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COVID-19 is constantly evolving due to genetic mutation, and different strains have been
discovered all over the world. These variants appear to be transmitted more strongly than other
types, potentially contributing to an increase in cases and deaths. Currently, there are several
COVID-19 vaccines on the market. Despite the availability of these commercial vaccines, the
number of admitted patients continues to rise in various parts of the world. The vaccines'
consistency and efficacy, in terms of variations between effects of different brands, remain
ambiguous due to viral variants. Trace element deficiencies have been shown to reduce the
immune response to invader pathogens and contribute to global health issues. Deficiencies in
vitamins, copper, selenium, and zinc have been shown in clinical trials to alter the immune
response and increase the risk of viral infections. Due to the antiviral and anti-inflammatory
properties of these micronutrients, dietary supplementation of these components is likely to
increase the immune response and lower the severity of COVID-19 infection. Based on existing
research, therapeutic use of important trace element supplements, such as minerals (Cu, Se, and
Zn) or vitamins (such as vitamins D and C), may be a preventive and consistent strategy for
strengthening the immune system against the emerging pandemic COVID-19 and its novel

variants.
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Introduction

Coronavirus 2019, also known as "severe acute respiratory
syndrome (SARS)", is a virus that causes severe respiratory illness.
"Coronavirus-2 (SARS-CoV-2)" belongs to the "Beta-coronavirus
genus", a coronavirus strain that has impacted the lives of billions of
people around the world. It can manifest itself in a variety of ways,
ranging from asymptomatic to life-threatening diseases, and it can be
accompanied by a cytokine storm.! The pathogenesis of COVID-19 is
unknown, however, it is likely complex, resulting in a systemic hyper-
inflammatory response and, in severe cases, thromboembolic
complications.” Several vitamins and nutrients may be beneficial to
COVID-19 patients due to their anti-inflammatory and antioxidant
characteristics.® Vitamins A, B, C, D, E, and folate, as well as trace
minerals like iron, zinc, magnesium, selenium, and copper, are
essential for the innate and adaptive immune systems.* According to a
study, some mild to moderate cases were treated with zinc and
vitamins while severe cases needed hospital admission and
conservative and pharmacological therapy.®
The present study was aimed at conducting a comprehensive review of
the roles of commonly used trace elements and important vitamins in
the management of COVID-19.
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Methods

The first step employed in preparing this review article involved
finding articles in the online journal literature with keywords that
include, “Copper, COVID-19, Iron, Selenium, Vitamins, Zinc”
PubMed, NCBI, Google Scholar, and Research Gate are the databases
that were used for the online search.

Results and Discussion

The roles of Vitamins in immunity and viral infections

The deaths associated with COVID-19 disease are caused by an
inflammatory reaction in the body, known as a cytokine storm, which
is triggered by a coronavirus. This is the body's immune defense
response, in which it produces large amounts of “inflammatory
mediators,” also known as cytokines.® In a cytokine storm, the
immune system is associated with an “overdrive” and this causes the
immune system to attack itself.” Vitamin D affects the function of
"white blood cells" that fight inflammation, preventing them from
releasing too many cytokines and causing a cytokine storm.® Vitamin
D does not prevent a person from contracting the virus, but it does
reduce the severity of the disease and the likelihood of death.® This
also explains why children are unaffected by coronavirus disease.
Innate immunity is not yet fully developed in children, but innate
immunity, which is present from birth and does not elicit cytokine
storm-like overreactions, is the main defense mechanism.**°

The most important vitamin is vitamin D, which has the largest impact
on public health. It is a general hormone in the body that is strongly
involved in health. Vitamin D regulates the functioning of the body
via regulating the defense system, the circulatory system, and cell
division.* Vitamin D is an anti-aging hormone that slows down the
aging process. According to studies, problems related to aging
manifest themselves a few years later when vitamin D is taken daily
compared to when it is not.'? People will have healthier life years if
they maintain a suitable level of vitamin D throughout their lives,
which is also an important goal for public health. Vitamin D levels are
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related to northern latitudes and the fact that humans only obtain
enough vitamin D from the sun for 3-4 months per year.**

The coronary pandemic encouraged research into dietary supplements
when it was discovered that vitamin D, as well as vitamins B, C, and
E, zinc, selenium, fish oil, and other dietary supplements, improve
immune defense and prevent COVID-19 viral infection.> When
inhaled, the COVID-19 virus attaches to a protein called "angiotensin-
converting enzyme 2 (ACE2)" in the mucous membranes of the nose
and lungs.™? The virus invades cells and produces angiotensin, which
constricts blood vessels in the lungs and makes the viral infection
worse. Children have less ACE2 in their noses than adults, which
partly explains why children have a reduced risk of infection than
adults. Diabetes and related diseases (insulin resistance and metabolic
syndrome) increase the onset of ACE2, predisposing diabetics to
severe viral infection and death. It is also proven that the levels of
vitamin D in the blood of diabetics are often lower than normal.**
Doctoral research has discovered a new molecular mechanism that
explains why diabetics and overweight people are deficient in vitamin
D. Diabetes and obesity impair the body's ability to metabolize
vitamin D, resulting in deficiency, which explains why diabetics are
more susceptible to COVID-19." When compared to normal people,
diabetics have a greater need for vitamin D. The fact that overweight
people have less vitamin D than people of normal weight explains
why the coronavirus is more dangerous to them. Vitamin D is a fat-
soluble vitamin that is stored in a large amount of adipose tissue in the
body."™® A study reveals that mortality declines to zero when serum
vitamin D levels reach 85 nmol/L. Immunity is at its peak and cancer
growth is inhibited when serum vitamin D levels reach 150 nmol/L or
higher. Simple laboratory measurements can be used to determine
vitamin D levels.”® Fresh fruit is high in vitamins and minerals, which
benefit health by improving the operation of organs in the body by
acting as catalytic components in immunological, biochemical, and
metabolic reactions.>*®

The roles of trace elements in COVID-19

COVID-19 and zinc

Zinc (Zn) is a "trace element” that is required for a variety of
endogenous food-energy-production processes.” This chemical has an
important function in antiviral immunity, as well as reducing the risk
of viral infection and having anti-inflammatory properties. Zn
regulates lymphocyte apoptosis by regulating the action of cytokines.™®
The recommended daily Zn intake concentration for human nutrition
is 11 mg/day. For COVID-19 older patients, Zn deficiency may be
common. In vitro Zn consumption lowers viral RNA polymerase
activity and coronavirus growth.'® When given 30 mg Zn/day, nursing
home patients in the United States experienced a significant increase
in T-lymphocyte multiplication.”’ Furthermore, Zn consumption
reduced the number of people who had lung disease and the number of
people who died from it? A recent medical study found that
providing 115-184 mg Zn/day for 10 to 14 days to four confirmed
SARS-CoV-19 outpatients (26-63 years old) resulted in a significant
improvement.”? According to a clinical investigation, three SARS-
CoV-19 patients (ages 38 to 74) recovered after receiving 220 mg of
zinc for five days in combination with hydroxychloroquine (HCQ).%*
Unlike in an observational trial, the effects of zinc sulfate
supplementation in 196 SARS-CoV-19 patients suggested that Zn had
only a little impact.

The use of a zinc acetate lozenge to treat flu symptoms reduces the
length of the illness by seven to four days on average.® The findings
are based on 13 different clinical trials, 1,401 treated patients, and
three extensive meta-analyses.26 In most of these studies, the
pathogens were not identified. This indicates that all of the most
prevalent infections are likely to be included, with the results being
averaged. As a result, old-fashioned rhino and coronavirus infections,
as well as some adenovirus and influenza viral infections, are likely to
be involved.” New types of SARS-CoV-2 coronavirus infections are
unlikely to be included in the studies. Thus, it is unclear how effective
zinc acetate is against certain viruses. It is still unclear how zinc
acetate works against viruses. One exception is the rhinovirus, for
which there is some specific information. Efficacy is good, and zinc is
likely to slow down the replication of the virus in some way.?>*’ There
is currently no evidence (for or against) that zinc acetate potency has a
role in SARS-CoV-2 coronavirus infection. Therefore, the guidelines
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remain unchanged. If a person is experiencing flu-like symptoms, it is
advisable to start taking zinc acetate (a CE-marked medication) right
away. It may well be one of the other pathogens mentioned above. A
course of treatment for SARS-CoV-2 coronavirus infection may or
may not help, although there is currently no documented disadvantage.
If a person becomes ill or believes the regimen is not helping, they
should stop it.®

COVID-19 and selenium

Selenium (Se) is a cofactor for several enzymes, including glutathione
peroxidase (GPX), an antioxidant enzyme that protects cells from
oxidative damage (ROS).?® For human nutrition, 55 g of selenium per
day is sufficient. Increased sensitivity to influenza virus infection is
associated with a low Se status.® The antiviral activities of selenite
(Se™) are linked to the trace element's antioxidant potential.® Selenite
inhibits virus protein disulfide isomerase (PDI) in general, which
prevents virus entry into healthy human cells.?® In the elderly, Se
supplementation improves immunity against influenza and increases T
lymphocyte multiplication. Non-survivors had a considerable shortfall
in total serum Se levels when compared to surviving "SARS-CoV-19

patients".*

COVID-19 and copper

Copper (Cu) is required for the immune system to function properly.
This "trace element” is linked to the normal functioning of blood
immune cells such as "natural killer (Nk) and T helper (Th) cells,”
which are involved in the eradication of viral infections and antibody
production.® The recommended daily intake (RDI) of Cu is 0.90 mg.
Cu is a cofactor for the enzyme superoxide dismutase (SOD), which
protects cells from oxidative damage. Cu's antiviral activity is through
the stoppage of viral RNA replication by disrupting the RNA
structure.*® The body becomes more sensitive to viral infections in
persons with Cu deficiency. Percival (1998) demonstrated that
immunological dysfunction is more prevalent in patients with dietary
Cu deficiency in the elderly and young age groups. Many viruses,
including the bronchitis virus, poliovirus, and HIV-1, are rendered
inactive by Cu supplementation. Cu deficiency in the human diet
reduces "interleukin-2 (IL-2) production and IL-2 mRNA" in T-
lymphocytes.® The active viral particles of the human influenza virus
A reduced the virus population from 500,000 to 500 after 6 hours of
incubation on a Cu surface. Coronavirus 229E virus morphology
(envelope breakdown, surface spike disintegration, and structural
backbone DNA damage) is influenced by Cu contact surfaces,
rendering it dormant. In this approach, SARS-CoV-2 (COVID-19)
strain is more susceptible to Cu surface contact than SARS-CoV-1.*

COVID-19 and magnesium

Magnesium (Mg) is a very important mineral among the others. It
provides physiologically healthy functions, such as an acid-base
balance in the body, as well as bioenergetics and immune responses.
Furthermore, it plays a vital role in DNA replication, nucleic acid
metabolism, and leukocyte activation. Magnesium modulates
apoptosis and antigen adherence by monocytes and has the potential to
alter both humoral and cell-mediated adaptive immunity. In addition,
magnesium is also known for its ability to prevent DNA damage
caused by oxidative stress. In high quantities, the generation of
superoxide anion is reduced.*** As the level of magnesium deficiency
rises, the likelihood of infection in the upper respiratory tract
increases. Due to a lack of magnesium, the production of free radicals,
acute-phase proteins, and pro-inflammatory cytokines may increase,
resulting in a low-grade persistent infection. When the magnesium
level is maintained, the structure and function of the lungs improve.
Meanwhile, the increase in respiratory complications is still associated
with its lower levels. There is no study available that explores the
effects and consequences of Mg to date.*%

COVID-19 and other elements (manganese, iron, nickel, and lithium)

Manganese (Mn) is an essential trace element that can be found in a
variety of foods as well as dietary supplements. The immune system
requires several micronutrients, such as vitamins and trace minerals, to
function properly and protect cells from oxidative damage. Manganese
is a trace element that has immunomodulatory properties.® It is also a
component of antioxidant enzymes that can inhibit viral replication in
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host cells, making it possess antiviral properties. Iron (Fe) is also the
most abundant trace element required by humans. The overall iron
content of the body is about 3-5 g, with the majority of it in the blood
and the rest in the liver, bone marrow, and muscles as heme. COVID-
19 infection is linked to iron deficiency, which has been recognized as
a risk factor.* Furthermore, an increase in viral infections has been
associated with a high iron level. As a result, antiviral iron chelators
may be employed to treat SARS-CoV-2.%

Nickel (Ni) is an essential trace element found in reliable
concentrations in cells and tissues and is bound with DNA and RNA
in physiologically significant amounts.* It is required for the immune
system's modulation. When a low dose of nickel chloride is given, it
has an immunotoxic effect. Human coronavirus is rapidly inactivated
on copper and nickel alloy substrates at body temperature (21°C),
leading to the production of reactive oxygen species (ROS).* Lithium
(Li) possesses antiviral effects against the coronavirus bronchitis
virus.*® It reduces coronavirus growth and cellular entrance in Vero
cells in a dose-dependent manner by lowering viral protein gene
transcription. In addition, lithium has anti-inflammatory properties by
suppressing COX-2, IL-1p, and TNF-a expressions, and increasing IL-
2 and IL-10 levels. The activity of Li makes it a potential
pharmacotherapy for COVID-19.*°

The roles of Vitamins in COVID-19

Vitamin D

Vitamin D has a variety of effects on the body’s immune system.
These include the regulation of immunological integrity, formation of
a class of small peptides, the assistance of mast cells, erythrocytes, and
fibroblast functions. Furthermore, the inflection of oxidative eruptive
potency, elevated stimulation in the antagonist of the receptor of IL-4,
IL-6, IL-10, IL-11, IL-13, and IFN vy reserve nuclear factor kB, and
different pro-inflammatory responses of adaptable defensive cells
have been reported. A decrease in the potency of vitamin D increases,
sinus inflammation, asthma, tuberculosis, chronic lung diseases, lung
infections, and potentially COVID-19 each has heightened intensity,
mortality, and fatality. Research involving an early-age sick individual
who has genetic variation in the receptors for vitamin D revealed the
potential effect of vitamin D in the regulation of inflammatory system
with viral respiratory disease, acute lower respiratory infections
(ALRI). Vitamin D has an impact on the structure, size, volume, and
functioning of the lungs.***® Vitamin D deficiency aggravates several
lung diseases. According to a recent meta-analysis, people with
sufficient vitamin D status or regular oral medication are healthier,
which lowers the risk of respiratory disease. Previous research has
found a risk indicator and a treatment benefit reduction, but only in
people with vitamin D deficiency. With this understanding, vitamin D
supplementation could be a COVID-19 variable preventative therapy
for those who have a deficiency or are at risk of vitamin D
deficiency. "

Vitamin C

Epidermal stability is influenced by collagen production, epithelium
differentiation, fibroblast migration, and amplification. Vitamin C is
required for the activities, mobility, functions, proliferation, and
differentiation of essential body defensive cells. Antimicrobial
processes are accelerated by vitamin C, serum supplement proteins
continue to rise, and IFN production is improved.®** Vitamin C is a
potent antioxidant that keeps the cells under reductive-oxidative
stability within the immunological reactions. It also aids in the
synthesis of antibodies from plasma cells, which supports the
proliferation and differentiation of T-cells. Its deficiency has been
linked to the risk and severity of a variety of respiratory diseases,
including pneumonic symptoms. Oral vitamin C supplementation
benefits children and adolescents, despite a plethora of contradictory
and unclear evidence. In the elderly, it reduces the risk of pneumonia.
In mice, a combination of red ginseng and vitamin C reduced cold
pathogenic viruses and pulmonary inflammation while enhancing
endurance. When it comes to affordability, convenience, and care,
vitamin C will always be a good option for COVID-19 control.***®

Vitamin A
Vitamin A is a required trace element for the maintenance and proper
growth of the epithelial tissue barrier integrity. It has anti-
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inflammatory properties and enhances mucosal immunological
responses. Vitamin A supports various NK cell functions, including
phagocyte functions and macrophage oxidative burst. It suppresses the
production of IFN, interleukin-2, and TNF as pro-inflammatory
cytokines by Th1 cells, allowing the generally mediated antibody and
Th2 reactions to continue. Vitamin A aids the production of antibodies
by B cells. Its deficiency is a significant contributor to the increased
risk of lung infections caused by viruses, as well as diarrhea and
measles.®*>* Cows with vitamin A deficiency was unable to develop
innate immunity to the BRSV-NP vaccine.®® This is a nanoparticle
amphiphilic polyanhydride-based vaccine containing the merging and
binding of proteins from cattle respiratory tract pathogens (syncytial
virus). Supplementation reduced the incidence of all-cause morbidity
and mortality from infectious disease in vitamin A-deficient children
aged 6 months to 5 years. Nonetheless, vitamin A supplementation
reduced the risk of pneumonia vaccination, which is based on
encapsulating the attachment of fusion proteins from syncytial viruses
and respiratory bovine, as well as recurring lung and respiratory
infections after the virus challenge. Vitamin A supplementation
improves vaccination antibody titer responses. In the COVID-19
incidence, vitamin A supplementation reduces the occurrence of
Mycoplasma pneumonia bacterial infection, which occurs commonly
following a viral illness. Vitamin A supplementation reduced all-cause
morbidity and mortality among children aged 6 months to 5 years.
Despite this, vitamin A supplementation had little effect on
pneumonia. In terms of the potential side effects of vitamin A, a
supplement is recommended during the COVID-19 treatment for
undernourished people or those who show signs of vitamin A
insufficiency.

Vitamin E

Vitamin E is a liposome antioxidant that protects cell membranes from
reactive oxygen species while also maintaining the integrity of
respiratory epithelial barriers. It enhances the cytotoxicity of NK cells
and inhibits macrophage production of prostaglandin E2. The
generation of IFN-y and interleukin 2 regulated by vitamin E aids
lymphocyte activation. Vitamin E is necessary for the activation of
active immunological synapses between Th cells, as well as the
optimization of how Thl responds and the repression of Th2
responses.®*® Vitamin E also increases the proportion of memory T-
cells that are exposed to antigen.

The deficiency of vitamin E is rare in humans. Insufficiency condition
inhibits both the humoral and cell-mediated immune defense
processing systems of the human body, making virus infection with
more pathogenic strains, major consequences, and abnormal immune
responses less likely.**®* Vitamin E improves the human body's
overall resistance to infection and the immune system. Also, it lowers
the prevalence and severity of infection in the respiratory tract, lowers
the concentration of virus in the lungs' tissues, and raises antibody
titers during and after adolescence. Vitamin E supplementation
appears to be beneficial in the treatment of COVID-19 and also for
underweight or malnourished people during the COVID-19
period.52'59'6°

Polyphenolic compounds and COVID-19

Polyphenolic compounds are the most common phytonutrients, and
they have a wide range of biological and pharmacological activities,
including antiviral, antioxidant, anti-inflammatory, and antibacterial
properties. They have antiviral effects against the Coronaviridae
family of viruses.®?®® Resveratrol inhibits the MERS virus in vitro.
Polyphenol catenin has been grafted onto the fiber filtering membrane
of antiviral gas masks and cleansing wipes.®*®” Punicalagin,
theaflavindigallate, kaempferol, Sanguine and protocatechuic acid are
the six phenolic acid compounds identified by the most recent
computer-based virtual screening of microstructures that specifically
and firmly approach the exact proteolytic enzymes of SARS-CoV-2.
The host immune response is reduced by 4-hydroxystyryl via
suppressing the informational nucleocapsid proteins of the virus.
Helicase, a viral replication enzyme, is inhibited by quercetin.®*® The
remaining polyphenols, such as delphinine and
epigallocatechingallate, prevent the virus from attaching to the host.
Polyphenols, such as flavonoids, may have an impact on COVID-19
management. Such numerous confirmations came from extensive
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research. However, they are all based on in vitro studies; no in vivo
data is available at this moment. It would be premature to speculate on
their clinical applications at this time.”

Due to its enormous impact on medical facilities and widespread use
of healthcare, COVID-19 rapidly became a pandemic around the
globe, posing a severe threat to the world despite its low fatality rate.
Clinical respiratory symptoms include dry cough, fever, anosmia,
breathing difficulties, and respiratory failure. COVID-19 cannot be
treated in any way that is currently known. In addition to the antiviral
approach for treatment, immune effectors and modulating
immunosuppression are plausible immunomodulation strategies in
COVID-19 management. Although proper nutrition and dietary habits
are important for improving immunity, micronutrients appear to have
a significant role in immunomodulation.™ "

Virus-host interaction

As the interaction between the virus and host begins, it initiates the
innate immunological processes, which are supported by the micro
minerals that are included in the host's continuous immune responses
to the infection. A healthy immune system requires a normal healthy
and energetic contribution from several micronutrients, and a single
nutrient hardly manages the entire defense system of the body. A
variety of nutrients, such as vitamins A, C, D, E, B6, B12, folate,
copper (Cu), magnesium (Mg), iron (Fe), selenium (Se), and zinc (Zn)
are beneficial to the body during the virus-host interaction.”*”
Biochemical anomalies in the respiratory tract as well as physical
obstacles to the virus, constitute first-line projections. Iron and vitamin
A are required for their normal epithelial differentiation and
development. The fickleness of the membrane, its integrity,
intercellular connection, and tissue healing are all regulated by Zn and
vitamins A, C, and D. Vitamin E inhibits the peroxidation of lipids by
reactivating oxygen species. Vitamins A, C, and D, as well as their
constituent elements Cu, Fe, Se, and Zn, regulate the activity of
antimicrobial peptides bound to the membrane, the microbiota linked
to mucosal activity, and mucosal-associated bacteria.” Vitamins B8,
B12, and folate also modulate mucosal migration as well as defense
cell synchronization.

Interferon (IFN) is an important immune system provoking factor that
is involved in viral infections and maintain the phenotypes Thl and
Th2' stability of the adaptive immune system. IFN is one of the most
important cytokines that act against the virus at the outer layered
blockades, causing inflammation, and apoptotic cell degradation.
Furthermore, Type-1 IFNs enhance reactivity to TLRs and MAVS
disease-causing functions.”®® The primary defense line is activated to
prevent the infection of bronchial respiratory epithelium by SARS-
CoV-2. This is achieved by moving, migrating, differentiating,
proliferating, and activating to counteract the virus from replication.
Cytokines and oxidative bursts cause the pro-inflammatory mile, but
the virus slows and delays the activity of IFNs. Without effective
counter-regulatory immunological activities, activation of adaptive
immunity's Th1/Thl7 phenotypes promotes hyper-inflammatory
conditions and interleukin. SARS-CoV-2 explicit immunoglobulin is
eventually protected by a well strengthened defensive ability, and the
virus is neutralized as a result.?*® vitamins A, B6, B12, C, D, E, and
folate, as well as mineral components Mg, Cu, Zn, Fe, and Se, were
proposed as the nutrients that trigger the entire chain of virus-host
immunogenicity. They help by regulating the activities of natural
immune cells such as leukocytes, white blood cells, phagocytes, and
scavenger cells. They also play vital roles in anti-inflammatory
interleukin production and reaction, oxidative stress, reductive
arteriosclerosis, adaptive immune response (including T-cell variety,
development, and working within T-cells), intuitive with the presence
of viral antigens, and the generation of antiviral antibiotics. Despite
synergistic contributions to hosts' pathogenic interactions and a
reduction in specific nutrients, the extensive experimental
investigation of infection by SARS-CoV-2 has revealed a single
susceptibility. The components that can occur prior to several
micronutrient deficiencies, as well as the consequences of COVID-19
intakes.3*%
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Conclusion

The novel "acute respiratory infection (COVID-19)" is frequently
linked to a weakened human immune system, which results in severe
pneumonia and death. Given the aforementioned characteristics, as
well as evidence of trace element antiviral and anti-inflammatory
effects, selenium, zinc, and copper could be effective elements for
strengthening "immunity against viral infections" such as coronavirus
and its new variants.
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