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A B S T R A C T

Coronavirus infection is a serious health problem awaiting an effective vaccine and/or antiviral treatment. The
major complication of coronavirus disease 2019 (COVID-19), the Acute Respiratory Distress syndrome (ARDS),
is due to a variety of mechanisms including cytokine storm, dysregulation of the renin-angiotensin system,
neutrophil activation and increased (micro)coagulation. Based on many preclinical studies and observational
data in humans, ARDS may be aggravated by vitamin D deficiency and tapered down by activation of the vitamin
D receptor. Several randomized clinical trials using either oral vitamin D or oral Calcifediol (25OHD) are on-
going. Based on a pilot study, oral calcifediol may be the most promising approach. These studies are expected to
provide guidelines within a few months.

1. Introduction

The coronavirus disease 2019 (COVID-19) is rapidly causing
worldwide morbidity and mortality. While most infected people will
recover after a mild to modest course of the disease, some patients,
especially older people or those with other major diseases, will suffer
serious morbidity and a high mortality risk. In the absence of vaccines,
some therapeutic interventions have some proven benefits (such as
convalescent plasma [1] and remdesivir [2], whereas other approaches
(including vitamin D) that may influence the course of the disease de-
serve special attention.
The vitamin D endocrine system is well known for its beneficial

effects on calcium and bone homeostasis, especially in children and
elderly subjects. Moreover, it may have several extra-skeletal effects [3]
especially on the immune system and lung function. All cells of the
immune cells can express the vitamin D receptor (VDR) and most cy-
tokines, produced by or regulating these immune cells are under the

coherent control of the active vitamin D hormone, 125(OH)2D. Indeed,
in essence, 1α,25(OH)2D activates the native immune defense system
while tapering down the acquired immune system [3–5]. In addition,
antigen-presenting cells and monocytic cells can express CYP27B1, the
essential enzyme for the local, auto/paracrine production of 1α,25(OH)
2D in the immune system. Vitamin D deficiency may predispose to
increased risk of infections, and vitamin D supplementation may de-
crease the risk of upper respiratory infections [6]. The lung epithelium
also expresses the VDR and CYP27B1 and may be an important target
tissue for the vitamin D endocrine system [7]. Therefore, there may be
many potential links between viral infections such as COVID19 and
vitamin D status.
In this Viewpoint, we summarize how activation of the vitamin D

Receptor (VDR) may be able to decrease acute lung injury (ALI) and
Acute Respiratory Distress Syndrome (ARDS). We therefore will first
review the major mechanisms underlying ALI and ARDS in patients
with viral (including Coronavirus) infections. Thereafter, we present an

https://doi.org/10.1016/j.jsbmb.2020.105719
Received 4 May 2020; Received in revised form 25 May 2020; Accepted 7 June 2020

⁎ Corresponding author.
E-mail address: roger.bouillon@kuleuven.be (R. Bouillon).

Journal of Steroid Biochemistry and Molecular Biology 202 (2020) 105719

Available online 11 June 2020
0960-0760/ © 2020 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/09600760
https://www.elsevier.com/locate/jsbmb
https://doi.org/10.1016/j.jsbmb.2020.105719
https://doi.org/10.1016/j.jsbmb.2020.105719
mailto:roger.bouillon@kuleuven.be
https://doi.org/10.1016/j.jsbmb.2020.105719
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsbmb.2020.105719&domain=pdf


overview of the ongoing RCTs that hopefully will allow to better de-
scribe the implications of vitamin D deficiency or its rapid correction
for the course of this disease.

2. Major mechanism involved in the pathogenesis of ARDS

The occurrence and severity of Acute Respiratory Distress Syndrome
(ARDS) in patients with Coronavirus Disease 2019 (COVID‐19) is a
life‐threatening condition and a major determining factor of the prog-
nosis [8]. Patients with severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2)–associated pneumonitis or ARDS have pulmonary in-
flammation, thick mucus secretions in the airways, elevated levels of
proinflammatory cytokines, extensive lung damage, and micro-
thrombosis [9]. Almost 20 % of the hospitalized patients (including ICU
and non‐ICU patients) with COVID‐19 developed ARDS and, despite
recent improvements in mechanical ventilation strategies and suppor-
tive care, about 65 % of patients with ARDS died [10].In ARDS, the
epidemiological and morbidity/mortality patterns are similar regard-
less of the trigger [11]. ARDS is a pivotal component of the patho-
physiological processes by which patients with severe COVID‐19 pro-
ceed to develop multiple organ dysfunction with high mortality [8].
ARDS onset is often rapid and progressive, it appears approximately
nine days after the onset of severe COVID‐19 infection [12], and pa-
tients with ARDS died a mean of 20 days after the onset of the symp-
toms or about 9–11 days after ICU admission [13]. The disease is dif-
ficult to manage at a late stage of the disease and early treatment is thus
critical to control the progression of infection and improving the
prognosis of patients with ARDS. There is currently no Food and Drug
Administration-approved effective pharmacologic treatment for ARDS,
and management remains supportive with lung-protective mechanical
ventilation [14,15]. ARDS is the common immune-pathological event
for SARS-CoV-2, SARS-CoV, and MERS-CoV infections [8]. The main
pathophysiological mechanisms involved in ARDS are:

1) A cytokine storm or the uncontrolled, sometimes fatal, in-
flammatory response resulting from the release of large amounts of
pro-inflammatory cytokines (IFN-α, IFN-γ, IL-1β, IL-6, IL-12, IL-18,
IL-33, TNF-α, TGFβ, etc.) and chemokines (CCL2, CCL3, CCL5,
CXCL8, CXCL9, CXCL10, etc.) by immune effector cells during
SARS-CoV infection [16,17]. Similar to those infected with SARS-
CoV, patients with severe MERS-CoV infection showed elevated le-
vels of serum IL-6, IFN-α, and CCL5, CXCL8, CXCL-10 compared to
those with mild-moderate disease [18]. In addition, the excessive
activation and recruitment of neutrophils into inflamed interstitium
and alveolar space with disruption of the endothelial-epithelial
barrier and alveolar damage exacerbates the pathogenesis of ARDS
and may indicate a poor clinical outcome [19]. The chemokine (C-X-
C motif) ligand 8 (CXCL8) and interleukin-8, the chemokine that
modulates innate and adaptive immune responses by recruiting in-
flammatory cells (i.e., neutrophils, T lymphocytes and NK cells) to
the sites of inflammation, are considered to be the archetypal neu-
trophil chemoattractants [20]. By binding to its receptor CXCR3,
CXCL10 can induce chemotaxis, apoptosis, cell growth and angios-
tasis [21]. The limited data so far in patients infected with SARS-
CoV-2 confirmed the presence of high amounts of pro-inflammatory
cytokines and chemokines. Moreover, patients requiring ICU ad-
mission had higher concentrations of GCSF, IP10, MCP1, MIP1A,
and TNFα than did those not requiring ICU admission, suggesting
that the cytokine storm was associated with disease severity [9].

2) The activation of the renin angiotensin system (RAS) with decrease
of angiotensin converting enzyme ACE2 have been implicated in the
pathogenesis of acute respiratory distress syndrome [22]. Indeed,
local or systemic inflammatory reactions may activate the RAS
whereby angiotensin II generated by ACE is able to induce lung
damage, whereas ACE2 transforms angiotensin II into smaller pep-
tides with lung protective effects. The alteration of the balance

between the levels of the enzymes ACE and ACE2 that affects the
endogenous ratio of Ang II: Ang-(1–7), with elevation of angiotensin
II, is key to the development of ALI and ARDS in both animal models
[22,23] and humans [24,25]. It is important to highlight that SARS-
CoV-2 does not use other coronavirus receptors such as amino-
peptidase N and dipeptidyl peptidase 4 [26], but SARS-CoV-2 uses
ACE2 as a cellular entry receptor [27]. 83 % of cells expressing
ACE2 are type II alveolar epithelial cells (AECII), suggesting that
these cells may serve as a reservoir for viral invasion [28]. Inter-
estingly, Kuba et al [26] found that the expression of ACE2 (but not
the ACE) in lung tissues was significantly downregulated in mice,
decreasing the availability of ACE2 during SARS-CoV-2-induced
lung injury. ACE2 counter-regulates the effects produced by Ang II
by converting Ang II to Ang-(1–7), activates Mas to repress the
signaling pathways of STAT3 and extracellular signal-regulated ki-
nases (ERK) [29], and acts as an anti-inflammatory factor [30]. In
this way, a lung protective mechanism is lost and SARS-CoV infec-
tion becomes more lethal, with exaggerated neutrophil accumula-
tion, increased pulmonary vascular permeability and exacerbated
pulmonary edema, which eventually lead to ARDS. Both mechan-
isms lead to an extensive inflammatory process, with activation,
recruitment and influx of activated neutrophils and macrophages in
the alveolar space due to the disruption of the alveolar epithelial
barrier with diffuse alveolar damage. The alveolus is filled with
activated neutrophils, cytokines/chemokines and protein-rich exu-
date. In this state, the lungs cannot provide enough oxygen to the
blood for the body's vital organs [8]. Moreover, the state of hyper-
inflammation and activation of the RAS are intimately involved in
altering the coagulation cascade [31], which in cooperation with
endothelial cell infection and endotheliitis [32] leads to a more
prothrombotic status seen in ARDS during SARS-CoV-2 infections.
The dysregulation of the coagulation cascade and the subsequent
formation of intra-alveolar or systemic fibrin clots and thrombotic
complications are prominent findings in coronavirus infections as-
sociated with ARDS [33,34]. Another consequence is the potential
risk of fibrosis [35] with impaired lung function after recovery in
the course of natural history of the disease [36].

3. Potential role of activation of the VDR in ARDS

Vitamin D deficiency is associated with an increased risk of upper
respiratory infection. A recent meta-analysis using about 10,000 in-
dividual participants data from 25 RCTs, concluded that vitamin D
supplementation reduced the risk of upper respiratory infections by
about 19 % [6]. Patients with severe vitamin D deficiency experienced
the greatest benefit. Whether this conclusion would also apply to
corona virus infections is unknown and will not be discussed here as we
want to focus on the potential role of vitamin D on ARDS.
Several studies have suggested that the vitamin D/VDR signaling

pathway may provide some beneficial effects in LPS-induced ARDS
mediated by several mechanism (Fig. 1 and 2) such as (1) decreasing
the storm of cytokines and chemokines; (2) regulating the re-
nin‑angiotensin system; (3) modulating neutrophil activity; (4) main-
taining the integrity of the pulmonary epithelial barrier and (5) sti-
mulating epithelial repair [37–40].
(1) VDR is highly expressed in the cuboidal alveolar type II cells

(ACII) of the lung [7] [37]. Overexpression of VDR exerts anti-in-
flammatory effects in the lung [41]. VDR-knockout mice experienced
more severe acute lung injury (ALI) than wild-type mice, following LPS
treatment. The endocrine system of vitamin D has been shown, in
various in vitro models, to inhibit the production and release of cyto-
kines (IFN-α, IFN-γ, IL-1β, IL-6, IL-12, IL-18, IL-33, TNF-α) and che-
mokines (CCL2, CCL3, CCL5, CXCL8, CXCL9, CXCL10 involving ARDS
[7,42–46]. The calcitriol/VDR signaling may also protect against ALI by
inhibiting the angiopoietin-2-TEK receptor tyrosine kinase-myosin
light-chain kinase pathway [39]. Thus, 1α,25(OH)2D is important in
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maintaining the structure and function of epithelial barriers in multiple
tissues [47] mediated by alveolar epithelial tight junctions and gene
regulation of occludin and zonula occludens-1 (ZO-1) expression [38].
1α,25(OH)2D also inhibits neutrophil recruitment in an animal model
of acute lung injury, due to its inhibitory effect on cytokines [48].
(2) There is ample evidence that 1α,25(OH)2D/VDR is a powerful

negative regulator of renin-angiotensin system (RAS). Indeed, renin is
increased in VDR null mice [49]. Similarly, 1α-hydroxylase-deficient
mice exhibit increased activity of the intrarenal RAS that is down-
regulated with the administration of 1α,25(OH)2D [38]. Chronic vi-
tamin D deficiency may induce RAS activation [50]. 1α,25(OH)2D in-
hibits renin, ACE and Ang II expression, and induces ACE2 levels in
LPS-induced ALI. In addition, dysregulation of local and circulating
RAS, with enhanced ACE/Ang II expression levels and reduced ACE2/
Ang-(1–7) expression levels, was reported to contribute to ischemia-
reperfusion-induced ALI in mice [51]. Therefore, vitamin D may at-
tenuate LPS-Induced ALI by, at least partially, inducing ACE2/Ang-
(1–7) axis activity and inhibiting renin and the ACE/Ang II/AT1R
cascade (Fig. 2) [37]. VDR activation is also able to inhibit the protein
Skp2 [52,53] which plays a central role in the mechanism of viral re-
plication of the COVID-19. Indeed, COVID-19 uses blockade of autop-
hagy for accelerated replication and infectivity [54]. To achieve this,
the virus induces Skp2, which, in turn, inactivates Beclin 1, an essential
component of the autophagic process. 1α,25(OH)2D also stimulate the
production of Klotho, known to attenuate multiorgan aging and in-
crease longevity also promotes autophagy through the maintenance of
adequate cellular levels of Beclin [55].
A caveat about the potential beneficial effects of VDR activation on

the RAS system is, however, needed as SARS-CoV-2 spike protein binds
with high affinity to ACE2 from humans, ferrets, cats and other species
and use this membrane protein as cellular entry mechanism [56]. As
1α,25(OH)2D upregulates ACE2 it may thus facilitate the uptake of the
virus in cells expressing this enzyme on their membranes. This dual
effect of ACE2 being potentially harmful or beneficial for virus induced
lung (or other tissue) damage has generated intensive debate also re-
lated to the use of angiotensin antagonists in hypertensive patients
[57]. Overall, most experts concluded that the potential beneficial ef-
fects of ACE2 on heart and lungs may overrule its role in virus entrance
[58–60].

4. Neutrophils, pneumonitis and vitamin D

Increased neutrophil infiltration is part of this picture of viral
pneumonitis and ARDS and aims to destroy the infiltrating micro-
organisms by oxidative burst and phagocytosis. Neutrophils can also
kill pathogens by the formation of Neutrophil Extracellular Traps
(NETs) [61]. NETs are web-like structures of DNA and proteins expelled
from the neutrophil that ensnare pathogens. Prior reports have linked
aberrant NET formation to pulmonary diseases, thrombosis, mucous
secretions in the airways and cytokine production [62]. At autopsy of a
patient who died from corona virus pneumonia, intensive neutrophil
infiltration and excess NETs were observed. Whether this is part of a
defense strategy or whether suppression of such NET formation would
be beneficial is unknown. The role of VDR activation in neutrophils has
not been extensively studied. One study however reported that
125(OH)2D (in vitro) increased NET formation in neutrophils from

Fig. 1. The mechanisms involved in the pathogenesis of Acute Respiratory Distress Syndrome (ARDS) including cytokine and chemokine storm (release of large
amounts by immune effector cells), Excessive activation and recruitment of neutrophils into inflamed interstitium and alveolar space with disruption of the en-
dothelial-epithelial barrier and alveolar damage, and dysregulation of the coagulation cascade generating intra-alveolar or systemic fibrin clots and thrombotic
complications.
The vitamin D endocrine system minimizes ARDS. The vitamin D receptor (VDR) and enzymes of the vitamin D endocrine system are expressed in the cuboidal
alveolar type II cells (ACII) and monocyte/macrophages and activated lymphocytes. The availability of calcifediol is critical for synthesizing calcitriol, which through
endocrine, auto/paracrine action on VDR: 1) decreases the intensity of Cytokine and Chemokine storm, 2)modulating neutrophil activity, 3)maintaining the
integrity of the pulmonary epithelial barrier, 4)stimulating epithelial repair and 5)decreasing directly and indirectly the risk of hypercoagulability and
pulmonary or systemic thrombosis
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2. IFN-α, IFN-γ: Interferon gamma α and γ; IL-1β, IL-6, IL-12, IL-18, IL-33 (Interleukin -1β, 6, 12, 18, 33)
TNF-α (Tumor Necrosis Factor-α). TGFβ (Transforming growth factor α and β). CCL2, CCL3, CCL5 Chemokine (C-C motif) ligand 2,3.5) CXCL8, CXCL9, CXCL10: C-X-
C (motif chemokine ligand 8,910).
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normal subjects [63].

5. Maintaining the integrity of the pulmonary epithelial barrier
and stimulating epithelial repair [37–40]

The epithelial, cuboidal alveolar coating type II cells (ACII), which
facilitate the entry of virus into the body, have high levels of multiple
viral process-related genes, including regulatory genes for viral pro-
cesses, viral life cycle, viral assembly, and viral genome replication
[28]. Therefore, these cells are the major target cells for viral attack. As
a result of the high basal expression of 1α-hydroxylase activation and
low expression of the inactivating enzyme (24-hydroxylase), the ACIIs
are able to convert circulating 25OHD into 1α,25(OH)2D [7], just as
several cells of the immune system (antigen presenting cells and
monocytic cells). 1α,25(OH)2D generated by ACII can act in an auto or
paracrine fashion and, like cells of the immune system, increase the
expression of vitamin D regulated genes with important innate immune
functions (antimicrobial cathelicidin peptide gene and the TLR co-re-
ceptor CD14). In addition, in a viral infection model, dsRNA increased
the expression of the 1α-hydroxylase and synergizes with calcifediol
and calcitriol sequentially to induce cathelicidin [64]. Apart from de-
fensins (such as cathelicidin), 1α,25(OH)2D also stimulates several
genes in these ACII cells with favorable effects such as stimulation of
surfactant factor and tight junction genes [65]. In a mouse model,
1α,25(OH)2D attenuated LPS-induced lung injury by promoting epi-
thelial cell proliferation, and inhibited apoptosis and epithelial me-
senchymal transition, suggesting that VDR activation may have ther-
apeutic potential for the resolution of ARDS [40]. Similar beneficial

effects were observed in other lung injury models [37,66].

6. Coagulation and thrombosis

Inflammation is an extremely complex pathophysiological process
that is closely related to hemostasis. The activation of both systems is
interdependent in a cycle of positive feedback, with one process pro-
moting the effects of the other process and vice versa. Inflammation
promotes a prothrombotic state. This crosstalk is mediated by pro-
coagulant factors, pro-inflammatory cytokines, chemokines, adhesion
molecules, tissue factor (TF) expression, platelets and endothelial cells
[67]. The anti-thrombotic effects of vitamin D is well documented in
preclinical studies. VDR knock out mice display increased platelet ag-
gregation. Their gene expression of antithrombin (liver) and trombo-
modulin (aorta, liver and kidney) were downregulated, whereas tissue
factor expression in liver and kidney were upregulated. VDR stimula-
tion with 1α,25(OH)2D and/or its agonist maxacalcitol downregulated
TF and upregulated thrombomodulin gene expression in monocytic
cells, previously stimulated by tumor necrosis factor (TNF), lipopoly-
saccharides (LPS), and oxidized LDL (ox-LDL) [68]. VDRKO mice
manifested exacerbated multi-organ thrombus formation after exo-
genous lipopolysaccharide injection with an increase in endothelial
adhesion molecules, a decrease in NO production, and increased pla-
telet aggregation [69]. 1α,25(OH)2D and its analogue paricalcitol sig-
nificantly blunted the expression of TF, and its procoagulant activity,
induced by the proinflammatory cytokine TNF-α in human aortic vas-
cular smooth muscle cell (VSMCs), in a NF-κB-dependent manner. This
was accompanied by the up-regulation of TF signaling mediator

Fig. 2. The Renin Angiotensin System (RAS) and Acute Respiratory Distress Syndrome (ARDS).
Local or systemic inflammatory reactions may activate RAS and ACE thereby generating angiotensin II, which via its receptor (ATR) is able to induce lung damage.
During SARS-CoV-2 invasion ACE2 is downregulated in Type II alveolar epithelial cells thereby decreasing the conversion of Ang II to Ang-(1–7). This prevents the
protective action of the Ang (1–7), acting on its receptor (Mas R), and all aspects of ARDS.
1α,25(OH)2D/VDR is a powerful negative regulator of the renin-angiotensin system (RAS) inhibiting renin and the ACE/Ang II/AT1R cascade and inducing ACE2/
Ang-(1–7) axis activity.
ACII: cuboidal alveolar type II cells. SARS-CoV-2: severe acute respiratory syndrome coronavirus 2 Ang I angiotensin I. Ang II: angiotensin II. Ang-(1–7) angio-
tensin1–7. MasR: G protein-coupled Mas receptor. AT1R y AT2R: angiotensin II receptor 1 and 2.
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protease-activated receptor 2 (PAR-2) [70]. Observational data in hu-
mans revealed an association between low levels of 25OHD and the
development of deep venous thromboembolic (DVT) [71] events in
patients with ischemic stroke. Conversely, a significant positive asso-
ciation was found between serum levels 25OHD (> 20 ng/mL) and TF
pathway inhibitor (TFPI) [a dual inhibitor of coagulation by binding to
both TF/Factor VIIa complex as well as Factor Xa] [72].Most inter-
vention studies however did not show clear benefits of vitamin D sup-
plementation on major cardiovascular events, although most study
subjects were not severely vitamin D deficient at baseline [3].

7. Clinical consequences: Vitamin D status and ADRS during
corona virus infection

Despite the potential effects of VDR activation on ARDS or lung
injury as described above, serious caution is needed before concluding
that vitamin D supplementation may improve the outcome of SARS-
CoV-2 infections. Indeed, as VDR/1α,25(OH)2D activation regulates a
very large number of genes, mostly in cluster patterns, there has been a
lot of speculations on the beneficial effects of vitamin D supplementa-
tion for a wide variety of (major) diseases, such as cancer, infections or
diabetes [3,73]. However, several recent megatrials of vitamin D sup-
plementation did not confirm such extra-skeletal health effects. The
study participants, however, were mostly vitamin D replete adults and
therefore it may well be that only (severely) vitamin D deficient sub-
jects may benefit from vitamin D supplementation. There was one re-
markable observation relevant to lung diseases. In a sub study of the
New Zealand ViDA trial [74], vitamin D supplementation improved the
lung function (expiratory volume in 1 s) in patients with asthma, COPD
or in ever-smokers, especially when vitamin D deficient at baseline.
Vitamin D deficiency is highly prevalent around the world as about

7 % of the world population has severe deficiency and about 40 % live
with modest deficiency [75]. In addition, patients with severe acute
disease or respiratory distress syndrome (ARDS) [76–78] are even more
deficient than control subjects. Studies are currently being carried out
specifically on COVID-19 and vitamin D status [79,80]. Correction of
vitamin D deficiency is relatively easy by either increased exposure to
sunlight (unlikely for patients with ARDS), oral or parental vitamin D
supplementation, or supplementation with 25OHD (calcifediol). To
correct vitamin D deficiency in severely sick patients much higher doses
than usual are needed [81], probably related to impaired hepatic con-
version of vitamin D into 25OHD [82]. Calcifediol may have some
advantages over the native vitamin D: it has a more reliable intestinal
absorption (close to 100 %) and can rapidly restore serum concentra-
tions of 25OHD as it does not require hepatic 25-hydroxylation. This is
especially relevant in clinical situations whereby rapid restoration of
serum 25OHD is desirable and CYP2R1 expression is compromised.
Such impaired CYP2R1 activity has been well demonstrated in several
animal models of obesity, diabetes or glucocorticoid excess [82]. This
has also been demonstrated in patients with COPD or asthma [83]. In
addition, calcifediol is about 3-fold more potent when compared to oral
vitamin D3 in postmenopausal women [84]. An additional advantage of
oral calcifediol is a more linear response curve, whereas there is a
plateau effect with increasing doses of oral vitamin D3 [84]. The tissue
effects of restoring vitamin D status may be due to circulating serum
125(OH)2D or, more likely, on the local conversion of 25OHD into the
active hormone in pulmonary alveolar cells, immune cells or other
potential target tissues.

8. Ongoing randomized controlled trials (RCTs)

It seems logical to correct vitamin D deficiency in all subjects for
reasons unrelated to viral infection [6]. The available evidence suggests
that the stimulation of VDR in patients with Coronavirus SARS-CoV-2
infection, may reduce Acute Respiratory Distress Syndrome (ARDS),
with possibly beneficial effects on admission to intensive care unit

(ICU) and deaths in the course of the disease. SARS-CoV-2 infection has
been a challenge for clinicians involved in the diagnostic and ther-
apeutic management of infected patients. The absence of specific
treatment generated many trials but so far without final conclusions,
except for some beneficial effect from treatment with convalescent
plasma [1] or remdesivir [2,85]). The same holds true for testing the
potential benefits of vitamin D or calcifediol supplementation of pa-
tients with SARS-CoV-2 infections. According to the NIH Trialnet da-
tabase several observational and intervention studies are running:
1) Vitamin D on Prevention and Treatment of COVID-19

(NCT04334005) is a randomized, double-blind trial with a start date of
April 10th 2020 and an end date of June 30th, 2020. The number of
participants is 200 and the study population are patients infected with
COVID-19. The intervention group will receive a single dose of 25,000
UI of vitamin D and the primary outcome measures are a composite of
cumulative death (i.e. mortality) for all causes and for specific causes.
2) Low-risk, Early Aspirin and Vitamin D to Reduce COVID-19

Hospitalizations (LEAD COVID-19) (NCT04363840) is a randomized
parallel assignment(Open Label) study with a start date of May 2020
and an end date of December 2020. The number of participants is 1080
and the study population are patients infected with COVID-19. The
intervention group will receive either aspirin 81 mg once daily versus
aspirin 81 mg once daily for 14 days plus a dietary supplement of
50,000 IU of vitamin D, to be taken orally once weekly for 2 weeks. The
primary outcome is hospitalization for COVID-19 symptoms.
3) An Open Label Phase II Pilot Study of Hydroxychloroquine,

Vitamin C, Vitamin D, and Zinc for the Prevention of COVID-19
Infection (HELPCOVID-19) (NCT04335084) is an open label trial, with
assignment of participants to a single group, with start date April 2020
and end date July 2020. The number of participants is 600. The in-
tervention is the use of hydroxychloroquine and a dietary supplement
of vitamin C, vitamin D and zinc. The main outcome is the prevention of
COVID-19 symptoms as recorded in a daily diary.
4) Impact of Zinc and Vitamin D3 Supplementation on the Survival

of Aged Patients Infected with COVID-19 (ZnD3-CoVici)
(NCT04351490) is a randomized open label parallel assignment trial
with a start date April 2020 and end date July 2020. The number of
participants is 3140 and the intervention is zinc gluconate capsule (15
mg x 2 per day) “25−OH-cholecalciferol drinkable solution 10 drops
(2000 IU)” (precise dosing in microgram not mentioned) per day for 2
months. The main outcome is the survival rate in asymptomatic sub-
jects at inclusion.
5) COVID-19 and Vitamin D Supplementation is a Multicenter

Randomized Controlled Trial of High Dose Versus Standard Dose
Vitamin D3 in High-risk COVID-19 Patients (CoVitTrial)
(NCT04344041). It is an open label trial with random assignment and
start date April 2020 and end date July 2020. The number of partici-
pants is 260 subjects with coronavirus infection. The intervention is
either a single dose of cholecalciferol 400,000 IU compared to a single
dose of 50,000 IU. The main outcome is number of deaths from any
cause during the 14 days following inclusion and intervention.
6)WEST 2020D. Impact of vitamin D deficiency on prognosis of

patients with novel coronavirus pneumonia (COVID-19). No additional
information on this study is available but it looks to be an observational
study.
7) Chinese Clinical Trial Registry. The relationship between Vitamin

D and novel coronavirus pneumonia (COVID-19). More detailed in-
formation is missing but it seems to be an observational study.
8) In Spain, based on a pilot study carried out at the Reina Sofia

University Hospital (Córdoba) in 76 hospitalized patients demon-
strating a reduced ICU admission by more than 50 % among patients
assigned to calcifediol treatment, a trial of calcifediol supplementation
started on April 29th 2020. The trial is registered as “Prevention and
treatment with Calcifediol of Coronavirus induced acute respiratory
syndrome (SARS) COVID-19 (COVIDIOL)” (NCT04366908). It is a
multi-center, randomized, open-label clinical trial to study the efficacy

J.M. Quesada-Gomez, et al. Journal of Steroid Biochemistry and Molecular Biology 202 (2020) 105719

5



and safety of calcifediol in hospitalized patients with confirmed SARS-
CoV-2 infection causing respiratory disease undergoing treatment with
the best available therapy administering Calcifediol or not (calcifediol
in soft capsules: 0.532 mg on the day of admission and 0.266 mg on day
3 and 7 and then weekly until discharge or ICU admission). Admission
to Intensive Care Unit or death are the primary outcomes.
9. The Tehran University of Medical Sciences (Iran), in collabora-

tion with the Boston University, is responsible for an Interventional
Clinical Trial registered as “Preventive and Therapeutic Effects of Oral
25-hydroxyvitamin D3 on Coronavirus (COVID-19) in Adults (Oral 25-
hydroxyvitamin D3 and COVID-19)”. It is a multicenter randomized
double-blinded placebo-controlled clinical trial with parallel groups
and allocation 1:1. (NCT04386850). All subjects in a stratified random
sampling method based on age, sex, BMI and serum level of 25(OH)D
(<10 ng/dL vs 10 to <20 ng/dL) with serum calcium<= 10.6 mg/dL
will be recruited in the 25OHD3 or placebo group. Subjects in the case
group will receive 25 mcg of 25OHD3 once daily at bedtime for 2
months and the control group will receive placebo daily for 2 months.
Part of the study will deal with patients testing positive for COVID-19
and another arm of the study will evaluate the preventive potential of
calcifediol by using the same treatment protocol for the health care
providers and hospital workers with a negative test for COVID-19, or a
close patient relative with a negative test for COVID-19 who lives with
the infected patients. The Study Start Date was April 14th, 2020 with
Estimated Primary Completion Date on November 15th, 2020, planning
to enroll 1500 subjects.
In conclusion, coronavirus infection is a serious health problem

awaiting an effective vaccine and/or antiviral treatment. The major
complication of SARS-Covid-19 pneumonitis is ARDS mediated by a
variety of mechanisms that may be aggravated by vitamin D deficiency
and tapered down by activation of the vitamin D receptor. Several
randomized clinical trials using either oral vitamin D or oral calcifediol
(25OHD) are ongoing and should provide guidelines within a few
months.
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