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Summary

Vitamin D exerts extra-skeletal actions, given the presence in many different tissues of its 
nuclear receptors controlling transcription of genes related to autoimmune diseases and 
its endocrine effects mainly affecting calcium metabolism. Many papers have highlighted 
its ability to reduce infections and to modulate innate and adaptive cellular immunity, with 
an inverse correlation between the incidence of airway infections and serum vitamin D 
levels. During the COVID-19 epidemic, not only the elderly confined to the home, with no 
physical activity, minimal sun exposure and physiological reduction of the UV-radiation in-
duced activation of vitamin D, but also people suffering from fragility fractures, often with 
comorbidities and treatments with bone-loss side effects (primarily steroids), as well as 
people in environments at high risk (such as patients and staff in hospitals), should take 
vitamin D supplements as an important step in the prevention of infections and their spread. 
In any case, randomised studies should be conducted on large populations to give value to 
this therapeutic strategy, given the lack of unequivocal of not univocal data on the immune 
supportive role of vitamin D, on the dose to be administered and blood levels to be achieved.
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Introduction

The disease caused by the new coronavirus “SARS-CoV2” determines, in most cases, 
the onset of an inflammatory cascade characterised by a moderate release of inflamma-
tory cytokines, sufficient to activate the immune system against the virus, and obtain 
remission from the disease. In some patients, on the other hand, there is a “cytokine 
storm”, the expression of a hyper-activated immune system, which in turn is stimulated 
to produce other cytokines 1. In this period the main interest of the entire medical com-
munity is focused on therapies to treat coronavirus pneumonia and its complications: in 
all centres drugs are used that can block the inflammatory process and the frequent vas-
culitis with antivirals, immunomodulators, anti-inflammatories, anticoagulants, while 
minimal space is left to supporting therapies such as vitamin D supplementation.
In recent years, vitamin D supplementation has been at the centre of a lively scien-
tific debate with an exponential growth in the numbers of publications on this topic.
In the PubMed database, using the search keyword “vitamin D”, there is in fact a 
strong increase in the results retrieved, going from about 300 articles in the early 
2000s to about 85,000 in 2020. This is an expression of the progressive increase in 
attention towards vitamin D, but also of its overprescription, a reason that made the 
Italian Drugs Agency (AIFA) regulate its use through “Nota 96”($), which limits 
its use almost exclusively to the musculoskeletal system.
There is a great deal of evidence, albeit largely observational, on the potential ex-
tra-skeletal clinical effects of vitamin D in diabetes, cardiovascular diseases and 
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tumours, although there is not yet the same consolidated sci-
entific evidence of effectiveness for the musculoskeletal sys-
tem. At the immune system level, significant effects have been 
theorised: this, in a pandemic era, is obviously of particular 
interest from the point of view of possible clinical-therapeutic 
implications. However, the evidence and also the mere obser-
vations from randomised trials are not particularly numerous 
and univocal in the results: going back to the PubMed re-
search, at the time of writing this article, only 28 papers are 
retrieved by inserting as keywords “vitamin D” and “immune 
system” and only 10 with the search keys “vitamin D” and 
“COVID-19”. The aim of the present work is to focus the rela-
tionship between vitamin D, immune system and lymphocytic 
populations, in order to assess the importance of its use in the 
current pandemic, without ignoring its proven musculoskele-
tal importance; especially in the elderly patient, a privileged 
victim of the virus and often in a condition of severe vitamin 
D deficiency, osteoporotic and with a history of fractures, for-
cibly confined at home, without carrying out physical activity 
and with minimal exposure to the sun.

($) Nota 96: prevention and treatment of vitamin D deficiency 
in adults regardless of the determination of 25 (OH) D in insti-
tutionalized people, pregnant or lactating women, the presence 
of osteoporosis from any cause or osteopathies not candidates 
for remineralizing therapy; prevention and treatment of vita-
min D deficiency in adults after the determination of 25-(OH) 
vitamin D with serum levels <  20  ng/mL and symptoms of 
hypovitaminosis (asthenia, diffuse or localized pain, frequent 
unmotivated falls), with the diagnosis of hyperparathyroidism 
secondary to hypovitaminosis D, in the presence osteoporosis 
of any cause or proven osteopathies candidates for remineral-
izing therapy.

COVID-19 and immune system

Coronavirus disease 19 (COVID-19) is the disease caused by 
the new Coronavirus SARS-CoV-2, identified in China in late 
2019. 
The genome of Coronaviruses is made up of RNA and is pro-
tected by a protein core covered by a lipid mantle, which is 
associated with other proteins including the “spike” protein, 
which is responsible for the entry of the virus into the host cell 
thanks to the link with the angiotensin-converting enzyme  2 
(ACE2) receptor. After entering the cells of respiratory mucous 
membranes, the virus releases its genetic code to initiate viral 
replication and consequently activate a rapid reaction of innate 
immunity, with the release of large amounts of cytokines, a key 
point in determining the extent of the infection. In the most se-
vere cases, a violent immune response with deep lung exudate 
production is observed, which limits ventilation and causes 
widespread bilateral pneumonia. An uncontrolled inflamma-
tory response can trigger acute respiratory distress syndrome 

(ARDS) and septic shock. These two complications are the 
main causes of hospitalisation in intensive care and mortality 
for COVID-19 in patients over 60 years of age with a history 
of smoking and comorbidity (hypertension, cardiovascular and 
cerebrovascular disease, and diabetes) 2.
Although the coronavirus is a respiratory pathogen, in case of 
an important immune response, it induces the release of an ad-
ditional amount of cytokines that spreads to all organs through 
the circulatory system, causing multi-organ dysfunction syn-
drome that can cause serious damage to the kidneys, heart, in-
testine and brain (given the presence of the ACE2 receptor in a 
large number of tissues) 2. 
Cytokine storms are believed to have been responsible for 
many casualties during the 1918 flu pandemic, the severe acute 
respiratory syndrome (SARS) epidemic in 2003, the H5N1 avi-
an epidemic and the 2009 swine flu epidemic 3,4.
Both pro-inflammatory cytokines, such as tumour necrosis 
factor alpha (TNFα), interleukin 1 and 6 (IL-1, IL-6), and an-
ti-inflammatory cytokines, such as IL-6 and IL-10 antagonist 
receptor are elevated in the serum of patients suffering from 
this cytokine storm. 
Following viral infection, IL-6, one of the main actors is re-
leased by different cell types (T lymphocytes and macrophages 
of the innate immune system); it binds its receptor IL-6R, pres-
ent on the surface of various cells, triggering several inflamma-
tory mechanisms: 
• production of the vascular-endothelial growth factor 

(VEGF) protein by fibroblasts, with consequent response 
by endothelial cells of blood vessels and increased permea-
bility of the vessels themselves; 

• production of pro-inflammatory and pro-coagulant proteins 
in the liver;

• production of antibodies against the virus by B lympho-
cytes;

• activation of T helper 17 (Th17) lymphocytes, capable of 
eliminating virus-infected cells 5,6.

The excessive response of IL-6 can, over time, abnormally ac-
tivate the immune system, with production of antibodies and T 
lymphocytes against self, as occurs in autoimmune diseases. 

Vitamin D and the immune system

Vitamin D has a central role in physiological extra-skeletal ac-
tions due to the presence of nuclear receptors in many tissues 
(mainly in the prostate, colon, breast); by the control of the 
transcription of over 200 genes (some related to autoimmune 
diseases and tumours), by the endocrine effects both calcio-
tropic (on bone, intestine and kidney) and non-calciotropic (on 
the pancreas, for release of insulin, and on the renin-angioten-
sin system); by the effects on macrophages, parathyroid and 
epithelial cells 7,8.
Calcitriol is also synthesised by activated macrophages, which, 
if in excess, could lead to hypercalcaemia as in sarcoidosis, 
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to modulate lymphocytic maturation induced by IL-2. This in-
creased lymphocytic growth, linked to the contact with an “an-
tigen-presenting cell”, is associated with a hyper-production of 
interferon γ (IFNγ) that stimulates the formation of activated 
multicellular macrophages, able to produce calcitriol locally, 
which in turn blocks lymphocytic proliferation, with a local 
homeostatic mechanism 9. 
Vitamin D helps to preserve “tight junctions”, avoiding infil-
trations of liquid and neutrophils, in fact, with junctional alter-
ations, an increase in infections by viruses and other micro-or-
ganisms is observed 10,11. 
Vitamin D improves the innate cellular immunity by reducing 
the severity of the cytokine storm, increasing the expression of 
anti-inflammatory macrophage cytokines 12 and inducing anti-
microbial peptides, including human cathelicidin LL-37 and 
defensins. Evidence of antimicrobial activities of cathelicidins, 
directed against Gram-positive and Gram-negative bacteria, 
viruses and fungi, due to their action on their cell membranes, 
dates back at least twenty years ago 12,13.
Vitamin D is also a modulator of adaptive immunity and conse-
quently helps to regenerate the endothelial tissue 14,15.
Specifically, vitamin D suppresses inflammatory responses me-
diated by the T helper cell type 1 (Th1) and the production of 
inflammatory cytokines IL-2 and IFNγ 16, promotes the cytokines 
produced by the T helper cell type 2 (Th2), which helps to improve 
the indirect suppression of Th1 17 and promotes the induction of 
regulatory T cells, thus inhibiting inflammatory processes 18.
Vitamin D supplementation also increases the expression of 
genes with antioxidant function, determining increased pro-
duction of glutathione, that saves ascorbic acid (vitamin C), 
which has an antimicrobial activity 19 and has therefore been 
proposed for the prevention and treatment of COVID-19.
As already mentioned, serum concentrations of vitamin 
25(OH)-D tend to decrease with age, while mortality rates for 
COVID-19 increase with it. It seems reasonable to assume a 
correlation with lower sun exposure and reduced vitamin D 
production, due to lower levels of 7-dehydrocholesterol in the 
skin 20 and the intake of drugs that reduce vitamin D concen-
trations by activating the pregnane X receptor, such as antiep-
ileptic and antineoplastic drugs, antibiotics, anti-inflammatory 
agents, antihypertensives, antiretrovirals, endocrine drugs and 
some herbal medicines 21. 
Among the various scientific works that consider the ways in 
which vitamin D reduces the risk of viral and bacterial infec-
tions 22-26, we highlight those we believe are more significant. 
Inverse correlation between the incidence of upper respiratory 
tract infections and serum levels of vitamin 25(OH)-D 27 has 
been observed: in a recent double-blind randomised clinical 
trial (RCT), it was observed that the administration of only 
1,200 IU of vitamin D3 in school-age children ccanould reduce 
the risk of influenza A infection by more than 40% 28. 
Martineau et al, after a meta-analysis of 25 randomised trials, 
pointed out level I evidence for a protective effect of 12%, 

provided by vitamin D supplementation against bacterial and 
viral infections of the respiratory tract (adjusted OR = 0.88, 
p < 0.001). These protective effects increase to 19% in sub-
jects with a daily or weekly regimen of vitamin D, compared 
to those taking a monthly bolus of vitamin D (adjusted OR = 
0.81, p < 0.001) and reach 70% in subjects with serum lev-
els < 25 nmol/l, resident at northern latitudes and corrected by 
supplementation (adjusted OR = 0.30, p = 0.006) 29. Grant et 
al. pointed out a discrepancy in results between observational 
studies, which showed that vitamin D supplementation reduced 
the risk of disease, and RCTs that did not confirm this 30-34: they 
concluded that the discrepancy could be attributable to several 
factors, including the recruitment of participants with relative-
ly high vitamin D blood levels, administration of low doses, 
failure to measure basal levels and the achievement of different 
peak values 35. A comprehensive review of this issue in 2018 
concluded that vitamin D should reduce the risk of influenza, 
but that further studies are needed 36.

What dose of vitamin D?

People at risk of influenza and/or COVID-19 should consider 
taking 10,000 IU/day of vitamin 25(OH)-D for 1 month, fol-
lowed by a maintenance dose of 5,000 IU/day for 24 weeks, 
with the aim of achieving concentrations of 40-60 ng/ml (100-
150 nmol/l) 37,38.
In a recent review, a reduction in the severity of COVID-19 
infection was observed with 200,000-300,000 IU of vitamin 
25(OH)-D, taken in fractional doses of 50,000 IU 39.
Given the long period of time that we will have to live with 
the virus, after the first months of treatment with vitamin 
25(OH)-D, we suggest to continue with a monthly adminis-
tration of 0.266 mg of calcifediol and to assess both the blood 
levels vitamin D, in order to regulate the dosage, and metabolic 
markers of the bone as for any patient undergoing treatment for 
osteoporosis. For treatment of people with COVID-19, even 
higher doses of vitamin D3 may be useful 33. Moreover, there is 
evidence today that prolonged supplementation of vitamin D3 
with doses of 100 mcg (4000 IU)/day is safe 40. 
Concerning prolonged treatment with vitamin D, the literature 
recommends that single doses should not exceed 100,000 IU, 
because with higher doses an increase in bone resorption in-
dexes and a paradoxical increase in falls and fractures have 
been observed  41. However, it has been shown that toxicity 
from excessive amounts of vitamin D, taken at inappropriate 
doses, is very rare and not dangerous for the health of patients, 
in accordance with our observations in patients who have made 
important mistakes when taking preparations.
Another therapeutic hypothesis could be the association with 
magnesium, which collaborates in the activation of vitamin D 
and contributes directly to calcium and phosphate homeostasis. 
Finally, an aspect not to be neglected is a correct diet, with at 
least 1000-1500 mg/day of calcium 42,43, especially in the elder-
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ly who present frequent malabsorption and reduced intake of 
dairy products for an increasingly common lactose intolerance 
with secondary hyperparathyroidism and calcium homeostasis 
alteration. In addition, vitamin D has demonstrated better effi-
cacy in the presence of adequate calcium intake.
In this period of health emergency, we have reduced but not 
interrupted contact with patients who come to our bone metab-
olism clinic. Using e-mail and telephone contact (not having 
had the authorisation required to interact with telemedicine), 
we were able to check periodic blood chemistry tests and re-
new treatment plans (although their expiration date was ex-
tended) of about 50 patients, to whom we have recommended 
a doubling of the dose of vitamin D for 3 months, without ever 
exceeding 100,000 IU per administration, with the purpose of 
achieving a blood level of 50-60 ng/ml, often with advice to 
dose the makers of bone metabolism after that period.

Conclusions

During the COVID-19 epidemic, not only the elderly, forced 
to live a sedentary life at home, but also those who frequent at-
risk environments such as hospitals (patients and staff), should 
consider a vitamin D supplement as an important aid for pre-
vention and spread of the virus.
However, the elderly, characterised by osteoporotic bone, of-
ten suffering from fragility fractures, being sarcopenic, with 
reduced intake and intestinal absorption of calcium, are those 
at highest risk due to the lack of the basic mechanical stimulus 
for the bone (i.e. weight bearing) and minimal exposure to the 
sun, aggravated by the physiological reduction of synthesis of 
vitamin D by the skin.

References
1  Murphy K, Travers P, Walport M. Signaling through immune system 

receptors. In: Janeway’s Immunobiology. 7th, London: Garland 2007. 
2  Kakodkar P, Kaka N, Baig MN. A comprehensive literature re-

view on the clinical presentation and management of the pandem-
ic coronavirus disease 2019 (COVID-19). Cureus 2020;12:e7560. 
https//doi.org/10.7759/Cureus.7560

3  Osterholm MT. Preparing for the next pandemic. N Engl J Med 
2005;352:1839-42. https//doi.org/10.1056/NEJMp058068 

4  Huang KJ, Su IJ, Theron M, et al. An interferon-gamma-related 
cytokine storm in SARS patients. J Virol 2005;75:185-94. https//
doi.org/10.1002/jmv.20255 

5  Tanaka T, Narazakin M, Kishimoto T. Inflammation, immunity 
and disease. Cold Spring Harb Perspect Biol 2014;6:a016295. 
https//doi.org/10.1101/cshperspect.a016295

6  Channappanavar R, Perlman S. Pathogenic human coronavirus 
infections: causes and consequences of cytokine storm and immu-
nopathology. Semin Immunopathol 2017;39:529-39. https//doi.
org/10.1007/s00281-017-0629-x

7  Wolf J, Rose-John S, Garbers C. Interleukin-6 and its receptors: 
a highly regulated and dynamic system. Cytokine 2014;70:11-20. 
https//doi.org/10.1016/j.cyto.2014.05.024 

8  Rossini M. Effetti extrascheletrici della vitamina D. Rev Health 
Care 2011;2:87-100.

9  Norman AW. From vitamin D to hormone D: foundamentals of the 
vitamin D endocrine system essential for good health. Am J Clin 
Nutr 2008;88:491S-9. https//doi.org/10.1093 /ajcn/88.2.491S

10  Merlotti D, Migliaccio S, Braga V. Dieta e osteoporosi. Reumat-
ismo 2017;69:14-26.

11  Kast JI, McFarlane AJ, Globinska A, et al. Respiratory syncytial 
virus infection influences tight junction integrity. Clin Exp Immu-
nol 2017;190:351-9. https//doi.org/10.1111/cei.13042 

12  Chen Y, Leng K, Lu Y, et al. Epidemiological features and time-se-
ries analysis of influenza incidence in urban and rural areas of 
Shenyang, China, 2010-2018. Epidemiol Infect 2020;148:e29. 
https//doi.org/10.1017/S0950268820000151 

13  Gombart AF, Pierre A, Maggini SA. Review of micronutrients and 
the immune system-working in harmony to reduce the risk of infec-
tion. Nutrients 2020;12:236. https//doi.org/10.3390/nu12010236

14  Agier J, Efenberger M, Brzezinska-Blaszczyk E. Cathelicidin im-
pact on inflammatory cells. Cent Eur J Immunol 2015;40:225-35. 
https//doi.org/10.5114/ceji.2015.51359

15  Cantorna MT. Mechanisms underlying the effect of vitamin D 
on the immune system. Proc Nutr Soc 2010;69:286-9. https//doi.
org/10.1017%2FS0029665110001722

16  Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin D supple-
mentation to prevent acute respiratory tract infections: systemat-
ic review and meta-analysis of individual participant data. BMJ 
2017;356:i6583. https//doi.org/10.1136/bmj.i6583 

17  Sharifi A, Vahedi H, Nedjat S, et al. Effetto dell’iniezione monodose di 
vitamina D su citochine immunitarie in pazienti con colite ulcerosa: uno 
studio randomizzato controllato con placebo. APMIS 2019;127:681-7. 

18  Cantorna MT, Snyder L, Lin YD, et al. Vitamin D and 1,25(OH)2D 
regulation of T cells. Nutrients 2015;7:3011-21. https//doi.
org/10.3390/nu7043011

19  Jeffery LE, Burke F, Mura M, et al. 1,25-Dihydroxyvitamin D3 
and IL-2 combine to inhibit T cell production of inflammatory 
cytokines and promote development of regulatory T cells express-
ing CTLA-4 and FoxP3. J. Immunol 2009;183:5458-67. https//
doi.org/10.4049/jimmunol.0803217

20  Mousavi S, Bereswill S, Heimesaat MM. Immunomodulatory and 
Antimicrobial Effects of Vitamin C. Eur J Microbiol Immunol 
2019;9:73-9. https://doi.org/10.1556/1886.2019.00016

21  MacLaughlin J, Holick MF. Aging decreases the capacity of hu-
man skin to produce vitamin D3. J. Clin Invest 1985;76:1536-8. 
https//doi.org/10.1172/JCI112134 

22  Grober U, Kisters K. Influence of drugs on vitamin D and cal-
cium metabolism. Dermatoendocrinol 2012;4:158-66. https//doi.
org/10.1172/JCI112134 

23  Beard JA, Bearden A, Striker R. Vitamin D and the anti-viral 
state. J Clin Virol 2011;50:194-200. https//doi.org/10.1016/j.
jcv.2010.12.006

24  Hewison M. An update on vitamin D and human immunity. 
Clin Endocrinol 2012;76:315-25. https//doi.org/10.1111/j.1365-
2265.2011.04261.x

25  Greiller CL, Martineau AR. Modulation of the immune response 
to respiratory viruses by vitamin D. Nutrients 2015;7:4240-70. 
https://doi.org/10.3390/nu7105392

26  Wei R, Christakos S. Mechanisms underlying the regulation of in-
nate and adaptive immunity by vitamin D. Nutrients 2015;7:8251-
60. https://doi.org/10.3390/nu7105392 



V. Galmarini et al. 

144

27  Gombart AF, Pierre A, Maggini SA. Review of micronutrients 
and the immune system-working in harmony to reduce the risk 
of infection. Nutrients 2020;12:236. https://doi.org/10.3390/
nu12010236

28  Ginde AA, Mansbach JM, Camargo Jr CA. Association between 
serum 25-Hydroxyvitamin D level and upper respiratory tract in-
fection in the third national health and nutrition examination sur-
vey. Arch Intern Med 2009;169:384-90. https//doi.org/10.1001/
archinternmed.2008.560

29  Urashima M, Segawa T, Okazaki M, et al. Randomized trial of 
vitamin D supplementation to prevent seasonal influenza A in 
schoolchildren. Am J Clin Nutr 2010;91:1255-60. https//doi.
org/10.3945/ajcn.2009.29094 

30  Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin D supple-
mentation to prevent acute respiratory tract infections: systemat-
ic review and meta-analysis of individual participant data. BMJ 
2017;356:i6583. https//doi.org/10.1136/bmj.i6583 

31  Zhou J, Du J, Huang L, et al. Preventive effects of vitamin D on 
seasonal influenza A in infants: a multicenter, randomized, open, 
controlled clinical trial. Pediatr Infect Dis J 2018;37:749-54. 
https//doi.org/10.1097/INF.0000000000001890

32  Autier P, Mullie P, Macacu A, et al. Effect of vitamin D supple-
mentation on non-skeletal disorders: a systematic review of me-
ta-analyses and randomised trials. Lancet Diabetes Endocrinol 
2017;5:986-1004. https//doi.org/10.1016/S2213-8587(17)30357

33  Urashima M, Mezawa H, Noya M, et al. Effects of vitamin D sup-
plements on influenza A illness during the 2009 H1N1 pandemic: 
a randomized controlled trial. Food Funct 2014;5:2365-70. https//
doi.org/10.1039/c4fo00371c

34  Reinmark L, Bislev LS, Cashman KD, et al. Non-skeletal health 
effects of vitamin D supplementation: a systematic review on 
findings from meta-analyses summarizing trial data. PLoS One 

2017;12:e0180512. https//doi.org/10.1371/journal.pone.0180512. 
ECollection 2017

35  Grant WB, Lahore H, McDonnell SL, et al. Evidence that vita-
min D supplementation could reduce risk of influenza and COV-
ID-19 infections and deaths. Nutrients 2020;12:988. https://doi.
org/10.3390/nu12040988

36  Grube-Bzura BM. Vitamin D and influenza-prevention or thera-
py? Int J Mol Sci 2018;19. https//doi.org/10.3390/ijms19082419

37  Heaney RP, Davies KM, Chen TC, et al. Human serum 25-hydrox-
ycholecalciferol response to extended oral dosing with cholecal-
ciferol. Am J Clin Nutr 2003;77:204-10. https//doi.org/10.1093/
ajcn/77.1.204 

38  Shirvani A, Kalajian TA, Song A, et al. Disassociation of vitamin 
D’s calcemic activity and non-calcemic genomic activity and indi-
vidual responsiveness: a randomized controlled double-blind clin-
ical trial. Sci Rep 2019;9:17685. https//doi.org/10.1038/s41598-
019-53864-1

39  Wimalawansa SJ. Global epidemic of coronavirus – COVID-19: 
what we can do to minimze risksl. Eur J Biomed Pharm Sci 
2020;7:432-8. https://doi.org/10.3390/nu12040988

40  Mc Cartney DM, Byrne DG. Optimisation of vitamin D status 
for enhanced immuno-protection against COVID-19. Ir Med J 
2020;113,4:58. 

41  Sanders KM, Stuart AL, Williamson EJ, et al. Annual high-dose 
oral vitamin D and falls and fractures in older women: a rand-
omized controlled trial. JAMA 2010:303:1815-22. https//doi.
org/10.1001/jama.2010.594

42  NIH Consensus Conference. Optimal calcium intake. JAMA 
1994;272:1942-8. 

43  Rossini M, Adami S. Terapia con calcio e vitamina D nel pa-
ziente anziano: aspetti clinici ed economici. Vitamin D – UpDates 
2002:2:9-19.


