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Highlights

COVID-19is aglobal pandemic caused due to SARS-CoV-2.

Etiopathogenesis of SARS-CoV-2 in severe and critical COVID-19 cases showed immune
system evasion.

Increased secretion of pro-inflammatory cytokines and chemokines observed in COVID-19.
Vitamin D deficiency: a potential link between respiratory infection and immune evasion.
Vitamin D: a pleiotropic factor known to modulate immune response against pathogen.

Dexamethasone reduced mortality rate in severely or critically il COVID-19 cases.
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Abstract

The first incidence of COVID-19 was reported in the Wuhan city of Hubei province in China
in late December 2019. Because of failure in timely closing of borders of the affected region,
COVID-19 spread across like a wildfire through air travel initiating a pandemic. Itis a
serious lower respiratory track viral infection caused by highly contagious, severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). Coronavirus including COVID-19
causing SARS-CoV-2 causes zoonotic diseases and thought to be originated from bats. Since
its first incidence, the virus has spread all across the world, causing serious human casualties,
economic losses, and disrupting global supply chains. As with SARS-CoV, COVID-19
causing SARS-CoV-2 follows a similar path of airborne infection, but is less lethal and more
infectious than SARS and MERS. This review focusses on the pathogenesis of SARS-CoV-2,
especially on the dysfunctional immune responses following a cytokine storm in severely
affected persons. The mode of entry of SARS-CoV-2 is via the angiotensin converting
enzyme 2 (ACE-2) receptors present on the epithelial lining of lungs, gastrointestinal tract,
and mucus membranes. Older persons with weaker immune system and associated co-
morbidities are more vulnerable to have dysfunctional immune responses, as most of them
concomitantly have severe hypovitaminosis D. Consequently, causing severe damage to key
organs of the body including lungs and the cardiovascular system. Since, vast majority of
persons enters to the intensive care units and died, had severe vitamin D deficiency, thus, this
area must be investigated seriously. In addition, this article assesses the role of vitamin D in
reducing the risk of COVID-19. Vitamin D is a key regulator of the renin-angiotensin system
that is exploited by SARS-CoV-2 for entry into the host cells. Further, vitamin D modulates
multiple mechanisms of the immune system to contain the virus that includes dampening the
entry and replication of SARS-CoV-2, reduces concentration of pro-inflammatory cytokines

and increases levels of anti-infllmmatory cytokines, enhances the production of natural



antimicrobial peptide and activates defensive cells such as macrophages that could destroy
SARS-CoV-2. Thus, this article provides the urgency of needed evidences through large

population based randomized controlled trials and ecological studies to evaluate the potential

role of vitamin D in COVID-19.
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Introduction

We are amidst a socioeconomic and health catastrophic global pandemic, which
brought the global economic collapse, that worsens by prolonged lockdowns and curfews.
The latter two has little effects on controlling the disease but has major impact on destructing
the likelihoods of millions of people and the economies of all affected countries.

In December 2019, reports came about a cluster of patients suffering from severe
acute respiratory syndrome linked to seafood and wet animal market in the Wuhan city,
Hubei province of China [1], but later found that the said location was incorrect. World
Health Organization (WHO) declared COVID-19 as a pandemic on March 11, 2020 and the
disease causing virus was classified as severe acute respiratory syndrome—coronavirus-2
(SARS-CoV-2) on same day by International Committee on Taxonomy of Viruses (ICTV)
[2]. Previously, two major epidemics of coronavirus, the severe acute respiratory syndrome
(SARS)-CoV [3] and middle east respiratory syndrome (MERS)-CoV [4], both originated
from wild animals and were transmitted to humans. Major cause of death was reported as
severe atypical pneumonia [5,6]. SARS-CoV-2 enters the human body by attaching to its
cognate angiotensin converting enzyme-2 (ACE-2) receptor; located on the epithelium lining
of lungs and other organs via its spike protein [1]. Once internalized, viral RNA strands
replicate uninterruptedly using the host’s polymerase system and further invades other host
cells causing severe pathological changes, including cell death. The virus also evade the
host’s immune system through multiple mechanisms including excessive stimulation of
renin-angiotensin system (RAS) [7]. SARS-CoV-2 seems to hijack and modulate the RAS
system, not only initiating an excess generation of angiotensin-I1 fuelling the cytokine storm
but also down regulating host’s immune system thus favouring the propagation of the virus.

In some COVID-19 cases, manifestation of dysfunctional immune responses include,



triggering a cytokine storm involving increased secretion of pro-inflammatory cytokines in
circulation which leads to acute respiratory distress syndrome (ARDS) and ultimately death.

Vitamin D regulates the immune modulatory mechanisms by decreasing pro-
inflammatory environment in-vivo, and increases secretion of anti-inflammatory cytokines. It
has been reported that 25(OH)D deficiency, a physiologically quantifiable form of vitamin D,
is strongly associated with unfavourable clinical outcome. Lastly, no adverse effects of using
high doses of vitamin D in COVID-19 and other circumstances has been reported.

In addition to above, immune suppressor role of dexamethasone, a potent
corticosteroid, has also been discussed in preventing the need of ventilator support in severely
and critically il COVID-19 patients. Thus, this review addresses pathogenesis of SARS-
CoV-2 and mechanisms opted for immune evasion along with plausible role of vitamin D in
regulating these immune evasion mechanisms for the successful eradication of pathogen from
the host.

COVID-19: epidemiology, pathogenesis, and treatment

Coronavirus (CoVs) are enveloped, positive single-stranded RNA virus having ability
to infect both humans and animals. Under electron microscope, they look like spherical
entities along with core shell and have glycoprotein projections on their envelop, which gives
them appearance like crown, hence named as coronavirus (figure 1) [8]. In 1966, Tyrell and
Bynoe for the first-time identified coronavirus (CoVs) in patients suffering from acute upper
respiratory illnesses [8]. Most coronavirus (CoVs) cause infections limiting to upper
respiratory tract, while some CoVs such as beta-CoVs subgroup, including SARS-CoV,
SARS-CoV-2 (COVID-19), and MERS-CoV cause lower respiratory tract infections
resulting in severe complications and higher mortality. By 14t November 2020, the total

confirmed COVID-19 cases were 53,164,803 and 1,300,576 deaths with a case fatality rate of



2.4 % globally. In India, till 14t November, the total confirmed COVID-19 cases were
8,774,479 with a total of confirmed 129,188 deaths [9].

Despite the public health processes and efforts from the frontline workers, the global
incidence of COVID-19 keeps rising, so as the mortality. The preventative efforts were
somewhat hampered due to lack of understanding of the biology and pathological processes
of SARS-CoV-2 and suboptimal policies implemented by certain administrations. This issue
warrants immediate actions in unveiling and understanding the host—pathogen biology of
COVID-19 which will further help in gaining insights in management of disease and opening
windows for cost-effective therapeutic interventions.

Description of coronavirus

Coronavirus are the largest group of virus belonging to the Nidovirales order that
comprises three families i.e. arteriviridae, roniviridae and coronaviridae [10]. Among various
B-CoVs, SARS-CoV-2 shares 79 % genetic similarities to SARS-CoV [11], whereas it
demonstrates 98 % similarities with bat coronavirus RaTG13 [12], and also shares high
similarities with pangolin (a scaly anteater) coronavirus sequences [13]. Like other
respiratory coronavirus, SARS-CoV-2 virus spread majorly through respiratory droplets
during sneezing and coughing. The first symptom arises at a median incubation period of 4-5
days while nearly 97.5 % patients develop symptoms within 11.5 days [13,14].
Symptomatically, COVID-19 patient displays fever, dry cough, muscle pain, difficulty in
breathing, diarrhoea, nausea and vomiting [14—16]. After onset of symptoms, viral load
achieve its maximal within next 5-6 days [17,18].
Pathophysiological processes of SARS-CoV-2

Patho-physiologically, SARS-CoV-2 resembles to SARS-CoV in exhibiting features
of severe inflammatory response in damaging the airways [19]. Thus, the combination of

anti-viral and host response leads to the severity of disease as also observed in SARS-CoV



and MERS-CoV infected cases [14,15,20,21]. In COVID-19 patients, ARDS develops due to
difficulty in breathing and low blood oxygen levels which ultimately leads to respiratory
failure as observed in 70 % of severe COVID-19 cases [22]. Further, a spurt of cytokines
release in response to viral infection results in cytokine storm and sepsis leading to 28 %
deaths in critical COVID-19 cases [22]. Multiple organs failure are also observed in some
patients due to uncontrolled infllmmation caused by these pro-inflammatory cytokines
[23,24].

Initially, SARS-CoV-2 attaches with angiotensin converting enzyme (ACE2)
receptor which is present on majority of lung cells including epithelial cells, alveolar
epithelial cells, vascular endothelial cells and macrophages and then enters via endocytosis
[25,26]. The SARS-CoV-2 mode of entry is similar to SARS-CoV, thus it is likely that
SARS-CoV-2 uses the similar cell subsets and related pathogenesis [27]. SARS-CoV reduces
the expression of ACE2 receptor which in turn is associated with acute lung injury and thus
disease pathology. ACE2 regulates RAS, thus its downregulation will disrupt RAS
homeostasis and ultimately affecting blood pressure, electrolyte balance, increasing
inflammation and vascular permeability in the airways [7]. Coronavirus attaches to the
receptor of host cell through spike glycoprotein (S), and once inside the cell this spike protein
divides into S1 and S2 subunits. S1 regulates virus-host range and cellular tropism with the
receptor binding domain (RBD) [28,29], whereas S2 helps in virus cell membrane fusion
with the help of two tandem domains, heptad repeats 1 and 2 (HR1 & HR2) [30,31]. After the
fusion, it releases viral RNA genome into cytoplasm thus initiating replication and
transcription of virus in host cell cytoplasm. Positive RNA genome acts as a messenger RNA
(mRNA) and is translated into ppla and pplab, two large precursor polyproteins and these
polyproteins in the presence of ORF la-encoded viral proteinases, 3C-like proteinases

(3CLpro) and papain-like proteinase (PLpro) gets processed into 16 mature non-structural



proteins (nspl- nspl6) [32,33]. During viral RNA replication and transcription these non-
structural proteins (nsps) perform vital functions. Despite sharing of only 79 % genome
sequence identity of SARS- CoV-2 with SARS- CoV, it displays high infectivity rate which
could be due to the presence of furin-like cleavage site in S protein which is absent in SARS-
CoV [34].

Cytopathic virus including SARS-CoV-2 during virus replicative cycle causes
tremendous destruction of infected cells and tissues thus triggering a local immune response
due to virus linked pyroptosis and recruiting macrophages and monocytes [35,36].
Pyroptosis, a type of programmed cell death leads to extensive inflammation and secretion of
IL-1B, a crucial inflammatory molecule [15,37]. Alveolar macrophage detects the pathogen
associated molecular patterns (PAMPSs) and damage associated molecular patterns (DAMPS)
present on the virus particle using pattern recognition receptors (PRRs) and generates local
inflammation and releasing a spurt of cytokines and chemokines including IL-6, IFN-y,
MCP1 and IP-10 in the circulation of COVID-19 cases [15,22]. Their secretion attracts
various immune cells at affected organ including monocytes and T-lymphocytes thus
conforming the lymphopenic situation along with increased neutrophil-lymphocyte ratio as
observed in 80 % of the COVID-19 cases [14,38].

In majority of COVID-19 patients, these recruited cells eradicate the infection leading
to patient’s recovery, but in some severe cases, a defective immune response arises, which
activates a cytokine storm causing extensive lung inflammation. Severe COVID-19 patients
have elevated levels of IL-2, IL-7, MCP1, G-CSF, IP-10, IL-10, MIP 1a and TNF [15].
Literature reported that 1L-6 levels were considerably higher in non-survivors compared to
survivors [39]. Further, increased percentage of CD14+CD16+ inflammatory monocytes has
also been observed in peripheral blood of severe COVID-19 patients than patients with mild

infection, thus further triggering of cytokines release (figure 2) [40].



Mechanism ofaction of SARS- CoV-2 in harming host cells

Though disruptive mechanisms used by SARS-CoV-2 in inhibiting the body’s innate
antiviral cytokine response are yet to be unveiled, the initial evidences on SARS-CoV
revealed that viral structural and non-structural proteins might inhibit the interferon pathway
activation through multiple mechanism including prevention of PRRs recognition, inhibition
of signalling pathways, host mMRNA degradation, and hindering host protein degradation. This
antagonism of interferon response promotes viral replication and leads to aberrant
inflammatory responses [41,42].

This unrestrained infiltration of inflammatory cells causes extensive destruction of
lung cells and tissue via protease and reactive oxygen species secretion leading to massive
pathological changes in the lung including desquamation of alveolar cells, hyaline membrane
formation, pulmonary oedema [43]. These pathological changes decrease efficient gaseous
exchanges and low blood oxygen levels. Apart from local damage, the spurt of cytokine
levels including TNF-a causes septic shock and leads to multi organ failure [44]. Patients
with more than 60 years and those associated with co-morbidities are more susceptible to
display dysfunctional immune response. In contrast, children despite having high viral titres
do not develop severe disease [45].

The first autopsy of COVID-19 patient showed mononuclear cells accumulation
(probably monocytes and T cells) in lungs, and deficit of hyperactive T cells in peripheral
blood [43]. One week after onset of COVID-19 symptoms, both T and B cells against SARS-
CoV-2 have been detected in the peripheral blood. CD8+ T cells directly attacks and kills the
virus whereas CD4+ cells primed the CD8+ T cells and B cells. Further, CD4+ T cells are
involved in immune cells recruitment through cytokines production. SARS-CoV-specific
CD4+ T celis displays IFN-y, TNF, IL-2 chemokines, thereby suggesting Th1l immune

response and cell mediated immunity, a reason for extensive immunopathogenesis [46].



Although several vaccine formulations against SARS-CoV showed signs of
immunopathology, still this T cells vaccine holds promising avenues in eliminating the virus,
but it must be ascertained whether they alone are capable of preventing infection in human
setting or need to be complemented with other conjugates is a matter of further investigation
[47,48]. Similarly, in COVID-19, B cells response is reported to occur after 1-week post
onset of symptoms. In SARS-CoV infection, initially response is against nucleocapsid (N)
protein, 4-8 days later post symptoms, antibody response against spike (S) protein canalso be
seenand reaches to its peak by the end of third week. In contrast, viral titre peaks earlier for
SARS-CoV-2 than SARS, thus antibody response might also arise earlier [17,18].

Antibody response holds great promise as convalescent plasma therapy have
demonstrated good clinical results in COVID-19 cases [49]. In China, initial efforts in
treating COVID-19 patients with polyclonal antibodies holds great promise in reducing viral
titre and mortality [50,51]. Further, various monoclonal antibodies raised against RBD of S
protein working efficiently against SARS-CoV also neutralized SARS-CoV-2 virus, but
majority do not, thus underline the importance of dissimilar protein sequence in the RBDs of
SARS- CoV-2 and SARS- CoV.

Management of persons with COVID-19

Current management of COVID-19 is supportive, and respiratory failure from ARDS
is the leading cause of mortality. Numerous drugs avenues are being explored for the
treatment and management of COVID-19. Remdesivir was initially developed for the
treatment of Ebola, MERS-CoV, SARS-CoV [52]. It is a potential nucleoside inhibitor that
causes premature termination of viral RNA replication. Atleast eight clinical trials are
currently underway in China (NCT04252664, NCT04257656), France (NCT04314817,
NCTO04315948) and the USA (NCT04315948, NCT04292730, NCT04280705,

NCT04302766).



Lopinavir and ritonavir are two protease inhibitors initially designed for anti-retroviral
therapy (ART) and showed promising results in SARS [53]. Hydroxychloroquine is an anti-
malarial drug and it works on the principle of inhibition of viral replication [54]. Further, it
also acts as immunosuppressant by reducing IL-6 and TNF-a levels. The drug interferes with
the ACEZ2 receptor glycosylation and ultimately blocks the viral entry into the host cells.
Secondarily, this drug has evolved as a major pre-exposure and post-exposure prophylactic
agent. Various clinical trials are undergoing in multiple countries to test the potential of
hydroxychloroquine. Further, ACE inhibitors, antibodies, convalescent plasma therapy, and
vaccines are also being explored for the management of COVID-19. Recently, studies are
focussing on curbing the complement system pathway, a component of innate immune
system, in reducing hyperinflammatory and hypercoagulation stage in severe COVID-19
patients [55]. Furthermore, Ibrahim etal (2020) reported that intravenous injection of N-
acetyl cysteine in small cases of COVID-19, demonstrated significantly decreased
inflammation and clinical improvement along with markedly reduced CRP levels in all
patients and ferritin in 9/10 patients [56]. Lastly, other options such as Imatinib a tyrosine
kinase inhibitor and colchicine, an anti-inflammatory drug have also been explored in few
COVID-19 cases [57,58].

Final approval of these drugs will require time to develop and commercialize and
poses equally large hurdles. In contrast, studies done in the last few decades to unveil the
potential roles of vitamin D has given significant hopes for the current management of
COVID-19. Further, widespread deficiency, correlation with clinical outcomes,
immunomodulatory potential, regulation of RAS and less toxicity atvery high doses
proposed this drug as a likely candidate to study as a therapeutic modality alone or in
combination with standard drug regimen in the COVID-19 patients.

Vitamin D physiology and metabolism



Vitamin D is a secosteroid hormone, initially discovered during England’s industrial
revolution when workers were suffering from rickets problem [59,60]. Since then, multiple
functions including skeletal and extra skeletal have been attributed to the vitamin D. Vitamin
D specifically is of two types: vitamin D, (ergocalciferol) derived mainly from plant sources
and vitamin D3 (cholecalciferol), which is present in higher animals constitutes nearly 80 - 90
% [61]. Initially, 7-dehydrocholesterol is converted to cholecalciferol by exposure to
ultraviolet B radiation (UV B) [61]. Both endogenous and exogenous forms are inactive and
requires two successive hydroxylation steps by cytochrome P450 (CYP) enzymes to form
fully active vitamin D. Circulatory vitamin D is initially transported to liver by vitamin D
binding protein (DBP). First hydroxylation takes place in liver at 25-carbon position by
cytochrome P450 vitamin D hydroxylases (CYP2R1, CYP2D11 and CYP2D25) leading to
formation of calcidiol (25(OH)D) [62]. Due to its longer shelf life in humans, it is used as a
universal biomarker of vitamin D status [63]. For second hydroxylation step, calcidiol leaves
the liver and is internalized into kidney where C-1 hydroxylation takes place by renal la-
hydroxylase (CYP27B1) strictly regulated by parathyroid hormone (PTH). Renal
hydroxylation forms the fully functional, active form of vitamin D i.e. calcitriol (la, 25-
(OH), vitamin D) [64].

Apart from kidney, second hydroxylation also occurs in other cells and tissues types
collectively called as extra renal hydroxylation and performs different functions depending
on their locations. 1la, 25-dihydroxy vitamin D [1, 25(OH),D], similar to other forms of
steroid hormone combines with vitamin D receptor/retinoic X receptor (VDR/RXR)
heterodimeric complex and transcriptionally regulates expression of plethora of genes by
binding to the DNA responsive elements and mediate several biological responses [65]. After
the function is over, la, 25-(OH), vitamin D is catabolized by 24-hydroxylase [24(OH)ase] to

inactive metabolites which is then excreted through bile and urine [66].



Vitamin D activation in skin is considerably affected by exposure of UV, age, 7-
dehydrocholesterol reductase (DHCR7) polymorphism, and ethnicity. Other factors include
CYP2R1 polymorphism, DBP, vitamin D receptor (VDR), body composition and diet
[61,67]. All above factors drastically regulate the vitamin D status in a gender related
manner. Actually, a good relationship exist between status of vitamin D, sex and
immunomodulation [68]. Current literature reported that the reference range of vitamin D in
humans is between 30 — 100 ng/ml whereas the vitamin D insufficiency and deficiency
correspond to levels < 30 ng/ml and < 20 ng/ml respectively [66,67,69]. Vitamin D by
binding to its receptor (VDR), regulates a plethora of genes. It has been reported that about
3% of the human genome (> 200 genes) is directly or indirectly regulated by vitamin D [64].
This global role of vitamin D along with wide tissue distribution of VDR, indicated the extra
renal regulation of vitamin D and was called as non-calcaemic effects of vitamin D.

Mentioned effects include anti-proliferative, pro-differentiating, induction of cancer
cells apoptosis, increases insulin production, declines reactive oxygen species, regulates
renin-angiotensin-aldosterone effects and numerous immune modulation effects including
controlling immune activation on one side and enhancing anti- infectious defence on the
other [64,67,70-73]. Importantly, these all effects were regulated by various cytokines and
not by PTH as observed in calcaemic effects. Various pre-clinical and clinical trials have
outlined the role of vitamin D in various health conditions with mixed results [67,74,75].
Current evidences on the putative roles of vitamin D in the light of COVID-19 and other
respiratory diseases

The original evidence of the role of vitamin D in immune defence was determined
when Hansdottir et al reported synthesis of vitamin D from human respiratory epithelial cells
and that leads to induction of synthesis of cathelicidin, an antimicrobial peptide [76].

Similarly, Liu etal and Heulens et al in separate studies confirmed above finding in



monocytes derived macrophages, thus consolidating the role of vitamin D in immune cells
regulation [77,78]. Due to wide spread distribution of VDR and hydroxylating enzymes in
variety of immune cells including dendritic cells (DCs), macrophages, natural Killer cells and
B-cells, plethora of research studies were done to unveil the role of vitamin D in immunity
and diseases spanning both innate and adaptive immune system (figure 2).

Vitamin D deficiency is an important factor in the mitigation of the amplified and
persistent inflammation, a cardinal feature of ARDS [79-81]. In various diseases including
influenza, respiratory syncytial virus infection (RSV), and tuberculosis, vitamin D deficiency
has been a consistent factor [82,83]. A significant association has been observed between
vitamin D deficiency and seasonal diseases like influenza during the winter periods [84].
Further Bergman etal in a randomized controlled trial meta-analysis reported that
prophylactic intake of vitamin D reduces the risk of respiratory tract infections (OR, 0.64;
95%; CI, 0.49 to 0.84) [85]. Though, majority of the reports which have got positive outcome
were either the association studies or they had been performed in in vitro environment. Till
today, only single clinical trial in Japanese school children has been approved for the
treatment of seasonal influenza A infection [86].

In a retrospective study by Alipio in early 2020 involving data of 212 COVID-19
study subjects reported significant association between vitamin D deficiency and poor
clinical outcome of these cases. He also reported that deficiency was highest in the most
severe COVID-19 cases. Further, study demonstrated that for each increment in the standard
deviation of 25(OH)D the probability of having mild clinical outcome rather than a severe
outcome was 7.94 times while the odds of having mild clinical outcome than critical outcome
was 19.61 times. Thus, it said that with increase in serum 25(OH)D levels, there was
significant increase in clinical outcome of the body whereas decrease 25(OH)D levels could

worsen the disease [87]. In another crucial study by Maghbooli etal (2020) reported the



association between serum 25(0OH)D levels and clinical outcomes in 235 patients with
COVID-19 infection. Study reported that after adjusting with confounding factor, a
significant association was observed between 25(OH)D levels and disease severity, patients’
mortality, CRP levels and increased lymphocyte percentage. Further, vitamin D sufficiency
was also associated with lower risk of unconsciousness and hypoxia. In addition to that, only
9.7% patients succumbed to death who were vitamin D sufficient whereas mortality
percentage was upto 20% in those who had serum 25(OH)D levels <30 ng/ml. Thus,
decreased levels of CRP and increased percentage lymphocyte in circulation indicates that
vitamin D sufficiency might play important role in modulating the immune response of the
infected patients [88].

Vitamin D has been reported to mitigate the symptoms of common cold and influenza
[89]. Further, it augments cell mediated immunity, regulates adaptive immunity, and
increases expression of genes associated with antioxidants [90-92]. It has been reported that
nearly 40% of the Europeans are deficient in the vitamin D, irrespective of their age, sex, skin
textures and latitudes [93]. Similarly, it has been seenthat European countries (France;
27.3%, Portugal, 21.2% and Austria; 19.3%) that were severely deficient in vitamin D
exhibited significant cases of COVID-19 [94-96]. Further, countries (e.g. Norway, Finland,
Sweden, Denmark and Netherlands; except for the United Kingdom; 23.7%) lacking severely
deficient vitamin D did not show COVID-19 cases, thus substantiating its role in COVID-19
management [97].

Furthermore, few studies have highlighted that high doses of vitamin D may be given
to COVID-19 patients especially with confirmed deficiency and also associated with
comorbidities such as obese, elder, dark skin texture and those living in higher latitudes [98].
Additionally, due to its importance in protective effects in several diseases such as

cardiovascular disease, diabetes, cancer, respiratory infections and hypertension, experts



suggested that its supplementation and concomitantly increased level of 25(OH)D levels
above 50 ng/mL might play important roles in mitigating the incidence and symptom of viral
diseases including COVID-19 [99]. Therefore, several authors have emphasized the
prophylactic use of vitamin D in the COVID-19 management [24,100,101]. Further, in my
knowledge, no clinical trial has been made till today to explore the potential of vitamin D in
mitigating the effect of SARS-CoV-2 and ultimately COVID-19.

Due to widespread expression of VDR and enzyme CYP27B1 on majority immune
cells, vitamin D has got extensive effects on immune cells [102,103]. The most common is
the LL-37, an antimicrobial peptide residing monocytes, B-cells, NK cells, epithelial cells,
and v T-cells [104,105] and is also released by respiratory epithelial cells to form a first line
of defense against various invading pathogens [106,107]. Vitamin D in combination with
VDR/RXR, binds to the promoter region of cathelicidin, and enhances hCAP-18 production
[108], an innate mechanism to respiratory viruses. Similarly, vitamin D and VDR complex
enhances the production of B-defensins which could activate chemotaxis and is shown to
prevent RSV infection [109]. In the innate counterpart, vitamin D activates monocyte
differentiation into macrophage, activates PI13K signalling pathways for generation of ROS
and iINOS oxidative pathway by monocyte and macrophage, an important antiviral
mechanism [110]. It also triggers autophagy, which is known to prevent severe
immunopathology generally associated with viral infections [111]. Additionally, vitamin D
modulates the expression of PRRs including TLR2 and TLR4 in monocytes. This reduction
in expression and consequent reduction in PAMPs mediated signalling is required to dampen
the excessive infllmmation caused due to our innate immune system [102,112].

Vitamin D demonstrates a very potent impact on the antigen presentation function of
DCs by inhibiting their differentiation, maturation and antigen presentation along with

decreased expression of specific molecules like MHC class Il, CD1a, co-stimulatory



molecules including CD40, CD80, & CD86 and chemotactic molecules such as CCL4 &
CCL19 [113]. Activation of T cells by DCs is also hampered by reducing expression of co-
stimulatory and MHC class 1l molecules, resulting in a tolerogenic phenotype. Further,
vitamin D treatment also results in decreased production of IL-12 and IL-23 by DCs cells.
Additionally, vitamin D by inhibiting secretion of IL-12 switches the immune axis from Thl
to Th2 phenotype [114]. In addition to that, enhanced production of IL-10 is observed after
treatment with vitamin D, leading to development of regulatory T cells, thus these roles of
vitamin D suggest benefits in attenuating the development of immunopathogenesis caused by
some viral infections.

Lastly, vitamin D also showed direct effects on the fate of T and B cells, irrespective
of antigen presenting cells (APC). They candirectly alter the proliferation and cytokine
profile of T cells i.e. inhibiting IFN-y, TNF-a, IL-2, IL-17, and IL-21 cytokines and
upregulating secretion of IL-4, IL-5 and IL-10 cytokines [115]. A study reported that
1,25(0OH),D treatment of primary human tracheobronchial epithelial (hTBE) cells increased
the expression of the IkBa (an NF-«B inhibitor) [116]. Another study reported that both
tocilizumab and vitamin D might controls cytokine storm occurred in COVID-19 by
modulating IL-6 levels [117]. Additionally, this treatment also reduces interferon stimulated
genes (ISGs) levels along with other important components (IFN-B, CXCL10, STATI1, MxA
and ISG15), viral replication and viral load, thus dampening the infllmmatory response to
RSV infection whilst maintaining the antiviral state. Similarly, in alveolar A549 cells infected
with RSV, 1,25(0OH),D treatment increased the expression of IkBa protein and decreased the
expression of phosphorylated STAT-1 along with lower mRNA levels of IRF1, IRF7, IFN-
and CXCL8 [118].

Combination of dexamethasone and vitamin D may improve critically ill Covid-

19 patients



ARDS features usually develops due to viral replication and hyperactive innate
immune response leading to cytokine storm. This spurt of cytokines leads to massive
inflammation, disseminated coagulation, shock and hypotension ultimately leading to multi
organ failure and death. Since long, dexamethasone, a corticosteroid, has been established as
a potent immuno suppressor, that acts by impairing the innate immune response. Further, it
has also been seen that patients on long term dexamethasone therapy did not show any
features related to severe or critical pneumonia in the presence of COVID-19 [119].

The major drawback associated with dexamethasone therapy is the continual or
exacerbation of viral replication and its progression that might worsen the condition or delay
the recovery. Recently, a Randomized Evaluation of COVID-19 thERapY (RECOVERY)
Trial performed in the University of Oxford, UK highlighted the importance of
dexamethasone in the treatment of critically il COVID-19 patients. Results showed 35 %
decreased mortality rate in ventilated and 20 % decreased rate in patients on supplemental
oxygen therapy. Dexamethasone did not show any difference in the recovery of patients with
milder disease [120]. Though majority of COVID-19 patients undergo asymptomatic disease,
around 14 % patients progress to severe pneumonia and 5 % of the patients develop critical
pneumonia. Similarly, another study done by Selvaraj et al in only 21 COVID-19 patients
reported that early and low dose of dexamethasone significantly improved the mortality
outcome in COVID-19 patients with a sharp reduction in C-reactive protein levels and no
escalation in the care related to mechanical ventilation [121].

Two observational studies showed better clinical outcome in SARS-CoV-2 positive
patients [122,123]. Further Villar et al in a clinical trial over 277 COVID-19 patients reported
early removal of ventilation and reduced mortality in patients treated with dexamethasone
[124]. In contrary, few studies from China have reported routine usage of dexamethasone but

did not show significant benefits to COVID-19 patients [125,126]. Additionally, one study



reported that dexamethasone stimulated the action of vitamin D levels by upregulating the
transcription of VDR gene [127]. Also, dexamethasone decreases the calcitriol induced -
cathelicidin levels in human monocytes and bronchial epithelial cell line [128].

In addition to above, combination of calcitriol and dexamethasone significantly
modulates Erk and Akt signaling pathways leading to cell cycle arrest and apoptosis in cancer
cells [129]. Thus, it has been demonstrated that dexamethasone holds great promise for
severely or critically ill COVID-19 patients but more research or trials are required to set up
specific protocols for drug dosage and duration along with combination with other drugs to
prevent anti-viral replication and propagation.

In conclusion, this review provides a brief information about the COVID-19 disease
and its immune pathogenesis. Initial evidences involved in the mechanism opted by SARS-
CoV-2 in the immune evasion were also discussed with few studies. Further, unavailability of
potential drugs and their targets warrants intensive research in the repurposing of drugs.
Strong association between vitamin D deficiency and severe viral infections including
COVID-19 provided evidences of a simple solution to a complex problem like COVID-19.
Additionally, potential role of vitamin D in modulating the immune response in viral
infection further substantiated its importance in the current pandemic situation. In addition to
above, potential role of dexamethasone has been highlighted as an anti-inflammatory drug in
severe or critically il COVID-19 patients. Lastly, large scale population based randomized
controlled clinical trials are required to unveil the potential of vitamin D alone or in

combination with dexamethasone in mitigating the viral infection is required.
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Figure legends

Figure 1: Diagrammatic representation of SARS-CoV-2 coronavirus virion.
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Figure 2: Comparative presentation of the immunomodulatory actions of 1,25(OH),D. Image
on the left represent the possible mechanism adopted by the SARS-CoV-2 in immune evasion
during pathogenesis. Image on the right described the mechanism used by 1,25(0OH),D in

modulating both innate and adaptive immune responses to mitigate the viral infection.



Journal Pre-proof

1.25(0H),D treatment

SARS-CoV-2 infection

s
@ sefersir
ROS
U Clans i
10w
1000
1com &
=:'“;§ { Ihagueytoum
[ - procuetien
s & :‘:"m .:mu—v
1GE5F M 3 ] i |
lacrophage hes ‘
o rophag o (B l

lelo Macrophaoe

1WINC Disan

CD4+ T-Cell

1w ?
14 Dendrtic Cell
s  Dendibccel GO T
fl"‘
L2y
Th1  Thi7 Th2  Treg
€666 66 e
¢éeoe
1W—a lmy I.\l
2
1Py [OR fies froep
imre b s 11

Jiz Lo



