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Abstract

The COVID-19 pandemic requires a rapid understanding of the pathogenesis of the spectrum of the disease and factors associated
with varied clinical presentations. Immune dysregulation with a cytokine storm (CS) progressing to ARDS with resemblance to
sHLH is suggested as a main cause of tissue injury. Low levels of vitamin D were observed in COVID-19 cases with higher
incidence of mortality in 20 European countries, increased risk of severity in COVID-19 contributing to ARDS or fulminant
myocarditis and micro vascular thrombosis is proposed. Vitamin D may be protective against acute respiratory tract infections, as
it regulates the inflammatory cytokine response of respiratory epithelial cells and macrophages, suppress CS and other manifes-
tations seen in SARS-Cov-2. Hence, it is suggested as one of the therapies in SARS-CoV-2 infection. Major research gaps are
identified globally in clinical management and this relationship. There is an imperative requisite to understand the interplay of
markers in SARS-CoV-2, its risk factors and potential role of vitamin D to improve clinical outcome by pandemic of COVID-19.
We therefore perform this review for understanding the pathophysiology of SARS-CoV-2 infections and the role of vitamin D in

combating it.
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Background

A novel coronavirus was detected in Wuhan, China in
December 2019. Patients infected with 2019-nCoV which
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was later named SARS-Cov-2, were reported with fever,
cough, fatigue, and dyspnea. These symptoms were sug-
gestive of viral pneumonia [1] resembling Middle East
respiratory syndrome corona-virus (MERS-CoV) and the
severe acute respiratory syndrome coronavirus (SARS-
CoV) [2]. The number of identified cases rapidly in-
creased and a coronavirus disease 2019 (COVID-19)
caused by SARS-CoV-2 infection was declared a global
pandemic on March 11 by World health Organization
(WHO) [3]. Human to human transmission is implicated
with droplets and as the main mode of transmission [4].
Worldwide mitigation efforts are ongoing to control the
extent of spread of COVID-19.

A wide-ranging spectrum with majority of cases being
either asymptomatic or with mild symptoms and few
cases presenting as acute respiratory distress syndrome
(ARDS) and respiratory failure along with multi-organ
dysfunction are seen in COVID-19 [5, 6]. Common pre-
sentations include fever, sore throat, cough, headache,
generalized weakness, body aches and shortness of breath
[5]. The median time for onset of symptoms is reported as
5 days with hospitalization occurring at 7th day and
ARDS developing at 8th day [6]. Studies have reported
25-30 % of patients needed intensive care, while overall
mortality rate has been reported as 2-3 % [5].
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The diagnostics for human coronavirus infections have
transformed considerably during this period. Qualitative
PCR method using nasopharyngeal or oral swabs or
broncho-alveolar lavage fluid is currently the gold standard
for diagnosis worldwide. Nasopharyngeal swab may miss di-
agnosis of SARS-CoV-2 due to poor sample collection tech-
nique leading to repetitive sampling to establish a diagnosis
[7]. Testing of specific antibodies of SARS-CoV-2 in patient’s
blood has also evolved [8]. However, work on vaccine devel-
opment is ongoing.

Method of literature review

We conducted a literature search on PubMed, Google Scholar
and the preprint servers including Medrxiv and SSRN data-
bases using the following MeSH terms: Search 1: (“novel
coronavirus” OR “COVID-19” OR “SARS-CoV-2” OR “se-
vere acute respiratory syndrome coronavirus 2’) AND (“vita-
min D”) Search 2: (“novel coronavirus” OR “COVID-19” OR
“SARS-CoV-2" OR “severe acute respiratory syndrome co-
ronavirus 2”’) AND (“vitamin D”’) AND (“immunity” OR
“immune response” OR “innate immunity” OR “Adaptive
immunity”); Search 3: : (“novel coronavirus” OR “COVID-
19” OR “SARS-CoV-2” OR “severe acute respiratory syn-
drome coronavirus 2”’) AND (“vitamin D”’) AND (“Physical
barrier”). Search term 4 (“novel coronavirus” OR “COVID-
19” OR “SARS-CoV-2” OR “severe acute respiratory syn-
drome coronavirus 2”) AND (“Pakistan”). Search term 5:
(“novel coronavirus” OR “COVID-19” OR “SARS-CoV-2"
OR “severe acute respiratory syndrome coronavirus 2”’) AND
(“vitamin D supplementation”) OR (“vitamin D treatment”).
Search term 6: (“vitamin D’) AND (“bacterial infection” OR
“viral infection”). The MeSH terms were crosschecked and
agreed upon by the co-authors. The articles were short-listed
based on the following inclusion criteria: (1) all articles pub-
lished from January 1, 2020 to November 30, 2020, (2) avail-
able as full text in English, (3) categorized as case series,
reviews, letters to the editor, original articles or meta-analyses.
Titles and abstracts were screened and selected articles were
then distributed amongst the co-authors for full text review.
Additionally, epidemiological data was obtained from
websites of the WHO and other resources all of which have
been cited in the following manuscript.

SARS-CoV-2 and Pakistan

In Pakistan greater than 500,000 cases with estimated more
than 11000deaths have been reported to date [9]. Pakistan is a
LMIC, much populated and the current scenario is not satis-
factory due to scarcity of resources. People live in a state of
denial and dismissal. Serious actions are needed to curtail the
infection in Pakistan to avoid becoming hub for spread of
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infection worldwide. Threat of an exponential increase in
COVID-19 cases is also suspected.

SARS-CoV-2 and body’s immune response

Viral infections induce tissue injury by amplified produc-
tion of numerous pro-inflammatory cytokines, conscrip-
tion of pro-inflammatory macrophages and granulocytes,
activation of T cells, CD4 and CD8 + T cells. This result
in the cytokine storm (CS) also known as macrophage
activation syndrome (MAS) or secondary hemophagocytic
lymphohistiocytosis (sSHLH), which contributes to tissue
damage [10]. The antiviral responses offered by host in-
nate and adaptive immunity tries to limit spread of virus,
inflammation and clean the infected cells [11, 12]. In this
response, a synergistic participation of both innate and
adaptive immunity with significant relationship between
disease severities, levels of pro-inflammatory cytokines
and subsets of immune cells has been demonstrated.
Severe COVID-19 shows a CS inexorably progressing to
ARDS and resemblance with sHLH [13, 14]. The severity
of infection is related to increase in the production of
neutrophils, leukocytes, and the neutrophil-lymphocyte
ratio (NLR) [15]. Severely affected patients display in-
creased levels of IL-6 as compared to less severe cases.
Assessment of pulmonary infiltration in patients with
ARDS, identified lung injury (=50 %) is thoroughly in-
terrelated with the augmented level of IL-6 and is consid-
ered as a significant cytokine contributing to MAS, due to
COVID-19 [16].

Vitamin D and immune response

Vitamin D (Cholecalciferol) is formed in the skin when ultra-
violet radiation in the sunlight strikes and 7-
Dehydrocholesterol (7 -DHC) a derivative of cholesterol in
skin, is changed to pre vitamin D, which then isomerizes to
vitamin D non-enzymatically. It is then hydroxylated in liver
to form 25-hydroxyvitamin D (the main circulating form of
Vitamin D). This is further hydroxylated in the kidney to, 1,
25 di-hydroxyvitamin D, (Calcitriol, the metabolically active
form of Vitamin D) [17].

The role of Vitamin D as an immune- modulator has been
subject of interest among immunologists and dates back to 25
years when it was discovered that monocytes or macrophages
from patients with granulomatous diseases like tuberculosis
produce calcitriol locally from inactive form of vitamin D
[18, 19].The inflammatory cells up-regulate Vitamin D recep-
tors (VDR) and promote conversion of vitamin D metabolites
to Calcitriol [20]. Its role in immunity can be put into 3 clas-
ses: ‘physical barrier, innate immunity, and adaptive
immunity’.
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Vitamin D and role as physical barrier

Vitamin D is required to maintain tight junctions, gap junc-
tions, and adherens junctions through E-cadherin [19] among
the epithelial cells thereby enhancing the physical barrier
which is the first barrier encountered by any pathogen ( bac-
terial or viral etc.).

Vitamin D & innate immunity

Innate immunity includes the production of both pro-
inflammatory and anti-inflammatory cytokines as has been
demonstrated with its association in several autoimmune dis-
eases such as systemic lupus erythematosus, Diabetes
Mellitus Type I etc. [11, 21]. Vitamin D’s role in innate im-
munity includes the production of antimicrobial peptides, like
cathelicidins (LL-37) (hCAP18) and defensins 32 (DEFB).
[19, 22]. Vitamin D affects several of the toll-like receptors,
which [23] are activated upon recognition of pathogens, re-
lease cytokines and make reactive oxygen species (ROS) and
antimicrobial peptides. These peptides, such as cathelicidin,
work against the pathogens by disturbing their cell mem-
branes and neutralizing endotoxins and hence help reduce
the viral load and its virulence. Cathelicidins are known to
have anti-bacterial properties through its in-vitro suppression
of not only Mycobacterium tuberculosis. [21, 24] but also
includes other bacteria, viruses and fungi. [19] Studies on
critically ill patients with severe sepsis found significantly
lower concentration of vitamin D associated with low
cathelicidins [25].

Vitamin D affects T cell maturation with a skewing away
from the inflammatory Th17 phenotype. This way it reduces
the production of pro-inflammatory cytokines (IL-17, IL-21)
[26] and up regulation of IL 10 mediated responses [24] that
cause inflammation which injures the lining of the lungs,
eventually causing pneumonia. These cytokines also include
tumor necrosis factor & (TNF- «) and interferon y (INF- )
which are released by the type 1 T- Helper (Th1) cells.

Vitamin D & adaptive immunity

Vitamin D modulates adaptive immunity by promoting type 2
T helper (Th2) cells to produce cytokines. These cytokines
then suppress Thl cells. Vitamin D promotes induction of
the T regulatory cells which help to inhibit inflammatory pro-
cesses [19, 27]. Cells mediating immune response are known
to possess VDR [24].

Vitamin D also plays a role in regulation of immune re-
sponses mediated by macrophages and dendritic cells (DC)
that are the first line of host defence [28]. Vitamin D modu-
lates the macrophages’ response, preventing them from releas-
ing too many inflammatory cytokine and chemokine such as
IL-1, IL-6, IL-8, IL-12 and TNF & by monocytes and increases

the expression of anti-inflammatory cytokines [23, 29]. It also
augment the phagocytosis of monocytes and induce macro-
phage autophagy [30] decreasing the CS in COVID-19 infect-
ed patients. Therefore antiviral effects of vitamin D include
direct interfering with viral replication, and acting as an
immune-modulatory and anti-inflammatory agent [31].

Vitamin D & bacterial and viral infections

The increased burden of infectious diseases in regions where
vitamin D deficiency is prevalent also suggests an important
relationship with host immune response [32]. Vitamin D’s
role in acute respiratory tract infections and other viral infec-
tions has been studied extensively previously.

The immune-modulatory role of vitamin D in respiratory
infections is due to expression of the enzyme 1x-hydroxylase
by the airway epithelium, DC and lymphocytes which is es-
sential for the activation of vitamin D within the lungs [18].
The effect of vitamin D in lungs is [33] due to the production
of cathelicidin modification of T cell mediated immune re-
sponses, reduced innate immune response mediated by DC
and inhibition of chemokine. These influence the ability of
lung to fight infections as well as respond to allergic stimuli.
Ecological studies have suggested a link of vitamin D defi-
ciency with increased predisposition to asthma and respiratory
infections including tuberculosis [34].

Vitamin D effects ACE2/Angiotensin (1-7)/MasR axis,
enhancing expression of ACE2, which is known to protect
against acute lung injury [23] to respiratory tract infections
[23] and conditions associated with pneumonia, cytokine hy-
per production, and ARDS [35]. Prospective studies from UK
and USA have shown increase the susceptibility to acute re-
spiratory tract infections due to low serum levels of Vitamin D
[23, 36{Monlezun, 2015 #32}].A meta-analysis conducted
recently demonstrated a high risk of severe infection and mor-
tality with lower levels of Vitamin D (OR 2.46, 95 % CI 1.65
to 3.66) [37]. Several cross-sectional studies have shown high
rates of seasonal influenza associated with low vitamin D
levels [38, 39]. Proven efficacy of vitamin D has been
established in seasonal influenza in the northern hemisphere
where winters are harsh, and residents have low vitamin D
levels [40]. It is due to these mechanisms and a recent study
that vitamin D was suggested as a novel drug for influenza A
HS5N1 virus-induced lung injury [5]. Not surprisingly, results
of therapeutic administration of Vitamin D to patients with
Influenza using nasopharyngeal swab as an objective measure
showed a 42 % reduction in the risk of infection [22]. A study
done on animal models showed that vitamin D reduced lung
permeability due to its modulatory effect on the RAS and the
expression of ACE2, and therefore vitamin D pretreatment
proved to be useful in animal models of ARDS [41]. Also,
certain VDR gene alleles have been found to be related with
amplified vulnerability to respiratory infections [42].
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Moreover, vitamin D insufficiency has been linked with in-
creased incidence of asthma exacerbations due to triggering
by viral infections in both children [43] and adults [44].
Amongst other viral infections, Vitamin D’s effectiveness
as an adjuvant therapy alongside other antiretroviral agents
has also been suggested in Dengue Virus [45] and HIV infec-
tion [46]. Vitamin D supplementation has also been seen to
increase the CD4 + T cell count in HIV infection [27].

Vitamin D and role of supplementation

Vitamin D supplementation are thought to reduce risks of
infection by improving the expression of glutathione reduc-
tase and glutamate—cysteine ligase modifier subunit, which
are related to antioxidation. Further, increased production of
glutathione makes ascorbic acid (vitamin C) available which
has antimicrobial activities. Amongst other micronutrients vi-
tamin C and Zinc supplementations are also proven to help
boost immunity [19]. For the same reasons, vitamin D supple-
mentation has reportedly been of benefit in reducing severity
of viral illness and inducing early recovery by several studies
and associated with good overall outcomes [30].

However, the recommended dosage for vitamin D supple-
mentation are not clear and so are the optimal levels.
Recommended daily allowance in most guidelines is 600—
4000 TU/d and a serum concentration of above 20 ng/mL is
considered as sufficient. Studies have proposed higher levels
for high-risk groups against virus infection and different dos-
ing regimens has been proposed. However, with higher doses
hypervitaminosis and toxicity has been reported recently;
questioning the safety of high serum vitamin D levels [47].
Regular oral vitamin D intake (in doses up to 2000 [U/d with-
out additional bolus) was declared to be safe and protective
against ARDS, particularly in subjects with vitamin D defi-
ciency [48].

Vitamin D and SARS-CoV-2 infection

Higher levels of ACE2 have been associated with better
COVID health outcomes in previous studies [23]. Vitamin D
enhances the expression of ACE2 [23, 41]. It has also been
observed to decrease acute lung injury in mice by modulating
effects on renin-angiotensin system (RAS) and ACE2/
Angiotensin signaling pathway [48].

Vascular injuries are associated with COVID-19 whereas
vitamin D increases vascular endothelial growth factor
(VEGF) production which promotes vascular endothelial re-
pair [47]. Vitamin D scarcity has also been labeled to cause
increased risk for thrombosis, endothelial dysfunction and
pathological changes to the vascular system [27, 47].

Since vitamin D insufficiency (VDI) promotes RAS, which
can lead to chronic cardiovascular disease as well as impaired
lung function [27]. Therefore, a possible role of vitamin D in
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SARS-CoV-2 infection on the basis of its impact on innate
and adaptive immunity, effects on the cardiovascular system,
derangement of the immune response and its prothrombotic
effects is been considered. Interest in exploring therapeutic
potential of vitamin D in COVID-19, akin to IL-6 inhibition
with Tocilizumab is also gaining ground [49] considering low
cost, easy availability, and comparatively good safety profile.

Other evidence that supports the possible role of vitamin D
in COVID-19 is on the basis of outbreak occurring in winter,
less number of cases in the Southern Hemisphere (deaths and
hospitalizations) in Northern latitudes [48], high mortality rate
in these areas [48], ARDS with increase in fatality rates and
chronic disease comorbidity, with lower vitamin D concentra-
tion [19]. The elderly, also happen to be the one with low
vitamin D levels [23]. This is because with increasing age
vitamin D levels fall, mainly due to decreased exposure to
sunlight and cutaneous synthesis which is the main contribu-
tor of vitamin D in the body [50, 23]. Other sources of the
vitamin include fish and dairy products. These are found in
high quantity in Scandinavian diets. And this is why if we
look at Europe for example, the Scandinavian countries
(Norway and Denmark) have VDI rates of 15-30 % and
COVID-19 is much less severe here as opposed to Italy,
Greece and Spain where VDI rates are around 70-90 %, and
the disease has been severe [50]. Countries with high number
of COVID-19 cases such as Italy and Switzerland have mean
circulating vitamin D levels of below 30 nmol/L and 23
nmol/L respectively [50, 48].

Studies have also been conducted in in-patient setting order
to see the prevalence of VDI with COVID-19 [50]. In an
observational study from three South Asian Countries in 212
patients [51], multinominal logistic regression to analyze in-
fluence of vitamin D deficiency on COVID-19 outcomes was
conducted. The study monitored vitamin D levels from the
onset of symptoms every seven days. Vitamin D deficiency
was associated with an increase in adverse clinical outcomes
in patients severely infected with SARS-CoV-2 infection,
compared to those with mild illness [51]. This important ob-
servation awaits peer review for ascertainment, however, this
finding is important for clinicians and policy makers alike, as
to date there is no standard of care or definitive vaccine to
protect against SARS-CoV-2 infection. In this region most
are LMIC, supplementation of vitamin D can be considered
to prevent complications of COVID-19 as heath care re-
sources are limited and not accessible to all.

In a recently published intensive review [52] on implica-
tions of vitamin D in prevention and treatment of COVID-19,
higher morbidity and mortality in the African-American pop-
ulation in the US correlated with low vitamin D status
explaining a positive causal relation with poor outcomes
[52]. Authors propose increasing serum and tissue concentra-
tions of vitamin D in the acute phase of severe infections to
prevent lung complications [52]. The author also emphasized
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that while optimal vitamin D levels enhanced epithelial ex-
pression of Th 1 cells, low level of vitamin D causes release of
INF-y culminating in CS in the advanced stage of SARS-
CoV-2 infection [53]. A population based survey from John
Hopkins University also demonstrated COVID-19 infection
rate three times higher as well as a six times higher mortality
rate in African-Americans compared with Caucasians [54].

From Southeast Asia, a study on 780 patients infected with
COVID-19 in Indonesia [55], reported significant co-
morbidity in 80 % of patients with vitamin D deficiency. In
this pre-print yet significant study, mortality was significantly
higher with insufficient vitamin D status, (OR =7.63; p<
0.001). Similarly, in vitamin D deficient cases, the odds of
mortality were 10.12 greater compared to patient with normal
concentration, (OR=10.12; p<0.001) [55]. Nevertheless,
with emerging evidence from observational data, there is
heightened need for experimental studies and intervention tri-
als to understand the role of vitamin D in COVID-19
outcomes.

A large observational population study from Israel [56]
compared risk of COVID-19 infection with prevalence of
Vitamin D deficiency in 200 localities. In this largest study
to date on impact of vitamin D on COVID 19, an additional
52,405 patients were included and matched with 524,050 con-
trols to examine the effect of baseline Vitamin D level, sup-
plementation in preceding months and COVID-19 incidence
[56]. The researchers found a significant correlation between
risk of acquisition of Covd-19 with underlying low Vitamin D
and risk was highest with severe deficiency [56].

As far as disease severity of COVID — 19 is concerned,
Vitamin D has shown to modulate disease course in a case-
control study on Iranian patients [57]. Low Vitamin D not
only contributed to mortality along with increased neutrophil
to lymphocyte ratio (NLR) but were associated with higher
angiotensin converting enzyme (ACE) level in deceased pa-
tients [57]. The patients who died had profoundly lower mean
vitamin D concentrations compared to patients without
COVID-19. Consistent with previous studies, increased
ACE level was a marker of poor outcomes in COVID 19 in
this study [57].

Hypoxemic respiratory failure is a life-threatening compli-
cation of COVID 19 disease [58]. A study on implication of
Vitamin D on survival among hospitalized critically ill pa-
tients showed a higher probability of mortality in patients with
severe Vitamin D deficiency [58]. A value of less than 10ng/dl
was shown to be associated with 5 % risk of death in severe
COVID 19 disease [58]. Vitamin D insufficiency has also
been found in regulating immune response to fatal cytokine
release syndrome (CRS) associated with severe symptomatic
COVID 19 and mortality in affected patients in causal infer-
ential and predictive models [59].

In a randomized open label clinical trial [60] conducted at
an Intensive care unit of a university teaching hospital in

Spain, patients were administered calcifediol through elec-
tronic randomization and others were not given Vitamin D
[60]. Only one patient in the calcifediol group had to be trans-
ferred to ICU and this was an outcome measure whereas, 13
out of 26 patients who were not randomized to calcifediol
required ICU [60].

Vitamin D deficiency plays a role in prothrombotic state
responsible for coagulopathy and thrombotic complications
like pulmonary embolism, stroke and deep vein thrombosis
[61]. Poor outcomes in COVID 19 are also characterized by
coagulopathy [62]. In the United Kingdom, Vitamin D defi-
ciency was found to be higher in ethnic minorities and con-
tributed to increased incidence of thrombotic events and mor-
tality in this population [63]. It also leads to clinical disease
severity by down regulating T-regs (T regulatory lympho-
cytes) which are found to be low in patients with Vitamin D
deficiency [63]. Comorbidities like Diabetes Mellitus and
Hypertension are also found to be associated with worse out-
comes in COVID 19 due to the high inflammatory response
which can be ameliorated by Vitamin D3 supplementation
[63].

Recommendations & way forward

In summary, the role of vitamin D in modifying and reducing
the inflammatory cytokine response of respiratory epithelial
cells and macrophages to various pathogens has been docu-
mented [64]. Moreover, it is expected that vitamin D might
protect against SARS-CoV-2 infection by avoiding the CS
and the subsequent ARDS contributing to increased mortality
[65]. The antiviral effects of vitamin D, which can directly
reduce viral replication may be a supportive factor on
immunomodulation and anti-inflammation [31]. These effects
could be used in helpful in combating the immune evasion
mechanisms caused by SARS-CoV-2 [66]. In the same con-
text, the protective role of vitamin D has been testified in
pneumonia, cytokine hyperproduction, and ARDS [67, 68].
Hence, Vitamin D can serve as a potential immune-modulator
in COVID-19 infection due to its immune regulating function
being supported by considerable clinical evidence [49, 69].
Although not prospectively validated in a randomized control
trial; the role of vitamin D in attenuating hyper-acute inflam-
matory response in severe COVID-19 can be determined by
studying impact of vitamin D deficiency on markers like CRP
and IL-6 [59]. While centers worldwide routinely utilize CRP
levels to assess CS, levels of vitamin D before development of
CS and afterwards can predict reliability of vitamin D as an
immune-modulating agent that can alter IL-6 activity and
serve as a therapeutic target in treatment of CS [59]. Vitamin
D3 supplementation is inexpensive and readily available.
Therefore, on the current covid-19 pandemic where a cause-
and-effect relationship continues to be explored, it is prudent
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to follow public health guidelines to ensure vitamin D3 ade-
quacy and daily supplementation with 1000-2000 IU per day.

Despite all of this, there are knowledge gaps and demon-
stration of a cause-effect relationship with vitamin D interven-
tion has not been established so far. Large, multi-center,
placebo-controlled clinical trials in patients with varying se-
verity of COVID-19 infection with vitamin D are recommend-
ed. Furthermore, excess vitamin D supplementation could re-
sult in hypervitaminosis and toxicity and hence caution should
be exercised in replacing vitamin D with clinical correlation.
Equal emphasis should be given to fortified food sources and
lifestyle. This will help in improving the immune system and
will provide lasting health benefits while evidence is
beingestablished for the specific use of vitamin D in
COVID-19 patients.
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