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A b s t r ac t
Aim: To review the role of vitamin D in COVID-19.
Background: The COVID-19 pandemic has caused a tremendous social and economic impact worldwide, and rapid outspreading of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is still being seen in India. Currently, there are two explanations available for the fatal
ARDS in COVID-19 cases. Cytokine storm is characterized by unregulated release of various proinflammatory cytokines, i.e., TNF-α, INF-γ, IL2,
IL6, IL8, IL12, CCL2, CCL3, and CXCL10, after interaction between SARS-CoV-2 and host immune cells. On the other hand, bradykinin storm is
happening due to downregulation of ACE in the lung tissue. Immunomodulatory effects of vitamin D is proved through various studies. There is
no individual therapy and vaccination for the SARS-Cov-2; thus, repurposing of available medicines is crucial now. Antiviral, anti-inflammatory, and
immuno-boosting effects of vitamin D has proven in many studies. These effects are very relevant for its putative beneficial effect in SARS-CoV-2.
Review result: Vitamin D has already been used as a repurposed drug in H5N1 pneumonia. Immunomodulatory and antibacterial role of vitamin
D is well established. There are studies suggesting toward the cytokine storm as a main culprit behind deadly ARDS in COVID-19. Vitamin D
was found as an anti-inflammatory and lung protective substance. Vitamin D was also found protective against bacterial LPS-induced injury
by increasing expression of ACE-II and producing antibacterial protein cathelicidin.
Conclusion: Before COVID-19 pandemic, we realized the silent pandemic of vitamin D deficiency. The immunomodulatory, anti-inflammatory,
and antibacterial role of vitamin D has been shown in many studies. There are studies which have demonstrated the inverse relationship
between vitamin D level and susceptibility to COVID-19. Vitamin-D also plays a crucial role in limiting the fibrosis in the damaged pulmonary
tissue and also responsible for deciding overall morbidity of the patient. Thus, it is imperative to think about the potential of vitamin D as a
repurposed drug for COVID-19 cases.
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B ac kg r o u n d
COVID-19 is rapidly spreading in India now, resulting in more than
90,000 cases per day and taking a toll of more than 1,000 lives per
day.1 COVID-19 is primarily a respiratory disease transmitted through
person to person by air droplets and infected fomites. Major
presenting symptoms are sore throat, fever, anosmia, breathing
difficulty, myalgia, diarrhea, and confusion. Common risk factors
associated with the COVID-19 are old age, diabetes, obesity, and
hypertension.2,3
SARS-CoV-2 enters in type-2 pneumocytes through ACE-2
receptors with the help of its spike protein “S”. This complex is
endocytosed, and positive-sense SSRNA is released inside the cell.
ACE-2 receptors are present on type 2 pneumocytes, enterocytes
of all parts of the small intestine, the brush border of the proximal
tubular cells of the kidney, as well as the endothelial cells of small
and large arteries and veins and on the arterial smooth muscle cells.
Tissue tropism of SARS-CoV-2 indicates that the disease was more
likely a systematic disease rather than a local pulmonary disease.
Most of the infected patients clear viral load by second week
of illness and seroconversion takes place in almost 100% patients
with in 2–4 weeks.4

ARDS

in

COVID-19

SARS-CoV-2 usually cause mild to moderate disease in most cases
but in many, with risk factors, it develops into a life-threatening
ARDS. This severe respiratory illness is a hallmark of coronavirusassociated diseases previously caused by SARS and MERS.5
Various explanations came in light to explain the
pathophysiology of acute respiratory distress syndrome in COVID-19
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patients. Earlier research suggested about the cytokine storm
created by innate immune response after interaction between
pattern recognition receptors (PRRs) of immune cells and pathogenassociated molecular patterns (PAMPs) associated with SARS-CoV-2.
Cytokine storm is characterized by disproportionate release of
both T helper1 (Th1) and T helper2 (Th2) cytokines including IL-1,
IL-1B, IL-2, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17, granulocyte colonystimulating factor (GCSF), interferon-γ inducible protein 10 (IP-10),
macrophage inflammatory protein 1-α (MIP-1α), tumor necrosis
factor-α (TNF-α), monocyte chemoattractant protein 1 (MCP-1),
and IFN-γ through activation of various transcription factors IRF3,
IRF7, STAT, and NF-KB.6,7
Very recently, supercomputer analysis of gene expression
data from cells in bronchoalveolar lavage fluid (BALF) from COVID19 patients when compared to BALF from controls identified a
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critical imbalance in RAS represented by decreased expression of
angiotensin converting enzyme (ACE) in combination with increases
in ACE-2, renin, angiotensin, key RAS receptors, kininogen, and many
kallikrein enzymes that activate it, and both bradykinin receptors.8
Bradykinin is a nine amino acid peptide that is degraded by
ACE, while ACE-2 promotes its synthesis through angiotensin-II
(AT-II) degradation products. Decreased expression of ACE in
COVID-19 patients may cause excess of bradykinin referred to as
a bradykinin storm. This bradykinin storm purportedly increases
vascular permeability and causes neutrophilic infiltration by
CXCR5 chemokine. Together with other mechanisms of cell injury
and cytokine release, this bradykinin storm culminates in ARDS.
Bradykinin storm explains the temporal association between
presence of dry cough, fatigue, headache, muscle pain, and diarrhea
as a pathognomonic symptoms and natural history of illness in a
more rational way.

Role

of
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There is no specific therapy and vaccine available at present for
the SARS-CoV-2. Thus, rethinking the possible role of available
medicines is crucial now, both for the prevention and reducing
the severity of the COVID-19. Vitamin D is one such nutrient with
medicinal values. Many research studies have shown the antiviral,
anti-inflammatory, and immune-boosting effects of vitamin D,
which can interfere directly with viral replication. It also acts as an
immunomodulatory agent to curb the outburst of cytokines.9–11
Vitamin D decreases the production of Th1 cells. Thus, it can
suppress the progression of inflammation through suppression of
inflammatory cytokines such as IL-6, IL-8, IL-12, and IL-17.12,13 Vitamin
D also decreases the generation of TNFα and production of nuclear
factor-κB (NFκB) which is a key transcription factor behind the
synthesis of proinflammatory cytoines.14
There are many studies which suggest that vitamin D increases
the expression of ACE-2 that acts as an entry point for SARS-CoV-2.
Calcitriol (1,25-dihydroxyvitamin D3) enhances the expression of
ACE-2 by its impact on ACE2/Ang(1–7)/MasR pathway.15 Another
study found that activated vitamin D exhibits reno-protective effect
by decreasing ACE-1 and the ratio of ACE-1/ACE2 in streptozotocininduced diabetic nephropathic rats. Vitamin D treatment also
activated ACE-2 expression in kidney tubule cells.16
These findings of increased ACE-2 expression by calcitriol
create a dilemma about the beneficial role of vitamin D in COVID19 patients.
A study reported that vitamin D receptor-lacking mice had
elevated levels of renin and angiotensin II (Ang II). Renin is a
proteolytic enzyme and a positive regulator of Ang II. Vitamin
D is a potent inhibitor of renin.17 Vitamin D supplement was
shown to prevent the accumulation of Ang II and to decrease the
proinflammatory activity of Ang II by suppressing the release of
renin in patients infected with COVID, thus reducing the risk of
ARDS, myocarditis, or cardiac injury.18
Pulmonary fibrosis is frequently seen in many severe cases
of COVID-19 following recovery of acute disease. Ang II was
found in high levels in bleomycin-treated mice and in patients
with pulmonary fibrosis TGF-β1 is activated by angiotensin-II and
serves as a signal to activate the intrinsic apoptosis pathway in
bleomycin-induced pulmonary fibrosis. Thus, accumulation of Ang
II may be a responsible factor for both apoptosis and fibrosis.19,20
Ang II is degraded by ACE-2, which cleaves its carboxy terminal
amino acid to form a seven amino acid peptide ANG1–7. ANG1–7

acts by its receptor mas to suppress bleomycin-induced fibrosis by
downregulating the activation of JNK. JNK is required for bleomycin
and angiotensin II–induced apoptosis.21,22 Calcitriol could prove
effective in reducing the risk of fibrosis by interfering with Ang II
accumulation. It may also decrease the extent and severity of fibrosis
after healing of the severely inflamed lungs.
Interestingly, many of the risk factors for vitamin D deficiency
and COVID-19 infection are common, i.e., old age, obesity, dark
skin pigmentation, chronic kidney disease (CKD), and winter
season. Recent reports have indicated that those residing at higher
latitudes or with darker skin pigmentation (Black Asian Minority
ethnics – BAME in UK) may be particularly affected by COVID-19.23
It is already evident that there is a worldwide association between
northern latitude and increased COVID-19 mortality.24 Thus, vitamin
D status could be impacting the COVID-19 severity. Vitamin D’s role
has been reported in many conditions associated with pneumonia,
cytokine hyperproduction, and ARDS.25
Univariate analysis conducted in a health insurance service
company’s employee demonstrated an association between
low plasma 25(OH)D level and increased likelihood of COVID-19
infection.26
However, another study conducted by UK BioBank did not
show any relation between vitamin D concentrations and risk of
COVID-19 infection nor the vitamin D concentration explained the
ethnic differences in COVID-19 infection.27
Vitamin D has recently been used as a repurposed drug for
influenza A H5N1 virus-induced pulmonary disease. 28 Studies
demonstrated the benefit of vitamin D as an adjuvant therapy
along with antiretroviral agents in HIV-infected patients. 29,30
Calcitriol pretreatment was effective in animal models of ARDS,
decreasing lung permeability by modifying of renin–angiotensin
system activity and ACE 2 expression.31 Vitamin D deficiency was
found to be associated with increased morbidity. A study was
conducted retrospectively on 134 patients with COVID-19. In this
study, prevalence of vitamin D deficiency, compliance with local
treatment protocol, and relationship of baseline serum 25(OH)D
with markers of COVID-19 severity were analyzed. It was found that
prevalence of vitamin D deficiency was higher in patients requiring
admission in a critical care unit in comparison to patients managed
in medical wards, but there was no association with fatality. 32
Vitamin D has immunomodulatory properties, which include
downregulation of proinflammatory cytokines, attenuation of
lipopolysaccharide-induced acute lung injury in mice by blocking
effects on the angiopoietin signaling pathway, and on the renin–
angiotensin pathway. 33 Both in a mouse model of bleomycininduced interstitial pneumonia and in human cell lines, vitamin
D3 is locally activated in lung tissue and has a preventive effect
on experimental interstitial pneumonitis. 34 Interestingly, vitamin
D does not cause overexpression of ACE-2 when given alone
but it significantly reduced LPS-mediated underexpression of
ACE-2. ACE-2 is in itself protective for pulmonary tissue because it
degrades angiotensin-II which is a vasoactive and pro-inflammatory
substance.
Vitamin D is well known to modulate host immune responses
through the production of the antimicrobial peptides, such
as cathelicidin and defensins. 35 Cathelicidin and defensin
reduce the risk of secondary bacterial infections. It is seen that
lipopolysaccharides (LPS) produced by secondary bacterial
infections may potentially promote the cytokine storm. Thus,
calcitriol could prove to be protective against LPS-mediated
augmentation of cytokine IL6, IL12.36
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Vitamin D in many ways modulates the host immune response
and provides protection against deadly cytokine storm and reduces
risk for ARDS.29 There is also evidence from a meta-analysis that
regular oral vitamin D intake is protective against respiratory
tract infection, especially in vitamin D–deficient subjects. 37,38 A
significant negative correlation between mean levels of vitamin D
in each northern European countries and the number of COVID-19
cases per million population were observed. Vitamin D levels were
severely low in the aging population, especially in Spain, Italy, and
Switzerland.39,40 Mok et al. demonstrated in an in vitro experiment
that the active form of vitamin D, calcitriol, exhibits significant
potent activity against SARS-CoV-2.41 Hence, there is a potential
role of vitamin D supplementation in COVID-19 patients.

C o n c lu s i o n
It therefore seems plausible that serum vitamin D level may
contribute to reducing the severity of illness caused by SARSCoV-2, particularly in settings where hypovitaminosis D is frequent.
Considering the widespread high prevalence of vitamin D deficiency
in our country and proven immunomodulatory, anti-inflammatory,
and anti-bacterial properties of activated vitamin D, this seems
very pragmatic to evaluate the role of vitamin D as a preventive
measure and adjuvant treatment method through a large study. It
would be prudent to start supplementing vitamin D to the high-risk
individuals and fortifying the food products, following the “primum
non nocere” principle of Hippocrates.
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