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Abstract

Purpose Covid-19 is a pandemic of unprecedented proportion, whose understanding and management is still under way. In
the emergency setting new or available therapies to contrast the spread of COVID-19 are urgently needed. Elderly males,
especially those affected by previous diseases or with comorbidities, are more prone to develop interstitial pneumonia that
can deteriorate evolving to ARDS (acute respiratory distress syndrome) that require hospitalization in Intensive Care Units
(ICUs). Even children and young patients are not spared by SARS-CoV 2 infection, yet they seem to develop a milder form
of disease. In this setting the immunomodulatory role of Vitamin D, should be further investigated. Methods: We reviewed
the literature about the immunomodulatory role of Vitamin D collecting data from the databases Medline and Embase.
Results Vitamin D proved to interact both with the innate immune system, by activating Toll-like receptors (TLRs) or
increasing the levels of cathelicidins and p-defensins, and adaptive immune system, by reducing immunoglobulin secretion
by plasma cells and pro-inflammatory cytokines production, thus modulating T cells function. Promising results have been
extensively described as regards the supplementation of vitamin D in respiratory tract infections, autoimmune diseases and
even pulmonary fibrosis.

Conclusions In this review, we suggest that vitamin D supplementation might play a role in the prevention and/or treatment
to SARS-CoV-2 infection disease, by modulating the immune response to the virus both in the adult and pediatric population.
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Introduction taken extraordinary measures to restrain the spread of the
epidemic, including limitation of individual movements,
shutdown of all less necessary economic activities and iso-

lation of areas and cities where the epidemic has clustered.

The recent epidemic of Covid-19 has rapidly become an
emergency threat for the health systems of all infected coun-

tries by overloading the medical facilities and intensive care
units and causing thousands of deaths. In order to allow the
National Health Systems to organize and set more beds,
devices and medical personnel, the local governments have
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Given the dire circumstances, the efforts of the researchers
have been focused on the prevention and treatment of this
disease. Nonetheless, while the development of new drugs
or vaccines would take a long time before human testing and
commercialization, clinical trials on available pharmaceu-
ticals with a potential effect against Covid-19 could more
easily yield useful results and, as a matter of fact, are already
being performed. Vitamin D is usually known for its role
in the maintenance of bone health and calcium—phospho-
rus metabolism, yet many other roles of this hormone have
been recently discovered, such as modulation of the immune
response in both infectious and autoimmune diseases. Just
recently, it is being hypothesized that vitamin D supplemen-
tation could be used as a preventive or event therapeutic
option in Covid-19, but more studies are needed to vali-
date this association. In the following, we describe vitamin
D immunomodulatory role and effect on some infectious
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and autoimmune diseases that might share similarities with
Covid-19, based on the current and future understanding of
the pathogenesis of this infection.

The epidemic of Covid-19

In December 2019, an epidemic of pneumonia caused by a
novel virus later identified as severe acute respiratory syn-
drome coronavirus 2 (SARS—CoV-2) started in the city of
Wuhan, Hubei province, China. Recently, the World Health
Organization (WHO) has declared coronavirus disease 2019
(Covid-19), a pandemic of global health concern. Most peo-
ple infected by SARS—CoV-2 develop interstitial pneumonia
with ground-glass opacities at the CT scan, while a minor-
ity of patients develop acute respiratory distress syndrome
(ARDS), and need hospitalization in Intensive Care Units
(ICUs).

As of April 13, 2020, a total of 1,773,084 laboratory-
confirmed cases and 111,652 deaths have been documented
[1]. In Italy, the first European country to deal with a rapid
increase in the number of Covid-19 cases in the last month,
the epidemic is cornering the National Health System (SSN),
which usually provides high-level and free-for-all health
care. Despite the total shutdown of the country to limit the
spread of the epidemic and the increasing of ICU personnel,
devices, and beds are timely met, the recent estimates predict
a gloomy development of the epidemic, with clinical facili-
ties at their maximum load and intensive care specialists
forced to allocate the life-saving care to the youngest and
fittest [2]. That is, making the uncomfortable choice between
who lives and who dies.

The demographics of the Covid-19 outbreak proves that
elderly males, with or without comorbidities, are the most
severely affected across all populations. In a large report of
72,314 cases from the Chinese Center for Disease Control
and Prevention [3], 87% of cases were aged 30-79 years
and 3% were aged 80 years or more, with a case-fatality rate
of 8% and 14.8%, respectively. Critical disease requiring
admission in ICU and mechanical ventilation was observed
in 5% of all cases, with a case-fatality rate of 49%. In a
sample of 1099 laboratory-confirmed cases of Covid-19 [4]
41.7% of patients were females and 0.9% of patients were
14 years old or younger. Although children appear to be
the least affected across all ages, they might still be respon-
sible of the transmission of the virus. In a cohort of 171
pediatric cases of Covid-19 [5] up to 15.8% of patients did
not have any symptoms of infection or radiologic features
of pneumonia and 7% of these patients had radiologic fea-
tures of pneumonia without presenting any clinical sign. In
areport on 2.143 pediatric cases of Covid-19 more than 90%
of patients with clinically or laboratory diagnosed infection
had asymptomatic, mild, or moderate disease. Half of the
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10% critical cases of Covid-19 in this study were less than
1 year of age [6].

Vitamin D

Most people depend on sunlight exposure to produce the
required amount of vitamin D [7].

Differences in sunlight-dependent production of vitamin
D is greatly influenced by season, latitude, time of day, skin
pigmentation, sunscreen use, and age, with the elderly gen-
erating 25% of the vitamin D produced by younger ones in
the same amount of time. As very few nutrients naturally
contain vitamin D, dietary intake of vitamin D is generally
insufficient. Thus, fortification of food and/or oral supple-
mentation is often necessary. In adults, vitamin D supple-
mentation is recommended for all ages (600 Ul/day from
19 to 70 years of age; 800 Ul/day >70 years of age; up to
1500/2000 Ul/day to maintain a blood level of vitamin D
above 30 ng/mL), with a higher dosage required for preg-
nant or lactating women and subjects at risk of osteoporosis
[8]. In the pediatric population, vitamin D supplementation
(400 Ul/day from birth to 12 months of age and 600 Ul/day
beyond 12 months of age) is usually recommended for the
prevention of rickets and osteomalacia [9].

The ultraviolet B radiation is absorbed by 7-dehydrocho-
lesterol in the skin, leading to its conversion to previtamin
D3, which is rapidly transformed into vitamin D3 (chole-
calciferol). The molecule then undergoes further process-
ing in the liver [25-hydroxycholecalciferolorcalcifediol] by
cytochrome CYP2RI1 and in the kidney (1,25-dihydroxy
cholecalciferol or calcitriol) by cytochrome CYP27B1,
before reaching its cellular targets. Here, the activated vita-
min D binds to the nuclear vitamin D receptor (VDR) and
forms an heterodimeric complex with the retinoic acid X
receptor that recognizes specific DNA sequences, known
as vitamin D responsive elements (VDRE), resulting in the
expression of the vitamin D responsive genes via a variety
of transcriptional factors (Fig. 1).

Immunomodulatory and antiviral role
of vitamin D

Although vitamin D is usually acknowledged for the mainte-
nance of bone health and calcium—phosphorus metabolism,
many other roles of this hormone have been recently discov-
ered, such as stimulation of insulin production, effects on
myocardial contractility, prevention of inflammatory bowel
disease (IBD), and promotion of thyroid-stimulating hor-
mone (TSH) secretion. Furthermore, the immunomodula-
tory role of vitamin D has been the subject of several stud-
ies [10]. To date, it is known that the VDR activation can
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Fig. 1 In this picture, we resumed on the left side the principal func-
tions of vitamin D. In particular, we enlightened the anti-proliferative
and anti-inflammatory function on adipose tissue, the anti-fibrotic
effect on lung tissue, the inhibition of the aromatase enzyme with
subsequently reduction in estradiol, the preventing role in developing
autoimmune diseases and its immunomodulatory role on the innate
and adaptive immune systems. On the right side, it is shown the

regulate the expression of more than 900 genes, many of
which are involved in innate and adaptive immunity. VDR
is expressed in almost all immune cells, including activated
CD4+ and CD8+ T cells, B cells, and antigen-presenting
cells, such as macrophages and dendritic cells. The receptor
acts as a modulator of innate and adaptive immunity [11]. It
is also known that vitamin D enhances the expression of two
antimicrobial peptides called cathelicidin and p-defensin,
and that play a key role in innate immunity [12, 13]. These
peptides are involved in direct microbicidal effects and have
also shown pleiotropic effects in inducing immunomodu-
latory responses to pathogen stimuli. In particular, human
cathelicidin peptide LL37 exhibits a variety of effects,
through interacting with formyl peptide receptor-like 1
(FPRL1), recruiting neutrophils, monocytes, and T cells to
infectious sites. It also promotes apoptosis of infected cells
and showed a potent antiviral effects on a variety of viruses,
such as HIV-1, influenza viruses, HSV1-2, rhinovirus, and
HCV [14]. A number of studies reported a high prevalence
of vitamin D deficiency among HIV-infected individuals.
More specifically, faster HIV progression and severity, lower
CD4+ counts, increased risk of mortality, and increased
vulnerability to Mycobacterium tuberculosis were reported
[15]. Although the effect of normal to high levels of vitamin
D on increasing CD4+ count is still unclear, a recent review

“Cytokine Storm” caused by SARS—Cov-2. We highlighted also the
possible interaction role of DPP-4/CD 26-R, reduced by supplemen-
tation of vitamin D with SARS—Cov-2. ACE-2 angiotensin-converting
enzyme-2, RXR retinoid X receptor, TLRs toll-like receptors, VDR
vitamin D receptor, VDRE vitamin D response element, WBC white
blood cell

proved that vitamin D plays an important role in reducing
the immune activation of HIV-infected patients. In particu-
lar, the paper reports that supplementation with a daily dose
of vitamin D between 4000-7000 IU for at least 12 weeks
can reduce the expression of CD38 and Ki67 in CD8+ T
lymphocytes, inflammatory monocytes (CD144+CD16+),
as well as the expression of PD1 + (an exhaustion marker)
in CD4+ T cells, with an increase in CD4+/CD8+ T cell
ratio. This leads to the important assumption that brisk sup-
plementation in vitamin D-deficient HIV-infected patients
could help reduce chronic inflammation and comorbidities
[16] that are still frequent among these patients despite the
constant amelioration of combination antiretroviral therapy
(cART) [17]. Human cathelicidin peptide LL37 also modu-
lates the recognition of viral dSRNA by Toll-like receptor
3 (TLR 3). It is known that activation of Toll-like receptors
(TLRs) generate antimicrobial activity against intracellular
pathogens and it has been demonstrated that TLR activation
expressed by human macrophages can upregulate the expres-
sion of vitamin D receptor and vitamin D-1-hydroxylase
genes, leading to the production of antimicrobial peptide
(cathelicidin) and stimulate the intracellular killing of Myco-
bacterium tuberculosis [13]. Vitamin D also promotes self-
tolerance by shifting the cytokine patterns from a Th-1 to a
Th-2 environment. This results in a reduction in Th1- and
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Th17-stimulating cytokines with depletion of Th-17 cells
(which are known to be linked to tissue damage and inflam-
mation) and upregulation of regulatory type-2 (T reg) cells
[18]. It has also been demonstrated that vitamin D is capa-
ble of inducing autophagy and apoptosis in infected cells,
throughout several mechanisms [14]. Finally, 25-hydroxy-
vitamin D and 1,25(OH)2D also modulate T-cell immunity,
reducing pro-inflammatory type 1 cytokines (such as, IL-8,
IFN-vy, IL-12, IL-6, TNF-a, and IL-17) and increasing anti-
inflammatory type 2 cytokines (such as, IL-4, IL-5, and
IL-10) [19]. More specifically, 1,25(0OH)2D inhibits prolif-
eration of plasma cell and immunoglobulin secretion, and
it induces B cell apoptosis [20]. In summary, many studies
have demonstrated the immunomodulatory influence of vita-
min D both in adult and pediatric patients, by enhancing and
coordinating the innate and adaptive response in different
pathologic conditions (Table 1).

Vitamin D in respiratory tract infections

Several studies have demonstrated that higher levels of vita-
min D are associated with better prognosis and outcome in
infectious diseases [12]. Indeed, vitamin D has been exten-
sively studied as a putative preventive and therapeutic agent
for acute respiratory tract infections (ARTIs) in both adults
and children, especially in developing and low-income coun-
tries, owing to its safety and low cost. As a matter of fact,
pneumonia is the leading cause of death in children in the
world [21]. A great number of studies have hypothesized a
positive correlation between vitamin D deficiency and the
risk of developing ARTIs [22]. However, the link between
vitamin D deficiency and acute respiratory infections occur-
ring during the winter season, despite being frequently
brought up in the literature, has not been unequivocally
confirmed [23]. Moreover, discrepancies between different
age groups have been observed. Vitamin D supplementation,
as already described, seems to decrease proinflammatory
cytokines in the lung via modulation of both macrophages
and T lymphocytes activity [24]. In a recent meta-analysis,
including 25 randomised controlled studies (RCTs), it has
been demonstrated that vitamin D supplementation reduced
the risk of developing acute respiratory tract infections, with
a higher protective effect in those who received weekly vita-
min D supplementation or in those with low levels of vita-
min D at baseline (25-hydroxyvitamin D levels <25 nmol/L)
[25]. While it is supposed that serum levels of vitamin D
between 20 ng/mL and 50 ng/mL should be adequate to
provide an immunomodulatory effect, there has been great
uncertainty on the vitamin D supplementation regimen to
adopt [26]. A recent systematic review studied the role of
vitamin D as an adjunctive therapy to antibiotics in acute
childhood pneumonia. It included seven RCTs conducted
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in low-income countries that involved 1529 children. None-
theless, owing to the different supplementation regimens
adopted for each study and the lack of reporting on the eti-
ology of pneumonia, only low- to very low-quality evidence
was made available [27]. In fact, its role as possible adjuvant
to antibiotics treatment of acute childhood pneumonia has
already been undetermined in a previous Cochrane review
[28]. A more recent study also showed how high-dose vs
standard-dose wintertime vitamin D supplementation did
not reduce viral upper respiratory tract infections in young
healthy children [29]. Nonetheless, the ineffectiveness of
vitamin D in the younger might be due both to the lower
prevalence of vitamin D deficiency, when compared with
the elderly, and to a putative threshold effect of vitamin D
in preventing ARTi. It has been, indeed, demonstrated that
the negative correlation between levels of vitamin D and
respiratory tract infections, should be attributed to its active
form (1,25-OH2-vit D); therefore, restoring the levels of
inactive vitamin D might not be sufficient in some patients,
like those affected by chronic kidney or liver disease [30].
Interestingly, it has also been demonstrated that vitamin
D supplementation in patients with ventilator-associated
pneumonia (VAP) can significantly reduce IL-6, that can
be considered a prognostic marker, and the mortality rate in
patients treated with vitamin D was significantly lower than
that of the placebo group. The authors concluded suggest-
ing the administration of vitamin D at a high intramuscular
dose (300.000 UI) as an adjunct to the standard treatment
of VAP patients [31].

Vitamin D in autoimmune diseases

In a variety of animal models pretreatment with 1,25-OH2-D
proved effective in mitigating or preventing the onset of type
1 diabetes mellitus (DM1), multiple sclerosis (MS), rheu-
matoid arthritis (RA), systemic lupus erythematosus (SLE),
Crohn’s disease, thyroiditis, psoriasis, polymyalgia theumat-
ica, and autoimmune gastritis [7, 32]. An interesting study
conducted on 12.555 subjects showed a statistically signifi-
cant correlation between vitamin D status and development
of autoimmune disease in Danish population [33]. Interest-
ingly, in another study specific allelic variants of VDR (espe-
cially Bsml, Apal, Taql, and FokI polymorphism genotypes)
have been associated with higher susceptibility to develop
an autoimmune disease (i.e., Bsml and FokI polymorphism
for SLE or Apal, BsmlI, and Taql polymorphisms for RA)
[34, 35]. This is of particular interest and it could explain
the variability of responses to vitamin D supplementation
in autoimmune and infectious diseases across the different
regions of the world [36]. A significant inverse correlation
was reported between disease activity and serum vitamin D
concentration in SLE [37]. A preventive role of vitamin D



Journal of Endocrinological Investigation (2021) 44:27-35 31

Table 1 Effects of vitamin D supplementation on the immune system and other different conditions

(A) Immune system component Effect References

T cells | Th1/Th17 T and 1 Th 2 [12, 13, 19]
| IL-8, IFN-y, IL-12, IL-6, TNF-«a, IL-17
1 1L-4, IL-5, IL-10
Recognition of viral dsSRNA by Toll-like receptor 3 (TLR 3)

B cells 1 Apoptosis [20]
Plasma cells | Proliferation and immunoglobulin secretion [20]
Neutrophils, monocyte-macrophages and dendritic cells) Recruitment to infectious sites, T TLR [13]
1 Intracellular killing of M. Tuberculosis (macrophages)
Infected cells 1 Autophagy and apoptosis [13, 14]
Antimicrobial peptides (human cathelicidin peptide LL37 and  Increased [12, 13]
f-defensin)
(B) Respiratory tract infections Effect Effect on disease References
Acute respiratory tract infections | Proinflammatory cytokines in the lung via modulation | Risk in developing the disease [23, 24]
of both macrophages and T lymphocytes activity
Acute childhood pneumonia _ No significant effect [27, 28]
VAP LIL-6 | Mortality [31]
(C) Autoimmune disease Effect on disease References
Diabetes mellitus type 1 Prevention of onset, | serum levels of antibodies, delayed f cell destruc- [8, 32]
tion in the early stages of the disease
Multiple sclerosis Prevention of onset [8, 32]
Rheumatoid arthritis Prevention of onset, reduced disease activity [8, 32, 35, 40,
41]
Systemic lupus erythematosus Prevention of onset, reduced disease activity [8, 32, 37]
Crohn’s disease Prevention of onset [8, 32]
Thyroiditis Prevention of onset [8, 32]
Psoriasis Prevention of onset [8, 32]
Polymyalgia rheumatica Prevention of onset [8,32]
Autoimmune gastritis Prevention of onset [8, 32]
Systemic sclerosis Downregulation of TGF-f/Smad signaling (putative antifibrotic effect in [39]
the early stages of the disease)
(D) Pulmonary fibrosis Effect Effect on disease References
IL-beta | Antagonism of pulmonary fibroblast cell activity in murine model of [47]

bleomycin-induced lung fibrosis

Hydroxyproline, collal, col3al and | Prevention of bleomycin-induced lung fibrosis in a murine model [48]
alfa-SMA mRNAs

(A) In this section of the table, we resumed the principal immunoregulatory actions of vitamin D. Specifically, we focused the attention on T
cells: downregulation of type 1 and 17 T cells and upregulation of type 2 T cell by reduction in pro-inflammatory type 1 cytokines (IL-8, IFN-y,
IL-12, IL-6, TNF-a, and IL-17) and increase in anti-inflammatory type 2 cytokines (IL-4, IL-5, and IL-10), recognition of viral dsSRNA by Toll-
like receptor 3 (TLR 3). On B cells, vitamin D showed a pro-apoptotic function. Plasma cells show a reduction in proliferation and immunoglob-
ulin secretion. Neutrophils, monocyte—macrophages, and dendritic cells are recruited to infectious sites and they show an augmented intracel-
lular killing of Mycobacterium tuberculosis (macrophages). The infected cells undergo, more easily in autophagy and apoptosis. Finally, vitamin
D can increase antimicrobial peptides, such as human cathelicidin peptide LL37 and p-defensin. (B) In this section, it is showed how vitamin D
impact on ARTi reducing proinflammatory cytokines and modulating the action of macrophages and T cells activity with reduction in the risk of
developing the disease. No clear effects have been demonstrated on childhood pneumonia. Reduction in IL-6 and mortality have been reported
on VAP. (C) Vitamin D has a clear action on autoimmune disease, specifically it can reduce the risk in developing: diabetes mellitus type 1,
multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, Crohn’s disease, thyroiditis, psoriasis, polymyalgia rheumatica, autoim-
mune gastritis, and systemic sclerosis. (D) In the last part of the table, we focused on the putative anti-fibrotic role of vitamin D by its capacity in
reduction in IL-beta, reduce the pulmonary fibroblastic activity and a reduction in hydroxyproline, collal, col3al, and alfa-SMA mRNAs, with
the prevention of bleomycin-induced lung fibrosis in a murine model

has also been demonstrated in DM1. In this autoimmune dis-  down in the early stages of the disease [38], Interestingly, it
ease using calcitriol supplementation reduces serum levels  has also been demonstrated that in Systemic Sclerosis (SSc)
of antibodies and slows the progression of p cell destruction ~ [39] the VDR could act as a negative regulator of TGF-p/
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Smad signaling, thus making vitamin D a putative antifi-
brotic treatment in the early stages of the disease. Although
the immunoregulatory function of activated vitamin D has
been widely demonstrated, its role in modulating disease
activity in patients with autoimmune diseases, such as rheu-
matoid arthritis was only recently showed [40, 41]. In a Ger-
man study on a selected cohort of patients with juvenile
idiopathic arthritis (JIA), vitamin D levels not only proved
to be lower than those of their peers from the general popu-
lation, but were also found to be inversely correlated with
disease activity and the risk of progression to an extended
disease course and/or JIA-associated anterior uveitis [42].
However, many other studies could not demonstrate a signif-
icant inverse correlation between vitamin D levels and JIA
disease activity, probably owing to the diverse geographical
origins of the patients and the lack of an established single
measure that could serve as an accurate indicator of child-
hood disease activity [43]. Although a sudden increase in
the incidence of Kawasaki disease (KD) was noted in the
province of Bergamo, Italy, which was profoundly affected
by the Covid-19 epidemics [44], another study reported a
significant severe vitamin D deficiency in a cohort of 79
children with KD as compared to healthy controls, and low
levels of vitamin D seems to correlate to the risk in develop-
ing coronary artery aneurysms (p =0.005) and non-aneu-
rysmatic cardiovascular lesions (p <0.05) [45]. Moreover,
vitamin D deficiency has been associated with resistance to
intravenous immunoglobulin in KD (defined as persistent or
recrudescent fever > 36 h after the completion of the initial
infusion), suggesting a potent immunomodulatory role of
this vitamin [46]. Of note, most of the aforementioned stud-
ies could not define the optimal concentration of 25(OH)
D and the corresponding dietary requirements or treatment
regimen suitable to the given disease.

Vitamin D and pulmonary fibrosis

Recently, it has been demonstrated that high levels of vita-
min D (directly activated by respiratory tract cells through
CYP27B1) could reduce pulmonary fibrosis by decreasing
the levels of pro-inflammatory cytokines (IL-1 beta) pro-
duced by pulmonary fibroblast cell lines in a mouse model
of bleomycin-induced lung fibrosis [47]. In another study
vitamin D administration prevented bleomycin-induced
lung fibrosis in mice, by decreasing the levels of hydroxy-
proline and collal, col3al, and alfa-SMA mRNAs [48]. In
the same study, pretreatment with vitamin D reduced pro-
fibrotic stimuli and restored TGFB1-induced downregula-
tion of VDR mRNA levels. Elsewhere, vitamin D deficiency
proved to activate the RAS pathway with induction of TGF
B-1 [49]. Another pathway inhibited by 1,25 (OH2) vitamin
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D [50] is the Wnt/beta-catenin signaling, which has also
been reported as involved in pulmonary fibrosis.

Discussion

The demographics of the Covid-19 outbreak proves that
elderly males, with or without comorbidities, are the most
affected across all populations. The available data on the
epidemic are also showing a lesser involvement of vast areas
lying in the tropics. Although this could easily relate to the
lower median age of the population of developing countries,
it is harder to make such an inference when looking at the
markedly slow march of the Covid-19 epidemic in coun-
tries of the southern hemisphere, such as Australia [51]. Just
recently [52], it has been directly hypothesized that vitamin
D supplementation could be used as a therapeutic combina-
tion in Covid-19, based on the epidemiology of the disease,
and on the decreased vitamin D status observed in calves
infected with bovine coronavirus [53].

In the emergency setting that followed the spread of the
Covid-19 pandemic new therapeutics have been empirically
administered on the basis of former experience in the manage-
ment of diseases sharing a few similarities with Covid-19-as-
sociated ARDS, such as inflammatory autoimmune diseases.
A growing interest in the role of tocilizumab, a monoclonal
antibody directed against interleukin-6 (IL-6), which is com-
monly used in the treatment of rheumatoid arthritis, ensued
the publication of works regarding its potential use in the
prevention of severe cytokine release syndromes, such as in
Car-T cell treated pediatric oncologic patients [54, 55]. This
so-called cytokine storm has been postulated and confirmed
[56] as the main responsible for the lethal pulmonary involve-
ment that is being observed in Covid-19 and was thoroughly
studied in former 2009 SARS epidemic [57]. In order to con-
firm tocilizumab therapeutic potential in ventilator-assisted
Covid-19 patients, a clinical trial is currently ongoing in
China [58] and in Europe [59]. Just recently, normal to high
blood levels of vitamin D proved to act synergistically with
tocilizumab in patients with rheumatoid arthritis by suppress-
ing IL-6 enhanced osteocyte-mediated osteoclastogenesis and
reducing disease activity [60].

Although the data on Covid-19 survivors are still lack-
ing, a further downside of the pandemic might be the
development of pulmonary fibrosis, which has been widely
described as a common complication of ARDS [61]. Here,
vitamin D supplementation before and after the infection
could play an antifibrotic role that yet need to be delved into.

Finally, we would highlight some points that should be
further investigated. There is, in fact, a vast literature that
shows how obesity in children is closely related with low
levels of vitamin D, reaching the prevalence of 92% in the
United States. Interestingly, in a recent review, it was also
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showed that increased adipose tissue, altered adipocyte func-
tion and development of adipocyte hypertrophy is linked
to an altered adipokine secretion profile, with increase in
TNF-alpha, IL-6, and IL-1b levels. Even more interestingly,
the study proved that patients receiving long-term vitamin D
supplementation had a reduction in adipose tissue inflamma-
tion by inhibition of TNF-alpha activity [62].

Prepubertal children have generally lower androgen lev-
els, with an elevated estrogen to androgen ratio. It has been
demonstrated that low estrogen levels are related with an
increased IL-1beta, IL-6, and TNF, increased activity of Thl
cells and high androgen levels are related with an increase in
IL-1beta, IL-6, and a reduction in TNF, IFN-gamma, IL-4,
IL-5, GATAS3. It is also clear that sex hormones can differen-
tially influence, along with other genetic polymorphisms and
environmental factors, development of innate and adaptive
immune responses. In a murine model, the hormonal changes
of puberty upregulated the expression of genes associated with
innate and adaptive immune responses in males and females,
respectively [63]. It has also been demonstrated that high levels
of vitamin D seem to reduce aromatase activity (which is in
turn increased by high levels of pro-inflammatory cytokines
levels), thus containing the effects related to increased periph-
eral estrogen metabolism, such as B cell overactivity. That
means that low levels of vitamin D can increase the risk of
developing autoimmune diseases in young women [64].

Conclusion

Till date, only one recent paper addressed the relation-
ship between vitamin D levels and the clinical outcomes
of patients with Covid-19 [65]. The author conducted a
multinomial logistic regression to explore the association
between serum 25(OH)D level and clinical outcomes of 212
cases with laboratory-confirmed infection of SARS—-CoV-
2. Interestingly, serum 25(OH)D proved to be a predictor
of severe (OR 0.126, p <0.001) and critical (OR 0.051,
p<0.001) Covid-19. A recent review proposes the supple-
mentation of vitamin D in Covid-19 patients based on the
promising findings of RCTs conducted in other viral infec-
tions [66]. According to the emerging relationship between
vitamin D status and alleged Covid-19 infection, vitamin D
supplementation has already been proposed elsewhere [67].
Although we do not assume that vitamin D plays a role in
the pathogenesis of Covid-19, we do believe that its puta-
tive role in preventing or even treating the disease urgently
needs to be further addressed. At the moment of writing, an
interventional randomized clinical trial has been proposed
at the University of Granada, with enrollment of 200 par-
ticipants, proposing vitamin D supplementations (a single
dose of 25,000 UI of vitamin D) in preventing and treating
mild forms of suspected Covid-19 [68]. In a recent paper, it

is assumed that vitamin D prophylaxis (without overdosing)
could reduce, especially in patients with hypovitaminosis
D, the severity of illness caused by SARS—CoV-2 [69]. The
importance of treating the hypovitaminosis D along with
an early nutritional supplementation has been highlighted
for the potential preventing role of malnutrition sequelae in
these patients [70]. On the basis of the possible direct and
indirect effect of vitamin D on immune system and cytokines
production, we speculate a possible influence of this vitamin
on the immunologic response to the virus and/or a modulat-
ing effect on the drugs being administered, namely hydroxy-
chloroquine and anti-IL 6 and anti-IL 1 agents.
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