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Abstract  

Nutrition is essential for the function of the immune system and this relationship is currently being 
studied. In particular, vitamin D is a crucial immunonutrient that can also be obtained through the diet. 
Although the primary function of vitamin D appears to be calcium homeostasis, this vitamin also serves 
for immunomodulatory functions. The link between vitamin D deficiency and susceptibility to infections 
originated more than a century ago when vitamin D was used for the treatment of tuberculosis. The 
importance of vitamin D in cases of respiratory infection is supported by the fact that low levels of 
vitamin D are common in populations and low levels have been associated with a significantly increased 
risk of pneumonia. Vitamin D supplementation can improve innate immunity as well as adaptive 
immunity. The rapid global spread of COVID-19 has renewed interest in the possible role of vitamin D in 
modulating the immune response to respiratory infections. 
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Introduction  

The COVID-19 pandemic is a health threat with 
unprecedented consequences worldwide. To date, 
various factors have been identified as 
predisposition for an aggressive Covid-19 
phenotype, including male gender, age>65, smoking 
and comorbidities such as diabetes, hypertension 
and cardiovascular disease [1]. 

Most of these comorbidities are associated with a 
sedentary lifestyle and an unhealthy diet [2]. 
Nutrition is also essential for the function of the 
immune system and this relationship is currently 
being studied. In particular, vitamin D is a crucial 
immunonutrient that can also be obtained through 
the diet. Although the primary function of vitamin D 
appears to be calcium homeostasis, this vitamin also 
serves for immunomodulatory functions. 

The rapid global spread of COVID-19 has renewed 
interest in the possible role of vitamin D in 
modulating the immune response to respiratory 
infections. Indeed, widespread vitamin D 
supplementation has been proposed as a 
preventative health measure [3]. 

The relationship between Vitamin D and Covid-19 
is still in many controversies and uncertainties, both 
for the scientific community and for doctors, 
despite the fact that the number of documents on 
this subject is constantly growing. This review is 
mainly based on a literature search as it is necessary 
to identify and summarize the key aspects known to 
date as well as to provide the main implications for 
clinical practice. 

COVID-19 
Coronavirus Disease 2019 (COVID-19) was 
declared as pandemic by the World Health 

Organization on March 11th, 2020 mainly due to 
the speed and scale of the transmission of the 

disease [4]. 

Before that, it started as an epidemic in 
mainland China with the focus being f irstly 

reported in the city of Wuhan, Hubei province 

in February 26th [5, 6, 7]. 
The pathogen, severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), belongs 

to the Betacoronavirus family, which also 
includes MERS-CoV and SARS-CoV [8, 9]. The 

latter shares ~75–80% of its viral genome with 
SARS-CoV-2 [10,11]. 

Beta-coronaviruses have three important 

envelope proteins: Spike (S) protein, 
Membrane (M) protein, and Envelope (E) 

protein. S protein mediates viral attachment to 

the cell membrane receptor, membrane fusion, 
and ultimately viral entry into the host cell. M 

protein, the most abundant membrane protein, 
together with E protein are responsible for the 

coronavirus membrane structure. Another 

component of the beta-coronavirus is the N 
protein, which is the protein component of the 

helical nucleocapsid that includes the genome 

RNA [12, 13]. The Severe Acute Respiratory 
syndrome virus (SARS-CoV-2) induces an 

inflammatory state, evidenced by raised acute 
markers like interleukin-6 (IL-6), c-reactive 

protein (CRP), ferritin, d-dimer etc. and may 

lead to lung damage especially in the second 
week of illness owing to the ‘cytokine storm’ 

[14,15]. 

Patients suffering from SARS-CoV-2 infection 
usually presented with fever, dry cough, upper 
airway congestion, sputum production, and 
shortness of breath, but rarely headache, 
hemoptysis, and diarrhea. Loss of smell 
(anosmia) and loss of taste (ageusia) have also 
been reported [16,17]. 

   

  Vitamin D 
Vitamin D is a fat-soluble vitamin that is produced 
for about 80-90% in the skin in the presence of solar 
ultraviolet rays (UV) and for the remaining 10-20% is 
taken with the diet. 
Regardless of the mode of intake, it requires 
further modifications to become the biologically 
active form. Vitamin D has always been known 
as the vitamin that regulates bone metabolism. 
In fact, already in the nineteenth century the 
deficiency of this vitamin was identified as the 
cause of the rickets epidemic that affected 
children living in industrial cities. Vitamin D is 
present in two forms: vitamin D2 (ergocalciferol) 
resulting from the irradiation of sterol 
ergosterol, contained in yeasts and plants, and 
vitamin D3 (cholecalciferol) present in some 
foods and synthesized by the skin when 
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exposed to the sun. Foods that contain vitamin 
D are few and are egg yolk, cod liver oil and fatty 
fish such as salmon, mackerel and herring. 
The skin synthesis of vitamin D occurs instead by 
conversion of 7 dehydrocholesterol into pre -
vitamin D3 and then into vitamin D3 
(cholecalciferol) under the effect of ultraviolet 
rays B. However, excessive exposure to the sun 
degrades previtamin D3 and vitamin D3 in 
inactive photoproducts. 
In humans, typically only 10% of the necessary 
vitamin D is taken through food, while 
endogenous synthesis is prevalent (90%). For 
this reason, vitamin D is also called “sunshine 
vitamin”. 
Vitamin D absorbed from the intestine or that 
synthesized in the skin, is present in the 
circulation linked to the vitamin D binding 
protein, an α globulin synthesized in the liver. In 
the liver, vitamin D is subsequently hydroxylated 
at position 25 by mitochondrial and microsomal 
enzymes similar to cytochrome P450. The 
activity of this enzyme is not subject to strict 
regulation and the resulting metabolite 25 -
hydroxycholecalciferol or calciferol or 25 -
hydroxyvitamin D (25OHD) is the main 
circulating and storage form of vitamin D. 
Approximately 88% of 25 (OH) D circulates 
bound to the specific binding protein, 0.03% is in 
free form and the remaining portion is bound to 
albumin. The half -life of 25 (OH) D is 
approximately 2-3 weeks, however it is 
significantly shorter when the levels of the 
specific binding protein are reduced, as in the 
case of increased urinary loss in nephrotic 
syndrome. 
25 (OH) D must undergo subsequent 
hydroxylation to transform into the active form 
of vitamin D called calcitriol or 1,25 (OH) 2D 
dihydroxyvitamin D. This final hydroxylation 
occurs in the kidney by the 25 (OH) -1α- 
hydroxylase expressed in the cells of the 
proximal convoluted tubule and subjected to 
strict regulation. Parathyroid hormone (PTH) 
and hypophosphatemia stimulate this enzyme, 
while calcium and the product of the enzymatic 
reaction 1.25 (OH) 2D inhibit it. The main route of 
inactivation of the metabolites of vitamin D is an 
additional hydroxylation by the enzyme 24-

hydroxylase, expressed in most tissues. 1.25 
(OH) 2D is the main inducer of 24-hydroxylase 
and thus promotes its inactivation, limiting its 
biological effects. The metabolites are secreted 
into the bile and reabsorbed by the 
enterohepatic circulation (alterations of this 
circulation such as terminal ileum lead to loss of 
vitamin D metabolites) [18]. 

   
  Vitamin D and respiratory infection 

The link between vitamin D deficiency and 
susceptibility to infections originated more than 
a century ago when it was observed that 
children with rickets were more prone to 
respiratory infections [19]. Vitamin D was 
subsequently used, before the discovery of 
antibiotics, for the treatment of tuberculosis 
[20]. More recently epidemiological studies have 
shown a strong association between seasonal 
variations in vitamin D and the incidence of 
infectious diseases such as sepsis [21], 
respiratory infections [22] and flu [23]. 
Vitamin D appears to act against bacterial 
infections by stimulating the production of 
antimicrobial peptides such as cathelicidin and 
beta difensin [24, 25] and against viral infections 
by suppressing the excessive production of pro -
inflammatory cytokines such as tumor necrosis 
factor α (TNFα) and interleukin 12 (IL-12) [25]. In 
particular, when the cells of the monocyte -
macrophage line come into contact with an 
infectious agent such as mycobacterium 
tubercolosis, they increase the expression of the 
gene for VDR and the gene for 1 -α- hydroxylase. 
This involves the increased local production of 
1,25 (OH) 2D which stimulates synthesis by 
autocrine way of cathelicidin which is able to 
destroy the infectious agent [23]. If there is a 25 
(OH) D deficiency, macrophages do not initiate 
the innate immune response. This may explain 
why black Americans, who are often more 
vitamin D deficient, are more susceptible to 
tuberculous infection than whites [26]. In a large 
US series, an inverse correlation was observed 
between the incidence of upper respiratory tract 
infections and serum levels of 25 (OH) D [27]. 
The association was particularly evident in 
patients with chronic obstructive pulmonary 
disease or asthma, in which, among other 
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things, a positive correlation has recently been 
observed between serum levels of vitamin D, 
respiratory function and response to 
corticosteroids [28]. 
Recently, in a randomized, double-blind placebo 
trial, it was observed that the administration of 
1200 IU of vitamin D3 / day in school -aged 
children can reduce the risk of getting influenza 
A by more than 40% [29]. 

Consumption monitoring in Italy 
With Note 96, published on 26 October 2019, the 
Italian Medicines Agency (AIFA) redefined the 
conditions for the prescription by the National 
Health Service of vitamin D-based drugs 
classified in band A (reimbursable by the NHS) - 
cholecalciferol, cholecalciferol / calcium salts and 
calcifediol - exclusively for the prevention and 
treatment of Vitamin D deficiency in the adult 
population (> 18 years)(Figure 1). 
In the first three months of application of Note 
96 (November 2019 / January 2020). There was 
an overall decrease in consumption and 
expenditure of drugs in the Note of over 30% 
compared to previous periods both in terms of 
packs supplied and expenditure incurred by the 
NHS. 
There are no signif icant increases in the 
consumption and expenditure of other Vitamin 
D analogues not covered by the Note. The 40-50 
age group is the one that recorded the greatest 
reduction in consumption, especially among 
women. 
The impact of the Note at the level of the 
different regions is to be considered 
heterogeneous both for the different regional 
scenarios before the application of the Note, 
and for the different responses observed on the 
territory after the application of the provision. 
To reduce regional heterogeneity and to 
maintain the persistence of the effect of the 
intervention over time, it is necessary to 
promote initiatives also in the area aimed at 
raising awareness among health professionals 
and prescribers on the appropriate use of 
Vitamin D and similar [30]. 
In the first fifteen months of application of note 
96 (November 2019 - January 2021) there was an 
overall decrease in consumption and 

expenditure of drugs in the note of almost 30% 
(over 117 million in absolute terms) compared to 
the previous periods both in terms of packs 
supplied and expenditure incurred by the 
National Health Service, with an average 
monthly saving of approximately 7.8 million 
euros. 
This is what emerges from the monitoring 
carried out by the Agency to verify the effects of 
the application of Note 96, through the analysis 
of national and regional data. 
The most important effect in economic terms of 
the Note occurred in the first 12 months with an 
average saving of 9.1 million / month; currently, 
the residual effect (in months 13-15) can be 
estimated at a reduction of about  
2.1 million / month. 
The stable trend in consumption and spending in 
the last quarter confirms the persistence of the 
long-term effectiveness of the Note. On the 
other hand, there are no significant increases in 
the consumption and expenditure of other 
Vitamin D analogues not covered by the note. 
Finally, the heterogeneity of the impact of the 
note at the level of the different regions is 
confirmed [31]. 

 
VITAMIN D AND COVID-19 
In COVID-19 patients, disease severity is often 
determined by the onset of complications such 
as pneumonia 
/ acute respiratory distress syndrome (ARDS), 
myocarditis, microvascular thrombosis and / or 
cytokine storm, all of which involve underlying 
inflammation. While Covid-19 specific CD8 T cells 
and specific antibodies produced by B cells are 
key to eliminating the virus. Non-specific and 
uncontrolled inflammation with subsequent 
release of cytokines has been shown to cause 
catastrophic damage to the lungs and other vital 
organs. Consequently, the reduction of this early 
non-specific inflammation during the early 
symptoms of Covid-19 may provide time for the 
development of specific acquired immunity 
against severe disease [32]. 
The course of SARS-CoV-2 infection from 
infection to symptoms is about five days, so 
after symptoms develop, there are about seven 
days when these symptoms become increasingly 
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progressive. About 20% of symptomatic patients 
require hospitalization, while most will actually 
be better off, largely thanks to a robust 
response of the innate immune system during 
the early stage of the disease [33]. 
Overall, when pathogens enter the body, the 
first to respond is innate immunity fol lowed by 
adaptive immunity [34]. 
Vitamin D supplementation can improve innate 
immunity [35, 36, 37] as well as adaptive 
immunity [38, 39]. Since antigen-presenting cells 
(macrophages and dendritic cells) can 
synthesize 1,25 (OH) 2D from 25 (OH) D, it has 
been hypothesized that vitamin D 
supplementation might improve the function of 
antigen-presenting cells, thus improving the 
overall immune response [40](Figure 2). 
A primary defense against uncontrolled 
inflammation, and viral infection in general, is 
provided by regulatory T cells (Tregs) [41]. 
In a study of elderly patients in nursing homes, 
high blood levels of Treg were found to be 
associated with a reduced level of respiratory 
viral disease [42]. 
These observations suggest that if Treg levels 
can be increased, this could be of benefit in 
decreasing the severity of viral disease and 
possibly COVID-19. Treg levels can be increased 
with vitamin D supplementation [43, 44]. 
The importance of vitamin D in cases of 
respiratory infection is supported by the fact  
that low levels of vitamin D are common in 
populations around the world and low levels 
have been associated with a significantly 
increased risk of pneumonia [45] and viral 
infections of the upper respiratory tract [46]. 
Vitamin D deficiency (serum 25-hydroxyvitamin 
D (25 (OH) D) <50 nmol / L) is present in 30-60% 
of the populations of Western, Southern and 
Eastern Europe and up to 80% of the populations 
of Middle Eastern countries [47]. In addition, an 
even more severe deficiency (serum levels <30 
nmol / L) is reported in over 10% of Europeans. 
Low vitamin D levels are also associated with an 
increase in inflammatory cytokines. A study of 
healthy women in the United States found a 
significant inverse relationship between serum 
levels of 25 (OH) D and TNF-alpha [48]. In 
another report, IL-6 levels were found to be 

increased in those who were vitamin D deficient. 
In a wide variety of animal studies and in vitro 
cell models, vitamin D3 has been shown to 
reduce the production of inflammatory 
cytokines, such as TNF-alpha and IL6, while 
increasing inhibitory cytokines [49]. These 
studies raise the possibility that adequate levels 
of vitamin D can reduce the incidence of the 
cytokine storm, which can occur in COVID-19. 
Thrombotic complications are common in 
patients with COVID-19 [50]. Of those with 
severe disease, more than half experienced 
elevated D-dimer levels. Interestingly, vitamin D 
is also involved in the regulation of thrombotic 
pathways and vitamin D deficiency is associated 
with an increase in thrombotic episodes [51, 
52](Figure 3). 
Vitamin D deficiency has also been found to 
occur more frequently in patients with obesity 
and diabetes. These conditions are reported to 
lead to higher mortality in COVID-19. An 
increased risk of death with COVID-19 is also 
seen in black, Asian and ethnic minority (BAME) 
groups. Since melanin reduces vitamin D 
production associated with exposure to 
ultraviolet radiation from sunlight, this may help 
explain the frequent observed occurrence of 
vitamin D deficiency in BAME groups [32]. 
A further interesting point is represented by the 
potential differences in serum level of 25(OH)D 
among men and women. Sanghera and co -
workers [53] observed a significantly reduced 
level of 25(OH)D in both men and women with 
obesity that represents a further important risk 
factor for COVID-19. In this study, 25(OH)D level 
remains consistently lower in obese men than in 
obese women [50]. On the contrary, in another 
study, Mucogiuri and co-workers [54]. 
Stratifying the sample population according to 
sex and body mass index (BMI), found that 
25(OH)D concentrations were significantly 
higher in males compared to females in all BMI 
classes and decreased along with the increase of 
BMI values. Although these contrasting data 
seem to not assign to 25(OH)D a clear role in 
determining sex differences in obese COVID -19 
patients, we think that attention could be paid 
to 25(OH)D levels in the context of this 
comorbidity.
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Interestingly, Spanier and co-workers [55] 
suggested that Vitamin D3 acts in an estrogen-
dependent manner in controlling T regulatory 
cell differentiation. Moreover, estrogen seems 
to increase the expression of the nuclear vitamin 
D receptor (VDR) gene in CD4+ T cells [56] and 
to decrease the expression of CYP24A1, the 
cytochrome P450 component of the 25 -
hydroxyvitaminD(3)-24-hydroxylase enzyme 
which inactivates Vitamin D3. In turn, Vitamin D3 
exerts tissue-specific effects on peripheral 
estrogen metabolism [57]. Hence, the sex - 
related immunomodulatory effects of Vitamin 
D3 suggest that it is possible to speculate that 
also in COVID- 19, Vitamin D3 could play a role in 
the outcome and lethality [58]. 
Furthermore, a recent study has shown that 
vitamin D levels in critically ill COVID-19 patients 
and found a correlation with inflammatory 
markers: patients who had low vitamin D levels 
also had serum levels of IL-6, TNF-α and ferritin 
significantly higher. [59] Vitamin D levels were 
significantly lower in severe COVID -19 patients 
and the mortality rate was very high in patients 
with vitamin D deficiency. However, a recent 
clinical study has shown that supplementation 
with a single very high dose of 200,000 IU of 
which increased serum levels of vitamin D (21 -44 
ng / mL) was however ineffective in reducing the 
length of hospital stay or any other clinical 
outcome among hospitalized patients with 
severe COVID-19 [60]. 
Therefore, although not necessarily causative, 
these results show that low vitamin D levels are 
often associated with worse severity of COVID-
19 infection [60-65], with moderate to high 
vitamin D supplementation effective in reduce 
the severity of COVID-19. and mortality. 
So based on these findings, it is likely to be 
helpful to take vitamin D supplements, especially 
in the winter months, to better control seasonal 
flu, the common cold, the flu, and ongoing 
COVID 19. It may be advisable for doctors to 
measure circulation levels of vitamin D and, if  
the level is below normal, recommend vitamin D 
supplementation and / or sufficient exposure to 
sunlight. Based on available guidelines, the 
threshold for healthy serum 25 (OH) D is ~ 30 ng 

/ mL to maintain optimal serum calcium levels 
[133-136]. Below 20 ng / mL (50 nmol / L) it is 
considered vitamin D deficient, while 21 - 29 ng /  
mL (52.5 - 72.5 nmol / L) is vitamin D deficient 
[66]. 
For an immunomodulatory effect, a serum level 
of 30 ng / mL of 25 (OH) D has been suggested 
to be essential [64,65]. However, what is the 
optimal serum level of 25 (OH) D to maximize its 
effect on the immune system against SARS-CoV-
2 infection remains questionable. 
A cross-sectional study with 235 COVID-19 
patients showed that serum 25 (OH) D levels of 
at least 30 ng / mL were associated with a 
significant reduction in clinical outcomes and 
COVID-19 mortality [20]. Therefore, overall, a 
desirable serum level of 25 (OH) D of at least 30 /  
mL appears to be more useful for COVID -19 
patients [66,69]. It is important to recognize 
that there is potential for vitamin D toxicity. As a 
result, more than the usual daily supplement 
should only be taken under medical supervision. 
The efficacy of vitamin D supplements in 
preventing acute respiratory tract infections has 
been best demonstrated with chronic low-dose 
intake rather than large-dose bolus 
administration [70]. 
Instead, a single large dose failed to improve the 
outcomes of patients with vitamin D deficiency 
admitted to the intensive care unit (ICU) with 
pneumonia, sepsis, shock, or respiratory failure, 
compared to ICU patients who were given it. a 
placebo [71]  
Recurrent vomiting, abdominal pain, polydipsia, 
polyuria, confusion and apathy are the most 
frequently observed clinical symptoms of acute 
vitamin D toxicity (VDT) or vitamin D intoxication 
or hypervitaminosis D [72]. The Endocrine 
Society and the Institute of Medicine (IOM) have 
both stated that acute VDT is extremely rare 
[73,74]. Although rare, if not identified quickly, 
the health effects can be severe. Serum 
concentrations of 25 (OH) D above 150 ng / mL 
(375 nmol / L) are the hallmark of VDT and levels  
have been found to cause hypercalcemia [75]. 
Long-term daily consumption of vitamin D 
greater than 40,000 IU (1000 μg) has been 
found to cause hypercalcemia in healthy people 
[76]. Hypercalcemia has a direct relationship 
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with serum 25 (OH) D levels but no t with 1,25 
(OH) 2D levels [52,77]. 

 

CONCLUSIONS 
Vitamin D is almost undoubtedly associated 
with several viral infections, including COVID-19, 

although the mechanism of this link is still a field 
of study. The multitude of data collected to date 

assumes that higher doses of vitamin D may be 

potentially beneficial for the majority of COVID -
19 patients. For this reason, adequate vitamin D 

supplementation must be implemented in 

populations where vitamin D deficiency is 
prevalent, contributing to the prevention of 

respiratory infections and its complications. 
Further studies could support the thesis of 

integrating vitamin D in any form of therapy 

thanks to its potential anti-inflammatory and 
immunomodulatory effects. 

 
 
Conflicts of interest. — The authors certify that 
there is no conflict of interest with any financial 
organization regarding the material discussed in 
the manuscript  
Author's contribution statement — All 
individuals listed as authors have contributed 
substantially to designing, performing or 
reporting the study.  
Approval of the manuscript — All authors read 
and approved the final version of the manuscript. 

 

References 

1. Zheng Z, Peng F, Xu B, Zhao J, Liu H, 
Peng J, Li Q, Jiang C, Zhou Y, Liu S, Ye C, 

Zhang P, Xing Y, Guo H, Tang W. Risk 

factors of critical & mortal COVID -19 
cases: A systematic literature review 

and meta-analysis. J Infect. 2020 
Aug;81(2):e16-e25. doi: 

10.1016/j.jinf.2020.04.021. Epub 2020 Apr 

23. PMID: 32335169; PMCID: 
PMC7177098. 

2. Peters R, Ee N, Peters J, Beckett N, 

Booth A, Rockwood K, Anstey KJ. 
Common risk factors for major 

noncommunicable disease, a systematic 
overview of reviews and commentary: 

the implied potential for targeted risk 
reduction. Ther Adv Chronic Dis. 2019 

Oct 15;10:2040622319880392. doi: 

10.1177/2040622319880392. PMID: 
31662837; PMCID: PMC6794648. 

3. Cobbold P (2020) Rapid response 

BMJ—we need to understand the cause 
to tackle the risks. 

https://www.bmj.com/content/371/ 
bmj.m3790/rr. 

4. World Health Organization. 

https://www.who.int/dg/speeches/detai
l/who-director-general-s-opening- 

remarks-at-the-mission-briefing-on-

covid-19 
5. Dos Santos W. G. (2020). Natural history 

of COVID-19 and current knowledge on 

treatment therapeutic options. 
Biomedicine & pharmacotherapy = 

Biomedecine & pharmacotherapie, 129, 

110493. 
https://doi.org/10.1016/j.biopha.2020.110

493 
6. Zhan M., Qin Y., Xue X., Zhu S. Death 

from Covid-19 of 23 health care workers 

in China. N. Engl. J. Med. 2020 doi: 
10.1056/NEJMc2005696 

7. Zhu N., Zhang D., Wang W., Li X., Yang 

B., Song J., Zhao X., Huang B., Shi W., Lu 
R., Niu P., Zhan F., Ma X., Wang D., Xu 

W., Wu G., Gao G.F., Tan W., China Novel 

Coronavirus Investigating and Research 
Team A novel coronavirus from 

patients with pneumonia in China, 

2019. N. Engl. J. Med. 2020;382(8):727–
733. doi: 10.1056/NEJMoa2001017 

8. Chen, N.; Zhou, M.; Dong, X.; Qu, J.; 
Gong, F.; Han, Y.; Qiu, Y.; Wang, J.; Liu, 

Y.; Wei, Y.; et al. Epidemiological and 

clinical characteristics of 99 cases of 
2019 novel coronavirus pneumonia in 

Wuhan, China: A descriptive study. 

Lancet 2020, 395, 507–513. 
9. Chiu SK, Tsai KW, Wu CC, Zheng CM, 

Yang CH, Hu WC, Hou YC, Lu KC, Chao 

http://pharmacologyonline.silae.it/
http://www.bmj.com/content/371/
http://www.bmj.com/content/371/
http://www.who.int/dg/speeches/detail/who-director-general-s-opening-
http://www.who.int/dg/speeches/detail/who-director-general-s-opening-


PhOL     Pantaleo, et al.    259 (pag 252-264) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

YC. Putative Role of Vitamin D for 
COVID-19 Vaccination. Int J Mol Sci. 2021 

Aug 20;22(16):8988. doi: 

10.3390/ijms22168988. PMID: 34445700; 
PMCID: PMC8396570. 

10. Velavan TP, Meyer CG. The COVID-19 

epidemic. Trop Med Int Health. (2020) 
25:278–80. 10.1111/tmi.13383. 

11. Perlman S. Another decade, another 

coronavirus. N Engl J Med. (2020) 
382:760–2. 10.1056/NEJMe2001126 

12. Masters PS. The molecular biology of 
coronaviruses. Adv Virus Res. (2006) 

66:193–292. 10.1016/S0065-

3527(06)66005-3 
13. Chams, N., Chams, S., Badran, R., 

Shams, A., Araji, A., Raad, M., 

Mukhopadhyay, S., Stroberg, E., Duval, 
E. J., Barton, L. M., & Hajj Hussein, I. 

(2020). COVID-19: A Multidisciplinary 
Review. Frontiers in public health, 8, 

383. 

https://doi.org/10.3389/fpubh.2020.003
83 

14. Liu F. Prognostic value of interleukin-6, 

C-reactive protein, and procalcitonin in 
patients with COVID- 19. J Clin Virol. 

2020;127:104370. 

15. Rawat, D., Roy, A., Maitra, S., Shankar, 
V., Khanna, P., & Baidya, D. K. (2021). 

"Vitamin D supplementation and COVID-

19 treatment: A systematic review and 
meta-analysis". Diabetes & metabolic 

syndrome, 15(4), 102189. 

https://doi.org/10.1016/j.dsx.2021.102189 
16. Jin YF, Yang HY, Ji WQ, et al. Virology, 

epidemiology, pathogenesis, and 
control of COVID-19. Viruses. 

2020;12:372. 

17. Zhang JJ, Dong X, Cao YY, et al. Clinical 
characteristics of 140 patients infected 

by SARS-CoV-2 in Wuhan, China. Allergy. 

2020;75(7):1730–1741. 
18. M. F. Holick, "The vitamin D epidemic 

and its health consequences," J Nutr, 

vol.135, pp. 2739S-48S, Nov 2005. 
19. A. Khajavi and G. H. Amirhakimi, "The 

rachitic lung. Pulmonary findings in 30 
infants and children with malnutritional 

rickets," Clin Pediatr (Phila), vol. 16, pp. 
36-8, Jan 1977. 

20. A. R. Martineau, et al., "Vitamin D in the 

treatment of pulmonary tuberculosis," J 
Steroid Biochem Mol Biol, vol. 103, pp. 

793-8, Mar 2007. 

21. P. A. Danai, et al., "Seasonal variation in 
the epidemiology of sepsis," Crit Care 
Med, vol. 35, pp. 410- 5, Feb 2007 

22. W. B. Grant, "Variations in vitamin D 

production could possibly explain the 
seasonality of Childhood respiratory 

infections in Hawaii," Pediatr Infect Dis 

J, vol.27, p. 853, Sep 2008. 
23. J. J. Cannell, et al., "Epidemic influenza 

and vitamin D," Epidemiol Infect, vol. 

134,pp. 1129-40, Dec 2006. 
24. M. P. Chu, et al., "The cure of ageing: 

vitamin D--magic or myth?," Postgrad 

Med J, vol. 86, pp. 608- 16, Oct 2010. 

25. A. V. Yamshchikov, et al., "Vitamin D for 
treatment and prevention of infectious 

diseases: a systematic review of 

randomized controlled trials," Endocr 
Pract, vol.15, pp. 438-49, Jul-Aug 2009. 

26. M. F. Holick, "Vitamin D deficiency," N 
Engl J Med, vol. 357, pp. 266-81, Jul 19 
2007 

27. A. A. Ginde, et al., "Association between 

serum 25-hydroxyvitamin D level and 
upper respiratory tract infection in the 

Third National Health and Nutrition 

Examination Survey," Arch Intern Med, 
vol. 169, pp. 384-90, Feb 23 2009. 

28. E. R. Sutherland, et al., "Vitamin D 

levels, lung function, and steroid 
response in adult asthma," Am J Respir 

Crit Care Med, vol. 181, pp. 699-704, Apr 
1 2010. 

29. M. Urashima, et al., "Randomized trial 
of vitamin D supplementation to 

prevent seasonal influenza A in 
schoolchildren," Am J Clin Nutr, vol. 91, 
pp. 1255-60, May 2010.

http://pharmacologyonline.silae.it/


PhOL     Pantaleo, et al.    260 (pag 252-264) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 
30. https://www.aifa.gov.it/en/ -/nota-96-

prescription-a-carico-del-ssn-di-

farmaci-a-base-di-vitamina-d-e- 
analoghi Published on: 01 April 2020 

31. https://www.aifa.gov.it/-/vitamina-d-

consumi-e-spesa-ridotti-dall-
introduzione-della-nota-96 Published on: 

13 April 2021 

32. E. K. Weir, T. Thenappan, M. Bhargava, 
& Y. Chen, (2020). Does vitamin D 

deficiency increase the severity of 

COVID-19? Clinical medicine (London, 
England), 20(4), e107–e108. 

https://doi.org/10.7861/clinmed.2020-
0301 

33. C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, 

Y. Hu, L. Zhang, G. Fan, J. Xu, X. Gu, 
Clinical features of patients infected 

with 2019 novel coronavirus in Wuhan, 

China, The lancet 395 (10223) (2020) 
497– 506. 

34. B.M. Gruber-Bzura, Vitamin D and 

influenza—prevention or therapy? Int. 
J. Mol. Sci. 19 (8) (2018) 2419. 

35. P.T. Liu, S. Stenger, H. Li, L. Wenzel, B.H. 
Tan, S.R. Krutzik, M.T. Ochoa, J. 

Schauber, K. Wu, C. Meinken, Toll-like 

receptor triggering of a vitamin 
Dmediated human antimicrobial 

response, Science 311 (5768) (2006) 

1770–1773. 
36. M. Aglipay, C.S. Birken, P.C. Parkin, M.B. 

Loeb, K. Thorpe, Y. Chen, A. Laupacis, 

M. Mamdani, C. Macarthur, J.S. Hoch, 
Effect of high-dose vs standard-dose 

wintertime vitamin D supplementation 
on viral upper respiratory tract 

infections in young healthy children, 

JAMA 318 (3) (2017) 245–254. 
37. G.R. Campbell, S.A. Spector, Autophagy 

induction by vitamin D inhibits both 

Mycobacterium tuberculosis and human 
immunodeficiency virus type 1, 

Autophagy 8 (10) (2012) 1523–1525. 

38. M. Laplana, J.L. Royo, J. Fibla, Vitamin D 
Receptor polymorphisms and risk of 

enveloped virus infection: A meta-
analysis, Gene 678 (2018) 384–394. 

39. E. van Etten, C. Mathieu, 

Immunoregulation by 1, 25 -

dihydroxyvitamin D3: basic concepts, 
The Journal of steroid biochemistry and 

molecular biology 97 (1–2) (2005) 93–

101. 
40. J.P. Bilezikian, D. Bikle, M. Hewison, M. 

Lazaretti-Castro, A.M. Formenti, A. 
Gupta, M.V. Madhavan, 

N. Nair, V. Babalyan, N. Hutchings, 
Mechanisms in endocrinology: vitamin 

D and COVID-19, Eur. J. Endocrinol. 183  
(5) (2020) R133–R147. 

41. Chen G, Wu D, Guo W et al. Clinical and 

immunological features of severe and 
moderate coronavirus disease 2019. J 

Clin Invest 2020;130:2620–9. 

42. Johnstone J, Parsons R, Botelho F et al. 
Immune biomarkers predictive of 

respiratory viral infection in elderly 

nursing home residents. PloS One 
2014;9:e108481. 

43. Fisher SA, Rahimzadeh M, Brierley C et 
al. The role of  vitamin D in increasing 

circulating T regulatory cell numbers and 
modulating T regulatory cell 

phenotypes in patients with 
inflammatory disease or in healthy 
volunteers: A systematic review. PloS 

One 2019;14:e0222313. 
44. Prietl B, Treiber G, Mader JK et al. High-

dose cholecalciferol supplementation 

significantly increases peripheral CD4+ 
Tregs in healthy adults without 

negatively affecting the frequency of 

other immune cells. Eur J Nutrition 
2014;53:751–9. 

45. Lu D, Zhang J, Ma C et al. Link between 

community-acquired pneumonia and 
vitamin D levels in older patients. Z 

Gerontol Geriatr 2018;51:435–9. 

46. Science M, Maguire JL, Russell ML et al. 
Low serum 25-hydroxyvitamin D level 

and risk of upper respiratory tract 

infection in children and adolescents. 

http://pharmacologyonline.silae.it/
http://www.aifa.gov.it/en/-/nota-96-prescription-a-carico-del-ssn-di-farmaci-a-base-di-vitamina-d-e-
http://www.aifa.gov.it/en/-/nota-96-prescription-a-carico-del-ssn-di-farmaci-a-base-di-vitamina-d-e-
http://www.aifa.gov.it/en/-/nota-96-prescription-a-carico-del-ssn-di-farmaci-a-base-di-vitamina-d-e-
http://www.aifa.gov.it/-/vitamina-d-consumi-e-spesa-ridotti-dall-introduzione-della-nota-96
http://www.aifa.gov.it/-/vitamina-d-consumi-e-spesa-ridotti-dall-introduzione-della-nota-96
http://www.aifa.gov.it/-/vitamina-d-consumi-e-spesa-ridotti-dall-introduzione-della-nota-96


PhOL     Pantaleo, et al.    261 (pag 252-264) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

Clin Infect Dis 2013;57:392–7. 
47. Lips P, Cashman KD, Lamberg-Allardt C 

et al. Current vitamin D status in 

European and Middle East  countries and 
strategies to prevent vitamin D deficiency: 

a position statement of the European 

Calcified Tissue Society. Eur J Endocrinol 
2019;180:23–54. 

48. Peterson CA, Heffernan ME. Serum 
tumor necrosis factor-alpha 

concentrations are negatively 

correlated with serum 25(OH)D 
concentrations in healthy women. J 

Inflamm (London) 2008;5:10. 

49. Alhassan Mohammed H, Mirshafiey A, 
Vahedi H et al. Immunoregulation of 

inflammatory and inhibitory cytokines 

by vitamin D3 in patients with 
inflammatory bowel diseases. Scand J 

Immunol 2017;85:386–94. 
50. Giannis D, Ziogas IA, Gianni P. 

Coagulation disorders in coronavirus 

infected patients: COVID-19, SARS-CoV-1, 
MERS-CoV and lessons from the past. J 

Clin Virol 2020;127:104362. 

51. 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. 
52. Shah Alam M, Czajkowsky DM, Aminul 

Islam M, Ataur Rahman M. The role of 

vitamin D in reducing SARS-CoV-2 
infection: An update. Int 

Immunopharmacol. 2021 

Aug;97:107686. doi: 
10.1016/j.intimp.2021.107686. Epub 2021 

Apr 17. 
53. Sanghera DK, Sapkota BR, Aston CE, 

Blackett PR. Vitamin D Status, Gender 

Differences, and Cardiometabolic 

Health Disparities. Ann Nutr Metab 
(2017) 70(2):79–87. 10.1159/000458765 

54. Muscogiuri G, Barrea L, Somma CD, 
Laudisio D, Salzano C, Pugliese G, et al. 

Sex Differences of Vitamin    D    Status    

across    BMI    Classes:    An     
Observational     Prospective     Cohort  
Study. Nutrients (2019) 11(12):3034.  

10.3390/nu11123034. 
55. Spanier JA, Nashold FE, Mayne CG, 

Nelson CD, Hayes CE. Vitamin D and 

estrogen synergy in Vdr- expressing 
CD4(+) T cells is essential to induce 

Helios(+)FoxP3(+)T cells and prevent 

autoimmune demyelinating disease. J 
Neuroimmunol (2015) 286:48–58. 

10.1016/j.jneuroim.2015.06.015  

56. Cheema C, Grant BF, Marcus R. Effects 
of estrogen on circulating ‘‘free’’ and 

total 1,25- dihydroxyvitamin D and on 

the parathyroid-vitamin D  axis  in  
postmenopausal  women.  J  Clin Invest 

(1989) 83:537–42. 10.1172/JCI113915  

57. Lundqvist J, Norlin M, Wikvall K. 1α,25-
Dihydroxyvitamin D3 exerts tissue-specific 

effects on estrogen and       androgen       

metabolism.       Biochim        Biophys        
Acta        (2011)        1811(4):263 70. 

10.1016/j.bbalip.2011.01.004. 

58. Pagano, M. T., Peruzzu, D., Ruggieri, A., 

Ortona, E., & Gagliardi, M. C. (2020). 
Vitamin D and Sex Differences in COVID-
19. Frontiers in endocrinology, 11, 

567824. 
https://doi.org/10.3389/fendo.2020.56782
4 

59. A. Jain, R. Chaurasia, N.S. Sengar, M. 
Singh, S. Mahor, S. Narain, Analysis of  

vitamin D level among asymptomatic 

and critically ill COVID-19 patients and its 
correlation with inflammatory markers, 

Sci. Rep. 10 (1) (2020) 1–8. 
60. I.H. Murai, A.L. Fernandes, L.P. Sales, A.J. 

Pinto, K.F. Goessler, C.S. Duran, C. B. Silva, 
A.S. Franco, 

M.B. Macedo, H.H. Dalmolin, Effect of a 
single high dose of vitamin D3 on 

hospital length of stay in patients with 

moderate to severe covid-19: a 
randomized clinical trial, JAMA (2021). 

61. E. Merzon, D. Tworowski, A. 

Gorohovski, S. Vinker, A. Golan Cohen, I. 

http://pharmacologyonline.silae.it/


PhOL     Pantaleo, et al.    262 (pag 252-264) 
 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

Green, M. Frenkel- Morgenstern, Low 
plasma 25 (OH) vitamin D level is 

associated with increased risk of COVID -

19 infection: an Israeli population-based 
study, The FEBS journal 287 (17) (2020) 

3693–3702. 
62. D.O. Meltzer, T.J. Best, H. Zhang, T. 

Vokes, V. Arora, J. Solway, Association 

of vitamin D status and other clinical 
characteristics with COVID-19 test 

results, JAMA network open 3(9) (2020) 

e2019722- e2019722. 
63. A. Radujkovic, T. Hippchen, S. Tiwari-

Heckler, S. Dreher, M. Boxberger, U. 

Merle, Vitamin D deficiency and 
outcome of COVID-19 patients, 

Nutrients 12 (9) (2020) 2757. 
64. A. Rastogi, A. Bhansali, N. Khare, V. Suri, 

N. Yaddanapudi, N. Sachdeva, G. Puri, P. 

Malhotra, Short term, high-dose vitamin 
D supplementation for COVID-19 

disease: a randomised, placebo -

controlled, study, SHADE study), 
Postgraduate medical journal, 2020. 

65. M.E. Castillo, L.M.E. Costa, J.M.V. 

Barrios, J.F.A. Díaz, J.L. Miranda, R. 
Bouillon, J.M.Q. Gomez, Effect of 

calcifediol treatment and best available 

therapy versus best available therapy 
on intensive care unit admission and 

mortality among patients hospitalized 

for COVID-19: A pilot randomized clinical 
study, The Journal of steroid 

biochemistry and molecular biology 203 
(2020), 105751. 

66. M.F. Holick, N.C. Binkley, H.A. Bischoff-
Ferrari, C.M. Gordon, D.A. Hanley, R. P. 
Heaney, M.H. Murad, 
C.M. Weaver, Evaluation, treatment, 
and prevention of vitamin D deficiency: 

an Endocrine Society clinical practice 

guideline, The Journal of Clinical 
Endocrinology & Metabolism 96 (7) 

(2011) 1911– 1930 
67. A. Shirvani, T.A. Kalajian, A. Song, M.F. 

Holick, Disassociation of Vitamin D’s 

calcemic Activity and non-calcemic 

Genomic Activity and individual 
Responsiveness: A Randomized 

controlled Double- Blind clinical trial, 
Sci. Rep. 9 (1) (2019) 1–12. 

68. D.A. Niculescu, L.G. Deacu, A. 

Caragheorgheopol, R. Dusceac, C. 

Procopiuc, R. Petris, C. Poiana, Seasonal 
periodicity of serum parathyroid 

hormone and its relation with vitamin D 
in Romania, Archives of osteoporosis 15 

(1) (2020) 1–8. 

69. Z. Maghbooli, M.A. Sahraian, M. Ebrahimi, 
M. Pazoki, S. Kafan, H.M. Tabriz, A. 
Hadadi, M. Montazeri, 

M. Nasiri, A. Shirvani, Vitamin D 
sufficiency, a serum 25-hydroxyvitamin 

D at least 30 ng/mL reduced risk for 

adverse clinical outcomes in patients 
with COVID-19 infection, PLoS ONE 15 

(9) (2020), e0239799. 
70. P. Mehta, D.F. McAuley, M. Brown, E. 

Sanchez, R.S. Tattersall, J.J. Manson, 

H.A. S. Collaboration, COVID-19: 

consider cytokine storm syndromes and 
immunosuppression, Lancet (London, 

England) 395(10229) (2020) 1033. 

71. P. Conti, G. Ronconi, A. Caraffa, C. 

Gallenga, R. Ross, I. Frydas, S. Kritas, 
Induction of pro- inflammatory 

cytokines (IL-1 and IL-6) and lung 
inflammation by Coronavirus-19 (COVI-

19 or SARS- CoV-2): anti-inflammatory 

strategies, J Biol Regul Homeost Agents 
34 (2) (2020) 1. 

72. E. Marcinowska-Suchowierska, M. 

Kupisz-Urba´nska, J. Łukaszkiewicz, P. 
Płudowski, G. Jones, Vitamin D toxicity–

a clinical perspective, Front. Endocrinol. 

9 (2018) 550. 
73. C.H. Jacobus, M.F. Holick, Q. Shao, T.C. 

Chen, I.A. Holm, J.M. Kolodny, G.E.- H. 

Fuleihan, E.W. Seely, Hypervitaminosis D 
associated with drinking milk, N. Engl. J. 

Med. 326 (18) (1992) 1173–1177. 
74. H.B. Del Valle, A.L. Yaktine, C.L. Taylor, 

A.C. Ross, Dietary reference intakes for 

http://pharmacologyonline.silae.it/


PhOL     Pantaleo, et al.    263 (pag 252-264) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

calcium and vitamin D, National 
Academies Press, 2011. 

75. B. ¨Ozkan, S. Hatun, A. Bereket, Vitamin 
D intoxication, Turk. J. Pediatr. 54 (2) 
(2012) 93. 

76. K.C. Klontz, D.W. Acheson, Dietary 

supplement–induced vitamin D 
intoxication, N. Engl. J. Med. 357 (3) 

(2007) 308–309. 

77. T. Araki, M.F. Holick, B.D. Alfonso, E. 
Charlap, C.M. Romero, D. Rizk, L. G. 

Newman, Vitamin D intoxication with 

severe hypercalcemia due to 
manufacturing and labeling errors of 

two dietary supplements made in the 
United States, The Journal of Clinical 

Endocrinology & Metabolism 96 (12)  
(2011) 3603–3608. 

 

 
 
 

 

 

 

Figure 1. AIFA Note 96 

 

 

 

Figure 2. Schematic representation of a possible                                                                                                               
correlation between Vitamin D deficiency and COVID-19 severity
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Figure 3. Biochemical correlations between COVID-19 and vitamin D deficiency 
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