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Abstract

Despite many efforts around the world to control the outbreak of COVID- 19 virus, this issue has become a pandemic. According
to the latest research on the global spread of COVID- 19, researchers have found that adequate vitamin D3 increases resistance
to viral infections, reduces the severity of symptoms of the disease, and ultimately mortality rate. However,; the results are
still contradictory. There are receptors in the human body called ACE2. The COVID- 19 virus can enter the body by binding
to these receptors, and the symptoms of the disease develop gradually. Meanwhile, vitamin D3 can attach to these receptors
and prevent the corona virus from attaching to the body’s organs. Thus, people who have lower levels of vitamin D3 absorbed
during this epidemic should take vitamin D supplements to maintain an optimal level of 25 (OH) D in the blood. Randomized
controlled trials and large population studies should be conducted to evaluate these recommendations. There is insufficient
evidence between level of vitamin D3 intake and mortality rate of COVID-19 in patients. This review summarizes some of the

latest findings about the role of vitamin D3 in COVID-19 infections, severity, and mortality.
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Introduction

Vitamin D obtained from sun exposure, food, and
supplements is biologically inert and must undergo two
hydroxylations in the body for activation. The first occurs
in the liver and converts vitamin D to 25-hydroxyvitamin
D [25(0H)D], also known as calcidiol. The second occurs
primarily in the kidney and forms the physiologically
active 1, 25-dihydroxyvitamin D [1,25(0H)2D], also known
as calcitriol (Table 1) [1]. Vitamin D has other roles in the
body, including modulation of cell growth, neuromuscular
and immune function, and reduction of inflammation. Many
genes encoding proteins that regulate cell proliferation,
differentiation, and apoptosis are modulated in part by
vitamin D. Many cells have vitamin D receptors, and some
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convert 25(0OH)D to 1,25(0H)2D. Serum concentration of
25(0H)D is the best indicator of vitamin D status [2,3].

VitaminDanditsmetabolitesmaybeclassifiedas calciferol
(vitamin D3) or ergocalciferol (vitamin D2). Calcipherol
(vitamin D3) is a compound in the vitamin D family that is
naturally produced in the skin from 7-dehydrocholesterol
by exposure to ultraviolet rays of sunlight. The liver
converts vitamin D3 to 25-hydroxycholecalciferol, which is
weakly active. The kidneys then convert this to either 24,
25-dihydroxycholecalciferol, which is also weakly active, or
to 1a, 25-dihydroxycholecalciferol, and the most active form
of vitamin D (Figure 1). In the past decade, several studies
demonstrated a potential link between vitamin D3 deficiency
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and various diseases, including systemic infection. In clinical
studies, low levels of serum vitamin D were associated
with acute respiratory tract infections including epidemic
influenza [4,5].

In the COVID-19 epidemic, it is best to fully identify and
categorize the effect of receiving vitamins, minerals, and other
micronutrients in preventing as well as reducing the effects
of the virus on the body. One of the most important ways to
increase the body’s immune function against disease is to
use essential micronutrients, including vitamins related to
the vitamin D family. Vitamin D3 deficiency effects on proper
functioning of the immune system. Vitamin D derivatives,
including vitamin D3 improve the mucosal defense system by
secreting antiviral peptides, and its deficiency can exacerbate
the symptoms of respiratory disease Martineau AR, et al. [6-
11]. Reviewed 25 recent meta-analysis incorporating data
from observational studies. They found that the derivatives
of vitamin D are able to increase the strength of the immune
system against viral infections [11]. The results of these
studies showed that people at high risk for COVID-19 should
consider taking 10,000 IU of vitamin D3 daily for a few weeks
in order to rapid increase of 25 (OH) D in blood. Some studies
have shown that people with severe COVID-19 symptoms
and hospitalization have low serum levels of vitamin D3
(vitamin D deficiency). However, the risk factors for severe
COVID-19 are the same as those for vitamin D deficiency,
so it is difficult to tell if vitamin D deficiency itself is a risk

Open Access Journal of Endocrinology

factor for severe COVID-19. Risk factors include the patient’s
general condition, poor diet and underlying diseases, such
as diabetes, and liver and kidney disease [12-14]. There was
significant clinical heterogeneity and methodology in the
studies, mainly due to different supplementation strategies,
formulations, vitamin D uptake status in participants, and
reported outcomes.

In this review, we want to address the question of
whether vitamin D3 administration is an effective and safe
pre-treatment for COVID-19. We will summarize the latest
studies in this review.

SL No Compounds in the group of D vitamins

Ergocalcoferol (calciferol or vitamin D)

Cholecalciferol (vitamin D,)

Dihydroergocalciferol (vitamin D,)

Sitocalciferol (vitamin D,)

Dihydrotachysterol

25-hydroxycholecalciferol (calcifediol)

la-hydroxycholecalciferol (alfacalcidol)

wlN|la|lun|a|w N |~

1a,25-dihydroxycholecalciferol (calcitriol)

O

24,25-dihydroxycholecaciferol

Table 1: Compounds classified in the group of vitamin D [15].

Figure 1: Metabolic pathways of vitamin D [16].
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ACE-2: an Entry Receptor for SARS-CoV-2

The study was put on the health researchers’ agenda
because it was found that people with severe symptoms of
COVID-19 had low levels of vitamin D3 in their blood. Among
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them, the elderly and the sick were the ones who either
rarely left the house or because of the dark color of the skin,
less sunlight is absorbed by their body and as a result, less
vitamin D is made in their body. Angiotensin-2 converter,
or ACE2 is an enzyme that binds to the outer surface (outer
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membrane) of cells in the blood vessels, lungs, kidneys,
heart, and intestines. This enzyme lowers blood pressure
by breaking down angiotensin-2 (a vasoconstrictor peptide)
into angiotensin-7-1 (a vasodilator). Angiotensin-converting
enzyme 2 is the entry point for some types of coronaviruses
intothebody’scells. Thehumanspeciesofthisenzymeiscalled
hACE2 for short [17]. Unfortunately, the entry of coronavirus
into cells through membrane attachment significantly
reduces ACE2 receptors and loses the degradation effect of
these receptors on the outer membrane. Two indicators of
increased pulmonary inflammation and coagulation are as
side effects of this entry [18].

This disease has a great power of transmission from
person to person and seems to be due to the high ability and
tendency of Spike protein to human cellular receptor ACE2
that damage organs such as lungs, heart, liver; and kidneys
that have high levels of this receptor. Therefore, these organs
are considered as hosts for this virus and the side effects of
this disease affect these organs. However, the main target
tissue of this virus is the lungs [19,20]. Both ACE inhibitors
and angiotensin II receptor blockers that are used to treat
high blood pressure have been shown in rodent studies to
up regulate ACE2 expression hence may affect the severity of
coronavirus infections. The beneficial role of ACE2 inhibitors
in reducing the risk of respiratory infections by about 30%
compared to the control group has been investigated in
some articles. In addition to the above, it should be noted
that the risk of pneumonia in patients treated with ACE
inhibitors who were more prone to respiratory infectious
diseases, especially in two groups of patients with stroke
and heart failure was reduced. Use of ACE inhibitors was also
associated with a reduction in pneumonia related mortality,
although the results were less robust than for overall risk of
pneumonia [21,22].

Acute respiratory failure can be due to low modulation
and loss of ACE2 expression in the respiratory tissues and
especially the lungs due to the entry of coronavirus into it
[23]. The process of preparation, purification, as well as
immunological studies of the soluble ACE2Z on humans in
the future also has limitations that are not addressed in this
review.

Vitamin D3 Function

In general, in addition to its role in calcium homeostasis
and bone metabolism, vitamin D3 is also important in
strengthening and regulating the immune system. Therefore,
vitamin D3 can play an effective role in preventing COVID-19
by strengthening the immune system and increasing the
production of antioxidants and antimicrobial factors. Also,
this vitamin can be effective in reducing the symptoms of
COVID-19 disease by modulating the activity and increasing
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the efficiency of natural and specific immune cells, as well
as reducing the inflammation caused by their excessive
stimulation [24]. Several systematic studies consider the
ways in which vitamin D reduces the risk of viral infections
[25-30]. In a study conducted by Guven M, et al. [30] the
effect of high-dose parenteral vitamin D3 on COVID-19-
related in hospital mortality in critical COVID-19 patients
was evaluated during intensive care unit admission through
an observational cohort study. The obtained results showed
that high-dose parenteral vitamin D3 administration in
critical COVID-19 patients with vitamin D3 deficiency during
admission to the ICU did not reduce the need for intubation,
time of hospitalization, and hospital mortality rate [30]. One
of the reasons why vitamin D3 administration did not show
a difference in mortality in this study may be that vitamin D3
administration could not find enough time to function in the
body due to the rapid progression of COVID-19. This cause
can lead to death in a short time.

Vitamin D3 can increase the expression of ACE2Z mRNA
& protein in some tissues such as pulmonary micro vascular
endothelial cells. In this case, increasing the number of ACE2
attached to the cells can act as a double-edged sword; on
the one hand, it can increase the number of receptors for
the virus to enter the cell in patients with COVID-19 and on
the other hand the excessive ACE2 may competitively bind
with the virus and neutralize it on the one hand and it saves
cellular activity of ACE2 on the other hand which protect
the lung from damage [31,32]. In short, vitamin D3 affects
innate and adaptive immunity in a number of ways. Vitamin
D3 receptors are continuously expressed on the surface
of epithelial cells as well as immune system cells such as
monocytes and macrophages. In addition to the above, one
of the roles of vitamin D3 is to suppress the over-release of
inflammatory cytokine that may lead to cytokine/chemokine
storm.

Decreasing of Viral Infections Mechanisms

Vitamin D receptors are widely present in all cells of
the innate immune system including B and T lymphocytes,
monocytes, macrophages, and the respiratory epithelium.
Calcifediol, a prohormone of the active form of vitamin
D3, is calcitriol, which is mainly catalyzed to calcitriol by
the enzyme 1-alpha-hydroxylase, CYP27B1, in the kidney.
Calcitriol binds to vitamin D receptors in target tissues
and activates vitamin D-responsive pathways, leading to
increased intestinal absorption of calcium and phosphorus
and decreased parathyroid hormone synthesis [15].

Inthisline, Castillo ME, etal.[16] conducted a pilot clinical
trial in order to evaluate the effect of calcifediol treatment
and best available therapy on intensive care unit admission
and mortality among patients hospitalized for COVID-19.
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Their pilot study demonstrated that administering high
doses of calcifediol to 76 consecutive patients hospitalized
in the non-ICU diagnosed of COVID-19 reduces the need for
ICU admission [16]. In other case, Gomez JMQ, et al. [17]
stated that vitamin D receptor stimulation to reduce acute
respiratory distress syndrome in patients with coronavirus
COVID-19 infections [17]. They said several randomized
clinical trials were being performed using orally absorbed
vitamin D or calcifediol (250HD). According to one study,
oral calcifediol may be the best method. The results of these
studies are expected to be published in a few months.

Many studies have suggested a link between vitamin
D deficiency and the incidence of respiratory infections.
Seasonal prevalence of diseases such as influenza as well as
decreased serum levels of vitamin D in the cold season can
also indicate an association between vitamin D deficiency and
its derivatives and an increased risk of respiratory disease.
A study has shown that concentrations of less than 16ng/
ml of vitamin D in the body have been associated with an
increased incidence of respiratory infections. Another study
found that 27 Indian children with respiratory infections
and vitamin D deficiency showed a significant reduction in
the complications of respiratory infections when they took
vitamin D supplements for six weeks [22,23].

Evidence supporting the role of vitamin D in reducing
risk of COVID-19 includes that the outbreak occurred
in winter, a time when 25-hydroxyvitamin D (25(0H)D)
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concentrations are lowest; that the number of cases in the
Southern Hemisphere near the end of summer are low; that
vitamin D deficiency has been found to contribute to acute
respiratory distress syndrome; and that case-fatality rates
increase with age and with chronic disease comorbidity, both
of which are associated with lower 25(0H)D concentration
[33,34] (Figure 2).

To reduce the risk of infection, it is recommended
that people at risk of influenza and/or COVID-19 consider
taking 10,0001U/d of vitamin D3 for a few weeks to rapidly
raise 25(0OH)D concentrations, followed by 50001U/d. The
goal should be to raise 25(OH)D concentrations above 40-
60ng/mL (100-150nmol/L). For treatment of people who
become infected with COVID-19, higher vitamin D3 doses
might be useful [35,36]. Randomized controlled trials and
large population studies should be conducted to evaluate
these recommendations. Vitamin D also enhances cellular
immunity, in part by reducing the cytokine storm induced
by the innate immune system. The innate immune system
generates both pro-inflammatory and anti-inflammatory
cytokines in response to viral and bacterial infections, as
observed in COVID-19 patients [37]. Vitamin D can reduce
the production of pro-inflammatory Thl cytokines, such
as tumor necrosis factor a and interferon y. administering
vitamin D reduces the expression of pro-inflammatory
cytokines and increases the expression of anti-inflammatory
cytokines by macrophages [38].

. = = !
Viral effects of vitaminD | |
in respiratory anti- i
infections |

Induction of CXCL10 & |
INFy in airway epithelium | I

Increasing virus specific |
I CDS+ T cells |
I

Recruitment of immune
cells to the site of injection : I
.

Figure 2: The regulatory effect of vitamin D on the immune system involved in respiratory infections [39].

! Disruption of lipid envelop |
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ACE-2 is the host cell receptor responsible for mediating
infection by SARS-CoV-2. Starting from this, it might suggest
a higher risk of infection [40]. A recent review also supported
the possible role of vitamin D3 in decreasing the risk of HIV
and COVID-19 infections and mortality [41]. These comprise
maintaining of cell junctions, and gap junctions, increasing
cellular immunity by decreasing the cytokine storm with
influence on interferon y and tumor necrosis factor o and
regulating adaptive immunity through inhibiting T helper
cell type 1 responses and stimulating of T cells induction.
Vitamin D supplementation was also found to enhance CD4+

Ramin A, et al. Possible Role of Vitamin D3 in the Prevention of COVID-19 Infection and Mortality. ]

Endocrinol 2022, 6(1): 000163.

T cell count in HIV infection [42]. Many studies have been
done on the role of vitamin D and its balancing properties
along with other supplements such as vitamin D3 in
maintaining immune homeostasis [43-45]; well-designed
randomized controlled trials are required to elucidate the
plausible role of vitamin D in protective immune responses
against respiratory microbes and in preventing various types
of acute respiratory tract infections.

According to performed studies by Spector et al, T
lymphocyte, CD4+, and macrophages infection results from
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a reduction in autophagy that allows the virus to transcribe.
By inducing autophagy, Rapamycin inhibits transcription of
infection in monocytes. Similarly, calcitriol (D3), an active
form of vitamin D, can inhibit virus transcription [46]. In a
study conducted by Campbell et al., the role of autophagy
in the early stages of HIV infection and the relationship
between Rapamycin-induced autophagy and vitamin D3
with inhibition of infection transcription in macrophages
was demonstrated [47]. According to a survey, it should be
necessary to measure serum 25(0OH)D levels in all inpatient
and outpatient populations with COVID-19 and in different
stages of the disease to identify the importance of maintaining
or promptly increasing circulating levels of 25(0OH)D into the
optimal range of 40-60 ng/ml (100-150nmol/L) [48]. Using
this measuring tool, patients with vitamin D deficiency can be
identified and intensive care can be applied to these people.

Angiotensin-Converting Enzyme 2 (ACE2)

ACE2, as the key SARS receptor, does play a protective
role in the cardiovascular diseases and acute respiratory
distress syndrome from developing lung failure [49]. As a
mentioned, the human version of the ACE2 enzyme is often
referred to as hACE2. This has led some to hypothesize that
decreasing the levels of ACEZ2, in cells, might help in fighting
the infection. On the other hand, ACE2 has been shown to
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have a protective effect against virus-induced lung injury by
increasing the production of the vasodilator angiotensin 1-7
(Figure 3) [50].

Renin-Angiotensin System

The molecular mechanism underlying the down-
regulation of the intracranial Renin-Angiotensin System
(RAS) induced by vitamin D is yet to be fully understood.
It has been reported that the formation of the cyclic AMP
response element-binding protein (CREB) and the related
partner complex is blocked by 1,25(0H)2D3 9. Moreover,
the other key player involved in the downregulation of
the intrarenal RAS includes the transcriptional regulatory
complex, comprised of nuclear receptor corepressor 1
(NCOR1), CREB1, and the vitamin D receptor, which bind to
the cyclic AMP response element-like domain in the renin
enhancer 9Therefore, vitamin D may suppress RAS activity
through inhibition of renin and the ACE/Ang II/AT1R
cascade. It has been reported that over-expression of ACE2
angiotensin converting enzyme 2 resulted in improvement
of irregularities in expression related to of ACE/ACE2 and
Ang I1/Ang-(1-7) and alleviated lung injuries, whereas ACE2
knockout further attenuated the irregularities in expression
levels of ACE/ACE2Z and Ang II/Ang-(1-7), causing in
exacerbated lung injuries (Figure 3) [12,51].

Figure 3: (a) Complications of decreased vitamin D levels in the body in the face of COVID-19 virus b) The activity of renin-
angiotensin system through inhibition of renin of vitamin D [12, 51].
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The Relevance of Vitamin D3 to COVID-19

Due to the rapid proliferation of the virus in a short
time and the high viral load at the onset of symptoms, a
combination of antiviral drugs and immune system boosters
are likely to reduce the load of the virus and be effective in
reducing the severity of the disease. Vitamin D as an immune
booster is likely to reduce the risk of viral infection and
lung damage [52]. Studies have shown that a decrease in
the ratio of CD4+ to CD8+ cells, which is an indicator of the
state of activation of the immune system, is associated with
a decrease in calcitriol (1,25-dihydroxyvitamin D3) levels.
According to a study published, patients with serum vitamin
D3 levels of less than 30ng/ml were significantly less likely
to experience anesthesia, hypoxia, and even death [17,53-
55] (Table 2).

Another study included 25 randomized controlled trials,
with 10,933 participants in total from 10 different countries
indicated the beneficial effects of vitamin D3 in reducing
the risk of at least one acute respiratory tract infection
[8,10]. Increased production of oxygen free radicals and
oxidative stress in inflammatory conditions and respiratory
infections lead to damage to cell membranes and DNA. Many
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of the positive effects of vitamin D3 on strengthening the
immune system are related to its role in the production of
antioxidants to neutralize the harmful effects of oxygen free
radicals on respiratory infections such as COVID-19. This
role of vitamin D3 is attributed to the increased expression of
enzymes that produce antioxidant agents such as superoxide
dismutase 1 and 2, peroxiredoxin-3 and glutathione.
[8,10]. The entry of SARS-CoV-2 into the human cells is
via angiotensin-converting enzyme 2. Vitamin D inhibits
renin, angiotensin-converting enzyme and angiotensin II
expression, and induces ACE2 levels in air-liquid interface.
Therefore, vitamin D may attenuate acute lung injury by
inducing ACE2/Angiotensin [1-7] axis and inhibiting renin
and the angiotensin-converting enzyme/Angiotensin II/
angiotensin II receptor cascade. In conclusion, considering
the protective function of vitamin D in air-liquid interface,
supplementing vitamin D deficient individuals may boost the
immune system to fight COVID-19 infection and reduce its
severity, especially in people with associated co-morbidities.
In patients with chronic heart disease, the mortality rate
from respiratory infections is significantly higher than in
others [56,57].

:ll(; Country Population of study 25(0H) D status Reference
Meta-analysis of 48 studies including -
Deficiency: <50nmol/L
1 Iran 1911 men and more than 3,600 Insufficiencies: 50-75nmol /L [58]
women
2 China 364 Chinese men aged 60-75 Deficiency: <50nmol/L [59]
. 420 patients 265 years old admitted to Deficiency: <50nmol/L
3 Italy and Spain rehabilitation centers Insufficiency: 50-75nmol/L [60]
: Deficiency: <50nmol/L
4 United States 26010 adults Insufficiency: 50-75nmol /L [61]
5 France 297 subjects studied Deficiency: <50nmol/L [62]
more than 250 patients with chronic
6 UK obstructive pulmonary disease, aged Insufficiencies: <50nmol/L [63]
41-92 years
Singapore (a tertiary Vitamin D 150 mg, and
7 academic ho;z;tal) 1000 10, 43 patients (15 Jan-15 April 2020 vitamin B12 500g (oral) [64]
g | Belgium (Central network 186 cases, 2717 controls NA NA [65]
hospital)
USA (a single tertiary
9 academic medical center) Adults, mean age 65.2 years NA [66]
Indonesia (Government
10 hospital) Adults, mean age 54.5 years NA [67]

Table 2: The association between vitamin D intake and COVID-19 infection in some studies.
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Additional Tips

Effective regulatory effects of vitamin D3 on improving
immune function have made it a non-invasive factor in the
fight against infectious diseases, including COVID-19 disease
[68]. Active and active X-receptor drugs during pregnancy
can impair the metabolism and function of vitamin D3.
Despite these points, drug-based vitamin D supplements
can improve part of the systematic performance of drug
treatment in some drugs, such as bisphosphonates,
cytostatics, and statins. Such drugs include nonsteroidal anti-
inflammatory drugs, antiepileptics, antibiotics, and blood
pressure medications, drugs affecting the endocrine system,
antiretrovirals, and some medicinal herbs [69]. In an open-
label study, Annweiler C, et al, [70] investigated the effect
of a single oral high dose of cholecalciferol versus a single
oral standard dose of cholecalciferol within 14 and 28 days
of inclusion on mortality rate in older adults infected with
SARS-CoV-2 at higher risk of worsening. Finally, they stated
that a high-dose vitamin D supplement may be an effective,
convenient, and affordable treatment for COVID-19. However,
there is currently insufficient scientific evidence for this [70].

In another study, Thacher TD, et al. [71] evaluated the
evidence in clinical trials of vitamin D during COVID-19.
Vitamin D doses greater than 100mcg (40001U) daily should
notbe used without monitoring serum 25(0H)D and calcium.
The highlighted point of this review article was that vitamin
D doses greater than 100 mcg (4000IU) daily should not
be used without monitoring serum 25(0OH)D and calcium.
They concluded that randomized and controlled trials are
necessary to confirm the beneficial effects of vitamin D
suggested by observational studies. Many observational
studies and meta-analyses of clinical trials should be
conducted in order to determine the exact the dose, timing,
and interaction of vitamin D with other treatments. They
concluded that high-risk populations for COVID-19 also
suffered from vitamin D deficiency. Therefore, it seems
quite reasonable to recommend accurate doses of vitamin
D supplementation for the general population during the
COVID-19 pandemic. However, consuming large amounts of
this vitamin can lead to problems such as toxicity, manifested
as hypercalcemia and nephro-calcinosis in vulnerable groups
[71].

In this line, Iacopetta D, et al. [72] reviewed the latest
medications and treatments updated during the treatment
of COVID-19 disease. In part of this review, the effective
role of vitamin D in the healing process through the ways of
strengthening the immune system was mentioned [72]. In
vivo and in vitro studies show that vitamin D elicits biological
effects on both adaptive and the innate immune systems
including macrophages, T cells, dendritic cells, monocytes,
and B cells [73].
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Conclusions

The results of this study indicate that vitamin D
deficiency and related supplements can be considered as an
important factor in the development of the risk of respiratory
infections. As a mentioned, the role of vitamin D3 in patients
with respiratory failure is not limited to this issue but also
due to significant effects such as reducing or modulating the
activity of the nonspecific and acquired immune systems
and the characteristics associated with the occurrence of
cytokine storms guided by the innate immune system, it
can play a protective role against lung tissue damage in this
disease.

We did not find many literatures that clearly and
conclusively confirm the role of vitamin D3 in the recovery of
respiratory patients with COVID-19 infection. However, this
role can be considered as a supportive treatment method for
various drug therapies. We would need evidence from well-
masked randomized trials to determine if there are effects,
before recommending vitamin D3 supplements for treating
or preventing COVID-19 infection.

There is some evidence that vitamin D3 may have a role
in preventing other respiratory infections, particularly for
people with low or very low vitamin D3 status. Whilst this
evidence comes from systematic reviews of randomized
trials, it has many limitations, including heterogeneous
definitions of respiratory infections, study populations,
interventions, and definitions of vitamin D3 deficiency.

The ability of this vitamin to stimulate macrophages,
neutrocytes, and natural Killer cells in infection and
inflammation of the lungs, as well as the epithelial tissue
line, to produce antimicrobial peptides, including defensins
and catalysts, is another issue that may be of interest
to researchers. Studies with larger sample sizes and
interventions especially the examination of the animal
models can help to more accurately assess the role of vitamin
D3 in COVID-19 disease and its relationship to disease
severity.
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