzymes include nicotinamide adenine dinucleotide
phosphate oxidase (NADPH and Nox oxidases) and
xanthine oxidase (XO). The increment of ROS and the
subsequent oxidative stress which is caused by viral

infection is capable of providing a favorable environment
for virus replication and survival (11, 12). In fact, activation
of phagocytes is associated with oxidative stress when
infected with the virus because active phagocytes may
secrete prooxidant cytokines such as tumor necrosis factor
(TNF) and interleukin-1, which increase iron uptake, by the
reticuloendothelial system (13).

Antioxidant enzymes increase during increased
cellular stress

The oxidative stress caused by viral infections could be
relieved by antioxidant enzymes (14). These enzymes could
be regulated easily by 2 transcription factor which is similar
to nuclear factor E2 (Nrf2). In situation when the level of
ROS is normal, the transcription factor nrf2 could be
controlled in the cytoplasm and for degradation of the
ubiquitin pathway. However, increasing the amount of ROS
more than normal leads to the retention of Nrf2 in the
cytoplasm and its transfer its transfer to the nucleus finally
causes transcription of antioxidant enzymes (14, 15).

Viruses tend to inactivate the antioxidant pathway

Various types of viruses are capable of activating the above
pathways in varied ways. An increment in this pathway
could be seen in the mice models affected by the influenza
virus. It's while Respiratory syncytial (sin-SISH-uhl) virus
(RSV) because of droteasomal degradation pathways of the
transcription factor nrf2 causes an incorrect regulation in
this pathway. Briefly, it could be noted that viruses could
adjust the Nrf2 pathway, control oxidative stress, and also
are capable of keeping a desirable cellular environment for
survival and proliferation (16).

Selenium and viral infections

Selenium is an essential valuable element that helps in
maintaining the homeostasis of the human body. Due to the
antioxidant properties of selenium, it is capable of creating
an immune response against oxidative stress which is known
to be its most vital function. Some clinical trials have
demonstrated that the supplements of selenium are capable
of protecting the body against many harmful biological and
chemical agents. These supplements have a crucial role in
protecting the body from any available side effects of drugs,
heavy metals, pesticides, toxins, and other oxidative
stressors (17).

The selenium in selenoproteins is capable of
protecting the body against viral infections

In a study by Jones et al (2017) it was reported that the
deficiency of selenium affects nearly 1 billion people
worldwide mainly because of inadequate dietary intake (18).
One of the most important biological functions of selenium
is its presence in selenoproteinsThere is a total of 25
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selenoproteins in the human body, some of which have a
crucial role in protecting the body against viral infections,
controlling thyroid hormone signaling, protecting the body
against oxidative stress, improving mitochondrial health,
and protein folding. Selenoproteins are also essential for an
effective immune response to infections. Some other roles
of selenium supplements are such as decrement of allergic
asthma, increment of vaccine response, and also decrement
of progression of tuberculosis or HIV-1 (19).

Glutathione-transferases is one of the important
selenoproteins in oxidative stress

One of the main enzymes which contain selenium cofactor
is known to be Glutathione Peroxidase (GPx). The main
function of GPx is its role in the elimination of hydrogen
peroxidase and lipid peroxidase which acts as a strong
oxidative stress factor without causing any harmful effects
on the body. Selenium deficiency leads to a decrease in the
activity of these antioxidant enzymes, resulting in
exacerbation of oxidative stress and more mutations in
viruses (20, 21). As a matter of fact, this condition results
from a viral infection that results in oxidative stress and
increased proliferation. Moreover, the mentioned condition
causes an accumulation of mutations in the viral RNA
genome which finally causes host damage (22, 23).

Selenium is effective in the protein synthesis cycle
of the immune system

Some special defense mechanisms such as chemical and
mechanical barriers which are derived from skin epithelial
cells are the first line of innate immunity against the virus
which is capable of preventing the virus from entering the
body. Inside the respiratory tract and on the mucosal
surfaces, epithelial cells are immersed within the mucus and
fluid which decreases the direct binding of viruses.
Moreover, because of the presence of defense enzymes and
peptides inside the mucosa, invasive agents could be
eliminated easily. The synthesis of antioxidant enzymes and
defense proteins could be increased due to the presence of
selenium. Moreover, the presence of selenium is crucial for
activating phagocytic cells which act as key components of
the innate immune system. Inadequate selenium intake leads
to a decrease in phagocytic levels in neutrophil cells as part
of the body's defense line (24, 25).

Selenium prevents a strong cytokine response

Selenium has a crucial role in mediating inflammatory
signaling pathways. The role of selenium in preventing
inflammatory signaling pathways has significant effects in
mediating many diseases. In a study by Maehira et al., it was
reported that selenium is capable of inhabiting the activation
of the NF-kB transcription factor at physiological levels
which involved in the coding of inflammatory cytokine
regulatory genes. In addition, decreased serum selenium

levels induced CRP synthesis by hepatocytes during the
acute phase reaction (26).

Selenium regulates the antioxidant response during
increased cellular stress

The damages to the lung due to sepsis could be reduced
through over-regulation of Nrf2 signaling by selenium.
Through activating the Nrf2 pathway, glutathione synthesis
and abnormal regulation of the Nf-kp pathway could be
increased that finally would cause lung damage. On the
other hand, a knockdown of endogenous Nrf2 showed an
abnormal regulation of the NF-«kB pathway and the
inhibition of glutathione synthesis. It should be noted that
selenium has a significant role in NF-kB and Nrf2 signaling
to regulate inflammatory cytokinesis. The supplements of
selenium could decrease the production rate of
inflammatory cytokines such as animal and human studies,
and cell line studies (27, 6).

Selenium and coronaviruses

COVID-19 virus needs a suitable receptor to enter the host
cell, including the ACE2 receptor. Selenium and
selenoproteins affect viral activity indirectly through several
defense mechanisms. Selenium has a critical role in
supporting the structural integrity and integrity of the
respiratory epithelial barrier and also prevents the possibility
of entering virus into respiratory cells. In a study using
influenza virus, it was reported that selenium nanoparticles
activated by the antiviral agent of amantadine inhibited the
binding of the HIN1 virus to the host cell via suppressing
neuraminidase activity. Thus, selenium can be capable of
altering the binding of COVID-19 virus to ACE2 receptors,
resulting in reduction of the infection rate (Figure 1) (28).
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Figure 1: The proposed mechanism through which the level of selenium barricades severe mutation of SARS-COV-2 and its life
cycle. At the same time, oxidative stress caused by the virus reduces organ damage and cytokine storms (29)

Recently new evidence has emerged about the role of
selenium in COVID-19 disease. However, the exact
antioxidant and regulatory role of selenium in the immune
system in coronavirus infections remains unknown.
Examining the relationship between selenium level status
and COVID-19 disease in China showed that the rate of
improvement is higher and the mortality rate is lower in
people with adequate selenium levels (30).

The clinical trials which evaluated the nutritional status of
OCVID-19 patients revealed that in 42% of these patients a
low level of selenium is available. However, the comparison
of patients who were survived from COVID-19 with non-
survivors showed a higher level of selenium among survived
individuals (32, 31). Normal levels of selenoprotein P
combined with zinc have a significant effect on the chances
of survival and reduction of severity of involvement in
patients with COVID-19. Organoselenium compounds with
a low molecular weight are proved to be strong potent
papain-like protease inhibitors (PL pro CoV2) which are
mandatory for replication of viruses within host cells (34,
33). Papain-like protease (PL pro) is one of the main
enzymes that has a significant role in the pathogenesis of
COVID- 19, which facilitates the process of replicating the
virus by collecting new viral particles in human cells.
Recent clinical trials have also demonstrated that the
targeting of various selenoproteins by means of protease
cleavage prediction tools could be done easily. It has been
proved that glutathione peroxidase 1 (GPx-1), Thioredoxin
reductases 1 (TR1), and selenoprotein F have a crucial role
in the pathophysiology of COVID-19 infection (35). Based
on the proven role of selenium in improving the antioxidant
capacity of the lungs in ARDS patients, Mahmoodpoor et al.

performed intravenous sodium selenite injection for
COVIDO019 patients where the healing process was very
evident (27).

It has been shown that the deficiency of selenium possibly
increases the mortality rate among COVID-19 patients. A
recent study by Moghaddam et al (2020) demonstrated that
the level of serum selenium in COVID-19 patients was
significantly higher compared to patients who died of
COVID-19 (32). Another study by Zhang et al (2020) in
China revealed that the rate of recovery in COVID-19
patients was signid=ficantly associated with selenium levels
(30). A study by Nelson et al. found that selenium-deficient
mice were more likely to have lung damage because of
influenza virus infection compared to the mice with
adequate levels of selenium. Their study also demonstrated
that the virus isolated from the lungs of mice with deficient
levels of selenium five days following infection had
mutations in their genome that made their health situation
worse. The deficiency of selenium in mice infected with the
flu virus caused severe interstitial pneumonitis compared to
mice with adequate selenium levels (36).

Selenium has a crucial role in producing antibodies.
Moreover, the deficiency of selenoprotein devastates the
puberty of T cells, their function, and also T cell-dependent
antibody response in mice (37). Any increment in the
possibility of blood coagulation increases the rate of
mortality in COVID-19 patients. COVID-19 patients with a
low concentration of plasma selenium are more likely to
experience tissue damages, infection, organ failure, and also
the rate of mortality among them is higher. Additionally, the
level of plasma selenium is associated with protein C
activity, minimum plasma antithrombin activity, and
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minimum platelet count in COVID-19 patients. In their
study, Spyropoulos et al (2020) revealed that venous
thromboembolism happen in nearly 30% of COVID-19
patients in the intensive care unit (38).

Research on the association of selenium levels with
COVID-19 mortality

In the Northeast to the southwest of the globe, people are
potentially deficient in selenium. Therefore, one of the
marginal causes of COVID-10 disease in China can also be
related to selenium (22). Another study demonstrated that
the deficiency of selenium increases the mortality risk
among COVID-19 patients (32).

Many articles have been written about the relationship
between selenium and the mortality rate of COVID-19.
However, some of them consider the deficiency of this
micronutrient as a risk factor in its incidence and mortality,
and some have considered it unrelated. Anyway, more
detailed clinical studies should be done to investigate the
productiveness of selenium in patients with COVID-19. A
similar study by Younesian et al., revealed that the level of

serum selenium in COVID-19 patients was significantly

lower

in comparison to the healthy control

group

individuals. However, they did not show any significant
association between selenium and the rate of disease
mortality (39). In another study, it was revealed that the
level of selenium has a significant effect on the treatment of
COVID-19 patients (32). Similarly, a study in Germany
reported that the rate of mortality in patients with a lower
level of selenium was higher compared to those with a

higher level of selenium (30).

In the study of Jahromi et al. in 2021, the relationship
between Se and Zn status and the severity of COVID-19
was investigated. The level of serum selenium in patients
who suffer from severe COVID-19 was significantly lower
compared to the patients with mild to moderate levels of
COVID-19 disease (41). Similarly, a clinical trial in China
demonstrated a significant association between the level of
selenium and the treatment rate of patients with COVID-19.
This study showed that with increasing Se concentration in
the population, the rate of recovery of COVID-19 also

increased (32).

Findings Title of article Author/Year
Based on the data from the present study, it was observed that | Decreased Serum Selenium Levels of Ommolbanin
any increment in the level of serum selenium decreases the | COVID-19 Patients in Comparison Younesian et al.,
possibility of being affected with COVID-19. However, there | with Healthy Individuals 2021 (39)

is not any significant association between the level of

selenium and the severity and mortality rate of COVID-19

disease.

The present study demonstrated that there is a significant | Association between regional selenium Zhang et al,
association between the treatment rate of COVID-19 patients | status and reported outcome of 2020 (29)

and the level of selenium. These results are in line with the | COVID-19 cases in China

previous studies which provided evidence for antiviral effects

of selenium.

SARS-CoV-2 infection reduces serum selenium levels and | Selenium supplementation may George D.

this is associated with the severity of COVID-19. Selenium
supplementation has been suggested to improve the outcomes
of COVID-19 in sickle cell disease populations

improve COVID-19 survival in sickle
cell disease

Henderson. 2021
(40).

This study provides a precise introduction for conducting | An exploratory study of selenium Muhammed
further clinical trials with larger population. Moreover, it | status in healthy individuals and in Majeed et al.,
suggest that the supplementation of selenium could effectively | patients with COVID-19 in a south 2021 (2)
decrease the side effect of this virus. Indian population: The case for

adequate selenium status
The results show that the increment of Zn level could decrease | The  correlation  between  serum Jahromi et al.,
the level of serum CRP. However, the significant relationship | selenium, zinc, and COVID-19 | 2021 (41).

of Se and Zn with disease severity disappeared after adjusting
the intervention factors.

severity: an observational study

The results emphasis the fundamental role of Selenium in the
recovery of Covid-19 patients and support the discussion of
See adjuvant supplements in critically ill patients and patients
with See deficiency.

Decrement of the selenium level
increases the mortality of COVID-19
patients.

Moghaddam et
al., 2020
(32)
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DISCUsSION

For several reasons, the essential trace element Se is
particularly effective for viral infections among nutritional
agents. Selenium has a crucial role in the production of
antibodies. In a study carried out in mice, it was observed
that selenoproteins deficiency spoils the function and
maturation of cells, and also the response of T cells which
are dependent to antibodies (42). Low plasma selenium
concentrations are also associated with increased tissue
damage, infection, organ failure, and increased mortality in
ICU patients (43). Due to the association between
thromboembolism and infection, venous thromboembolism
has been reported to occur in 27% of patients with COVID-
19 in the ICU (42). Generally, it has been proved that any
decrement in the level of serum selenium increases the risk
of being affected with COVID-19 (32, 30, 39- 41).

However, some of them did not find significant results
regarding the relationship between this micronutrient and
mortality in patients with COVID-19 (39). Due to the very
important role of selenium as an antioxidant against
oxidative stress and cytokine storms, this substance is of
great importance. However, further studies are needed to
investigate the association of selenium levels with COVID-
19 mortality.

Recent studies have revealed that selenium supplementation
are essential for prevention of age-related diseases mostly in
old individuals. In addition, age is detected to be a risk
factor for COVID-19 diseases, so the use of selenium
supplements in older people is very important (44). In
addition to selenium, many micronutrients are important in
COVID-19. Jahromi et al. Conducted one of the first studies
to examine the relationship between the status of Zn and Se
and their effect on the recovery of COVID-19 patients (41).
A similar study, revealed that there is a significant
association between the levels of SRP and Selenium.
Another study which consisted of 137 ill children, showed
that there is an inverse relation between the levels of serum
selenium and CRP (45).

Recently, a lot of studies have investigated the key role of
some antioxidant minerals such as magnesium, zinc, and
selenium in modulating the immune system when face with
viral infections. It has been proved that all the mentioned
materials have significant role in modulating antibacterial
and antiviral immunity which potentially regulates the
inflammatory response. The deficiency of these materials
could result in a swifter prevalence of respiratory infections
and endothelial dysfunction.

It has been proved that these features are associated with
COVID-19 pathophysiology, and providing appropriate
levels of selenium, magnesium, and zinc micronutrients
potently boost the immune system during the infection in
COVID-19 patients. However, more precise clinical trials
should be carried out in this regard (46). Nowadays, it has

been proved that the lack of selenium causes an increment in
the susceptibility of the host to be affected with viral
infections. Anyway, it should be noted that the lack of
selenium has a significant effect on virus-infected host
which mainly depends on the type of pathology.

CONCLUSION

The properties of immune-modulating agents and the
consequences of the lack of supplements or micronutrients
in individuals with viral infectious diseases such as COVID-
19 is being an important challenging issue for scientists.
Many studies show that patients with Covid-19 are deficient
in at least one nutrient in the body. Selenium, as a
micronutrient, also plays a very important role in the
immune system and the control of oxidative stress. Due to
the role of selenium in maintaining the maturity of T cell
function and the production of T cell-dependent antibodies,
it therefore has a very important role in the immune system.

Studies have shown that very low levels of selenium may
play a role in the increment of the inflammatory responses.
Moreover, it has been shown that selenium supplements
could have a crucial role in modulating the immune system
through regulating inflammatory cytokine production
pathways. Administration of selenium supplements for the
management of patients with COVID-19 has created novel
opportunities in this regard as there is conclusive evidence
that selenium is involved in antioxidant mechanisms.

Given the potential benefits of selenium, it is suggested that
the role of selenium be preferably tested in patients with
COVID-19 in a randomized controlled trial. It is also
suggested that these clinical trials be performed based on
basal selenium status in the analysis of immunological
phenomena in patients with COVID-19. Scientists are trying
to investigate the importance of the administration of
selenium supplementation in patients with SARS-COV-2
infection and its survival benefits through the decrement of
the severe immune response. In this regard, they suggest
conducting further clinical trials to discover this functional
role more.

FINANCIAL SUPPORT AND SPONSORSHIP
Nil.

CONFLICTS OF INTEREST
There are no conflicts of interest.

ETHICAL CONDUCT OF RESEARCH

The authors of this manuscript declare that this scientific
work complies with reporting quality, formatting, and
reproducibility guidelines set forth by the EQUATOR

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 3 |} 2022




Sahar Vahdat, et al.: The Effect of Selenium on Pathogenicity and Mortality of COVID-19: Focusing on the Biological Role of Selenium

network. The authors also attest that this clinical
investigation was determined not to require institutional
review board/ethics committee review.

REFERENCES

Khan Zahi H., Samadi S, Makarem J, Mireskandari SM. Tests with
proven value in diagnosis of COVID-19. Iranian Journal of
Microbiology. 2020; 12(3):261-262.

Muhammed Majeed, Kalyanam Nagabhushanam, Sujay Gowda, Lakshmi
Mundkur, An Exploratory Study of Selenium Status in Normal
Subjects and COVID-19 Patients in South Indian population: Case for
Adequate Selenium Status, Nutrition (2020), doi:
https://doi.org/10.1016/j.nut.2020.111053

Stoffaneller R, Morse NL. A review of dietary selenium intake and
selenium status in Europe and the Middle East. Nutrients. 2015; 7:
1494-537.

Muecke R, Waldschock K, Schomburg L, Micke O, Buentzel J, Kisters K,
et al. Whole Blood Selenium Levels and Selenium Supplementation
in Patients Treated in a Family Doctor Practice in GolRen (State of
Brandenburg, Germany): A Laboratory Study. Integr Cancer Ther.
2018; 17: 1132-6.

Mirzaee SMM, Gongalves FG, Mohammadifard M, Tavakoli M,
Vossough A. Focal cerebral arteriopathy in a pediatric patient with
COVID-19. Radiologythis link is disabled. 2020; 297(2):E274—-E275.

Sojit Tomo, Gangam Saikiran, Mithu Banerjee, Sushmita Paul. 2021.
SELENIUM TO Selenoproteins — Role In Covid-19. Excli Journal
2021; 20: 781-791 — ISSN 1611-2156.

Van der Vliet, A.; Janssen-Heininger, Y.M. Hydrogen peroxide as a
damage signal in tissue injury and inflammation: Murderer, mediator,
or messenger? J. Cell. Biochem. 2014, 115, 427-435.

Mittal, M.; Siddiqui, M.R.; Tran, K.; Reddy, S.P.; Malik, A.B. Reactive
oxygen species in inflammation and tissue injury. Antioxid. Redox
Signal. 2014, 20, 1126-1167.

Darvishi M, Shahali H, Farahani AA. Guillain-Barré Syndrome
Associated with SARS-CoV-2 Infection: A Case Report. European
Journal of Translational Myology. 2021, 31(3).
https://doi.org/10.4081/ejtm.2021.9494.

Birben, E.; Sahiner, U.M.; Sackesen, C.; Erzurum, S.; Kalayci, O.
Oxidative stress and antioxidant defense. World Allergy Organ. J.
2012, 5, 9-19.

Khomich O, Kochetkov S, Bartosch B, lvanov A. Redox biology of
respiratory viral infections. Viruses. 2018; 10(8): 392.

Yaghoubian H, Niktale H, Yazdi AP, Ghorani V, Rashed MM,
Hashemian AM. Evaluate the Therapeutic Effect of Allicin (L-
cysteine) on Clinical Presentation and Prognosis in Patients with
COVID-19. European Journal of Translational Myology. 2021; 31(2).
https://doi.org/10.4081/ejtm.2021.9518.

KATHLEEN B. SCHWARZ. 1996. OXIDATIVE STRESS DURING
VIRAL INFECTION: A REVIEW. Free Radical Biology &
Medicine, Vol. 21, No. 5, pp. 641-649, 1996.

Ganesh Yerra V, Negi G, Sharma SS, Kumar A. Potential therapeutic
effects of the simultaneous targeting of the Nrf2 and NF-xB pathways
in diabetic neuropathy. Redox Biol. 2013; 1: 394-7.

Kosmider B, Messier EM, Janssen WJ, Nahreini P, Wang J, Hartshorn
KL, et al. Nrf2 protects human alveolar epithelial cells against injury
induced by influenza A virus. Respir Res. 2012; 13(1): 43.

Ramezani A, Nahad MP, Faghihloo E. The role of Nrf2 transcription
factor in viral infection. J Cell Biochem. 2018; 119: 6366-82.

Seyit Ahmet Erol, Naci Polat, Sevginur Akdas, Pelin Aribal Ayral, Ali
Taner Anuk, Eda Ozden Tokalioglu, Sule Goncu Ayhan, Burcu
Kesikli, Merve Nur Ceylan, Atakan Tanacan, Ozlem Moraloglu
Tekin, Nuray Yazihan, Dilek Sahin. 2021. Maternal selenium status
plays a crucial role on clinical outcomes of pregnant women with

COVID-19 infection. J Med Virol. 2021; 93: 5438-5445.

Jones GD, Droz B, Greve P, Gottschalk P, Poffet D, McGrath SP, et al.
Selenium deficiency risk predicted to increase under future climate
change. Proc Natl Acad Sci U S A. 2017; 114: 2848-53.

Huang Z, Rose AH, Hoffmann PR. The role of selenium in inflammation
and immunity: from molecular mechanisms to therapeutic
opportunities. Antioxid Redox Signal. 2012; 16: 705-43.

Labunskyy VM, Hatfield DL, Gladyshev VN. Selenoproteins: molecular
pathways and physiological roles. Physiol Rev. 2014; 94(3): 739-777.

Brigelius-Flohé R, Maiorino M. Glutathione peroxidases. Biochim
Biophys Acta. 2013; 1830(5): 3289-3303.

Rayman MP. Selenium and human health. Lancet. 2012; 379: 1256-68.

Guillin OM, Vindry C, Ohlmann T, Chavatte L. Selenium, Selenoproteins
and Viral Infection. Nutrients. 2019; 11.

Shi X, Wang W, Zheng S, Zhang Q, Xu S. Selenomethionine relieves
inflammation in the chicken trachea caused by LPS though inhibiting
the NF-kB pathway. Biol Trace Elem Res. 2020; 194(2): 525-35.

Huang Z, Rose AH, Hoffmann PR. The role of selenium in inflammation
and immunity: from molecular mechanisms to therapeutic
opportunities. Antioxid Redox Signal. 2012; 16(7): 705-43.

Maehira F, Miyagi I, Eguchi Y. Selenium regulates transcription factor
NF-kB activation during the acute phase reaction. Clin Chim Acta.
2003; 334: 163-71.

Mahmoodpoor A, Hamishehkar H, Shadvar K, Ostadi Z, Sanaie S,
Saghaleini SH, et al. The effect of intravenous selenium on oxidative
stress in critically ill patients with acute respiratory distress syndrome.
Immunol Invest. 2019; 48: 147-59.

Li Y, Lin Z, Gong G, Guo M, Xu T, Wang C, et al. Inhibition of HIN1
influenza virus-induced apoptosis by selenium nanoparticles
functionalized with arbidol through ROS-mediated signaling
pathways. J Mater Chem B. 2019; 7(27):4252-62.

Jinsong Zhang, Ramy Saad, Ethan Will Taylor, Margaret P. Rayman.
2020. Selenium and selenoproteins in viral infection with potential
relevance to COVID-19. Redox Biology 37 (2020) 101715.

Zhang J, Taylor EW, Bennett K, Saad R, Rayman MP. Association
between regional selenium status and reported outcome of COVID-19
cases in China. Am J Clin Nutr. 2020; 111: 1297-9.

Im JH, Je YS, Baek J, Chung MH, Kwon HY, Lee JS. Nutritional status
of patients with COVID-19. Int J Infect Dis. 2020; 100: 390-3.

Moghaddam A, Heller RA, Sun Q, Seelig J, Cherkezov A, Seibert L, et al.
Selenium deficiency is associated with mortality risk from COVID-
19. Nutrients. 2020; 12(7): 2098.

Heller RA, Sun Q, Hackler J, Seelig J, Seibert L, Cherkezov A, et al.
Prediction of survival odds in COVID-19 y zinc, age and
selenoprotein P as composite biomarker. Redox Biol. 2020; 38:
101764.

Weglarz-Tomczak E, Tomczak JM, Giurg M, Burda- Grabowska M, Brul
S. Discovery of potent inhibitors of PLproCoV2 by screening a
library of selenium-containing compounds. hioRxiv; 2020.

Taylor EW, Radding W. Understanding selenium and glutathione as
antiviral factors in COVID-19: Does the viral Mpro protease target
host selenoproteins and glutathione synthesis? Front Nutr. 2020;
7:143.

Nelson, H.K.; Shi, Q.; Van Dael, P.; Schi_rin, E.J.; Blum, S.; Barclay, D.;
Levander, O.A.; Beck, M.A. Host nutritional selenium status as a
driving force for influenza virus mutations. FASEB J. 2001, 15,
1727-1738.

Guan W-j, Liang W-h, Zhao Y, Liang H-r, Chen Z-s, Li Y-m, Liu X-q,
Chen R-c, Tang C-l, Wang T (2020) Comorbidity and its impact on
1590 patients with COVID-19 in China: a nationwide analysis. Eur
Respir J 55(5):2000547.

Spyropoulos, A.C.; Weitz, J.I. Hospitalized COVID-19 patients and
venous thromboembolism: A perfect storm. Am. Heart Assoc. 2020,
142, 129-132.

Ommolbanin Younesianl Behnaz Khodabakhshi, Nafiseh Abdolahi,

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 3 |} 2022



https://www.scopus.com/authid/detail.uri?authorId=7201417307
https://www.scopus.com/authid/detail.uri?authorId=37035006800
https://www.scopus.com/authid/detail.uri?authorId=26531527100
https://www.scopus.com/authid/detail.uri?authorId=25223839300
https://www.scopus.com/authid/detail.uri?authorId=37035006800#disabled
https://www.scopus.com/authid/detail.uri?authorId=37035006800#disabled
https://doi.org/10.1016/j.nut.2020.111053
https://www.scopus.com/authid/detail.uri?authorId=57219560129
https://www.scopus.com/authid/detail.uri?authorId=35363788700
https://www.scopus.com/authid/detail.uri?authorId=24833397300
https://www.scopus.com/authid/detail.uri?authorId=57200334544
https://www.scopus.com/authid/detail.uri?authorId=6508190258
https://www.scopus.com/authid/detail.uri?authorId=24833397300#disabled
https://doi.org/10.4081/ejtm.2021.9494
https://doi.org/10.4081/ejtm.2021.9518

Sahar Vahdat, et al.: The Effect of Selenium on Pathogenicity and Mortality of COVID-19: Focusing on the Biological Role of Selenium

Alireza Norouzi, Nasser Behnampour, Sara Hosseinzadeh, Seyedeh
Somayeh Hosseini Alarzi, Hamidreza Joshaghani. 2021. Decreased
Serum Selenium Levels of COVID-19 Patients in Comparison with
Healthy Individuals. Biological Trace Element Research.

George D. Henderson. 2021. Selenium supplementation may improve
COVID-19 survival in sickle cell disease. British Journal of Nutrition.

Soodeh Razeghi Jahromi, Hedieh Moradi Tabriz, Mansoureh Togha,
Shadi Ariyanfarl, Zeinab Ghorbani, Sima Naeeni, Samaneh
Haghighi, Aboozar Jazayeri, Mahnaz Montazeri, Mohammad
Talebpour, Haleh Ashraf, Mehdi Ebrahimi, Azita Hekmatdoost and
Elham Jafari. 202. The correlation between serum selenium, zinc, and
COVID-19 severity: an observational study. BMC Infect Dis (2021)
21:899.

Klok, F.; Kruip, M.; Van der Meer, N.; Arbous, M.; Gommers, D.; Kant,
K.; Kaptein, F.; van Paassen, J.; Stals, M.; Huisman, M.; et al.
Incidence of thrombotic complications in critically ill ICU patients
with COVID-19. Thromb. Res. 2020, 191, 145-147.

Carlson, B.A.; Yoo, M.-H.; Shrimali, R.K.; Irons, R.; Gladyshev, V.N.;
Hatfield, D.L.; Park, J.M. Role of selenium-containing proteins in T-
cell and macrophage function. Proc. Nutr. Soc. 2010, 69, 300-310.

Zhonglin Cai, Jianzhong Zhang, Hongjun Li. 2018. Selenium, aging and
aging-related diseases. Aging Clinical and Experimental Research.
https://doi.org/10.1007/s40520-018-1086-7.

https:// www. mayoc linic labs. com/ test- catal og/ Clini cal+ and+ Inter
preti ve/ 9765.

Mousavi-Hasanzadeh M, Kamali A, Safi F, Sarmadian H, Almasi-
Hashiani A. Clinical characteristics and short-term outcomes of
patients with severe covid-19. Indian Journal of Forensic Medicine
and Toxicology. 2021; 15(1): 2691-2694.

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 3 |} 2022



https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=George%20D.%20Henderson&eventCode=SE-AU
https://www.cambridge.org/core/journals/british-journal-of-nutrition
https://doi.org/10.1007/s40520-018-1086-7
https://www.scopus.com/authid/detail.uri?authorId=57208879636
https://www.scopus.com/authid/detail.uri?authorId=56913071200
https://www.scopus.com/authid/detail.uri?authorId=57190620435
https://www.scopus.com/authid/detail.uri?authorId=6503931709
https://www.scopus.com/authid/detail.uri?authorId=42360952700
https://www.scopus.com/authid/detail.uri?authorId=42360952700
https://www.scopus.com/authid/detail.uri?authorId=56913071200#disabled
https://www.scopus.com/authid/detail.uri?authorId=56913071200#disabled

