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Abstract
Novel coronavirus disease (COVID-19) pandemic caused by SARS-CoV-2, for

which there is no effective treatment except employing prevention strategies,
has already instituted significant number of deaths. In this review, we provide a
scientific view on the potential role of vitamin D in SARS-CoV-2
virus/COVID-19 disease. Vitamin D is well-known to play a significant role in
maintaining the immune health of an individual. Moreover, it induces
antimicrobial peptide expression that can decrease viral replication and regulate
the levels of pro-inflammatory/anti-inflammatory cytokines. Therefore,
supplementation of vitamin D has the potential to reduce the incidence, severity
and the risk of death from pneumonia resulting from the cytokine storm of many
viral infections including COVID-19. We suggest that supplementation of
subjects at high risk of COVID-19 with vitamin D (1.000 to 3.000 1U) to
maintain its optimum serum concentrations may be of significant benefit for
both in the prevention and treatment of the COVID-109.
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Introduction
The occurrence of respiratory tract infections (RTI) is more common in winter,

especially in the northern regions, than in the summer months [1].This also
applies to the rapidly spreading in the winter period around the world of the
infectious Coronavirus disease 2019 (COVID-19) which became a pandemic,
since the virus is more easily transmitted at low temperatures[2]. This raises the
possibility that insufficient intake of vitamin D3 may have a role in the
development and severity of COVID-19. Thus, in order to curb the current
pandemic of COVID-19, it is opined that the administration of an adequate
amounts of vitamin D3 may stem the current situation till an effective therapy,
chemoprophylaxis, and vaccination is developed.

Deficiency of vitamin D3 in all age groups is a public health problem [3] that is
well recognized. It is estimated that more than one billion people suffer from
vitamin D3 deficiency [4]. Several previous studies suggested that there is an
independent association between low plasma concentrations of 25-
hydroxyvitamin D3 and susceptibility to acute respiratory infections [5].
Vitamin D3 deficiency has been associated with many diseases including but
not limited to type 2 diabetes mellitus, heart disease, stroke, autoimmune
diseases, asthma and RTIs [6]. The relation between low levels of vitamin D3
and infection with bovine diarrhea virus in calves has been well established [7].
It is evident that in winter due to the shorter time spent in the sun, the plasma
levels of vitamin D3 is likely to be low[8]. This is especially evident in
countries such as the United States of America (USA), United Kingdom (UK),
Switzerland, Italy, Spain, Iran, France, Turkey, etc. It is rather interesting that
COVID-19 pandemic and its high mortality has been reported in these countries.
According to the US National Center for Health Statistics, approximately 70%

of the population may be deficient in vitamin D3 and surprisingly while the
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United States is presently the most affected by COVID-19. This is in line with
the current proposalthat severe acute respiratory syndrome due to SARS-CoV-2
and its associated high mortality rate may be as a result of vitamin D3
deficiency. Furthermore, vitamin D3 deficiency is known to elevate with
increasing age and comorbidities that are associated with lower vitamin D3
levels [9].

In the current review, we present a scientific rationale on the potential
relationship between vitamin D3 content and higher incidence of Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) virus infection. Moreover,
our review also summarizes the current understanding of the link among vitamin

D3, the immune system, and respiratory infections.

Vitamin D synthesis_and sources
Vitamin D is derived from 7-dehydrocholesterol in the skin by the action of

ultraviolet B (UVB, wavelength 280-315 nm) splitting a carbon to carbon bond
(C9-C10) thus opening up its B ring—it is structurally related to other
cholesterol-derived hormones such as cortisol, testosterone and oestrogen.
Formation of the active hormonal form of vitamin D, 1,25 dihydroxyvitamin D
(1,25(0H)2D), requires25-hydroxylation, performed in the liver, and 1-
hydroxylation, performed in the kidneys but also in many immune cells and
epithelial cells by the action of the enzyme 1- hydroxylase also referred to as
CYP27B1 [10].

Vitamin D exists in two forms, D2 and D3. Vitamin D2 (ergocalciferol) derives
from UVB irradiation of the yeast and plant sterol ergosterol, and vitamin D3
(cholecalciferol) is found in oily fish and cod liver oil and is also made in the
human skin. It is very hard to obtain sufficient vitamin D from food. Oily fish is
the only substantial dietary source. Other sources that include liver, eggs and
mushrooms (the latter only if they have been UV irradiated) provide only
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modest amounts of vitamin D. The main source of vitamin D is its generation by
the action of UVB on the skin [11].

Vitamin D and mechanisms to decrease viral infections
Some recent reviews demonstrated some pathways by which vitamin D

decreases the risk of microbial infections [12]. Vitamin D follows different
mechanisms in reducing the risk of viral infection and mortality. To reduce the
risk of common cold, vitamin D uses three pathways: physical barrier, cellular
natural immunity, and adaptive immunity [13]. A recent review also supported
the possible role of vitamin D in decreasing the risk of COVID19 infections and
mortality [14]. These comprise maintaining of cell junctions, and gap junctions,
increasing cellular immunity by decreasing the cytokine storm with influence on
interferon and tumor necrosis factor [14] and regulating adaptive immunity
through inhibiting T helper cell type 1 responses and stimulating of T cells
induction [15]. Vitamin D supplementation was also found to enhance CD4+ T
cell count in HIV infection [16]. One of the major manifestations of severe
SARS-CoV-2 infection is lymphopenia [17]. In both the mouse models and in
human cell lines, vitamin D exerted activity in lung tissue and played protective
effects on experimental interstitial pneumonitis [18]. Several in vitro

Studies demonstrated that vitamin D plays a significant role in local “respiratory
homeostasis” either by stimulating the exhibition of antimicrobial peptides or by
directly interfering with the replication of respiratory viruses [19]. Vitamin D
insufficiency can, therefore, be involved in ARDS and heart failure and these
are the manifestations of severely ill COVID-19 subjects. Therefore, vitamin D
deficiency promotes the renin-angiotensin system (RAS), which may lead to
chronic cardiovascular disease (CVD) and reduced lung function [20]. People
with such comorbidities account for a higher percentage of severe ill cases in
COVID-19 [21]. Although, many studies supported the immunomodulatory

characteristics of vitamin D and its significant role in the maintenance of
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immune homeostasis; 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.
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Figure 1 Proposed mechanism whereby 1,25(0H) D -VDR (D-hormone) signalling acts on
the respiratory system during the COVID-19 infection. 1,25(0OH) D, 1,25-hydroxyvitamin D;
ARTI, acute respiratory tract infection; IFN-gamma, inteferon gamma; IL-6, inteleukin 6;
IL10, interleukin; IL -12, interleukin 12; IL-17, interleukin 17; Treg, T regulatory cells; TNF,
tumour necrosis factor; UV, ultraviolet; VDR, vitamin D receptor.

The relevance of vitamin D to COVID-19
Yet, it is important to fully elucidate the virulence mechanisms of COVID-19,

several cellular mechanisms including Papain-like protease (PLpro)-mediated
replication, dipeptidyl peptidase-4 receptor (DPP-4/CD26) binding, disruption
of M-protein mediated type-1 IFN induction and MDAS and RIG-I host-
recognition evasion have been recognized in the closely-related COVID-MERS
virus [22,23]. Of the above processal, human DPP-4/CD26 has been exhibited

to connect with the S1 domain of the COVID-19 spike glycoprotein, suggesting
that it could also be a salient virulence factor in Covid-19 infection [24]. The
expression of the DPP-4/CD26 receptoris reduced significantly in vivo upon the

4
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correctness of vitamin D insufficiency [25]. There is also an indication that
maintaining of vitamin D may reduce some of the unfavorable downstream
immunological sequelae thought to extract poorer clinical outcome in Covid-19
infection, such as interleukin 6 elevation, delayed interferon-gamma response,
and, a negative prognostic marker in subjects with acutely-ill pneumonia [26],

including those having Covid-19 [27].

Epidemiological and clinical observations regarding COVID-19
Some clinical and epidemiological studies support to outline the hypothesis

regarding COVID-19 and its relationship with vitamin D status. Recent studies
indicated that COVID-19 is associated with the increased generation of pro-
inflammatory cytokines, Creative protein (CRP), ARDS, pneumonia, and heart
failure [28, 29]. In China, chronic fatality rates were 6-10% for people with
chronic respiratory tract disease, cardiovascular disease, hypertension, and
diabetes [12, 30]. In other studies, serum concentrations of 25(OH) D were
inversely associated with pro-inflammatory cytokines, IL-6, increased CRP, and
increased risk of pneumonia, ARDS, diabetes and heart failure [31]. In
randomized control trials, vitamin D supplementation has been shown to reduce
the risk of respiratory diseases [32, 33]. A placebo-controlled trial with 5660
subjects showed that vitamin D supplementation significantly reduces the risk of
respiratory tract infections [34]. A review included five clinical studies reported
that respiratory tract infections were significantly lower in the vitamin D
supplementation group than the control group [35]. Another study included 25
randomized controlled trials, with 10,933 participants in total from 14 different
countries indicated the beneficial effects of vitamin D supplementation in

reducing the risk of at least one acute respiratory tract infection [36].
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How to supplement vitamin D in COVID-19

Patients with deficiency Although the degree of protection generally increases
as 25(OH)D serum concentration increases, the optimal range is considered to
be in the range of 40-60ng/mL (100-150nmol/L). In order achieve those levels;
approximately half the population should take at least 2000— 50001U/day of
vitamin D [37]. The supplementation with calcidiol (25(OH)D) may present
some advantages over the native vitamin D (cholecalciferol), in fact, calcidiol
has a more reliable intestinal absorption (close to 100%) and its administration
can rapidly restore serum concentrations of 250HD as it does not require
hepatic 25-hydroxylation (CYP27A1) . This is especially relevant in clinical
situations whereby rapid restoration of serum 250HD is desirable and
expression is compromised. Such impaired hepatic vitamin D hydroxylation by
cytochrome p450 2R1 (CYP2R1) activity has been well demonstrated in several
animal models of obesity, diabetes or glucocorticoid excess and in patients with
COPD or asthma [38]. Various loading doses have been studied for achieving a
25(0OH)D concentration of 30ng/mL. For example, one study used a weekly or
fortnightly dose totaling 100000—2000001U over 8 weeks (1800 or 36001U/ day)
[39]. Clinical data suggest that daily or weekly doses offer better results than
bolus in the protection against acute pulmonary infections and supplementation
with extremely high doses of vitamin D could be harmful and toxic, especially
to elderly individuals [40,41]. Some reports just speculated on single high
vitamin D doses and mechanisms for prevention and treatment of COVID-19
patients [42]. Therefore, the supplementation of vitamin D by bolus or
extremely high doses (ie, 600000 Ul single dose oral dose) should be avoided
since can increase the risk of intoxication without evidence of benefits at least in
COVID-19 patients [43]. In addition, from the literature, for healthy individuals,
it is suggested taking 100001U/day for a month, which is effective in rapidly
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increasing serum concentrations of 25(0OH) D into the optimal range of 40—
60ng/mL [44]. To maintain that level after that first month, the dose can be
decreased to almost 2000-30001U/day. However, measuring serum 25(OH)D
concentration would be useful to determine baseline and the achieved 25(OH)D
concentrations. Patients hospitalised with COVID-19 should have baseline
serum 25(OH)D concentrations measured and must be supplemented at least to
a level >30ng/mL (optimal 40-60), especially when the baseline level is
<10ng/mL and such deficiency is significantly more present in male patients
[45]. In conclusion, we might suggest in COVID-19 patients with 25(OH)D
serum levels under 20ng/mL that the usual recommended dose for correction of
deficiency should be 6000-7000 oral IU/day for the first 6-8 weeks. For
maintenance, the dose should varies from 2000 to 3000 oral 1U/day depending
on the age and clinical condition of the patient up to achieve the suggested

concentrations [46].

Public Health and Clinical Implications

Vitamin D insufficiency and deficiency are widespread in many countries, in
particular among the elderly, calling for public health action even before the
COVID-19 pandemic [47]. Randomized controlled trials (RCTs) have shown
efficacy and safety of vitamin D supplementation

in preventing various adverse health outcomes, such as hip fractures, acute
respiratory infections, or deaths from cancer [48]. Widespread vitamin D
supplementation, at least for the elderly and the high risk groups, thus seems to
be prudent even in the absence of the COVID-19 pandemic and is recommended
or practiced to some extent in a few countries [49]. Nevertheless, vitamin D
levels have remained inadequate in most countries, with prevalence of vitamin
D deficiency remaining highest among nursing home residents [50], the group at
highest risk for COVID-19 infection and death. The ongoing COVID-19
pandemic, globally accounting for more than 10 million new cases
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and 200,000 deaths per month in the second half of 2020, calls for immediate
efforts to enhance vitamin D status of populations at risk and of those infected
with COVID-19 even before results of the ongoing large trials become
available, which will not be before spring to summer of 2021. Besides the recent
epidemiological evidence outlined above, a major protective impact of vitamin
D supplementation on risk and course of COVID 19 infections is strongly
supported by long known and well established molecular mechanisms of
vitamin D, such as its immunomodulatory effects, as outlined in detail
elsewhere [51]. Vitamin D supplementation could thus be a most cost-effective,
readily available tool that could potentially prevent millions of COVID-19
infections and tens if not hundreds of thousands COVID-19 deaths, and at the
same time, prevent overstretching of health care

systems, beyond its established beneficial effects on other health outcomes.
Obviously, vitamin D supplementation should complement, not replace
established and other efforts to cope with the COVID-19 pandemic, such as
social distancing, wearing of masks, and hygiene measures with which it shares
protective effects not only against COVID-19 infections, but also other
infections, such as other acute respiratory infections including influenza.
Although there is hope that widespread vaccination will finally end or at least
widely control the current COVID-19 pandemic, its long-term safety and
effectiveness are yet to be demonstrated. In the meantime, but also in the long
run, vitamin D supplementation, for which safety and effectiveness with respect
to acute respiratory infections has long been established, and which is a very
low-cost measure, should be widely applied. Even a minor effect on protection
from infection that might turn the COVID-19 effective reproduction number
from slightly above one (as estimated for many countries shortly before or
during lockdown measures of varying intensity during most of the second half
of 2020) to slightly below one could make the difference between further

exponential growth or regression of the pandemic. In the absence of specific

8
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contraindications, supplementation with safe, but sufficient doses (e.g., ranging
from 800 t04000 IU/day for older adults depending on individual factors, such
as age and sex [52], body mass index, or comorbidity) should thus be strongly
promoted for the population at large and the high-risk population in particular,
not only to those with already manifest COVID-19 infection. Despite remaining
uncertainties with respect to optimal dosing, evidence from vitamin D trials with
other endpoints suggests supplementation should preferably be done on a
regular basis rather than by occasional high-dose bolus therapy. For patients
with manifest COVID-19 infection, initiation of high-dose supplementation as
early as possible after diagnosis should be strongly considered whenever there
are no specific contraindications against such treatment. At the very least, such
strategies would help to reduce the burden of established adverse consequences
of widespread vitamin D insufficiency and deficiency, which would be a great
achievement by itself. In the best case, they might add to this the even greater
achievement of curbing the ongoing COVID-19 pandemic with all its adverse
consequences even prior to and beyond widespread availability of vaccination.
Immediate action is warranted [53].
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CONCLUSIONS

Given the evidence supporting the role of vitamin D in modulating immune
function, and the impact of vitamin D supplementation on vitamin D-deficient
patients with COVID-19, as well as the favourable safety profile(and low cost)
of vitamin D, practical recommendations should be synthesized as follows:

Current public health guidelines for optimising vitamin D status should be
followed always and clinical data from systematic reviews and meta-analyses
show benefits in the prevention of respiratory infections and improvement of
pulmonary function when vitamin D-deficient patients are supplemented.

The optimal vitamin D status of the host may contribute key
immunoregulatory functions in settings of viral respiratory infection and overall
the altered immune-inflammatory COVID-19 reactivity at least by
downregulating overly exuberant cytokine responses (pathological cytokine
storm, in fact higher vitamin D levels correlate with lower IL-6 levels).

Patients hospitalized with COVID-19 should have baseline serum 25(OH)D
concentrations measured and should be supplemented to a level >30
ng/mL(optimal 40-60 ng/mL), especially when the baseline level is <10 ng/mL.

In COVID-19 patients with 25(OH)D serum concentrations under 20 ng/mL
the recommended dose for correction of deficiency is 60007000 oral 1U/ day
for 6-8 weeks. For maintenance, the dose varies from 2000 to 3000 oral 1U/day
depending on the age and clinical condition of the individual up to reach optimal

concentrations.

When it is not possible to measure baseline 25(OH)D concentrations in
COVID-19 patients, it seems essential supplementing with 2000-3000 oral 1U

per day up to the suggested optimal serum concentrations (40—60 ng/mL).
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A final message based on all the practical issues discussed: keep the vitamin D
serum concentrations during all the year between 40 and 60 ng/mL (100-150
nmol/L), it is one of the fundamental care to reduce, at least the risk of RTIs,
COVID-19 included.
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