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ARTICLE INFO ABSTRACT

Keywords: COVID-19 is a rapidly spreading disease, which has caught the world by surprise. Millions of people suffer from
C(?VID-19 illness, and the mortality rates are dramatically high. Currently, there is no specific and immediate treatment for
Minerals this disease. Remedies are limited to supportive regiments and few antiviral and anti-inflammatory drugs. The
Isr;:licst_lg;\s/ilsease lack of a definite cure for COVID-19 is the reason behind its high mortality and global prevalence. COVID-19 can
Vitamins lead to a critical illness with severe respiratory distress and cytokine release. Increased oxidative stress and

excessive production of inflammatory cytokines are vital components of severe COVID-19. Micronutrients,
metalloids, and vitamins such as iron, manganese, selenium, Zinc, Copper, vitamin A, B family, and C are among
the essential and trace elements that play a pivotal role in human nutrition and health. They participate in
metabolic processes that lead to energy production. In addition, they support immune functions and act as an-
tioxidants. Therefore, maintaining an optimal level of micronutrients intake, particularly those with antioxidant
activities, is essential to fight against oxidative stress, modulate inflammation, and boost the immune system.
Therefore, these factors could play a crucial role in COVID-19 prevention and treatment. In this review, we aimed
to summarize antiviral properties of different vitamins and minerals. Moreover, we will investigate the corre-
lation between them and their effects in COVID-19 patients.

1. Introduction

Severe acute respiratory syndrome (SARS) was the first coronavirus-
induced pandemic found in 2002 in Guangdong in southern China [1].
The Middle East Respiratory Syndrome (MERS) was the second
pandemic caused by these viruses. MERS was first originated in Saudi
Arabia in 2012 [2]. These diseases have been reported to have consid-
erable morbidity and mortality rates [3]. The third coronavirus
pandemic, which had the most destructive effects on the world, is called

* Corresponding authors.

novel coronavirus disease-19 (COVID-19). This disease is caused by
SARS coronavirus 2 (SARS-CoV-2) and was first reported in Wuhan,
Hubei province, China, in December 2019 [3,4]. Coronaviruses (CoVs)
belong to the subfamily of Ortho-coronavirinaein, the family of Coro-
naviridaein, and the order of Nidovirales. This subfamily includes
a-coronavirus, f-coronavirus, y-coronavirus, and Q-coronavirus. Coro-
naviruses are enveloped and single-stranded RNA viruses (+ssRNA)
with 26-32 kb genome size. Owing to four spike glycoproteins on their
surfaces, they appear as crown-like structures. Bynoe and Tyrell first
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described these viruses in 1996 [5-9]. Coronaviruses are both zoonotic
and have been shown over the last decade to infect humans [10].
SARS-CoV, MERS-CoV, and SARS-CoV-2 all belong to the f-coronavirus
family, which can infect both animals and humans [6,11]. The spike
glycoprotein of SARS-CoV-2 binds to its transmembrane receptor called
angiotensin-converting enzyme 2 (ACE2) on the cell surface and enters
the host cell through it [12,13]. However, SARS-CoV-2 shares more than
82% similarity to SARS-CoV, its binding affinity to ACE2 is more than
SARS-CoV. This is probably why SARS-CoV-2 propagation and trans-
mission are more intense than SARS-CoV [3,14]. SARS-CoV-2 is trans-
mitted from human to human and animals to humans, by respiratory
droplets, cough, or contaminated hands. The virus is located in the lung
by inhalation and remains in the nasopharynx for three days, if it’s dry.
Then, the virus enters the lung cells through spike and ACE2 interaction
[15]. There are two types of lung cells; the first type is the alveolar cells
involved in the Gas exchange process; the second type is macrophage
cells, which act as surfactant producers and defensive lines. The
SARS-CoV-2 damages the type 2 alveolar cells, and the macrophage cells
try to produce cytokines (interleukin 1, 6, and 10) and Tumor Necrosis
Factors. Increased interleukins and inflammatory agents damage the
alveolar cells. Vasodilation occurs near type one alveoli and increases
the capillary permeability. Therefore, the fluid accumulates between
alveoli and blood vessels, and consequently, gas exchange is disrupted.
The latter leads to breathing shortness, hypoxia, and hypoxemia.
Following the damage to type two alveoli, the amount of surfactant
decreases and leads to the collapsing of the lungs, fluid enters the
alveoli, which leads to edema and also causes a cough or productive
cough in the COVID-19 patient [16]. Lung collapse and edema develop
acute respiratory distress syndrome (ARDS). In the central nervous
system, when type two cells are damaged, interleukins 1 and 6, and 10
will be released, and force the hypothalamus to liberate prostaglandin.
Prostaglandin converts the energy into heat by increased metabolism.
This change increases fever and can cause brain stroke, particularly
among adults. Hypoxia might induce peripheral chemoreceptors and
lead to tachycardia. The blood pressure would decrease, and conse-
quently, blood volume would be reduced, perfusion would decline, and
multisystem failure would occur in COVID-19 patients [11].

COVID-19 is now ubiquitous in the world as a pandemic, and up to
now, there is no universally approved and available drugs against
COVID-19 disease. Therefore, in the absence of a particular medication
for this new virus, finding an alternative solution to control this disease
is urgent. Efforts to fight against SARS-CoV-2 should not be limited to
finding drugs and vaccines; a supporting managements are also benefi-
cial in decreasing the symptoms, strengthening immunity, and acceler-
ating the recovery process [11,17,18]. Supporting management efforts
include wearing facial masks, public hygiene, and social distancing.
Moreover, recent evidence have emphasized that nutritional supple-
mentation could play a supportive role in COVID-19 patients [19]. The
immune system can be strengthened via supplement compounds and
diet. Therefore, good nutrition is required for the immune system to
function correctly. Vitamins and minerals are two critical dietary factors
for the proper functioning of the immune system [20-24]. Vitamins A, B,
C, and D, as well as minerals such as Lithium, Magnesium, Selenium, and
Zinc, have synergistic roles in boosting and modulating the immune
system. Among them, the role of vitamin C, D, and Zinc have been
strongly approved. These factors have been reported as essential factors
for immune system potency [21,25-29].

It is well known that proper nutrition can support optimal immune
function. In this sense, it has been reported that several vitamins
(vitamin A, B6, B12, folate, C, D, E) and trace metals (zinc, selenium,
copper, magnesium) support the immune cells. At the same time, their
deficiencies could increase the susceptibility of a host to infectious dis-
eases. It has been shown that the micronutrients intake, particularly
vitamins B12, C, D, and iron, is inversely associated with higher COVID-
19 incidence and mortality. This was more evident in individuals who
were genetically predisposed to a low micronutrients status.
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Immunomodulatory agents — including micronutrients — are among
some of the current therapies applied in clinical settings for the COVID-
19. This article reviews the roles of vitamins and minerals in modulating
and enhancing the immune system, as well as their possible roles in the
prevention and, or treatment of COVID-19. The dominant hypothesis of
this study is to promote the fact that nutrition can be an essential agent
in the prevention/treatment of infectious diseases like COVID-19. To
this end, we reviewed the scientific literature regarding the role of these
elements and even the toxic metals/metalloids, on the infectivity,
development, and prognosis of COVID-19. On the other hand, the effect
of various vitamins and minerals in strengthening the immune system
and preventing viral diseases was surveyed.

2. Vitamin A

Vitamin A is the first fat-soluble vitamin, also known as retinol,
retinal, and retinoic acid (RA). Retinol is the transported form of vitamin
A stored in the liver and converted to retinyl esters. Moreover, vitamin A
is considered a significant hormone and an immune modulator in
structure and functionality. Retinoic acid and its cognate retinoic acid
receptors (RAR and RXR) are considered the pleiotropic modulators of
the adaptive and innate immune responses [30].

2.1. The immunomodulatory role of retinoid in SARS-COV-2

Vitamin A is often referred to as an "anti-infective" vitamin, as it is
required for several defensive functions against infection. It has been
shown that a dietary deficit of a single nutritional element could cause
immune system impairment. Vitamin supplements have also been
shown to protect against morbidity and mortality associated with
various infectious diseases, including influenza, diarrhea, measles-
related pneumonia, human immunodeficiency virus (HIV), and ma-
laria infections. During an acute infection, the active retinol derivatives
(all-trans RA, 9-Cis trans RA, and 13-Cis trans RA) facilitate the synthesis
of the most potent antiviral mediator, Type-I IFN (« and ). This will
enable the development of a long-term immune response against the
virus [31]. Retinoids have been shown to stimulate the mRNA expres-
sion of ISGs, such as RIG-I, and IFN regulatory factor 1 (IRF-1). The
effects of retinoids on IFN-I have been reported in cell and animal
models of cancer, as well as clinical trials for cancer and multiple scle-
rosis (MS) therapy [32-34]. According to Qu et al., RA-treated periph-
eral blood mononuclear cells from MS patients reinforced IFN response
and restored CDg T-suppressor cell functions [35].

2.2. COVID-19 pathogenesis and retinoic acid depletion syndrome
(ARDS)

SARS-CoV-2 is the biggest enveloped single-stranded RNA virus.
Although the genome size of most RNA viruses is less than 10 kB, SARS-
CoV-2 has a genome of 30 kB [36]. The immune response against the
ssRNA structure of the SARS-CoV-2 genome is primarily mediated by the
RIG-I pathway. As an extensively reviewed and well-characterized
component of the congenital immune system, this pathway is depen-
dent on retinoic acid for its function [37]. RIG-I is a significant immune
system receptor recognizing viral ssRNA as a ligand. The retinoic acid
stores of the body are rapidly depleted due to the excessive stimulation
of the RIG-I pathway. This activation results from factors such as acute
infections, high fever, excessive catabolism, high viral load, or a large
viral genome (SARS-CoV-2). Previously, it has been reported that the
retinoic acid levels are severely reduced during viral infections such as
measles and RVs. If the RIG-I pathway is deactivated due to retinoic acid
depletion, the immune response mechanism switches to the TLR3, TLR7,
TLR8, TLR9, MDAS receptors, and UPS (ubiquitin /proteasome system)
pathways. These pathways are located in neutrophils, macrophages, and
dendritic cells belonging to the adaptive immune component. They
collectively induce the excessive cytokine release (cytokine storm)
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through the NFxB arm. Such excess cytokine release triggers severe
clinical manifestations that can lead to endothelial injury, hypoxia, ne-
crosis, and multiorgan damage [38]. Regarding the respiratory disorders
in COVID-19 patients, it has been shown that the development of ARDS
is significantly correlated with the release of inflammatory cytokines
and exudative aggregation of liquid induced by SARS-CoV-2 binding to
alveolar cell receptors [38,39]. Lack of retinol derivatives such as leci-
thin, Colin, and inositol in the medium, and the possible disturbance of
surfactant synthesis due to retinoic acid degradation are effective in
ARDS pathogenesis. Retinol derivatives play a crucial role in the sur-
factant structure. They are regarded as critical issues that require further
investigation in terms of the growth and severity of ARDS condition
(Fig. 1) [31].

2.3. The role of retinoic acid on COVID-19's ocular and nervous system

Retinitis and other vision disorders such as "pink eye," are typical in
severe COVID-19 patients. They occur due to nerve cell atrophy and
necrosis caused by vitamin A deficiency in the retina [40,41]. Moreover,
taste and olfactory disorders occur as a result of retinoic acid deficiency
in COVID-19 patients, which is developed by retinoic acid receptors
[42]. The observations from the nervous system of COVID-19 patients
showed that the Retinoid receptors have a prevalent distribution. This
distribution indicates that retinoid signaling could play a physiological
function in the adult cortex, amygdala, hypothalamus, hippocampus,
striatum, and associated areas of the brain [43,44].

2.4. The current treatment of COVID-19 by cytochrome p450 system and
RAMBAs

Cytochrome P450 is responsible for the metabolism and detoxifica-
tion of toxins and drugs in the endoplasmic reticulum of liver cells. It has
been demonstrated that impeding the liver cytochrome P450 could be
an efficient way in COVID-19 patients by restricting retinoic acid
metabolism. Serum retinoic acid levels are raised by prohibiting the
excretion of retinol esters previously retained in the liver and obtained
by food and by inhibiting the cytochrome oxidase mechanism [45]. The
RIG-I pathway is modulated by serum retinoic acids and employs
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nuclear receptors to facilitate the primary immune response. RAMBAs
(Retinoic acid metabolism inhibitors) could raise the endogenous reti-
noic acid levels and have recently been applied in dermatological in-
dications. These effects could also be efficient against COVID-19 patients
[46]. Hence, focusing on medications that have positive effects on the
amount of retinol in our bodies could offer numerous advantages in
terms of both public health and socio-economic experience. These ad-
vantages have previously been experienced with vitamin A treatments in
measles and other viral infections.

3. Vitamin B

B vitamins are water-soluble vitamins. They serve as coenzymes to
maintain physiological homeostasis. Vitamin B is essential for cell
function, energy metabolism, and proper immune functions; They also
decrease the pro-inflammatory cytokine levels, enhance respiratory
function, retain endothelial integrity, eliminate hypercoagulability, and
may diminish the hospital stays [47].

Each B vitamin serves a distinct purpose regarding the COVID-19.
For instance, vitamin B; (Thiamine) plays a significant role in immune
responses. It is associated with reduced incidence of cardiovascular
disease, type 2 diabetes, kidney diseases, aging-related diseases, cancer,
neurological diseases, and neurodegenerative disorders. Thiamine
deficiency affects the cardiovascular system, induces inflammation
(including neuroinflammation), and contributes to aberrant antibody
responses. Considering the fact that antibodies are required for the
eradication of the SARS-CoV-2 virus, thiamine deficiency can lead to
inadequate antibody responses and provoke severe symptoms [48].
Therefore, sufficient thiamine levels could assist the implementation of
appropriate immune responses during SARS-CoV-2 infection.

3.1. Vitamin By (Riboflavin)

Vitamin By (riboflavin) is involved in the proper functioning of en-
ergy metabolism. Riboflavin deficiency has been reported among the
elderly in the United States. Combination of Riboflavin and UV light
treatment has been demonstrated to considerably reduce the MERS-CoV
titer in human plasma and platelet components through irreversible
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damaging of nucleic acids such as DNA and RNA. Moreover, this treat-
ment could disrupt the ability of microbial pathogens to replicate [49,
50]. These properties could decline the rate of COVID-19 transmission
through transfusion and reduce the presence of other pathogens in blood
products for severely ill COVID-19 patients.

3.2. Vitamin B3 (Niacin, Nicotinamide)

Vitamin B3 (Niacin) is a precursor for NAD and NADP production,
required during chronic systemic inflammation. Since it serves as a co-
enzyme in various metabolic pathways, increased levels of NAD" could
be used for alleviation of a broad range of pathophysiological condi-
tions. NAD™ is produced in the early stages of inflammation and has
immunomodulatory properties. It could inhibit the development of pro-
inflammatory cytokines, including IL-1, IL-6, and TNF-a [51,52].
Furthermore, in patients with ventilator-induced lung damage, niacin
inhibits neutrophil infiltration and has an anti-inflammatory effect.
Niacin and nicotinamide have been shown to protect the lung tissue in
hamsters [53]. Moreover, nicotinamide inhibits viral replication
(human enteroviruses, immunodeficiency virus, vaccinia virus, and
hepatitis B virus) and reinforces the immune mechanisms [54,55].
Niacin can be used as an adjunct therapy for COVID-19 patients, owing
to its lung-protective and immune-strengthening properties.

3.3. Vitamin Bs (Pantothenic acid)

Vitamin B5 (Pantothenic acid) is associated with myriads of func-
tions promoted by Pantothenic acid. Lowering cholesterol and triglyc-
eride levels, accelerated wound healing, decreased inflammation, and
improved mental health are among the alleged functions of Vitamin B5
[48]. According to in silico analyses reported by Medha Pandya et al.,
vitamin B5 can bind to the spike protein of coronaviruses. In this regard,
Ligplot analysis of vitamin B5-COVID-19 interactions demonstrates that
several hydrogens are involved in their interaction interface [6]. Despite
the fact that there have been few types of research showing the impact of
pantothenic acid on the immune system and precisely coronavirus, it is a
promising vitamin for further investigation.

3.4. Vitamin B (Pyridoxine, Pyridoxal 5°-phosphate)

Vitamin Bg is essential for protein metabolism, various reactions in
tissues, and the proper functioning of our immune system. PLP (pyri-
doxal 5'-phosphate) is an active precursor of vitamin Bg. It acts as a
cofactor for a broad spectrum of inflammatory pathways, and its deficit
could lead to immune dysregulation [56]. PLP supplementation ame-
liorates the COVID-19 symptoms, including cytokine storm and
inflammation. It preserves endothelial integrity, reduces hypercoagu-
lability, and upregulates IL-10 levels. IL10 is considered a potent
anti-inflammatory and immunosuppressive cytokine capable of inhib-
iting antigen-presenting cells, T cells, macrophages, and monocytes
[57].

3.5. Vitamin Bg (Folate, Folic acid)

Folate, also known as vitamin Bg is a type of B vitamin that has a
significant role in cell development and maintenance, protein synthesis,
DNA repair mechanism, adaptive immune response, and prevention of
furin-associated bacterial and viral infections. Folate has been shown to
inhibit the furin-bonded SARS-CoV-2 spike enzyme. Hence, it could
hinder viral entry and turnover [58]. Additionally, a recent in silico
study has demonstrated that folic acid and its compounds, including
THF and 5-MTHF, have the highest binding affinity to Furin, spike,
RdRp, and NSPj3 proteins based on the molecular docking results. These
observations imply that folate and its derivatives could be one of the
most effective SARS-CoV-2 inhibitors [6]. Therefore, folic acid can
therapeutically be used for COVID-19 regulation.
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3.6. Vitamin Bi5 (Cobalamin)

Vitamin Bj, (cobalamin) is required for RBC synthesis, nervous
system health, myelin synthesis, production and functioning of innate
and adaptive immune systems, cellular growth, and accelerated DNA
synthesis. Active forms of vitamin B, including adenosyl-hydroxy and
methyl-cobalamin, are essential for gut microbiome modulation. Biz
deficiency could lead to increased methylmalonic acid and homocyste-
ine. This increase could induce intensified inflammation, reactive oxy-
gen species, and oxidative stress, contributing to endothelial
dysfunction, platelet activation, and stimulating the coagulation cascade
[59-61]. In some instances, megaloblastic anemia, disruption of neuron
myelin sheath integrity, impaired protective immune response, neuro-
logical complications, and spinal degeneration are some of the impacts
of poor cobalamin levels [61-63]. Given these circumstances, vitamin
B2 deficiency symptoms, including elevated oxidative stress and lactate
dehydrogenase (LDH), intravascular coagulation thrombosis, homocys-
teine accumulation, coagulation cascade initiation, reduced reticulocyte
count, vasoconstriction, and renal dysfunction maybe shared with
COVID-19 infection [60,64]. It has been suggested that high doses of
methylcobalamin can serve as potential inhibitors of the
RNA-dependent RNA polymerase activity of the SARS-CoV-2 nspl2
enzyme. Inhibition of the nspl2 enzyme could decrease the viral
infection and intensity of the COVID-19 disease [65]. Briefly, methyl-
cobalamin medication will help alleviate the severity of COVID-19
illness.

4. Vitamin C

COVID-19 disease is spreading across the world, and people are
looking for supportive treatments like supplementation of micro-
nutrients such as vitamin C to protect themselves against the virus or to
decrease its effects [66]. Ascorbic acid or ascorbate (vitamin C) is the
primary non-enzymatic and water-soluble molecule present in plasma.
Since it is not synthesized (due to a gene mutation in the gluconolactone
oxidase (GULO) gene over 40 million years ago) and stored within the
body, humans are dependent on exogenously supplied dietary vitamin C
[67]. The Recommended Dietary Allowance (RDA) for adults for vitamin
Cissetat 75 mg/day for females and 90 mg/day for males [68]. Vitamin
C is a practical, harmless, and inexpensive therapeutic alternative and is
used to treat infections of the respiratory system. This vitamin is also a
cofactor for several enzymes that catalyze the conversion of viola-
xanthin to zeaxanthin, synthesis of abscisic acid, biosynthesis of carni-
tine, and modification of the dopamine to norepinephrine. Vitamin C
plays a crucial role in synthesizing collagen and neurotransmitters,
wound healing, energy metabolism, and nervous system function.
However, due to its anti-oxidant effects, immunomodulatory effects, and
antiviral properties, it is accepted as the supportive treatment against
the COVID-19 [69,70]. The results of previous studies showed the
lowering effect of vitamin C on the expression of ACE2 in alveolar
epithelial cells and microvascular endothelial cells. These cells are the
two kinds of cells affected by the SARS-CoV-2 [71].

4.1. Anti-oxidant effect of vitamin C

Free radicals are atoms that contain an unpaired electron that the
body can handle, but the excessive level can lead to diseases like COVID-
19. Oxidative stress is an imbalance between the production of free
radicals and the ability of the body to counteract their harmful effects
through antioxidants. Antioxidants are molecules that donate an elec-
tron to the free radicals to prevent oxidative stress [72,73]. Previous
studies have demonstrated that vitamin C has a potent antioxidant effect
by scavenging the oxygen-free radicals and restoring other cellular
anti-oxidants [74,75]. COVID-19 infection can result in oxidative dam-
age in several different organs and tissues. However, vitamin C main-
tains the cell redox integrity to protect the lungs against oxidative stress



M.K. Fath et al.

[76]. Recent studies spotted deficient levels of vitamin C in COVID-19
patients. Thus, improving the levels of this vitamin could be an
amenable strategy in managing COVID-19 patients.

4.2. Immunomodulatory effect of vitamin C

It has been approved that SARS-CoV-2 infection has a significant
adverse impact on the immune system. Following the COVID-19,
decreased numbers of natural killer cells and excessive release of in-
flammatory mediators could lead to cytokine storm and tissue damage.
It has been approved that vitamin C has a significant effect on both
innate (non-specific) and adaptive (specific) immune system improve-
ment [77]. Following the release of inflammatory signals, neutrophils
swarm to the site of infection randomly (chemokinesis) or in response to
chemical stimuli (chemotaxis) [78]. Findings exhibit that vitamin C
deficiency may affect the migration ability of phagocytes to the sites of
infection. Vitamin C plays a vital role in the innate immunity against
viral infection [79]. The epithelial barrier is the first line of defense
against external pathogens, and vitamin C can enhance its integrity by
increasing the expression of tight junction proteins and inhibiting
cytoskeletal rearrangements [80]. SARS-CoV-2 infection can induce the
cytokine storm and hyper inflammation syndrome, determined by the
increased levels of proinflammatory mediators such as
interferon-gamma, IL-1f, IL-6, IL-12, CXCL10, CCL2, and TNF« [81,82].
This cytokine storm leads to multiple organ dysfunction and death in
severe cases. Following the tissue injury, immune cells including mac-
rophages, monocytes, and dendritic cells can secret the high mobility
group box 1 (HMGB1) as a proinflammatory cytokine. However, vitamin
C can inhibit the release of HMGB1 by activating Nrf2/HO-1 signals
[83]. Dehydroascorbic acid (DHA) is an oxidized form of ascorbic acid,
reduced to ascorbic acid in the cell. Due to structural similarity to
glucose, the intracellular transport of DHA occurs via glucose trans-
porters (GLUT), and the intracellular transport of ascorbic acid takes
place through sodium-dependent vitamin C transporters (SVCT)—1 and
—2 [84,85]. The activity of natural killer cells, the suitable function of
leukocytes, anti-apoptotic effects on peripheral blood neutrophils,
improved proliferation, differentiation, and maturation of T lympho-
cytes, increased release of type I interferons, and modulation of in-
flammatory mediators are connected to the presence of vitamin C. These
processes have the prominent role in improving the cellular immune
response against viral infections [63,86]. Neutrophil extracellular trap
(NETosis) is a novel pathway different from apoptosis and necrosis,
capturing and inactivating pathogens. Excessive NETosis could injure
the host tissues. Based on pre-clinical findings, Vitamin C could play a
critical role in the regulation of NETosis [81]. Several studies have re-
ported that the dosage of vitamin C could affect the phagocytic functions
of neutrophils. Administration of vitamin C in high doses exhibits pos-
itive results and decreases the severity of respiratory viral infections.
However, mega doses greater than 2,000 mg show adverse effects like
kidney stones, dry mouth, and weakness [66,87]. The results of another
study have demonstrated that a vitamin C supplement of 200 mg/day
for 1-3 months raised the levels of IgG and IgM in serum and enhanced
the humoral immune response in the elderly. In line with the afore-
mentioned observations, previous studies have demonstrated that
inadequate intake of vitamin C could reduce the resistance against
infection and increases the complications of the disease. However, a
regular supplement of vitamin C could help the immune system, and it
has the potential to be deemed as a feasible treatment option in
COVID-19 [88,89].

4.3. Antiviral properties of vitamin C

In vitro studies, animal experiments, and clinical trials exhibited that
vitamin C has an antiviral effect. Due to in vitro inactivation of the viral
multiplication, it is suggested that vitamin C might have a veridical
impact. Vitamin C could exhibit antiviral immune responses by
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enhancing the production of interferon-alpha and beta [88,90]. There
are two direct and indirect antiviral mechanisms of Ascorbic Acid [91].
Damaging the viral capsid because of the redox capacity, disruption of
the viral capsid sugar moiety, and inhibition of viral replication by
degradation the genomes of the RNA and DNA viruses are the direct
antiviral mechanisms of vitamin C [92-94]. Ascorbic Acid can manifest
the indirect antiviral agents by increasing cellular and humoral immu-
nity, limiting glucose utilization, and antioxidant action [95-98].
Vitamin C also can modulate the expression of several genes, such as
reducing the mitochondrial antiviral signaling, interferon regulatory
factor 3, and increasing the nuclear factor kB (NF-xB) expression. These
changes can lead to antiviral effects. NF-xB is a member of transcription
factors that participate in inflammasome regulation, differentiation of
innate immune cells, and induces the expression of different
pro-inflammatory genes [99]. Based on the evidence from the
mentioned clinical studies, it can be concluded that vitamin C can be
helpful in the treatment of respiratory and other viral infections.
Recently, it has been reported that exposure of chick embryo tracheal
organ to vitamin C raised the resistance of the disease to coronavirus
[100]. It has also been reported that vitamin C can reduce the risk of
paralysis and improve survival in monkeys infected with poliomyelitis
[88]. In light of these observations, the antiviral effects of vitamin C
against both DNA and RNA viruses could introduce vitamin C as an
alternative strategy in the management of COVID-19 patients (Fig. 2).

5. Vitamin D
5.1. Immunity and Vitamin D

A significant correlation between vitamin D (calciferol) and health
has already been established through health issues such as adult osteo-
malacia and children’s rickets. Vitamin D can be obtained from ultra-
violet (UV) radiation, supplementary components, and dietary
regimens. Vitamin D can generally be found in two primary forms. UV
irradiation on ergosterol from vegetable groups leads to the formation of
vitamin D5 (ergocalciferol), and UV irradiation on 7-dehydrocholesterol
leads to the formation of vitamin D3 (cholecalciferol). Some steps should
be taken to achieve the active form of vitamin D. 1, 25-dihydroxy
vitamin D3 (calcitriol) is the active form of the Vitamin D. Liver has a
critical role in the production of 25-hydroxylation using several kinds of
enzymes (CYP27A1, CYP2D25, and CYP2R1, etc.). The following
essential enzyme for this process is the la-hydroxylation (CYP27B1).
This enzyme is found in various cells, specifically in kidney tubules cells.
The activation of this enzyme is handled by fibroblast growth factor 23
[101]. Moreover, CYP24A1 is another enzyme responsible for the
breakdown of calcitriol. Vitamin D binding protein (DBP) is a multi-
functional protein, which plays a crucial role in the transport of vitamin
D and its metabolites. DBP facilitates the transportation of vitamin D and
is considered as a modulator of inflammation and immune response
[102]. Vitamin D can decrease the potential of viral infection and its
mortality through three well-known immune pathways, including a
physical barrier, innate immunity, and adaptive immunity. We will
discuss the correlation of vitamin D with the innate and adaptive im-
mune systems.

5.2. Regulatory effect of vitamin D in the innate immune system

The innate immune system is the first defense line in the body against
several kinds of pathogens, and it generally acts as a non-specific
mechanism. The response of this immune system to infectious patho-
gens includes different components such as neutrophils, macrophages,
and complementary systems. Besides, it may cooperate in presenting
antigens to the lymphocytes of other famous immune systems called
adaptive immunity [103]. An early link between vitamin D and the
immune system has been found through research on how this vitamin is
metabolized and how its activating enzymes are induced [104]. It has
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Fig. 2. Antiviral properties of vitamin C.

been reported that expression of the vitamin D-1-hydroxylase genes and
the vitamin D receptor could be upregulated due to TLR activation of
human macrophages. Increased expression of these genes could lead to
induction of the cathelicidin antimicrobial peptide, and cathelicidin, in
turn, could trigger the killing of intracellular Mycobacterium tuberculosis
[105]. Additionally, this protein can induce different types of inflam-
matory cytokines and plays a significant role in the stimulation of the
defensive functions of neutrophils, monocytes, and macrophages against
infections agents. Moreover, the induction of cathelicidin expression by
1,25(0OH),D, which has been identified in various primates, could
confirm the association of vitamin D with enhanced production of this
peptide [106,107]. Due to its antimicrobial and anti-endotoxin proper-
ties, Vitamin D can improve the expression of antimicrobial peptides
such as cathelicidin and p-defensin. p-Defensin is highly essential in the
induction of chemokines and cytokines. It could create a signal for
various immunogenic agents such as neutrophils, monocytes, macro-
phages, natural killer cells, and some epithelial cells located in the res-
piratory system [108-111]. Production of these anti-bacterial peptides
relies on CYP27B1, and vitamin D receptors (VDR), and the rate of their
expression is directly correlated with the number of pathogens that bind
to the membrane pattern recognition (PRR) such as toll-like receptor 2
(TLR-2) and toll-like receptor 4 (TLR-4). Another recognition receptor is
nucleotide-binding oligomerization domain-containing protein 2
(NODy). This protein can be stimulated by 1,25(OH),D and can increase
the expression of p-defensin [112,113].

5.3. Regulatory effect of vitamin D in the adaptive immune system

B cell and T lymphocytes have a crucial role in detecting specific
antigens. B cells are a part of humoral immunity, which is responsible for
the secretion of antibodies against various microorganisms. T cells are a
part of cellular immunity, which has a helping role for B-lymphocytes to
release antibodies and eradication of pathogens. It has been reported
that resting B cells can minimally express the VDR, but signal activation
and 1,25(0OH),D3 could regulate the expression of VDR in B cells [114].
Besides, B-lymphocytes have an effective role in modifying the expres-
sion of proteins involved in vitamin D metabolisms, such as 24-hydrox-
ylase and 1-a-hydroxylase. Consequently, this kind of cells can give an
autocrine response to the 1, 25(0OH),D3. It can confine the differentia-
tion of plasma cells and prevent the production of memory B cells.
However, it remains to be a controversial issue among researchers. Some
researchers believe that 1,25(0OH)2D3 may limit B cell function mainly
due to the repression of cytokine production by macrophage and
monocytes or regulation of CDZ T Cell response [115]. Some others are
convinced that 1,25(OH),;D3 has an inhibitory effect on IgE production
of B cells [116]. Moreover, 1, 25(0H);D3 can suppress immunity

through T helper 1 (Th;), which can produce a higher amount of cyto-
kines such as Interferon- gamma (IFNy) and interleukin 2 (IL-2). More-
over, the mediating role of 1,25(0OH);D3 in T helper type 2 (Thy)
response has been proven to cause the repression of Th; function indi-
rectly [117]. 1, 25(OH),D3 can cooperate to induce regulatory T cells (T
reg), which are essential for inhibition of inflammation. The function
and development of T cells are possible with calcitriol and mediation of
one of the most important transcription factors called Foxp3 [113,118,
119]. IL-17 producing T cells (Th;7) are another inhibitory target cells
for calcitriol. Thjy is involved in the pathogenesis of many autoimmune
diseases. The induction of Foxp3 (binding to the IL-17 promoter) and
blockage of NFAT and Runx1 elements on the promoter of IL-17 have
been accompanied by calcitriol [120]. Although the preventive role of
calcitriol has been approved, some studies refer to the inhibitory func-
tion of calcitriol on Thy;. It suppresses one of the most significant dif-
ferentiation transcription factors, known as RORyt. Another task of
calcitriol is the prevention of differentiation in dendritic cells, blockade
of interleukin 12 (IL-12), and increased amount of secreted
interleukin-10 (IL-10) by Thy [121,122]. The relationship between
vitamin D and the innate and adaptive immune system is shown in
Fig. 3.

5.4. The relation between lung and vitamin D

The main target of SARS-COV-2 is mainly the lung tissue. As the
respiratory tract have a large surface, it is very suitable for pathogens.
Epithelial cells, are specific cells, located in the respiration system[123].
These cells have a high potential for synthesizing 1, 25(OH);D by
expression of CYP27B1. Although CYP27B1 is consistently produced in
epithelial cells of the respiratory tract, this factor must be induced in
dendritic cells and alveolar macrophages via TLR and TNFa, respectively
[124]. Due to the lack of diverse animal models to study antibacterial
responses mediated by vitamin D and their restriction to specific species
such as primates, the focus of studies was on the association of vitamin D
deficiency with Mycobacterium disease [107,125]. Several diseases are
known to be correlated with insufficient vitamin D, such as HIV, HCV,
HBV, and HPV [126]. It has been shown that 25-OHD is one of the most
prominent factors of the antibacterial response of vitamin D, but it is also
bound to the vitamin binding proteins. This fact can decrease 25-OHD
for immune cells, including the dendritic cells, epithelial cells, and
macrophages. Therefore, the concentration of vitamin D binding pro-
teins and the amount of 25-OHD have an effective role in inducing
antibacterial responses [127].
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Fig. 3. The relationship between vitamin D and the innate and adaptive immune system.

5.5. The relation between vitamin D, COVID-19, and cytokine storm

The role of vitamin D in COVID-19 can be analyzed by its epidemi-
ological process, cellular process, risk factors, and genetics. Lack of
vitamin D is a global issue that has a high impact on various clinical
conditions. Some random clinical trials have referred to the inverse
relation of vitamin D and the rate of mortality in patients who are
infected with the virus [126,128,129]. According to the epidemiological
findings, vitamin D is essential for reducing acute respiratory diseases.
Besides, vitamin D can be prescribed to have antiviral effects as a pre-
ventive or therapeutic approach as an adjuvant in COVID-19 infections
[130-132]. Vitamin D is involved in a wide range of cellular processes,
including dipeptidyl peptidase-4 receptor (DPP-4/CD26) binding,
recognition of RIG-I host, and Papain-like protease (PLpro). Among all
processes, the dipeptidyl peptidase-4 receptor is associated with the S1
domain of the spike glycoprotein in COVID-19. The expression of this
virulence factor causes misconception in the influence of vitamin D
deficiency in animal models [133,134]. Elderly and patients with
immunological deficiencies, which have the minimum amount of
vitamin D, are more prone to get COVID-19. Low vitamin D levels are
also correlated with several types of diseases such as cardiovascular
diseases, diabetes, and obesity. According to a survey conducted on
African and American patients, more than 50% of all COVID-19 cases
and about 70% of patients who died from COVID-19 suffered from the
lower amount of vitamin D [135-138]. It has been demonstrated that
the amount of mortality among black patients is much more than in
white COVID-19 patients. In other words, the rate of mortality for black
males and black females is respectively 4.2 and 4.3 times more than the
white group. Based on the previous studies, the amount of serum
25-OHD was lower in the black population than white people [139,140].
The role of vitamin D in managing cytokine storms was investigated
during the pandemic of flu in 1918-1919. This vitamin can block
cytokine storm through the strengthening of innate immunity to
decrease the load of viruses and reduction of adaptive hyper activation
at the same time [141,142]. The correlation of host immunity, virus
infection, and vitamin D supplementation is depicted in Fig. 4. Extensive
research on viral infection, and clinical diagnosis indicates that males
have a greater rate of COVID-19 infections than females [143].
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Fig. 4. Relation between vitamin D, COVID-19, and cytokine storm.

COVID-19 patients admitted to intensive care units reported elevated
levels of pro-inflammatory IL-6, and it has been mentioned that coro-
navirus infection in humans causes cytokine/chemokine release, a pro-
cess known as "cytokine storm". The initiation of cytokine storm has
been suggested as a critical determinant of disease occurrence and a
poor prognostic parameter for multiple organ failure and death [144].

6. Vitamin K

Protein S (PS) has been identified in 1970 as a vitamin K-dependent
natural anticoagulant protein at the intersection of multiple biological
processes. Following the binding to a unique family of protein tyrosine
kinase receptors, PS can regulate coagulation, activation of innate im-
munity, phagocytosis of apoptotic cells, vessel integrity, cellular sur-
vival, and nearby invasion, metastasis and angiogenesis. So The anti-
inflammatory activity of Vitamin K, which is regulated by reducing
PGE2, COX2, and IL-6, has received a lot of attention in recent years
[145]. Increased levels of inflammatory cytokines such as IL-6 and
C-reactive protein have been found, when vitamin K deficiency occurs
due to intestinal malabsorption or drug administration. The latest
findings showed that a high vitamin K intake is linked to less coronary
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calcification and a lower risk of cardiovascular disease (CVD) [146].

Intriguingly, the severity of COVID-19 infection in patients admitted
to intensive care units is considered worse in men than in women. This
may be due to the higher IL-6 and lower vitamin K levels of the males. It
has been shown that vitamin K deficiency is common in COVID-19 pa-
tients. Vitamin K deficiency is more significant in males than females.
Vitamin K deficiency is linked to a higher level of IL-6 in the general
circulation. Furthermore, vitamin K deficiency has been indicated to
help Thy and Th; cytokine storm by increasing pro-inflammatory cyto-
kines such as IL-6, which is involved in the recruitment of cellular and
humoral components to the inflammatory response. Vitamin K is a
potentially modifiable risk factor for a more severe COVID-19 evolution
in affected patients with clinical symptoms. It may also play a role in
vascular calcification and contribute to thrombosis and disseminated
intravascular coagulation (DIC) [147]. According to another report,
vitamin K is essential for activating both pro and anticlotting factors in
the liver and activation of extra-hepatically synthesized protein S, which
seems to be important in the prevention of local thrombosis [148]. As
vitamin deficiency occurs, the vitamin is exported to the liver to activate
the procoagulant processes as mentioned above [149]. Extrahepatic
vitamin K status is determined by measuring
desphospho-uncarboxylated (DP- UC; i.e., inactive) MGP amounts and
the ratio of uncarboxylated to carboxylated osteocalcin [150] and Ma-
trix Gla protein (MGP) is a vitamin K-dependent regulator of calcifica-
tion and elastic fiber degradation in soft tissues. Severe extrahepatic
vitamin K deficiency have recently been reported In COVID-19 patients.
Elevated inactive MGP levels was correlated with elastic fiber degra-
dation rates. In other words, if vitamin K-dependent MGP activation is
inadequate, elastic fibers are left vulnerable to SARS-CoV-2-induced
proteolysis. Activated factor II levels in COVID-19 patients are stan-
dard, and vitamin K is preferentially transferred to the liver to activate
procoagulant factors. As a result, vitamin K-dependent endothelial
protein S activation is likely to be hampered, consistent with increased
thrombogenicity. As a continuation of the pneumonia-induced vitamin
K depletion, there is a reduction in activated MGP and protein S, which
decreases pulmonary damage and coagulopathy [148].

7. Vitamin E

Vitamin E is fat-soluble compound, and it is found predominantly in
sources, such as nuts like almonds and hazelnuts, legumes such as
peanuts, and avocados and sunflower seeds [151-153].

7.1. Action mechanism of vitamin E in disease

Vitamin E is considered a potent antioxidant capable of neutralizing
free radicals and ROS by donating a hydrogen ion from its chromanol
ring. Free radicals generated from metabolic processes react with
polyunsaturated fats within the cell membrane, causing peroxidative
decomposition [154-156]. Vitamin E deficiency results in greater levels
of lipid peroxidation in both in vivo and in vitro models. This notion is
supported clinically by an inverse relationship between plasma lip-
operoxidase and vitamin E in ARDS patients [157-159].

In addition to the antioxidant and anti-inflammatory properties,
vitamin E also has a function in immunity. This vitamin enhances the
immune response both in animal and human models through the
following mechanisms: (1) Decreased production of nitrogen oxide
resulting in prostaglandin E2 down regulation and inhibition of
cyclooxygenase-2, (2) initiation of T-lymphocyte signals, and (3) mod-
ulation of the Th1/Th2 balance [160]. Moreover, a study reported that
increased intake of vitamin E is more beneficial in maintaining immu-
nity function in elderly as compared to younger individuals. Alphato-
copherol is an inhibitor of protein kinase C, cell proliferation, and
differentiation in smooth muscle cells, monocytes and platelets. Vitamin
E increases the level of prostacyclin with inhibition of the metabolism of
arachidonic acid. This property results in the inhibition of platelet
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aggregation and dilation of blood vessels [161,162].
7.2. Vitamin E and COVID-19

COVID-19, as with most viral respiratory infections, has a predilec-
tion for those that are immunosuppressed, elderly, and those with
chronic ailments. Vitamin E enhances the T lymphocyte-mediated im-
mune function in response to mitogens and IL-2 and its ingestion could
improve several immune functions in elderly [163-166]. Oxidative
stress is one of the driving pathological mechanisms that underpin the
biology of ARDS as a result of COVID-19. The oxidant-antioxidant bal-
ance is severely shifted in COVID-19 patients, resulting in failure of
biological membranes and excessive lipid peroxidation. The diffuse
alveolar damage, hyaline membrane formation, and pulmonary edema
are the pathological outcomes seen in the most severely affected
COVID-19 patients [167,168]. Vitamin E ingestion is known to lower the
production of superoxides and tilt the balance back in favor of antioxi-
dants. Deficiency in animal models has also been shown to cause
increased genetic mutations that promote the virulence of coxsack-
ievirus, and influenza virus, and two RNA viruses, such as COVID-19
[169,170].

The vitamin E supplementation may enhance vaccine efficacy in
those most susceptible within our society [164]. Highly complex
mechanisms biological effects for vitamin E underpin the necessity of
further research to unravel the potential benefits of this vitamin. Despite
these beneficial roles in immunity, there is limited information on the
effects of vitamin E or selenium supplementation in humans with
COVID-19 infection, and patients are encouraged to have adequate in-
takes of different antioxidant [171].

8. Copper

Thousands of people have developed lung infections due to the
coronavirus-2 (SARS-CoV-2) pandemic, and some have died. As a result,
early detection and treatment of this virus-caused infection are critical.
COVID-19 can be regulated through various pathways, including
strengthening the immune system, inhibiting viral entry and replication,
destroying the virus, and administrating drug therapies. Due to its long-
term efficacy and defensive role against bacteria, improving the immune
system is of acceptable significance. Copper has antibacterial, anti-
fungal, antiviral, and anti-inflammatory effects. These properties make
it an essential component in enhancing and strengthening the immune
system against pathogens [172-174]. In 2020, Andriandreou et al.
looked into the consequences of copper virulence in Table II (viral
mechanisms vulnerable to copper virulence), Their results have shown
that many Cut?-induced biochemical processes are inactivated [175].
Various studies have been performed to elucidate the effective concen-
tration, length, and mechanism of action for copper in COVID-19 [172,
173,176].

The following executive processes are linked to copper performance:
1. DNA and RNA degradation and membrane loss. 2. Production of
reactive oxygen species (ROS). 3. Interfering with active protein struc-
ture [172,177]. The reaction of the immune system against inflamma-
tory conditions demonstrates the benefits of copper. High copper serum
concentrations, elevated levels of ceruloplasmin (a protein that trans-
ports copper in the blood), and IL-6, have been identified in studies
[178,179]. Copper anti-inflammatory activity has been found in acute
inflammation and viral infections. Ceruloplasmin is responsible for the
oxidation of iron II to iron III, which results in iron III being loaded onto
transferrin and systemic distribution to other sites [180,181]. In
response to infection, autophagy is a form of immune reaction that re-
sults in an oxidative response. The induction of autophagy is synony-
mous with the development of autophagy vacuoles. This process
contributes to the destruction of invading viruses, limitation of infec-
tion, and formation of autophagy vacuoles, which leads to the destruc-
tion of invading viruses and limitation of infection caused by the virus.
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Copper has been identified as an autophagy and apoptosis stimulant,
resulting in the development of autophagy vacuoles and protection
against infectious agents [182,183]. Some studies have credited the
inhibitory function of copper in the form of masks impregnated with
copper oxide, nanoparticles (copper oxide powder), and other types of
copper (Copper alloy dry surface, sodium copper, ionic copper oxide,
copper iodide, Cu?" and lay copper) in the control and irreversible
degradation of viral infections. These inhibitory impacts of copper sur-
faces have also been studied on the survival rate of COVID-19
[184-186]. COVID-19 has a 4-8-hour survival period on copper sur-
faces. Another research looked at the durability of SARS-CoV-1 and
SARS-CoV-2 on cardboard, stainless steel, and plastic surfaces, with
shelf lives of 3, 48, and 72 h, respectively. There were no live viral
particles on copper-impregnated surfaces. Data on the action mecha-
nism of copper on COVID-19 and copper nanoparticles in the presence of
oxygen showed that these formulations are the most powerful against
the inhibitory effect of SARS-CoV-2 [187]. No research has been done
into the virus propagation through copper-impregnated materials, and
the most successful method of transmission is through respiratory
droplets. Copper appears to be an efficient and low-cost technique for
reducing infectious disease transmission, especially in medical centers
[186]. Due to the influential role of copper in the disease process, several
groups of hypothetically valuable drugs have been suggested in com-
bination with copper, which demonstrates the role of copper as an
antiseptic agent.

9. Selenium (Se)
9.1. Selenium status and viral infection

Selenium is a trace element required for the proper functioning of all
organisms [188,189] and is found in the various mineral and organic
forms in the earth’s crust and diet. This trace element has absolute
protection in sodium selenite [190] and plays a vital role in maintaining
the redox balance in the cell. Due to its antioxidant and
anti-inflammatory properties, Se plays a preventive and immunological
role in infections, particularly respiratory viral infections (Fig. 5)
[191-193].

Se reduces the entry of the virus into the respiratory cells by main-
taining the integrity of the respiratory epithelial barrier. Previous
studies have shown that selenium nanoparticles labeled with amanta-
dine (an antiviral agent) suppress neuraminidase activity and inhibit
virus binding to the host’s cell [194]. Thus, selenium can reduce the rate
of infection [195]. By induction of selenium-deficient conditions, vi-
ruses are hindered due to higher mutations and reduced infectivity po-
tential [196-198]. Se supplementation accelerates the cellular antiviral
responses [199]. The effect of Se content on increasing the host’s ability
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Fig. 5. The roles of selenium in viral infections.
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to respond to viral infection is reflected in the cellular and molecular
mechanisms involved in the control of redox homeostasis, stress
response, immune response, and inflammation. These changes indicate a
reduction in virus pathogenicity and infection rate [200]. In addition,
various studies have shown that selenium deficiency is associated with
an increased incidence of cancer and heart disease [190].

9.2. Link between Selenium and COVID-19

A healthy diet and the presence of elements such as selenium, which
play a crucial role in boosting immunity, reduction of oxidative stress,
and preventing of viral infections, determine the risk and outcome of
SARS-CoV-2 disease [193]. Individuals with COVID-19, especially those
admitted to ICU, are more vulnerable to nutritional deficiencies [201].
Therefore, deficiency of Se reduces immunity and predisposes the in-
dividuals to COVID-19 infection [202]. On the other hand, it induces
viral mutations, enhanced replication, and the emergence of more
pathogenic variants of RNA viruses. Some of the main functions of se-
lenium in COVID-19 include prevention of viral infection, reduction of
virus pathogenicity, strengthening of immunity, reduction of oxidative
stress, prevention of inflammation, and inhibition of disease pathogen-
esis [196]. In a study in South Korea, a high rate of selenium deficiency
was reported in COVID-19 patients [203], and in another study, sele-
nium deficiency was associated with higher mortality in patients.
Inadequate selenium intake is observed in a significant population of the
world, which has a significant impact on infection and disease outcomes
[204].

Sodium selenite (NaxO3Se) can oxidize thiol groups in the disulfide
isomerase protein of the virus, preventing the virus from penetrating
healthy cell membranes and killing the infection. On the other hand,
selenite can react with the sulfhydryl group of the viral protein disulfide
isomerase and convert it to a non-sulfide form, thus preventing the virus
from entering the cell [190]. Therefore, this simple chemical compound
could be used in appropriate doses to fight against the coronavirus
epidemic as supportive therapy [190,193]. Selenium supplementation
also enhances the immune response, reduces oxidative stress, and di-
minishes the inflammation and the severity of viral behavior [196,205,
206]. In addition, there is a hypothesis that selenium supplements may
reduce the ability of the SARS-CoV-2 virus to infect human cells [207].
This supplement therapy can increase T cells, especially CDJ T cells, and
the percentage of NK cells, followed by NK cell cytotoxicity [208].
Moreover, mitochondrial function and inflammatory signaling are
affected in this infection, which can affect the immune response and lead
to severe outcomes in the host [7,209].

10. Zinc

Zinc (Zn?"1) is the second rare metal in the human body; it is essential
for various cellular functions, including the maintaining a healthy im-
mune system [210]. This trace element plays a vital role in different
biological processes because it functions as a cofactor, signaling mole-
cule, and structural element. It also regulates the metabolism of carbo-
hydrates and lipids, and is involved in the reproductive, cardiovascular,
and nervous systems [211]. On the other hand, Zn2 + plays an essential
role in the differentiation of immune cells and restores the function of
depleted immune cells or improves the function of normal immune cells,
especially in immunocompromised or elderly patients [192,212,213]. In
addition, it regulates the proliferation, differentiation, maturation, and
functioning of leukocytes and lymphocytes in the human body [213,
214]. Various studies have shown that zinc plays an essential role in
antiviral immunity [212]. People with lower levels of Zn?>* have an
increased risk of infectious bacterial, fungal, and viral diseases
[215-218]. It can also be noted that Zn?*is probably necessary for sta-
bilizing protein structures and altering cell affinity in various metal-
loproteins [219,220]. Zn*" may synergize with standard antiviral
therapy in patients with Hepatitis C virus (HCV), Human
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immunodeficiency virus (HIV), and SARS-CoV-2 infections. Zn?" is also
effective against several viral species by interfering with virus attach-
ment and uncoating [212,218]. Zn?" can protect or stabilize the cell
membrane, which helps to prevent virus entry. It has also been shown to
inhibit virus replication by altering the proteolytic processes of replicas
and RNA-dependent RNA polymerase (RARp) enzymes in rhinoviruses,
influenza virus, and HCV, which reduces viral RNA synthesis [212]. Zinc
is considered necessary, for proper folding and various cellular enzymes
and transcription factors in multiple viruses. It may also interfere with
the proteolytic activity of viral polyproteins by directly affecting viral
protease (picornavirus, and poliovirus) or altering the tertiary structure
(as in encephalomyocarditis virus) [221]. This element effectively pre-
vents the fusion of respiratory virus membranes and HSV, which can be
detected by binding to the histidine residue of a viral protein at a low pH
of the endosome [222] and can even inactivate the VZV in vitro [223].

10.1. Potential role of zinc supplementation against SARS-CoV-2

Zn?" is a crucial element in maintaining the body’s immunity and its
deficiency increases the risk of infectious diseases. The role of zinc in the
new coronavirus has not been proven. Prior evidence suggest that zinc
may have an inhibitory effect on a type of coronavirus (SARS-CoV) and
viruses involved in the common cold (Rhinovirus). In addition, zinc may
help relieve the symptoms of diarrhea and lower respiratory tract
infection caused by the coronavirus [224]. Zinc deficiency goes unno-
ticed by most people, and the World Health Organization assumes that at
least one-third of the world’s population is affected by its deficiency.
Zinc deficiency is responsible for 16% of all deep-seated respiratory
infections worldwide [225]. The first strong indication of zinc deficiency
and its association with the risk of infection and the severe progression
of coronary heart disease was obtained from the benefits of using it as a
complementary therapy in this disease (Fig. 6) [226]. The function of
SARS-CoV2virus is highly dependent on host cell metabolism [227]. For
this reason, zinc can seriously prevent the early stages of the virus from
entering the late stages of the disease. For example, zinc can prevent
fusion with the host membrane, reduce viral polymerase function,
disrupt protein translation and processing, block the spread of viral
particles, and destabilize virus envelopes [228-230]. In coronavirus
infections, damage to the ciliated epithelium and ciliary dyskinesia leads
to abnormal mucosal secretions [231]. On the other hand, the physio-
logical concentrations of the Zn?* increase ciliary beat frequency [232],
which leads to the cleansing of the lash space. This function removes
viral particles and increases the risk of bacterial infections [233].
Moreover, Zinc supplementation can regenerate the expression of
human interferon o by leukocytes and enhance its antiviral effect
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Fig. 6. The protective mechanism of zinc in COVID-19 patients.
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through JAK/STAT1 signaling [234,235]. As a result, this supplement
can be used to treat COVID-19 patients in whom insufficient secretion of
type I and II interferons is observed [236]. In various studies, the effect
of zinc ions has been studied on the RdRp of SARS-CoV-2. It has been
shown that this element directly inhibits the activity of RdRp in vitro. In
particular, it blocks the SARS-CoV-2 RdRp elongation step by reducing
the binding of the template strand. In another study, it was found that
the Zn?* mediated RdRp inhibition of SARS-CoV-2 is done by adding a
Zn?*chelator [237]. It has recently been reported that administering
high dosages of zinc salt to four individuals decreased their symptoms
within 24 h of the initial dose [238]. As a result, zinc as an adjunct
therapy reduces lung inflammation, increases mucosal clearance, in-
hibits ventilator-induced lung damage, and balances COVID-19 patients
[239]. Zinc can modulate the coronavirus infection by targeting the
structure of viral proteins. In particular, disulfiram-induced zinc release
from papain protease-like has been shown to cause viral protein insta-
bility in COVID-19. Due to essential sites containing zinc, drugs such as
disulfiram may be considered a potent antiviral agent and may be
necessary for treatment [240-242]. There is evidence that zinc can in-
crease the effect of chloroquine (zinc ionophore) as a therapeutic drug,
and another zinc ionophore, such as epigallocatechin gallate aur quer-
cetin, are being tested [243]. Various studies have also shown that low
concentrations of zinc supplementation along with ionophore pyr-
ithione or inositol reduce the synthesis of SARS-CoV-2 RNA by direct
inhibition of RNA-dependent RNA polymerase [244,245].

11. Lithium

Lithium is a monovalent cation alkali metal (Li") and is one of the
most widely used chemical elements for the treatment of Bipolar Dis-
order (BD) and several mental illnesses. One of these mental disorders is
manic depression, known for periods of abnormally elevated mood.
Treatment by lithium could reduce depressive morbidity (antidepres-
sant drug) [26]. Inhibition of cell death and neuron growth promotion
are the neuroprotective properties of lithium, which occurs due to
membrane depolarization. Are a result of membrane depolarization,
lithium is very effective in BD treatment [246]. The effects of lithium on
the body of patients are beyond mental problems and depression.
Significantly, lithium contributes to treating Alzheimer’s disease (AD)
[247]. However, it should also be noted that lithium harms the kidney
and thyroid as its side effects [248]. In several studies, it has been
suggested as a potential antiviral drug for the Coronaviridae family. The
initial studies on the anti- RNA virus effects of lithium showed a
reduction in the development of splenomegaly and lymphadenopathy.
This report demonstrated that it could be used to treat retroviral in-
fections [249]. In addition, further investigations have shown the effi-
cacy of lithium in SARS-CoV-2 blockade and inhibition of its survival. It
is effective in the virus replication and production, senescence and
apoptosis, and immunomodulatory functions.

11.1. The virus replication and production

The study on the antiviral effect of lithium indicated that this
chemical element could inhibit the entry and replication of the virus
[250], so much so that in the fourth week of lithium treatment, a 40%
reduction in viral transcription levels was observed [251,252]. The
lithium therapy suppresses the expression of viral proteins, leading to a
significantly decreased production of virus particles and virus titer [253,
254]. Regarding, the release of the virus from infected cells, membrane
hyperpolarization is a critical step. Lithium could change the hyperpo-
larization procedure by depolarizing and inhibiting of the virus patho-
genesis [246]. On the other hand, it is observed that lithium could
suppress the Inositol Polyphosphate 1-Phosphatase (IPPase) and Inositol
Monophosphate Phosphatase (IMPase) in the phosphatidylinositol
signaling pathway. The suppression of the IMPase leads to inhibition of
IP6. It should be noted that IP6 is an essential element for viral stability
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and encapsulation of the newly synthesized viral genome in the capsid.
Therefore, decreased IP6 could lead to the reduction of the virus repli-
cation [26,255]. Another effect of lithium has been identified on the
glycogen synthase kinase-3, isoform p (GSK-3f). The inhibition of the
GSK-3p reduces the viral particle production [256]. It has been observed
that the GSK-3 has a crucial role in the phosphorylation of the
SARS-CoV-2 N protein. Finally, GSK-3 inhibitors barricade the phos-
phorylation process of N protein and ultimately destroy the replication
of the virus [257]. Lithium mimetic agent, ebselen, appears to exert an
inhibitory action on protease Mopar activity. The Mopar or 3 C-like
protease (3CLpro) is a critical protein in the coronavirus synthesis. The
protease Mopar, like other essential virus proteases, has a crucial role in
the protein maturation and activation of other essential proteins of the
virus. The virus infects the host cells, and the pro-proteins would be
translocated to the cytosol space. The pro-proteins are subsequently
cleaved by protease Mopar. These cleaved proteins would be accumu-
lated to make the replicas transcriptase complex (RTC). As the name
implies, this complex plays a crucial role in the viral life cycle, followed
by the replication (full-length viral genome) and transcription (sub--
genomic RNAs) [258]. The Mopar has been targeted using various newly
designed drugs as an antiviral infection strategy. The assembly of mature
viral particles would be subsequently disrupted by the protease in-
hibitors such as lopinavir, amprenavir, and tipranavir [259]. Particu-
larly the N3 as the Mopar inhibitor substantiated the antiviral effect on
COVID-19 virus infection [260].

11.2. The senescence and apoptosis process

The senescence-associated secreted phenotypes (SASP) is an aging
phenotype in which these senescent cells secrete high levels of pro-
inflammatory cytokines (IL-6, IL-8, and IL-la), B-galactosidase, and
cyclin-dependent kinase (CDK) inhibitors p16 and p2l. It has been
shown that low-dose lithium can reduce the SASP phenotype of human
stem cells, suggesting that a micro dose of lithium could protect cells
from senescence and the development of aging-related conditions [261].
The viral infection triggered the apoptosis induction in the infected host
cells. Lithium seems to encompass a protective effect against apoptosis
[262-264]. Autophagy is another regulated process of the cell that
cleans out the unnecessary or dysfunctional components. It could
destroy any cytoplasmic components in the lysosome. This mechanism
verifies the viral infection by promoting the inflammatory responses by
modulation of mediator molecules such as GSK-3p and IMPase [265]. Of
course, it should be noted that viruses have acquired the ability to
inhibit or so-called escape the mechanism of autophagy. Fortunately, it
has been seen that lithium can also induce autophagy [26,266].

11.3. Immunomodulatory

It is specified that the most significant mortality of SARS-CoV-2 be-
longs to the acute respiratory distress syndrome (ARDS), leading to lung
damage. It suggests that this mortality rate is induced by the cytokine
storm or inflammatory storm phenomenon. Lithium has anti-
inflammatory and immunomodulatory effects to promote the body’s
stability conditions [26]. The “immunomodulatory” property means
balancing all the contradictory (anti-inflammatory = and
pro-inflammatory) factors into the normal levels. The systemization of
pro-inflammatory cytokines such as IL-4, and IL-6, or anti-inflammatory
cytokines such as TNF-a, IL-2, and IL-10 are very well known and routine
for the normalization of cytokine levels [267]. Numerous studies indi-
cated the relationship between IL-6 and COVID-19 in the induction of
cytokine release syndrome (CRS) [268]. This correlation is to the extent
that it can be used as a biomarker for COVID-19 progression [269].
Furthermore, the use of lithium showed the suppression in IL-6 level and
NF-kB (nuclear factor kappa B) as a cytokine storm initiator [261,270].
Lithium appears to exert suppressive effects by inhibition of GSK-3f
[271]. In fact, the GSK-3 inhibitors can inhibit viral replication (protein
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replication) and raise T-cell and natural killer (NK) cell responses [272].
In another mechanism, the immunomodulatory functions affect the ac-
tions and the numbers of immune cells. For instance, the plasma reactive
C-Protein levels were remarkably decreased by the lithium carbonate
treated in six patients with severe COVID-19 infection. Finally, this
process is followed by increased lymphocyte numbers and thereby re-
duces the neutrophil-lymphocyte ratio (NLR) [273]. Another direct ef-
fect of lithium on immune cells is the elevation of antibody production
from B-lymphocytes due to membrane depolarization. The membrane
depolarization has an essential and provoking role in activating B-lym-
phocytes [246]. The benefits of lithium are substantial, but there are
several, downsides to consider, as mentioned earlier. Lithium high
consumption (more significant than 1.5 mmol/L) and abrupt change in
dosage could lead to cardiotoxicity [274]. Such limitations preclude the
quick recommendation of lithium application as a drug for COVID-19
patients. However, this monovalent cation alkali metal is easily
consumed orally and excreted through the renal system. Accordingly,
both cell-based and animal models of SARS-CoV-2 infection indicated
the reduction of cytokine storm by lithium consumption. Consequently,
it is possible to consider lithium as a drug for COVID-19. By reviewing
previous studies, the suggested dose of lithium should be 0.5-1 mM for
SARS-CoV-2 infection [275].

12. Magnesium

Magnesium (Mg), as the fourth most abundant cation in the body and
the second most abundant intracellular cation after potassium, is a
chemical element and a mineral part of more than 300 enzymes in the
body mainly concentrated in the mitochondria [276,277]. Noticeably
except for the enzymatic cofactor role, magnesium also plays other roles
in the body. These roles include the secondary messenger and cellular
ion roles. These roles could guide various functions like the metabolic
pathways (ATP energy complex in energy metabolism, DNA replication,
apoptosis, nucleic acid synthesis, parathyroid hormone, and other pro-
tein syntheses) and the physiological functions (essential ions trans-
porting, cytoskeletal dynamics, cell polarization, regulating the blood
pressure, supporting the immune system, and better function of nerve
and muscle) [276,278]. This electrolyte is a crucial element for
balancing the homeostasis maintenance of the cells. Recent studies
indicated that each magnesium deficiency and administration ap-
proaches could change every symptom of COVID-19 patients. These
alterations in the body are broad and generally related to some cate-
gories as summarized below; In patients with COVID-19, signs have been
observed that evoke the deficiency of this element. For example,
thromboembolic events, blood micro-coagulation, and blood-associated
inflammatory factors. It is noteworthy that magnesium deficiency was
observed in COVID-19 patients with hyperglycemia (the amount of
glucose in the blood is high) and hyperinsulinemia (the higher insulin
level in the blood) backgrounds [279]. Indeed, to the extent specified,
the patients with diabetes, obesity, and cardiovascular diseases related
to hypomagnesemia, are more susceptible to COVID-19 [280]. The
mitochondria organelles regulate intracellular Mg?" ions and balance
their concentrations inside (mitochondrial compartments) and outside
(the cytosol). The renal excretion of Mg was increased by the hyper-
insulinemia and stress hormones (catecholamines and corticosteroids),
which guide the intracellular Mg to the extracellular space and increase
the renal excretion of Mg [280,281]. Interestingly, more than 3 mg/dL
of magnesium level prevented the QT (electrocardiogram from the Q
wave to the T wave) prolongation of patients diagnosed with COVID-19
infection [261]. Increased vitamin D function, anti-hypertensive effect,
anti-thrombotic (the blood clots formation reducer) effects, bronchodi-
lator role, inhibition of arteriosclerosis, and reduction of the osteopo-
rosis effects are the other consequences of magnesium consumption
[282]. The association of magnesium and the immune system is not
surprising; its deficiency is considered associated with respiratory
problems. Nevertheless, administration of magnesium supplements
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(such as magnesium sulfate, 100 mg/kg, intravenously) as the
anti-inflammation factor was utilized to inhibit the nuclear factor-xB
(NF-kB), tumor necrosis factor-a (TNF-a), IL-6 and IL-1f cytokines, sol-
uble vascular cell adhesion molecule 1, soluble intracellular adhesion
molecule 1, and CRP [281,283-285]. A reverse effect was observed by
the Mg deficiency. It means that an enhanced intensification of immune
response and a low-grade chronic inflammation have occurred [276,
286]. Magnesium is essential for synthesizing different vitamins, which
are critical for immune system functions [65]. The magnesium intake
changes the manifestations of COVID-19 from progression to regression
[277]. Oral receiving of magnesium (as 340 mg twice a day) has led to
improved lung condition [287]. It has anti-cholinergic and
anti-histaminic systemic effects on the lung bronchus [286]. Daily
receiving of 150 mg magnesium and other supplements for 14-days has
reduced the need for oxygen therapy and intensive care support in
COVID-19 patients [27]. Indeed, chronic obstructive pulmonary disease
(COPD) has been associated with a low concentration of Mg in serum
[286]. The inadequate intake and status of this nutrient are significantly
related to the hypokalemia (low level of potassium (K*) in the serum),
which makes more hospitalization period and severe level of respiratory
symptoms in COVID-19 patients [288]. These data suggest that insuffi-
cient magnesium intake, as a beneficial nutrient, is so broad. The Rec-
ommended Dietary Allowance (RDA) of magnesium as a low-cost
treatment could protect the immune system from optimal functions of
infections.

13. Conclusion

In the present study, the effect of different vitamins, including the
vitamins A, B, C, and D, was discussed in the pathogenesis of COVID-19.
The deficiency of these vitamins could play a critical role in the poor
prognosis of the COVID-19. A significant share of COVID-19 patients
showed deficiencies of the vitamins. The experience from the COVID-19
pandemic showed that a supplement regimen of these vitamins could
significantly improve the clinical outcomes of the disease. Moreover, we
reviewed the scientific literature regarding the role of zinc, selenium,
copper, iron, and some other metals, as well as that of the toxic metal-
loids, on the infectivity of SARS-CoV-2, and the prognosis of COVID-19
in infected subjects. The deficits of zinc and selenium seem to play a
negative role in COVID-19 patients. Hence, their supplementation is
recommended in many cases. On the contrary, the supplementation of
copper and iron to COVID-19 patients is not apparent. Anyhow, the role
of these trace elements is linked to the immune system of the COVID-19
patients, which is crucial in this disease. On the other hand, the role of
toxic metals in COVID-19 patients is well defined. Chronic exposure of
human and tissue accumulation of toxic elements such as arsenic, lead,
cadmium, chromium, or vanadium, among others, means that at certain
levels and times of exposure, they can cause immunotoxicity, as well as
adverse effects on the respiratory system. Therefore, those individuals
whose immune and respiratory systems can be negatively affected by
chronic exposure to toxic elements and other environmental pollutants
probably suffer from COVID-19 with greater severity. In summary, in
COVID-19 patients, special attention must be paid to their load/levels of
essential trace elements, mainly zinc and selenium. On the other hand,
exposure to air pollutants in general, and toxic metal/metalloids in
particular, should be avoided as much as possible to reduce the possi-
bilities of viral infections, including SARS-CoV-2.
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