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ABSTRACT 

Vitamin D deficiency seems to be associated with severe outcome in the patients with 

COVID -19. Since the beginning of the pandemic till date this has sparked various 

discussions, researches and randomised control trails, with many more underway. It seems 

that vitamin D can be a promising factor in the fight against this pandemic. It enhances our 

innate and adaptive immunity and ultimately kills the virus. It has also been seen as a 

potential agent to damper the cytokine storm which causes severe outcome in these infected 

patients. Supplementation of Vitamin D is being considered by many governments across the 

globe in view of these associations and benefits. 
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 :نبذة مختصرة

مىذ بدايت الُباء َحتّ اآلن ، أثار ٌذا العديد  .COVID -19يبدَ أن وقص فيتاميه )د( مزتبط بىتائج خطيزة لدِ مزضّ 

مه المىاقشاث َاألبحاث َمساراث التحكم العشُائيت ، مع المشيد مه المىاقشاث الجاريت. يبدَ أن فيتاميه )د( يمكه أن 

َقد تم اعتباري يكُن عامالً َاعدًا في مكافحت ٌذا الُباء. إوً يعشس مىاعتىا الفطزيت َالتكيفيت َيقتل الفيزَص في الىٍايت. 

أيًضا عامالً محتمالً لتثبيط عاصفت السيتُكيه التي تسبب وتائج َخيمت في ٌؤالء المزضّ المصابيه. يتم الىظز في 

 .مكمالث فيتاميه )د( مه قبل العديد مه الحكُماث في جميع أوحاء العالم في ضُء ٌذي الجمعياث َالفُائد

 

ٌيدرَكسي فيتاميه د.  Coronavirus 2. 1،25OHD: 1،25: متالسمت تىفسيت حادة َخيمت. 91- كُفيد:الكلماث الدالت 

RAS:  وظامACE:  

 

 



 
 

 

 

INTRODUCTION  

Living in the current pandemic for more than 12 months now, on one hand has put humanity 

under various restrictions and on the other has given us reasons to look at our lives in a new 

perspective .At the same time it has sparked the researches and students of sciences another 

entity to dig deep into , to find a link , to find associations from virus to animals to humans 

and also to look into various aspects of our social , physiological and economic wellbeing, 

The  most important of all is the medical aspect of this disease, exploring every inch of our 

own bodies and environment to find an ultimate saviour , a cure , at least something that 

would  help in  preventing infection in immunologically naive individuals and  at least trying 

to contain the  severe symptoms such as  acute respiratory failure, sepsis , thrombosis , 

cytokine storm and ultimate organ failure. 

One such aspect which has been looked at in the last few months is the role of vitamin D in 

optimizing our immunity and thus in short and long term helping us build immunity to fight 

against the COVID- 19. 

The aim of this paper is to throw light on Vitamin D deficiency and its association with 

severity of COVID 19 and to discuss the immunosupportive and protective role of Vitamin 

D. 

DISCUSSION  

1. COVID-19 

A mysterious disease originated in China by the end of 2019, this new disease caused by 

novel coronavirus was named Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2) . 

On 11 March 2020 WHO declared it as a pandemic. It has spread around the globe with 73.2 

million cases till date and we are facing the second wave of the virus presently. 

The virus has cause widespread morbidity and mortality, with official mortality figures 

currently at more than 1.65 million.(WHO COVID-19 data base ,.2020) 

The incubation period for COVID-19 lasts from 2-14 days. Fever, cough, shortness of breath, 

anosmia, headache, confusion, loss of taste, strokes, chilblains, malaise, sputum production, 

rhinorrhoea and nasal congestion, as well as gastrointestinal problems are some of the 

symptoms. In some patient lymphocytopenia and thrombocytopenia are also found and these 

findings are considered risk factors for developing severe forms of COVID-19. Severe 

pneumonia, acute respiratory distress syndrome, septic shock and multiorgan failure are main 

causes of death. 



 
 

It has been shown that older age, smoking, hypertension, obesity, diabetes, cardiovascular 

diseases and cancer etc increases the mortality rates (Bleizgys,.2020)  

2. VITAMIN D 

Vitamin D is not technically a vitamin, since it is not an essential dietary factor. It is rather a 

prohormone produced photochemically in the skin from 7-dehydrocholesterol. Vitamin D and 

its metabolites may be categorized as either cholecalciferols or ergocalciferols. 

Vitamin D is thus considered a fat soluble steroid which can be synthesised in the skin with 

the help of solar ultraviolet radiation. 

After 2 hydroxylation steps, its transformed into its active form 1,25 dihydroxy vitamin D or 

calcitriol. 

First step takes place in liver and second in the renal proximal tubular epithelial cells, as well 

as by some extra renal tissues and cells such as endothelium and macrophages. 

(Bleizgys,2020) 

This active vitamin D produces its effects via the vitamin D receptors that are found almost 

on all cell type of human organism, and thus is capable of suppressing or stimulating the 

expression of numerous genes. 

 

1. NORMAL RANGE FOR VITAMIN D 

Although much controversy surrounds regarding overall normal or optimum vitamin D 

levels, however majority prefer the cut off value to be 30ng/ml or 75nmol/ml as the lowest 

range for normal vitamin D.(Bleizgys,. 2020) 

Toxic levels are considered anywhere above 100 ng/ml  

We currently stand on an estimate of more than 1 billion people in the world having vitamin 

D deficiency  or insufficiency. 

This is seen not only in the European countries, where by decreased sun light has been a 

known risk factor but also in the very hot countries likes middle east where the hot sun is 

generally avoided. It is estimated that in the Middle East almost 80% of the population has 

suboptimal level of vitamin D.( Bleizgys,.2020) 

Daily supplementation up to 10,000 IU is considered generally safe for almost all patients. 

Only a few patients are vitamin D hypersensitive, since they are at risk of developing 

hypercalcaemia even from a small supplemental vitamin D doses, these are : 

Patients with primary hyperparathyroidism or granulomatosis diseases such as sarcoidosis or 

active tuberculosis. (Bleizgys,. 2020) 

 



 
 

2. ROLE OF VITAMIN D IN THE BODY 

Vitamin D plays an essential role in: 

 

1. Calcium homeostasis and bone metabolism. 

2. Immunomodulatory function in local tissues. 

3. Maintaining tissue integrity. 

4. Stimulation of antioxidative processes. 

5. Modulation of renin angiotensin system activity. 

6. Modulation of coagulative system. 

 

Some of these mechanisms are important in dampening the effects of the COVID-19, thus 

will be summarized below.  

 

3. URTI AND VITAMIN D ASSOCIATION 

It has been long hypothesised that there is a strong association between vitamin D deficiency 

and seasonal URTI , this trend was picked up and researched after the flu of 1918, although 

nothing substantial was ever demonstrated 

 

4. VITAMIN D AND IMMUNE RESPONSE 

One of the first vitamin D links to regulate the immune system was found with immune 

disorders like Sarcoidosis and Tuberculosis and other granulomatous diseases. It was 

observed that antigen presenting cells like macrophages and dendritic cells synthesise the 

active form of vitamin D, which is the 1,25 dihydroxy vitamin D from its precursor 25-

hydroxyvitamin D via enzyme CYP27B1 (Kallas et al.,2010)  

Another finding that epithelia, the main barrier between environment and body also expresses 

CYP27B1, these epithelia are the first responders to the invading pathogens sounding the 

alarm by activating the dendritic cells and macrophages and recruiting neutrophils and T 

cells, sending them to the site of infection. Thus Vitamin D levels and its deficiency in this 

case would impair the immune response. (Hewison et al.,2010) 

This localized, intracrine mechanism is now considered to be the cornerstone of the 

interaction between vitamin D and immune response, this is distant from the endocrine 

actions of Vitamin D concerned with mineral homeostasis, in which the calcium regulation 

by vitamin D are driven by circulating 1,25 dihydroxy vitamin D, synthesized primarily by 

the kidneys.(Bilezikian et al., 2020) 

 



 
 

1.VITAMIN D AND INNATE IMMUNE RESPONSE  

Vitamin D has both antimicrobial and antiviral actions on the immune response, here I will 

discuss both briefly . 

1.AntiMicrobial actions of vitamin D and its pertinence on the innate immune response 

Its important to discuss this antimicrobial action of vitamin D, for us to understand how   

vitamin D activates an innate immune response to bacteria thus its implications on the 

activation of the antiviral innate immune response, both being somehow similar. 

The antimicrobial role of vitamin D was initially described some 30 years ago .(Rook et al., 

1986) However the relevance of this antimicrobial property was appreciated only later on in 

studies of the intracellular synthesis of 1,25,dihydroxy vitamin D as a mechanism for 

promoting antibacterial responses to Mycobacterium Tuberculosis.( Bilezikian et al., 2020) 

Various ways that Vitamin D acts on cellular level to active this response is briefly outlined 

below. 

a. Cathelicidin  

 

Cathelicidin is a protein which has number of functions, including antimicrobial 

function, induction of variety of proinflammatory cytokines, stimulation of the 

chemotaxis of the neutrophils, monocytes, macrophages and T cells , into the site of 

infection and promoting the clearance of the respiratory pathogens by the induction of 

apoptosis and autophagy of the infected epithelial cells (Greiller et al., 2005, Yuk et 

al., 2009)  

 

Local intracellular synthesis of 1,25 dihydroxy vitamin D by the monocytes and 

macrophages promotes the expression of this antimicrobial protein Cathelicidin and 

has been shown to enhance intracellular killing of Mycobacterial Tuberculosis.(liu et 

al., 2006) The ability of macrophages to produce Cathelicidin correlated  well with 

the serum 25 –dihydroxy vitamin D concentration (lie et all,2006, Gombart et al., 

2005). 

 

These findings thus provid a plausible explanation for the reported high prevalence of 

Tuberculosis and various other respiratory disorders in the individuals with Vitamin D 

deficiency .(Chan et al.,2000)  

 

 

b. NOD2  

 

NOD2 is nucleotide binding oligomerization domain-containing protein 2, it is 

another intracellular pattern recognition receptor, which is stimulated by 1,25OHD. 

This enhances beta defensin2 expression (Wang et al.,2010), explained below . 



 
 

 

c. Beta defensin 2  

 

 Yet another innate antibacterial element, which contributes to host defence by 

stimulating the expression of antiviral cytokines and chemokines involved in the 

recruitment of the monocytes and macrophages, natural killer cells, neutrophils and T 

cells (Kim at al., 2018) 

 Cellular production of both cathelcidin and beta defensin 2 depends on the vit D receptor 

and CYP27B.(Bilezikian et al., 2020) 

d. Iron metabolism  

 

Another mechanism by which vitamin D serves as antimicrobial function is related to 

cellular iron metabolism. Bacteria depend upon intracellular iron for survival. 

(Bilezikian et al., 2020 ) 

In the course of infection, Hepcidin, which restricts the transcellular export of iron 

through ferroportin is induced, thus increasing cellular levels of iron (30) 

1,25 OHD is a potent suppressor of this Hepcidin and thus acts to enhance ferroportin 

and reduce intracellular iron, thus suppressing the bacterial growth (Bacchetta et 

al.,2014) 

Its seen that the ability of vitamin D to promote antimicrobial, innate immune function is 

closely linked to phagocytosis and subsequent enhanced bacterial killing via the induction of 

autophagy (Yuk et al.,2009) 

Its also noted that other than the mechanisms described above Vitamin D also has an 

antimicrobial role to play by generating nitric oxide and superoxide and stimulates 

neutrophils (Bilezikian et al., 2020) 

e. Vitamin D and barrier maintenance at cellular levels 

Within gastrointestinal tract vitamin D is seen to maintain the barrier by promoting the 

expression of gap junction proteins thus preventing the tissue ingress by bacteria from the gut 

microbiome (Kong et al.,2008)  

In lungs similar barrier integrity effects of the vitamin D have been observed for the epithelial 

cells of the lungs (Shi et al.,2016) alone with stimulation of antimicrobial proteins by the 

lining epithelial cells (Schrumpf et al.,2012 ,Van et al.,2012)  

 

2. Antiviral actions of vitamin D in creating the innate immune response  

The antiviral actions of vitamin D overlap to a great extent on its antimicrobial mechanisms, 

such as induction of Cathelicidin and Defensins , the mechanism as already explained , these 



 
 

inturn block viral entry into cells as well as supress viral replication (Ahmed et al.,2019 

,Barlow et al.,2011) 

As described before one of the important mechanism to kill the microbial cells is by 

autophagy and same goes for the viruses, where by the vitamin D is seen to enhance the 

expression of autophagy marker LC3 (Yuk et al.,2009 ,Mushegian et al.,2017) thus low 

vitamin D levels can change autophagy.  

The specific mechanisms by which vitamin D promotes autophagy involves down regulation 

of the mTOR pathway, which inhibits autophagy (Jang et al.,2014) and by promoting Beclin 

1 and P13KC3 , key enzyme drivers of autophagy (Wang et al.,2008) 

Vitamin D also promotes the formation of the autosomes thus facilitating the viral clearance 

indirectly through induction of Cathelicidin expression (Yuk et al.,2009) 

This Vitamin D induced autophagy decreases HIV -1 infection (Campbell et al.,2011 

,Campbell et al.,2012) and influenza A (Khare et al.,2013) rotavirus (Tian et al., 2016) and 

Hep C (El-Brakyet al.,2018)  

2. VITAMIN D AS A REGULATOR OF THE ADAPTIVE INNATE IMMUNE 

RESPONSE  

T and B lymphocytes activation by the dendritic cells and macrophages leads to the adaptive 

innate immune response, its this adaptive immunity which defines long term nature and 

duration of an immune response.  

Vitamin D decreases the maturation of dendritic cells, decreasing their ability to present 

antigen and to activate T cells (Van Etten et al.,2005) treatment of the dendritic cells with 

1,25 OHD can also induce regulatory T cells (Treg cells , which are important in preventing 

the cytokine storm associated with SARS (Bilezikian et al.,2020) 

RENIN ANGIOTENSIN SYSTEM ACTIVITY AND INCREASE IN ANGIOTENSIN 

CONVERTING ENZYME 2 RECEPTOR EXPRESSION 

Renin angiotensin system RAS is an important regulator of many actions in the human body 

including vascular tone, diuresis and blood pressure. However sometimes this over activity of 

RAS results in increased angiotensin II production, which in turn leads to proinflammatory 

cytokine production, thrombosis , fibrosis , eg in the lungs, insulin resistance and liver 

dysfunction (Bleizgys,.2020) 

Some of COVID-19 related symptoms such as pulmonary hypertension, coagulopathy 

diarrhoea, anosmia, ageusia , dermatitis , autoimmune inflammation of CNS , damage to the 

vital organs like lungs , heart , kidney and testicle are likely linked to the overreaction of this 

RAS (Gimenez et al.,2020,Godreavet al.,2020) 

Vitamin D can increase the ACE 2 receptor expression in the lung tissue and this could 

ameliorate lung damage in case of some infections . Many authorities conclude that vitamin 



 
 

D , by decreasing RAS activity and probably increasing the expression of ACE2, over all has 

beneficial effects in case of COVID- 19 infection .(Gimenez et al.,2020 ,La Vignera et 

al.,2020 ,Cao et al,2020 ) 

MODULATION OF COAGULATORY SYSTEM 

In severe COVID 19 cases there’s a high risk of coagulopathies especially thrombosis, 

including microvascular thrombosis in the lungs (Bilezikian et al.,2020) 

Vitamin D hypovitaminosis is tightly associated with increased thrombosis (Tian et al ,2020 

,Mohammad et al.,2019) 

It has been seen that vitamin D could decrease the expression of thrombomodulin thus seems 

possible that restoring the normal vitamin D status could help reduce the risk of thrombosis 

(Bleizgys ,2020) 

LUNGS AND COVID-19 

Lungs are the main target for the SARS-CoV-2, the surface area of lungs being approx. 70 

m2 thus providing a huge surface area for the invasion by the pathogenic organisms.  

As discussed above the defence against these pathogens is led by both innate and adaptive 

mechanisms with adaptive immunity driving the long term immune response. 

CYTOKINE STORM AND VITAMIN D  

Pulmonary Cytokine storm is one of the most devastating outcomes of the SARS-CoV-2 

infection leading to long term morbidity and mortality. 

SARS-CoV-2 attacks both upper and lower airways with rapid viral replication, massive 

infiltration of the inflammatory cells resulting in production of a huge proinflammatroy 

cytokines and chemokines leading to acute respiratory distress syndrome. (Channappanavar 

et al.,2017) 

This cytokine storm results from dysregulation of the innate immune system with outpouring 

of proinflammatory cytokines and chemokine, leading to abnormal activation of the adaptive 

immune pathway attracting influx of the inflammatory cells including neutrophils, monocytes 

and macrophages wile sensitizing T cells to apoptosis (Channappanavar et al.,2016) This  

results in the breakdown in the microvascular and alveolar epithelial barrier resulting in 

vascular leakage and alveolar oedema. T cell response required for viral clearance is blunted 

(Zhao et al.,2010) and their role in dampening the cytokine storm is reduced. 

The activation of innate immunity leading to increased local 1,25OHD production has been 

shown to enhance viral neutralization and clearance while modulating the subsequent 

proinflammatory response, this has been shown in other viruses, remains to be seen in SARS-

CoV-2 . 

 



 
 

CONCLUSION 

1. We are living with the SARS CoV-2 pandemic for more than a year now, a number of 

researches and studies in regard to its prevention , cure and limiting the severity has been 

done. Although some of the mechanisms of how Vit D helps  are currently understood but 

more defined association still needs to be studied. 

 

2. Studies have shown that undoubtedly there’s an association of vitamin D deficiency and 

viral infections including COVID -19. 

3. Considering Vitamin D supplementation is generally safe and doesn’t have sideeffects, its 

safe to say that till further details are available, vitamin D should be added to the medication 

therapy for COVID patients. 

4.Its also reasonable to say that supplementation given to the at risks groups in general should 

be considered, which include elderly and comorbid patients. 

5.There’s nothing to lose from this supplementation and in view of the work done till now it 

seems to have all the more important gains. 

 

DISCOLSURE: 

The author declares no conflict of interest 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

REFERENCES 

 

1. Bleizgys A. Vitamin D and COVID-19: It is time to act. Int J Clin Pract.2020;00e13748. 

2.  Kallas M, Green F, Hewison M, White C & Kline G. Rare causes of calcitriol-mediated 

hypercalcemia: a case report and literature review. Journal of Clinical Endocrinology and 

Metabolism 2010 95 3111–3117. (https://doi.org/10.1210/jc.2009-2673) 

3. Hewison M. Vitamin D and the intracrinology of innate immunity. Molecular and Cellular 

Endocrinology 2010 321 103–111. (https://doi. org/10.1016/j.mce.2010.02.013) 

4. Bilezikian JP, Bikle D, Hewison M, et al. MECHANISMS IN ENDOCRINOLOGY: Vitamin D and 

COVID-19. Eur J Endocrinol. 2020;183:R133-R147 

5. Rook GA, Steele J, Fraher L, Barker S, Karmali R, O’Riordan J & Stanford J. Vitamin D3, gamma 

interferon, and control of proliferation of Mycobacterium tuberculosis by human monocytes. 

Immunology 1986 57 159–163. 

6. Greiller CL & Martineau AR. Modulation of the immune response to respiratory viruses by 

vitamin D. Nutrients 2015 7 4240–4270. (https://doi.org/10.3390/nu7064240) 

7. Yuk JM, Shin DM, Lee HM, Yang CS, Jin HS, Kim KK, Lee ZW, Lee SH, Kim JM & Jo EK. Vitamin D3 

induces autophagy in human monocytes/macrophages via cathelicidin. Cell Host and Microbe 

2009 6 231–243. (https://doi.org/10.1016/j.chom.2009.08.004) 

8. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, Ochoa MT, Schauber J, Wu K, Meinken C 

et al. Toll-like receptor triggering of a vitamin D-mediated human antimicrobial response. 

Science 2006 311 1770–1773. (https://doi.org/10.1126/science.1123933) 

9. Gombart AF, Borregaard N & Koeffler HP. Human cathelicidin antimicrobial peptide (CAMP) gene 

is a direct target of the vitamin D receptor and is strongly up regulated in myeloid cells by 1,25-

dihydroxyvitamin D3. FASEB Journal 2005 19 1067–1077. (https://doi.org/10.1096/fj.04-

3284com) 

10. Chan TY. Vitamin D deficiency and susceptibility to tuberculosis. Calcified Tissue International 

2000 66 476–478. (https://doi. org/10.1007/s002230010095) 

11. Wang TT, Dabbas B, Laperriere D, Bitton AJ, Soualhine H, TavertaMendoza LE, Dionne S, 

Servant MJ, Bitton A, Seidman EG et al. Direct and indirect induction by 1,25 dihydroxyvitamin 

D3 of the NOD2/CARD15-defensin beta2 innate immune pathway defective in Crohn disease. 

Journal of Biological Chemistry 2010 285 2227–2231. (https://doi.org/10.1074/jbc.C109.071225) 

12. Kim J, Yang YL, Jang SH & Jang YS. Human beta-defensin 2 plays a regulatory role in innate 

antiviral immunity and is capable of potentiating the induction of antigen-specific immunity. 

Virology Journal 2018 15 124. (https://doi.org/10.1186/s12985-018-1035-2) 

13. Bacchetta J, Zaritsky JJ, Sea JL, Chun RF, Lisse TS, Zavala K, Nayak A, Wesseling Perry K, 

Westerman M, Hollis BW et al. Suppression of iron-regulatory hepcidin by vitamin D. Journal of 

the American Society of Nephrology 2014 25 564–572. (https://doi.org/10.1681/ 

ASN.2013040355 

14. Yuk JM, Shin DM, Lee HM, Yang CS, Jin HS, Kim KK, Lee ZW, Lee SH, Kim JOM & Jo EK. Vitamin D3 

induces autophagy in human monocytes/macrophages via cathelicidin. Cell Host and Microbe 

2009 6 231–243. (https://doi.org/10.1016/j. chom.2009.08.004 

https://doi.org/10.3390/nu7064240
https://doi.org/10.1016/j.chom.2009.08.004
https://doi.org/10.1126/science.1123933
https://doi.org/10.1096/fj.04-3284com
https://doi.org/10.1096/fj.04-3284com
https://doi.org/10.1074/jbc.C109.071225
https://doi.org/10.1186/s12985-018-1035-2
https://doi.org/10.1016/j.%20chom.2009.08.004


 
 
15. Kong J, Zhang Z, Musch MW, Ning G, Sun J, Hart J, Bissonnette M & Li YC. Novel role of the 

vitamin D receptor in maintaining the integrity of the intestinal mucosal barrier. American 

Journal of Physiology: Gastrointestinal and Liver Physiology 2008 294 G208–G216. 

(https://doi.org/10.1152/ajpgi.00398.2007 

16. Shi YY, Liu TJ, Fu JH, Xu W, Wu LL, Hou AN & Zue XD. Vitamin D/ VDR signaling attenuates 

lipopolysaccharideinduced acute lung injury by maintaining the integrity of the pulmonary 

epithelial barrier. Molecular Medicine Reports 2016 13 1186–1194. (https://doi. 

org/10.3892/mmr.2015.4685 

17. Schrumpf JA, van Sterkenburg MAJA, Verhoosel RM, Zuyderduyn S & Hiemstra PS. Interleukin 13 

exposure enhances vitamin D-mediated expression of the human cathelicidin antimicrobial 

peptide 18/ LL-37 in bronchial epithelial cells. Infection and Immunity 2012 80 4485–4494. 

(https://doi.org/10.1128/IAI.06224-11) 

18. van der Does AM, Bergman P, Agerberth B & Lindbom L. Induction of the human cathelicidin LL-

37 as a novel treatment against bacterial infections. Journal of Leukocyte Biology 2012 92 735–

742. (https://doi.org/10.1189/jlb.0412178 

19.  Ahmed A, Siman-Tov G, Hall G, Bhalla N & Narayanan A. Human antimicrobial peptides as 

therapeutics for viral infections. Viruses 2019 11 704. (https://doi.org/10.3390/v11080704 

20. 7 Barlow PG, Svoboda P, Mackellar A, Nash AA, York IA, Pohl J, Davidson DJ & Donis RO. Antiviral 

activity and increased host defense against influenza infection elicited by the human cathelicidin 

LL-37. PLoS ONE 2011 6 e25333. (https://doi. org/10.1371/journal.pone.0025333) 

21.  Mushegian AA. Autophagy and vitamin D. Science Signaling 2017 10 eaan2526. 

(https://doi.org/10.1126/scisignal.aan2526) 

22. Jang W, Kim HJ, Li H, Jo KD, Lee MK, Song SH & Yang HO. 1,25-Dyhydroxyvitamin D(3) attenuates 

rotenone-induced neurotoxicity in SH-SY5Y cells through induction of autophagy. Biochemical 

and Biophysical Research Communications 2014 451 142–147. 

(https://doi.org/10.1016/j.bbrc.2014.07.081) 

23.  Wang J. Beclin 1 bridges autophagy, apoptosis and differentiation. Autophagy 2008 4 947–948. 

(https://doi.org/10.4161/auto.6787) 

24. Campbell GR& Spector SA. Hormonally active vitamin D3 (1alpha,25 dihydroxycholecalciferol) 

triggers autophagy in human macrophages that inhibits HIV-1 infection. Journal of Biological 

Chemistry 2011 286 18890–18902. 

25. Campbell GR & Spector SA. Toll-like receptor 8 ligands activate a vitamin D mediated autophagic 

response that inhibits human immunodeficiency virus type 1. PLoS Pathogens 2012 8 e1003017. 

(https://doi.org/10.1371/journal.ppat.1003017) 

26.  Khare D, Godbole NM, Pawar SD, Mohan V, Pandey G, Gupta S, Kumar D, Dhole TN & 

Bodbole MM. Calcitriol [1, 25[OH]2 D3] preand post-treatment suppresses inflammatory 

response to influenza A (H1N1) infection in human lung A549 epithelial cells. European Journal 

of Nutrition 2013 52 1405–1415. (https://doi.org/10.1007/ s00394-012-0449-7) 

27. Tian G, Liang X, Chen D, Mao X, Yu J, Zheng P, He J, Huang Z & Yu B. Vitamin D3 supplementation 

alleviates rotavirus infection in pigs and IPEC-J2 cells via regulating the autophagy signaling 

pathway. Journal of Steroid Biochemistry and Molecular Biology 2016 163 157–163. 

(https://doi.org/10.1016/j.jsbmb.2016.05.004) 

https://doi.org/10.1152/ajpgi.00398.2007
https://doi.org/10.1128/IAI.06224-11
https://doi.org/10.1189/jlb.0412178
https://doi.org/10.3390/v11080704
https://doi.org/10.1126/scisignal.aan2526
https://doi.org/10.1016/j.bbrc.2014.07.081
https://doi.org/10.4161/auto.6787
https://doi.org/10.1371/journal.ppat.1003017
https://doi.org/10.1016/j.jsbmb.2016.05.004


 
 
28. Abdel-Mohsen MA, El-Braky AA-A, Ghazal AAE & Shamseya MM. Autophagy, apoptosis, vitamin 

D, and vitamin D receptor in hepatocellular carcinoma associated with hepatitis C virus. 

Medicine 2018 97 e0172. (https://doi.org/10.1097/ MD.0000000000010172 

29. van Etten E & Mathieu C. Immunoregulation by 1,25-dihydroxyvitamin D3: basic concepts. 

Journal of Steroid Biochemistry and Molecular Biology 2005 97 93–101. (https://doi. 

org/10.1016/j.jsbmb.2005.06.002) 

30. Martin Gimenez VM, Inserra F, Tajer CD, et al. Lungs as target of COVID-19 infection: Protective 

common molecular mechanisms of vitamin D and melatonin as a new potential synergistic 

treatment. Life Sci. 2020;254:117808. 

31. Crane-Godreau MA, Clem KJ, Payne P, Fiering S. Vitamin D deficiency and air pollution 

exacerbate COVID-19 through suppression of antiviral peptide LL37. Front Public Health. 

2020;8:232. 

32. Annweiler C, Cao Z, Wu Y, et al. Counter-regulatory 'ReninAngiotensin' System-based Candidate 

Drugs to Treat COVID-19 Diseases in SARS-CoV-2-infected patients. Infect Disord Drug Targets. 

2020;20:1. https://doi.org/10.2174/187152652066620 0518073329 

33. Ilie PC, Stefanescu S, Smith L. The role of vitamin D in the prevention of coronavirus disease 2019 

infection and mortality. Aging Clin Exp Res. 2020;32:1195-1198. 

34. La Vignera S, Cannarella R, Condorelli RA, Torre F, Aversa A, Calogero AE. Sex-specific SARS-CoV-

2 mortality: among hormone-modulated ACE2 expression, risk of venous thromboembolism and 

hypovitaminosis D. Int J Mol Sci. 2020;21:2948 

35. Cao Z, Wu Y, Faucon E, Sabatier JM. SARS-CoV-2 & covid-19: key-roles of the 'Renin-Angiotensin' 

System/vitamin D impacting drug and vaccine developments. Infect Disord Drug Targets. 

2020;20:348-349. 

36. Hepcidin GT. A peptide hormone at the interface of innate immunity and iron metabolism. 

Current Topics in Microbiology and Immunology 2006 306 183–198. 

37. Tian Y, Rong L. Letter: covid-19, and vitamin D. Authors' reply. Aliment Pharmacol Ther. 

2020;51:995-996. 

38. Mohammad S, Mishra A, Ashraf MZ. Emerging role of vitamin D and its associated molecules in 

pathways related to pathogenesis of thrombosis. Biomolecules. 2019;9:649. 

39. Channappanavar R & Perlman S. Pathogenic human coronavirus infections: causes and 

consequences of cytokine storm and immunopathology. Seminars in Immunopathology 2017 39 

529–539. (https://doi.org/10.1007/s00281-017-0629-x) 

40. Channappanavar R, Fehr AR, Vijay R, Mack M, Zhao J, Meyerholz DK & Perlman S. Dysregulated 

Type I interferon and inflammatory monocyte-macrophage responses cause lethal pneumonia in 

SARSCoV-infected mice. Cell Host and Microbe 2016 19 181–193. (https:// 

doi.org/10.1016/j.chom.2016.01.007) 

41.  Zhao J, Zhao J & Perlman S. T cell responses are required for protection from clinical disease and 

for virus clearance in severe acute respiratory syndrome coronavirus-infected mice. Journal of 

Virology 2010 84 9318–9325. (https://doi.org/10.1128/JVI.01049-10) 

 

 

 

https://doi.org/10.2174/187152652066620%200518073329
https://doi.org/10.1007/s00281-017-0629-x

