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Abstract
SARS-CoV-2, causing the lethal disease COVid-19, is a public health emergency in the 2020 global pandemic. The outbreak and
fast spreading of SARS-CoV-2 have a high morbidity and mortality specifically in elder patients with chronic diseases such as
diabetes mellitus, arterial hypertension, chronic kidney disease, and organ transplanted patients with immunosuppressive ther-
apy. Preliminary results support different treatments such as chloroquine and convalescent plasma infusion in severe cases, with
good outcome. On the other hand, the efficacy of supplementation with active vitamin D, an immunomodulator hormone with
antiinflammatory and antimicrobial effects, is unproven. A recent study reported that vitamin D attains antiviral effects, via
blocking viral replication directly. SARS-CoV-2 primarily uses the immune evasion process during infection via the envelope
spike glycoprotein, which is followed by a cytokine storm, causing severe acute respiratory disease syndrome and death. SARS-
CoV-2, by using the well-known angiotensin-converting enzyme 2 by the protein spike, as the host receptor to enter into alveolar,
myocardial, and renal epithelial cells, can be disrupted by vitamin D. However, the correlation between vitamin D levels and
COVID-19 deaths in previous studies was insignificant. Retrospective studies demonstrated a correlation between vitamin D
status and COVID-19 severity and mortality, while other studies did not find this correlation. Studies have shown that, vitamin D
reduces the risk of acute viral respiratory tract infections and pneumonia via direct inhibition of viral replication,
antiinflammatory and immunomodulatory effects. The data available today regarding the beneficial protective effect of vitamin
D is unclear and with conflicting results. Large randomized control trials are necessary to test this hypothesis. In this review, we
will explain the cross talk between the active vitamin D and the angiotensin-converting enzyme 2, and summarize the data from
the literature.
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Abbreviation
ACE2 Angiotensin converting enzyme 2

VDR Vitamin D receptor
RAAS Renin angiotensin-aldosterone system
AII Angiotensin II
AI Angiotensin I

Introduction

SARS-CoV-2, the novel coronavirus, causes the serious
COVID-19 disease, a highly contagious and wide spreading,
worldwide disease. SARS-CoV-2 is particularly pathogenic in
humans and is associated with high morbidity and mortality.
Coronavirus disease (COVID-19) represents the causative
agent of a potentially fatal disease if not treated early and
aggressively. Angiotensin-converting enzyme 2 (ACE2) has
been established as the functional host receptor for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Altered ACE2 expression in different epithelial cells,
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especially alveolar cells, can influence the COVID-19 severity
and progression.

Many factors could have a role in the high morbidity and
mortality in COVID-19, including advanced age (elderly peo-
ple > 70 years old); sex; chronic diseases such as obesity,
arterial hypertension, diabetes mellitus, and chronic airway
disease; quality of healthcare system; and socioeconomic sta-
tus [1–4]. Due to the severity and the fatal outcome in some
patients, FDA, recently permitted the use of remdesivir for
severe COVID-19. Remdesivir, a broad-spectrum antiviral
agent, is in use now in severe cases in hospitalized patients.
In addition, it can be used in combination with dexametha-
sone, chloroquine, and convalescent plasma infusion, shorten-
ing the admission period and the use of mechanical ventila-
tion. Study results on the use of active vitamin D compound
are encouraging [5].

Vitamin D undergoes hydroxylation by the 1-α-hydroxy-
lase in the proximal convolute tubule cells of the kidney, to
yield its active form 1,25(OH)2D3. The active 1,25(OH)2D3
binds to the intracellular vitamin D receptor (VDR) to activate
vitamin D response elements within target genes [6]. In the
kidney, vitamin D is important for maintaining podocyte pro-
teins nephrin-podocin, and suppressing renin gene expression
and inflammation. Inverse correlation was found between low
vitamin D levels and infection risk such as influenza. Vitamin
D insufficiency affects the immune function, active vitamin D
exerts an immunomodulation role, increasing natural immu-
nity by secretion of antiviral peptides which improves muco-
sal defense. Recently, different studies support the concept
that the relative vitamin D status in the general population
could influence the outcome of COVID-19.

In the literature, supplementation of vitamin D or its active
derivatives has shown inconclusive benefit results. Others
have demonstrated a reduced endothelial and epithelial cell
injury, in COVID-19 patients especially in older people with
chronic diseases, with vitamin D supplementation [7, 8].

Active vitamin D (calcifedol)—RAAS axis
crosstalk

The active vitamin D, 1,25-dihydroxycholecalciferol, plays an
essential role in the immune system. Active vitamin D inter-
feres with the majority of the immune system cells such as B
and T lymphocytes, which express VDR. Vitamin D can in-
duce the human cathelicidin gene expression by binding to the
vitamin D responsive element (VDRE) in various tissues, such
as the respiratory epithelium, myocytes, and renal cells, with
increased synthesis of cathelicidin. Cathelicidin has shown
antimicrobial activity against most viruses, including corona
viruses. Furthermore, vitamin D inhibits the production of
proinflammatory cytokines and increases the production of
anti-inflammatory cytokines [8–11].

Vitamin D deficiency especially in the elderly with chronic
diseases such as diabetes mellitus, arterial hypertension, obe-
sity, and chronic kidney disease, is a public health problem
worldwide. Vitamin D exerts an immuno-modulation role,
increasing natural immunity by secretion of antiviral peptides,
which improves mucosal defenses, interferon γ, tumor necro-
sis factor α (TNF α) and regulating the immune system
through inhibiting T helper cell type 1 responses and stimu-
lating T cells [8, 9]. People with low active vitamin D blood
levels tested positive for COVID-19 more than people with
normal levels.

Clinical studies had shown that low levels of serum vitamin
D were associated with acute respiratory tract infections in-
cluding epidemic influenza. The benefit of active compounds
of vitamin D, especially paricalcitol, that selectively bind
VDR in different cells, with well-established inhibitory effect
on cell proliferation and fibrosis, was previously proven.
Several studies have shown that low vitamin D blood levels
can increase plasma renin activity, and consequently the
renin-angiotensin-aldosterone-system (RAAS) activity. The
same applies to the decreasing renin activity with increasing
vitamin D levels. There is an inverse relationship between
circulating vitamin D and renin, which is explained by the fact
that vitamin D is a negative regulator of renin expression by
suppressing the renin gene promoter, thus acting as a negative
RAAS regulator. The 1,25(OH)2D3 induced repression of the
renin gene expression is independent from angiotensin II (Ang
II) feedback regulation. People with vitamin D deficiency can
express an increase in the renin levels with consequent in-
creased Ang II formation and harmful negative effects via
angiotensin II type I receptor [12].

Angiotensin-converting enzyme 2 (ACE2) was established
as the functional host receptor for SARS-CoV-2, and plays a
crucial role in the pathogenesis of COVID-19, as the main viral
entry into human cells and replication. Angiotensin II (Ang II)
is a natural peptide hormone in the RAASwith strong vasocon-
striction effect. ACE2 directly catalyze Ang II, thereby lower-
ing its levels. COVID-19 infection downregulates ACE2,
which in turn could lead to excessive accumulation of Ang II.
High levels of Ang II may cause ARDS, myocarditis with heart
failure and acute kidney injury [13, 14] (Fig. 1).

Coronavirus disease (COVID-19)

COVID-19 is cause by SARS-CoV-2 that affects the lower
respiratory tract and manifests as severe pneumonia in
humans. COVID-19 is a serious contagious illness in the el-
derly and patients with chronic illness, with very strong
spread. Most SARS-CoV-2 infected patients have developed
mild symptoms, but the majority of cases have developed
various fatal complications including organ failure, vascular
thrombosis, severe pneumonia, and acute respiratory distress
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syndrome if not supported by immediate treatment. Fifty per-
cent of those infected with RS-CoV-2 are male with a median
age of 50–60 years old, but in the last month, young persons
are also affected. Patients who required intensive care support
were older and had multiple comorbidities including cardio-
vascular, cerebrovascular, endocrine, digestive, and chronic
respiratory disease [15, 16].

Angiotensin-converting enzyme 2 (ACE2) is the main host
cell receptor for SARS-CoV-2 by envelope spike glycoprotein
[17]. ACE2 is express in alveolar cells of lungs, renal proxi-
mal convolute cells, vascular cells, and myocytes. The higher
the expression of the enzyme, the higher is the development of
the acute respiratory distress syndrome (ARDS)with pneumo-
nitis and acute kidney injury with failure. This syndrome is
associated with a cytokine storm, which trigger T helper 1
(Th1) cell response and high release of interleukins [17].
Therefore, in some centers, dexamethasone is recommended
as early treatment to block the cytokine storm, and later anti-
viral treatment such as remdesivir and convalescent plasma
infusion.

Vitamin D supplementation is helpful
in SARS-CoV-2?

COVID-19 infection can be treated in different manners includ-
ing anti-viral agents and plasma transfusion. Extensive evi-
dence has linked vitamin D deficiency to greater risk of infec-
tion, particularly from respiratory diseases like COVID-19
[18–20]. The active vitamin D and his receptor (VDR) supports

production of antimicrobial peptides such as cathelicidin and
defensins, especially in the respiratory alveolar epithelium.
Other pathway used by vitamin D to protect from infection is
to reduce the inflammatory response to infection with SARS-
CoV-2 [21]. Vitamin D is known to interact with a protein in
the pathway angiotensin-converting enzyme 2 (ACE2), which
is also used by SARS-CoV-2 as an entry receptor. While
SARS-CoV-2 downregulates expression of ACE2, vitamin D
promotes expression of this gene [17].

SARS-CoV-2 not only reduces the ACE2 expression but
also leads to further limitation of the ACE2/Ang 1–7/Mas’
axis via ADAM17 activation, which in turn promotes the en-
try of the virus into the cell. This results in an increase in Ang
II, which further upregulates ADAM 17. This process may
contribute to lung damage, myocardial injury with heart fail-
ure and vessel damage with fata thrombosis, which observed
in severe COVID-19 patients. Active vitamin D can interfere
with ACE2-angiotensin 1-7-ADAM17 to promote ACE2 syn-
thesis and down regulation of AII synthesis [22].

Conclusions and recommendations

Retrospective studies demonstrated a correlation between vi-
tamin D and COVID-19 cases and outcomes, while other
studies did not find any correlation. Yet, there is insufficient
evidence on the association between vitamin D levels and
COVID-19 severity and mortality. The active vitamin D, can
exert a pulmonary, renal, and cardiac protective effect in terms
of reducing inflammation and fibrosis by modulating the

Fig. 1 Schematic presentation on the interaction between vitamin D and SARS-COV2 on inflammatory process and RAAS/ACE2
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immune function through effects on T cells. Higher vitamin D
levels correlate with lower interleukin 6 levels, which are a
major target for controlling cytokine storm in COVID-19
[23–26]. There is no doubt that proper vaccine and selective
antibodies from the plasma of convalescing patients, is the
most appropriate treatment [27, 28].
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