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Abstract
Purpose of Review The SARS-CoV-2 (COVID-19) outbreak has manifested into a major public health concern across the globe,
affecting particularly the most vulnerable population groups. Currently, there are various clinical trials being conducted to
develop effective treatments. It is estimated that it could take one or more years before these drugs pass all safety tests and
concrete results with regard to their effectiveness become available. In addition, despite the recent development of vaccines
(licensed for use under conditional licenses) and the commencement of COVID-19 vaccination programs in several countries,
there is still a need for safe and novel strategies that may reduce the symptomatology and/or prevent the severe complications
associated with COVID-19. Natural compounds previously shown to have antiviral potential should be thoroughly considered
and investigated for use in prophylactic treatment of COVID-19 due to their availability and safety.
Recent Findings The current narrative review investigates whether there is evidence in the literature that supplementation with
dietary minerals and vitamins may have a role in preventing infection with SARS-CoV-2 or in reducing COVID-19 symptomatology and disease progression. The current evidence from the literature supports that zinc and vitamin C have a potential in
reducing the inflammatory response associated with SARS-CoV-2 while folate and vitamin D may have a role in antagonizing
the entry of SARs-CoV-2 virus in host calls.
Summary Thus, further research should be conducted that could lead to the development of nutritional supplements involving
natural and widely available compounds such as zinc, folate, vitamin C, and vitamin D. The latter could be an effective, safe, and
inexpensive way to either prevent infection with SARS-CoV-2 and/or lessen the burden of COVID-19 disease.
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Introduction
The Severe Acute Respiratory Syndrome-Coronavirus-2
(SARS-CoV-2) is a novel beta coronavirus that is responsible
for the outbreak that emerged in late 2019. The first cases of
COVID-19 are believed to have originated in Wuhan, Hubei
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Province, China, in December 2019 with a cluster of patients
presenting with Acute Respiratory Distress Syndrome
(ARDS) [1••]. By January, the number of cases was rising
rapidly, spreading across China and starting to spread across
different countries. By March 2020, only 3 months following
the initial cases, the World Health Organization (WHO) announced its pandemic status. According to a situation report
from the World Health Organization (WHO), as of January
19, 2021, COVID-19 was responsible for a total of
93,956,883 confirmed cases and 2,029,084 deaths [2].
SARS-CoV-2 is an enveloped positive sense single stranded RNA virus targeting the human respiratory system. Patients
infected with the virus present with a vast number of symptoms including but not limited to fever, non-productive cough,
fatigue, sore throat, headache, and shortness of breath [1••].
Additional symptoms have started to emerge as COVID-19
continues to spread, including gastrointestinal and
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cardiovascular symptoms [3]. The transmission is thought to
occur from person to person (i.e., through close contact of an
uninfected individual with an infected individual) and/or possibly through contact of an uninfected individual with infected
droplets on surfaces [1••]. Even though SARS-CoV-2 has
infected every single population group (across age, race, and
gender), there are certain vulnerable population groups that
present more severe symptomatology including individuals
over the age of 70 years and those with existing comorbid
disorders [4•].
Recently, it has been discovered that entry of SARSCov-2 into host tissue within the lungs is mediated through
docking of the viral envelope to angiotensin converting
enzyme 2 (ACE-2) and CD209L. Viral docking of
SARS-CoV-2 is facilitated through two key cell surface
spike proteins, S1 and S2. Viral surface protein S1 binds
uniquely to ACE-2 receptors, allowing protein S2 to mediate cellular endocytosis of the virus. It has also been
noted that ACE-2 is also expressed on lymphocytes, further highlighting COVID-19 is not an infection limited to
the lung tissue but rather has an infective potential beyond
respiratory tissue [5•]. Furthermore, it has been observed
that expression of ACE-2 is greater in patients with certain
comorbidities including hypertension, diabetes mellitus,
and coronary and cerebrovascular disease. As such, the
functional activity of ACE-2 is associated with the severity
of symptoms of the COVID-19 infection [6].
Efforts for the development of a vaccine against the viral
pathogen SARS-CoV-2 were mediated through various organizations throughout the world. Throughout 2020, 58 different
vaccines against SAR-CoV-2 have been developed in clinical
trials [7, 8]. However, the leading vaccines currently available
are the ones manufactured by Pfizer-BioNTech, Moderna, and
AstraZeneca [7, 8]. Currently, all three vaccines have been
selected by governments around the world for widespread
vaccination programs. The leading vaccines are using the
mRNA technology which is a powerful immunomodulatory
alternative to conventional attenuated vaccine approaches [7,
8]. Though the use of mRNA vaccines has so far been limited,
their low cost and rapid development have been proposed as a
powerful platform for SARS-CoV-2 vaccination. The most
widely employed vaccine has been the one developed by
Pfizer-BioNTech, and this vaccine named BNT162b2 demonstrated 95% efficacy in preventing symptomatic and PCRconfirmed COVID-19 infection (CI: 90.3–97.6%) in a randomized double-blind, placebo-controlled phase II/III trial
[9••]. As such, this vaccine has been employed under emergency authorization by the FDA for use within the USA [10].
On the other hand, the Moderna vaccine (mRNA-1273) has
demonstrated a 94.1% efficacy (CI: 89.3–96.8% with interim
data [11••]), and results from AstraZeneca’s ChAd0x1 nCoV19 vaccine have demonstrated 90.0% efficacy (CI: 67.4–
97.0%) [12, 13].

Currently, there is no specific treatment regimen for
COVID-19. The current treatment options for patients
include supportive measures (antibiotics, high flow oxygen, and proning) and treating underlying conditions.
Several ongoing clinical trials have been approved by
the Clinical Trial Agencies in testing potential candidate
drugs for the management of COVID-19 [14]. These
therapeutic agents had previously shown antiviral properties (through in vitro, in vivo, and clinical studies) of
the drug against other viruses such as MERS-CoV, human immunodeficiency virus (HIV), and hepatitis B virus (HBV) [14]. These therapeutic agents under investigation inc lu de hydro xychlo roquine, re m desivir,
favipiravir, lopinariv/ritonavir, tocilizumab, convalescent
plasma, and immunoglobulins [14]. The first preliminary
results from these trials showed mixed efficacy with conflicting results. Clinical trials are still underway; however, currently there is insufficient evidence to recommend
the use of any one of these agents. WHO recommends
against the use of Remdesivir in hospitalized patients as
there is no evidence that it improves patient outcomes by
reducing symptoms or decreasing mortality [14].
I n i t i a l l y , th e e v i d e n c e f o r h y d r o x y c h l o r o q u i n e /
chloroquine were promising; however, current evidence
demonstrates no added benefit [15]. Lopinavir/ritonavir
has also shown little to no effect among hospitalized
patients [16]. There are mixed results with tocilizumab,
an IL-6 inhibitor. The National Institute of Health recommends against its use due to low evidence [17]; however, a phase 3 randomized control trial found that it
could reduce the need for mechanical ventilation, but
there was no overall effect in terms of reduced mortality
[18]. Monoclonal antibodies (casirivimab and
imdevimab) have been used in patients presenting to
the emergency department as these have been shown to
reduce viral load from baseline [19]. Intravenous immunoglobulins used as an adjunctive treatment have been
shown to possibly reduce the need for mechanical ventilation and have resulted in a reduced mortality [20•].
Furthermore, there is some evidence that convalescent
plasma reduces mortality, increases viral clearance, and
improves symptoms in patients [21]. Overall, the results
from drugs tested for the management of COVID-19 remain preliminary, and further randomized controlled trials need to be conducted to derive conclusive results
[22].
Thus, there is an urgent need for alternative, more preventative strategies to reduce the spread of the SARS-CoV-2 virus
and to prevent the complications of COVID-19. The aim of
the current review is to investigate whether any readily available nutrients (minerals and vitamins) with known safety may
have a role in preventing infection with SARS-CoV-2 or in
reducing disease progression of COVID-19.
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Methods
Relevant articles to include in the review were identified by
searching PubMed database using the following search terms:
COVID-19 OR SARS-CoV-2 OR CoronaVirus AND (Folate
OR Zinc OR Vitamin D OR Vitamin C OR vitamin OR
micronutrients).
Only studies published in English after the year 2000 were
included with the majority of articles taken from 2020. The
reference lists of relevant articles were also reviewed in order
to identify additional appropriate articles pertaining to the
search criteria. The abstracts of all derived papers were evaluated by two reviewers (NUP and TOT), and papers not relevant
to the review’s aim were excluded. We further examined studies that specifically mentioned SARS-CoV-2 in relation to mortality, ventilation use, symptom reduction, and complications.

The Role of Dietary Minerals and Vitamins
May Have a Role in Preventing Infection
with SARS-CoV-2 or in Reducing COVID-19
Symptomatology and Disease Progression
Zinc
Zinc is a fundamental dietary trace element which is normally
present at low intracellular concentrations in the blood.
Sources of zinc can be found in lamb, beef, chicken, oysters
and lobsters, black rice, mushroom, celery, legumes, lentils,
and nuts [23].
Zinc is required for a variety of essential biochemical processes ranging from mediating appropriate protein folding,
regulating transcription, and acting as both a cofactor and a
secondary messenger in vital cellular processes [24]. Zinc is
the structural component of more than 750 zinc-finger transcription factors [23, 24]. Some studies have suggested zinc’s
possible role as a potent inhibitor against replication of the
SARS-coronavirus, hepatitis C virus, and H1N1 influenza virus by inhibiting zinc oxide and zinc salt [25, 26]. The particular mechanism behind its inhibitory effect is still speculative;
however, potential sites of action include the proteolytic processing of replicase polyproteins, viral RNA-dependent RNA
polymerase (RdRp), and cellular cofactors involved in replication [24–26].
Zinc and Inhibition of Viral Replication
Several studies have noted zinc’s role in modulating antibacterial immunity and regulating the inflammatory response by
inhibiting NF-κB, TNF-α, and IFN-γ signaling and modulating proliferation, differentiation, and maturation of lymphocytes to lessen the cytokine storm [27•]. In addition, studies
have provided evidence showing that zinc may have the

ability to decrease the activity of ACE-2, the receptor implicated in SARS-CoV-2 and a type I integral membrane bound
protein found in epithelial cells of the heart, lung, intestines,
and kidney [20•]. The viral binding of SARS-CoV-2 to the
host cell is mediated through four essential structural proteins,
one of which being the spike protein [28•]. Composed of two
subunits (S1 and S2), the spike protein uniquely binds to the
respiratory epithelium expressing ACE-2 and CD203L [28•].
An interaction exists between this S glycoprotein on SARSCoV-2 and the ACE-2 receptor [29•]. Studies have shown that
exogenous zinc blocks the ability of ACE-2 to metabolize
substrate, suggesting zinc’s possible ability to inhibit the interaction between SARS-CoV-2 S protein and ACE-2 [20•].
It has been suggested that zinc can inhibit coronovirus replication by the inhibition of RNA synthesis [25]. Cell culture
studies have found that zinc can efficiently inhibit both the
SARS-CoV and Nidovirus replication transcription complexes (RTC) [25]. In addition, antiviral effects of zinc have
been reported in H1N1 influenza [30], respiratory syncytial
virus [31] hepatitis C virus [32], and rhinovirus [27]. In addition, in developing countries, zinc has been used to reduce the
prevalence of pneumonia in young children [33], and zinc
deficiency has been correlated with increased susceptibility
to pneumonia among the elderly [27]. Since SARS-CoV-2
shares similarities with some of these viruses; in theory, zinc
could be effective against Sars-CoV-2, and therefore it should
be considered as a potential therapeutic agent in antiviral therapy for SARS-CoV-2 [20•].
Zinc and the Inflammatory Response
COVID-19 is associated with the activation of the inflammatory cascade since infected patients present elevated cytokines
(IFN-γ, interleukin-2, 6, 7, and TNF), macrophages, and Creactive protein, all of which are inflammatory mediators [34].
These cytokines are essential for both innate and adaptive
immunity against viral infections. Zinc has been strongly implicated in immune regulation through mediation of inflammation, i.e., increased production of pro-inflammatory cytokines that have immunomodulatory, anti-proliferative, and antiviral properties such as IL-1, IL-6, and TNF-α [35, 36•].
One of the products of the inflammatory cascade is the
production of excess mucus within the respiratory tract.
Elevated levels of zinc found within the mucosa of both the
oral and nasal respiratory tract have been found to be positively correlated with a reduction in symptoms of Rhinovirus, a
virus which is transmitted in a similar fashion to SARS-CoV-2
and leads to the development of similar symptoms [23].
Supplementation of zinc has the possible benefit of improving
the membrane barrier function and mucociliary clearance of
the epithelial cells in the respiratory tract [27•]. This is done by
increasing tight junction proteins and increasing ciliary length
and beat frequency, thereby reducing the risk of bacterial co-
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infections, particularly those caused by Streptococcus
pneumaoniae pneumoniae [27•]. Zinc deficiency has also
been shown to up-regulate acute phase response-related
genes, increased susceptibility to systemic inflammation, and
sepsis-induced organ damage [27•].
Zinc and the Immune System
Infection recovery and viral clearance require the activation of
the host’s immune response. The natural process of aging is
associated with deterioration of both the innate and adaptive
immune system. This includes a declining T cell function due
to thymic involution, reduced output of immune cells from the
bone marrow and thus reduced capacity to respond to new
antigens, age-associated inflammation with increased serum
concentration of inflammatory mediators, and poor micronutrient status. Naturally, this predisposes the elderly to pulmonary disease [29•, 37, 38•]. Immunonutrition, i.e., modulating
the immune response through supplementation of essential
vitamins could be an easy, preventative step of reinforcing
the immune system and thus reducing the risk among the
elderly against infection of invading pathogens. Despite the
lack of sufficient evidence with regard to the direct role of zinc
on SARS-CoV-2, evidence in the literature supports that zinc
is important in supporting our immune system in the fight
against bacterial and viral infections [39].
Effects of Zinc Deficiency and Supplementation
Zinc deficiency has been well noted to depress both innate and
adaptive immune responses with reduced production of antibodies that lead to increased susceptibility to both bacterial
and viral infections [36•, 40]. Chronic deficiency of zinc has
been found to increase the susceptibility of many inflammatory, metabolic, neurodegenerative, and immune-mediated
diseases such as diabetes, obesity, and cardiovascular disease
due to prolonged activation of pro-inflammatory cytokines
and oxidative stress [27•]. Individuals with comorbidities, especially those with diabetes and cardiovascular disease, are at
a particularly higher risk for developing COVID-19 with more
severe symptomatology and higher mortality [27•].
Zinc deficiency has been shown to be associated with low
lymphocyte counts and impaired T and B lymphocyte functions [41]. Biochemically, this depressed adaptive immune
outcome results in impaired gene expression, prolonging infection duration and symptomatology in patients [41]. Genetic
conditions such as Epidermodysplasia verruciformis result in
low levels of zinc within cells, which has been observed to
increase sensitivity to cutaneous viral infections. An interesting study has shown that zinc supplementation resulted in a
higher proportion of CD4+CD3+ cells in peripheral blood,
with enhanced T-cell-mediated immunity in supplementtreated children compared to control [42].

It should also be noted that there is a global prevalence of
zinc insufficiency which is estimated to be 20%, and this
insufficiency is very common among elderly individuals
[43]. A study has shown that the consumption of 45 mg of
zinc per day reduced the incidence infections in elderly individuals (55–87 years of age) [40]. Therefore, zinc supplementation (with a recommended dose of 50 mg per day) could
have a preventive or therapeutic potential for managing
COVID-19.
Zinc and Hydroxychloroquine/Chloroquine
There is growing evidence from in vitro studies and recent
ongoing clinical trials for the role of chloroquine (CQ) and
its derivative and less toxic hydroxychloroquine (HCQ) as
potential therapeutic agents against SARS-CoV-2 [22]. Both
of these drugs are well noted for their anti-malarial and immunomodulatory effects against other viruses such as the Zika
virus and the Ebola virus. CQ and HCQ are both described as
metal ionophores, drugs that have metal binding domains and
thus act as cation transporters for both zinc (Zn2+) and copper
(Cu2+) [44•]. These metal ionophores have been shown to
have both antiviral and anti-cancer properties through acting
as weak bases, binding to excess zinc in viral-infected tissues
and directly interfering with the synthesis of both viral DNAdependent DNA polymerase and RNA-dependent RNA polymerase [44•]. They are known to accumulate within intracellular vesicles of endosomes, lysosomes, and Golgi bodies,
increasing the pH within these organelles [45]. Thus, CQ/
HCQ are thought to have direct antiviral effects by inhibiting
pH-dependent steps in the SARS-CoV-2 replication process
[45]. CQ/HCQ also have indirect antiviral effects by interfering with the delivery of viral particles into host cells since
SARS-CoV-2 requires the acidification, lowered pH, of
endosomes for proper functioning [45]. The bioavailability
of CQ and HCQ depends on their protonation with zinc ions.
CQ/HCQ has the ability to trigger the uptake of extracellular
zinc into intracellular lysosomes followed by the inhibition of
the RNA-dependent RNA polymerase halting the replication
of SARS-CoV-2 [44•, 45]. Thus, the supplementation of zinc
alongside CQ/HCQ therapy could have a synergistic therapeutic effect against SARS-CoV-2 and possibly be more effective in reducing morbidity and mortality as compared to
CQ/HCQ monotherapy alone [45]. Skalny et al. hypothesized
the use of zinc supplementation without the intake of CQ to
produce similar positive effects in the absence of the adverse
side effects seen in CQ treatment; however, this is yet to be
tested [27•].

Folate
Folate, otherwise known as vitamin B9, and its subsequent
derivatives such as folic acid are found widely within
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vegetables, in particular dark green leafy vegetables, fruit,
nuts, meat products, and dairy products [46]. Folate deficiency
is commonly observed in specific patient populations, e.g.,
pregnant women or patients with chronic conditions or patients who are over the age of 65 [46].
Adequate dietary levels of folate are essential for normal
nucleic acid synthesis, methionine regulation, and essential
oxidative and reductive cellular processes [47]. Folate deficiency has been implicated in carcinogenesis resulting from
poor transcriptional regulation and inadequate DNA methylation. Most importantly, however, folate plays a crucial function in carbon metabolism, and therefore folate deficiency has
severe metabolic complications. Evidence in the literature
supports that folate deficiency impairs the body’s ability to
mount an effective immune response [47]. As such its importance, many foods such as bread are fortified by the addition
of folic acid to prevent deficiencies in the general population
[46].
Folic Acid, Furin, and SARS-CoV-2
As previously described, the viral binding of SARS-CoV-2 is
mediated through four essential structural proteins, one of
which being the spike protein [28•]. Upon docking, the spike
proteins are known to undergo proteolytic activation mediated
through furin motifs present on the cell surface. Furin has been
implicated as a key proteolytic enzyme required for numerous
pathological processes such as neoplasia and bacterial toxin
activation [28•]. In addition, furin has been found to have a
role in the activation and binding of viral pathogens, such as
ones belonging to the herpesvirus and the coronavirus families. Thus, inhibition of furin activity has been proposed as a
means of inhibiting the pathogenesis of viral infection. Folic
acid has been suggested as a novel agent to directly antagonize
the activity of furin and thus impede the biological docking
and binding of SARS-CoV-2 to its target cells [48].
One study has demonstrated folate’s ability to consume
binding sites through in silico molecular dynamic simulations
[28•]. Interactions between furin and folate compounds such
as folic acid and folinic acid were examined using simulated
intermolecular interactions. This study concluded that furin
conferred a high degree of steric hindrance [28•]. Thus, consuming furin binding sites directly antagonizes the access of
the SARS-CoV-2 spike protein to furin, thereby halting viral
binding and cellular pathogenesis.
Levels of Folic Acid in COVID-19 Patients
Interestingly, in patient cohorts infected with SARS-CoV-2 in
Israel, the most severely infected patients showed to have
significantly lower levels of serum folic acid. As such, due
to the non-immunogenic and benign nature of folic acid, it
could have a potential role in being used as a nutritional

supplement to prevent infection and disease severity of
COVID-19 [28•]. However, further studies should be carried
out to investigate whether this is a common observation in
other COVID-19 patient cohorts.

Vitamin C
Another agent, known to play a significant role in the immunological function in humans is vitamin C, also termed ascorbic acid, naturally found in fruits and vegetables. A substantial
amount of research over the last century has implicated vitamin C as a crucial player in the maintenance of a healthy
immune system and acting as a prophylaxis against illness
[49]. Its pleiotropic biochemical nature allows it to function
as a potent water-soluble primary antioxidant which protects
tissues from cellular oxidative stress (produced as a byproduct from normal cellular metabolism and from exposure
to toxins in the environment) [50]. Vitamin C also regenerates
cellular and membrane antioxidants such as glutathione and
vitamin E (tocopherol) [51]. The deficiency of vitamin C has
been well noted to lead to a decreased immune function and
increased vulnerability and susceptibility to infections. The
supplementation of vitamin C has been widely used for the
prevention and treatment of respiratory infections [52•].
Vitamin C and the Immune System
Although, not as clearly understood, vitamin C has also been
found to have a role in the adaptive immune response by
enhancing the development, proliferation, and maturation of
lymphocytes [51]. The role vitamin C plays for lymphocytes
is still speculative; however, it has been suggested to have
antioxidant protective effects, enhanced antibody production,
and the enhancement of natural killer T cell activity [50, 53].
Vitamin C has been shown to play a role in each step of the
inflammatory cascade of the innate immune system through
preventing the entrance of pathogens, migration of leukocytes
to the site of infection, engulfing the invading pathogen, to
apoptosis and clearance of macrophages following the resolution of the infection [50, 53]. Vitamin C is accumulated within
epidermal and dermal cells contributing to the innate immune
system by maintaining the integrity of the epithelial barrier
against foreign invaders and environmental toxins and directly
scavenging against free radicals on the skin and mucosal surfaces [50, 54]. Studies have notably demonstrated vitamin C’s
antioxidant effect within lung epithelioid cells by reducing
oxidative stress and subsequently inflammation.
Acute respiratory distress syndrome (ARDS) is a common
cause of death among patients infected with SARS-CoV-2,
characterized by a cytokine storm, the rapid release of free
radicals and cytokines into the periphery leading to the activation of capillary endothelial cells, neutrophil infiltration,
and increased oxidative stress [55•]. This results in cellular
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damage, organ failure, and finally death among these patients.
Several studies have identified the early use of high-dose vitamin C as a potential therapeutic role in reducing the cytokine
storm seen by its antioxidant effect [55•].
Effects of High-Dose Vitamin C Supplementation
on Respiratory Infections and COVID-19
Several studies have been carried out to investigate whether
vitamin C supplementation can reduce both the severity and
duration of upper respiratory tract infections in some studies
[29•, 36•].
One meta-analysis study comprising 29 randomized controlled trials containing 11,306 participants demonstrated that
regular intake of 1 g of vitamin C did not provide prophylactic
protection for upper respiratory tract infections (URTIs).
However, the supplementation reduced the duration of the
infection and helped alleviate the symptoms associated with
URTIs [56].
The CITRIS-ALI trial was a randomized, double-blind,
placebo-controlled, multicenter trial conducted in the USA.
The objective of the study was to determine the effect of
intravenous vitamin C infusion on organ failure scores and
biological markers of inflammation and vascular injury in patients with sepsis and ARDS. In this study, a 96-h infusion of
vitamin C did not significantly improve organ dysfunction
scores or alter markers of inflammation and vascular injury
in the experimental group when compared with the placebo
group. The researchers proposed that further research is needed to evaluate the potential role of vitamin C for other outcomes in sepsis and ARDS [57].
Furthermore, a meta-analysis by Cheng et al. [55•] demonstrated that in 12 trials with 1766 patients, vitamin C reduced
the length of ICU stay on average by 8%. The meta-analysis
study has shown that even though in healthy individuals, 0.1
g/day of vitamin C was needed to maintain a normal plasma
concentration, much higher doses (1–4 g/day) were required
to increase the plasma vitamin C concentration to increase to
the normal level in critically ill patients [55•].
The clinical trial ‘Vitamin C Infusion for the Treatment of
Severe 2019-nCoV Infected Pneumonia’ (Identifier:
NCT04264533) [58, 59] was conducted in Wuhan, China in
March 2020. The aim of this trial was to investigate the use of
vitamin C infusion for the treatment of severe Sars-CoV-2infected pneumonia. In this trial, the investigators treated 140
patients with a placebo control or intravenous vitamin C at a
dose of 24 g/day for 7 days. The high-dose intravenous vitamin C improved arterial oxygenation, likely due to improved
pulmonary ventilation function, reduced the 28-day mortality
rate, and decreased the levels of IL-6 in comparison to the
placebo group [58, 59].
In addition, a randomized, quadruple clinical trial (Early
Infusion of Vitamin C for Treatment of Novel COVID-19

Acute Lung Injury (EVICT-CORONA-ALI) (Identifier:
NCT04344184) started in October 2020 [60] to investigate if
a 72-h intravenous vitamin C infusion protocol (100 mg/kg
every 8 h) in patients with hypoxemia and suspected COVID19 will reduce the lung injury caused by the SARS-CoV-2.
This is a phase II trial and will use 200 patients and will take
place in Virginia, USA. The study is expected to be completed
by May 2021 [60].
If proven efficacious, intravenous vitamin C would offer a
safe and inexpensive therapy against COVID-19. The immunosuppressive function of high-dose vitamin C can potentially
be used to control the unrestrained and excessive immunological reaction associated with the pathogenesis of COVID-19.

Vitamin D
1,25-Dihydroxycholecalciferol, the active form of vitamin D,
is prominently known for its role in maintaining skeletal homeostasis by regulating calcium and phosphate metabolism in
bone. Vitamin D has 2 prominent forms and several metabolites: Vitamins D2 and D3 also known as ergocalciferol and
cholecalciferol respectively. Vitamin D3 is liberated within
the skin in response to UVB radiation, though it can be obtained from diet mainly through animal sources such as fatty
fish, egg, and dairy [61]. Vitamin D2 is typically obtained
through plant sources. Though few diets naturally provide
the required quantity of vitamin D, it is primarily obtained
through fortification of foods [61].
Vitamin D and the Immune System
Vitamin D’s possible antiviral effects have been suggested
through both epidemiological findings of enhanced susceptibility and severity of respiratory infections due to vitamin D
deficiency. Supplementation with vitamin D has been associated with enhanced recovery and protective effects against
respiratory infections [62]. Though the mechanism of
Vitamin D’s antiviral effects is still speculative, cell culture
experiments have provided some insight into its possible
mechanism involving Vitamin D’s ability to up-regulate anti-microbial peptides which are known to be among the first
line of defense and have been shown to be able to kill
enveloped viruses [63].
Vitamin D has also been linked to contributing to the innate
and adaptive immune response as an immunomodulator,
targeting both innate immune cells (monocytes, macrophages,
dendritic cells) and adaptive immune cells (B and T lymphocytes) [64]. The deficiency of Vitamin D has been well noted
in conditions such as rickets within children and osteomalacia
in adults causing softening of the bone due to improper mineralization. Vitamin D deficiency has also been linked to
higher incidence of chronic infections, autoimmune, and
immune-mediated conditions [64]. Vitamin D’s role as an
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immune regulator was further enhanced by the discovery of
immune cells (antigen presenting cells, B cells, and T cells)
expressing both vitamin D receptors and vitamin D metabolizing enzymes and their ability to synthesize the active form
of vitamin D [65].
Vitamin D and ACE-2
Expression of ACE-2 is directly associated with vitamin D
activity; vitamin D has been noted to be a potent downregulator of ACE-2 [66]. Evidence has shown that deficiency
in vitamin D results in an increase in expression of ACE-2
throughout the respiratory epithelium and subsequent increased activity of RAAS [67•]. Thus, supplementation of
vitamin D is suspected to reduce viral docking potential
through reduction in the expression of ACE-2 throughout
the [68]. This is further supported through the potent antiviral
features of vitamin D against other respiratory infections such
as influenza [66].
Vitamin D has a possible role in attenuating the symptoms
of COVID-19 through disrupting the interaction between the
virus and target cells but also via enhancing the host’s immunological potential. The exact molecular mechanism through
which vitamin D reduces ACE-2 expression is not well
established, though it is proposed that it alters the transcriptional activity of ACE-2, thereby reducing the expressed
levels of the receptor [69•]. The functional activity of vitamin
D, as a steroid hormone, has further been implicated on downregulating cytokine activity, a fundamental process in
COVID-19 pathogenesis which results in respiratory distress
[70]. In addition, vitamin D deficiency has been found to be
associated with increased airway hypersensitivity, most notably observed in asthmatic patient cohorts [71]. This can be
attributed to vitamin D’s ability to attenuate an immunogenic
potential within the airways by suppressing the release of cytokines from bronchial smooth muscle cells [71].
Association Between Vitamin D Levels and COVID-19
Increased mortality due to COVID-19 has been observed in
groups who have reduced levels of vitamin D [72]. The level
of vitamin D in a patient is strongly associated with a variety
of other factors, most notably sunlight exposure, nutrition, and
physical activity, all of which are independent promoters of
immunological function [72]. Increased physical activity can
furthermore promote vitamin D synthesis by inadvertently
increasing outdoor sunlight exposure [72]. UV-B exposure
is required to convert 7-dehydrocholesterol to provitamin D3
which isomerizes into biologically active vitamin D3 [73]. It
has been observed that northern latitude nations who on average receive lower hours of sunlight exposure, as a result of
seasonal and geographical reasons, have a higher COVID-19
infection rate than those which are more central to the equator

[74]. This is most notably seen in populations above the 35
parallel who throughout winter do not receive adequate sunlight exposure to maintain a normal vitamin D status [74].
In the past few months, it has become apparent that older
individuals who have a greater risk of developing severe
COVID-19 may also present with lower levels of vitamin D
when compared to younger adults [75•]. Panrese and Shahini
(2020) [76•] have proposed that the very high COVID-19
mortality rate of 11.9% in Italy could be theoretically associated with the reported chronic vitamin D deficiency in the
population, especially in the winter season. Nevertheless, this
suggestion is based on results from an ecological study which
is considered of low level of evidence, and therefore studies of
a higher level of evidence (e.g., randomized control trials)
should be carefully designed to investigate the association
between vitamin D deficiency and COVID-19 morbidity and
mortality [76•]. Hribar et al. [75•] examined the relationship
between vitamin D, Parkinson disease (PD), and COVID-19
and concluded that the daily supplementation of 2000–5000
IU/day of vitamin D3 in older adults with PD has the potential
to slow the progression of PD while also potentially reducing
the risk of infection with SARS-CoV-2 [75•].
With such urgency for treatment and vaccination for
COVID-19, vitamin D may provide a novel, low-cost, and
safe means through which COVID-19 pathogenicity can be
controlled [68]. Vitamin D has furthermore proved to be a safe
adjuvant therapy which can be provided through dietary supplementation [67•]. Since the expression of ACE-2 in the
lungs is dependent on the levels of vitamin D, the latter may
pose an important function in preventing and managing
COVID-19 [77].

Conclusion
COVID-19 continues to be a major health concern and is
currently responsible for a total of 93,956,883 confirmed cases
and 2,029,084 deaths, and the number of cases is expected to
increase even further [2]. Despite the commencement or expected commencement of vaccination programs with the most
promising vaccines in many countries, there is an urgent need
for alternative, more preventative strategies to reduce the
spread of the SARS-CoV-2 virus and to prevent the complications of COVID-19.
This review has highlighted the possible role the supplementation with nutrients (vitamins and trace elements) may
have on improving disease outcomes of COVID-19. The literature supports that zinc has a potential role of being a potent
inhibitor against viral replication processes through potential
sites of actions in the proteolytic processing. Furthermore,
folic acid has been suggested as a potential means of halting
viral infection by directly antagonizing furin binding sites required for spike protein mediated docking of COVID-19. In
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addition, vitamin C is a potent antioxidant that plays a role in
facilitating each step of the inflammatory cascade of the innate
immune system. It has a large immunomodulatory potential in
controlling the deleterious inflammatory effects seen in the
SARS-CoV-2 infection. Finally, vitamin D supplementation
has demonstrated to be an effective means through which
expression of ACE-2 can be down-regulated to reduce infective potential.
It should be noted however that the current literature on the
role of micronutrients in reducing the morbidity of COVID-19
is currently limited due to the lack of well-designed clinical
trials that investigate micronutrient efficacy, dosing, route,
and timing in reducing COVID-19 symptomology and morbidity. Due to this, a narrative rather than a systematic review
was conducted.
Overall, micronutrients such as zinc, folate, vitamin C, and
vitamin D could be used as a strategy to prevent infection of
SARS-CoV-2 or as a novel therapy by being used with other
pharmacological agents in the management of COVID-19.
Supplementation with the nutrients could be a potential source
of providing a safe, effective, and cost-effective means of
reducing risk of infection, symptom severity, and duration of
recovery with minimal adverse effects. Future studies should
look further into the potential therapeutic dosages required
and combination therapies of these novel agents.
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