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Abstract. The ongoing worldwide pandemic 
of Coronavirus disease 2019 (COVID-19), raised 
the urgency to address knowledge gaps and to 
establish evidence for improving management 
and control of this viral infection. Throughout 
a keen analysis of the World Health Organiza-
tion (WHO) most updated data, a gender-spe-
cific difference in the occurrence of infection 
was determined, which seems to correlate with 
patient’s vitamin D status. Therefore, our pur-
pose is to provide insights into the nutritional 
importance of vitamin D for its immunomodu-
latory effect, in order to help counteracting the 
COVID-19 pandemic. Novel interesting findings 
suggest that vitamin D, by inducing progester-
one-induced blocking factor (PIBF), might reg-
ulate the immune response and also modulate 
cytokine IL-6, which appears to be increased in 
COVID-19 infections. Therefore, in addition to 
the standard recommendations to prevent the 
infection, supplementation of vitamin D might 
be considered an approach to help counteract-
ing this global epidemic.  
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Introduction

Since February 2020, the spreading of con-
firmed cases of COVID-19 infection has increased 
woldwide. In Italy, more than 100,000 people 
have been infected with the virus, and more than 
10,000 have died. According to the Italian pub-
lic health institution, Istituto Superiore di Sanità 
(ISS), approximately 60% of confirmed Coro-
navirus cases and 70% of deaths in the country 

so far have occurred in men. The mortality rate 
of Italian males seems to be higher in every age 
group compared to women (Table I). This gen-
der differences have raised our interest on com-
plementary potential risk factors for contracting 
the infection. Years of research show that women 
generally have a stronger immune system and are 
better able to fend off infections than men1. How-
ever, the response to COVID-19 seems quite con-
troversial across all continents. Up to date, mor-
tality due to the virus is the highest in the elderly 
to aged population worldwide. 

A recent review2 suggests a possible associa-
tion between vitamin D deficiency and vulnera-
bility to infection. A retrospective observation-
al epidemiological survey on vitamin D levels 
in Italian population revealed total vitamin D 
(25-hydroxyvitamin D) deficiency in two regions 
of Northern Italy (Emilia Romagna and Veneto). 
The rate of vitamin D deficiency was 36%, and 
was slightly but significantly higher in men than 
in women (40% vs. 35%; p=0.003). A significant 
variation in the rate of vitamin D deficiency was 
found also throughout different age ranges, with 
a significant increase in the elderly3. According 
to recent national data, the two aforementioned 
regions are strongly affected by COVID-19, with 
the highest number of death, after Lombardia. The 
correlation of vitamin D deficiency and the gen-
der-specific higher incidence of mortality caused 
by COVID-19 may provide some insights into 
the COVID-19 epidemic. Furtheremore, accord-
ing to the COVID-19 disease situation dashboard 
from WHO, the countries of the Northen Hemi-
sphere have the highest rates of infections and 
deaths (Figure 1). In this time of the year, from 
November to February, vitamin D production via 
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sunlight exposure is very small, due to lower ul-
traviolet (UV) radiation and shorter daytime. An 
interesting paper on the global epidemiology of 
vitamin D status previously showed that Asian 
people have a prevalence of vitamin D insufficien-

cy in all age groups, whereas South American and 
African population have sufficient serum levels of 
vitamin D, possibly due to a longer exposure to 
sunlight and UV radiation throughout the year4. 
In the Middle Eastern countries, such as Iran or 

Table I. Distribution of cases diagnosticated by Italian regional reference laboratories (N = 73,780) and of reported deaths (N 
= 6,801) by age and sex range. Modified by COVID-19 epidemic National update March 26, 2020 - 4:00 pm. Istituto Superiore 
di Sanità (ISS), Rome, Italy.

		                        Men				                       Women

Age	 N.	 % Cases	 N. 	 % Deaths	 N.	 % Cases	 N.	 % Deaths
	 Cases	 per	 Deaths	 per	 Cases	 per 	 Deaths	 per
		  gender	 (%)	 gender		  gender 	 (%)	 gender

0-9	 244 	 57.5	 0 (0.0)	 0.0	 180 	 42.5	 0 (0.0)	 0.0
10-19	 261 	 51.2	 0 (0.0)	 0.0	 249 	 48.8	 0 (0.0)	 0.0 
20-29	 1203 	 44.3	 0 (0.0)	 0.0 	 1510 	 55.7	 0 (0.0)	 0.0 
30-39	 2465	 49.7	 14 (0.6)	 82.4	 2494 	 50.3	 3 (0.1)	 17.6
40-49	 4597 	 50.1	 49 (1.1)	 73.1	 4570 	 49.9	 18 (0.4)	 26.9
50-59	 7998 	 55.8	 190 (2.4)	 78.5	 6337 	 44.2	 52 (0.8)	 21.5
60-69	 8755 	 66.6	 606 (6.9)	 79.7	 4394 	 33.4	 154 (3.5)	 20.3
70-79	 9309 	 66.1	 1846 (19.8)	 76.9	 4781 	 33.9	 555 (11.6)	 23.1
80-89	 6195 	 56.7	 1808 (29.2)	 66.9	 4734 	 43.3	 894 (18.9)	 33.1
≥90	 887 	 35.1	 273 (30.8)	 45.0	 1640 	 64.9	 334 (20.4)	 55.0
Unknown	 135 	 56.0	 0 (0.0)	 0.0	 106 	 44.0	 0 (0.0)	 0.0 
Total	 42049	 57.6	 4786 (11.4)	 70.4	 30995 	 42.4	 2010 (6.5)	 29.6

Figure 1. COVID-19 disease situation dashboard. The Northern Hemisphere represents a higher rate of COVID-19 infections. 
Adapted from Coronavirus disease (COVID-19) Situation Dashboard from WHO (updated 31st March 2020).
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Pakistan, clothing may play a crucial role in the 
high prevalence of hypovitaminosis D, despite 
the high UV exposure. Indeed, cultural, nation-
al, and dietary habits should be considered5. This 
correlation between vitamin D deficiency across 
the world and the countries most affected by the 
virus allows to assume that vitamin D may affect 
the course of COVID-19 infections.

Vitamin D 

Vitamin D or calciferol, a fat-soluble vitamin6 
is chemically classified as a steroid7. Indeed, it can 
be considered a nutrient but it is also a secosteroid 
hormone, more recently proposed as a progester-
one-like hormone8. There are two main sources 
of vitamin D: the dietary intake and the endoge-
nous synthesis. The main food source is fish (such 
as salmon, mackerel, tuna, sardine) and cod liver 
oil, but traces can be found also in mushrooms. 
Vitamin D-fortified foods or dietary supplements 
might be an optimal source of extra vitamin D. 
The U.S. National Academy of Medicine con-
siders 600-800 IU of vitamin D daily intake to 
be sufficient for the majority of the population, 
however the U.S. Endocrine Society recommends 
1,500-2,000 IU per day9,10. Also, the European 

food safety authority (EFSA) defines 600 IU per 
day as an adequate intake, also for pregnant and 
lactating women. A maximum allowed threshold 
of 2,000 IU per day for healthy individuals was 
set by EFSA. 

Endogenous vitamin D can be synthesized in 
the skin upon direct irradiation with UVB. Hy-
povitaminosis D during the winter season can be 
mainly attributed to lifestyle and environmental 
factors that reduce exposure to sunlight. More-
over, another risk factor for hypovitaminosis D 
is obesity, as vitamin D deficiency is strongly 
associated with metabolic syndrome in morbidly 
obese patients11,12. Emerging evidence13 supports 
the beneficial role of vitamin D against autoim-
mune diseases, influenza, type-2 diabetes, heart 
disease, fractures, cancer and depression. 

Immunomodulatory Activity of Vitamin D
Vitamin D is an immunomodulator molecule, 

attenuating strong pro-inflammatory reactions14,15 

and it downregulates the immune responses me-
diated by Th1 cells, by inhibiting the produc-
tion of pro-inflammatory cytokines like IFN-γ, 
IL-6, IL-2, and TNF-α16,17 (Figure 2). As recent 
preliminary data18 showed that IL-6 significant-
ly increases in the group of COVID-19 patients, 
the use of an adequate source of vitamin D might 

Figure 2. Vitamin D stimulates the release of corticotropin-releasing factor (CRF), activin A, vascular endothelial growth factor 
(VEGF), osteopontin, calbindin, progesterone-induced blocking factor (PIBF) and induces anti-inflammatory pathways (Th2 and 
Treg cells). Vitamin D inhibits the proinflammatory pathways (NK, Th1 and Th17 cells) and inhibits the production of pro-inflam-
matory cytokines like IL-6, TNF-α, IL-2, and IFN-γ.
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help in reducing this pro-inflammatory response. 
This hypothesis can be better validated by recent 
investigations on vitamin D treatment in differ-
ent pathological conditions featuring low serum 
25(OH)D3 levels (diabetes, sickle cell anemia, 
multiple sclerosis, obesity, human immunodefi-
ciency virus infection and tuberculosis). An ex-
perimental study reported significantly increased 
IL-6 mRNA expression in liver tissue of chronic 
hyperglycemia mice and the beneficial effects 
of vitamin D administration in down-regulating 
IL-6 expression and counteracting hypovita-
minosis D19. In a clinical trial, reduction of the 
mRNA expression levels of IL-6 was also ob-
served after 8 weeks administration of vitamin 
D in multiple sclerosis patients20. Furthermore, a 
three-month daily supplementation of vitamin D 
in children with sickle cell anaemia reduced the 
inflammatory milieu, including IL-6 levels21. On 
the other hand, the reduction of serum IL-6 levels 
was seen after a year-long daily intake of vita-
min D in insulin resistent, overweight and obese 
subjects22. Moreover, the correlation of vitamin 
D deficiency in immunocompromised patients 
has been extensively examined, finding an in-
creased risk of HIV progression and death. In-
deed, significantly increased levels of IL-6 were 
reported in chronic HIV patients with vitamin D 
deficiency, (23%; p<0.01)23. Likewise, vitamin D 
deficiency is common in patients with tubercu-
losis and, the negative correlation between IL-6 
levels and vitamin D increases as the disease 
progresses24. Cytokine IL-6 plays a major role 
in the pathogenesis and the clinical manifesta-
tions of tuberculosis, and it can be considered a 
valuable biomarker for this disease. A number 
of clinical trials demonstrated the adjuvant role 
of dietary vitamin D in preventing the oxidative 
stress and tissue damage in tuberculosis while 
modulating the IL-6 levels24. Moreover, a signif-
icant inverse correlation between serum vitamin 
D and IL-6 levels was reported in schizophrenia, 
renal cell carcinoma and Takayasu’s Arteritis 
individuals25-27. Supplementation with 2,000 IU/
day vitamin D for 12 weeks in patients with ul-
cerative colitis showed to prevent from systemat-
ic inflammation and decrease disease activity28. 
Another relevant study29 showed a reduction of 
IL-6 secretion by trophoblasts from patients with 
gestational diabetes mellitus after treatment with 
vitamin D (2000 nM), supporting its anti-inflam-
matory activity at the feto-maternal interface. 
Such immunomodulatory activity of vitamin D 
might be extremely useful during pregnancy. 

Pregnant women undergo physiological adaptive 
changes that weaken their immune system during 
this period of time, therefore, they might be more 
susceptible to COVID-19 infection than the gen-
eral population. The number of COVID-19 pos-
itive pregnant women is increasing and limited 
information is available about the clinical impli-
cations and the potential risk of vertical trans-
mission. However, a small retrospective study, 
on pregnant women with COVID-19 reported 
no complicances for the new born correlated to 
infection of the foetus30,31. Pro-inflammatory cy-
tokines proved to be associated with recurrent 
spontaneous miscarriage and preterm delivery. A 
significantly lower serum concentrations of the 
T-helper 2-type cytokines IL-6, IL-10 and IL-13 
in women with missed abortions was found, but 
not in those with threatened abortions, compared 
to normal pregnant and non-pregnant women32,33. 

Progesterone is crucial for both the establishment 
and maintenance of pregnancy. During pregnan-
cy, progesterone induces the expression of a pro-
tein called progesterone-induced blocking factor 
(PIBF), which mediates some of its immunolog-
ical effects34,35. This family of proteins prevents 
the abortive effect of natural killer (NK) cells 
and blocks their activity, interfering with the ara-
chidonic acid metabolism and inducing a Th2-bi-
ased immune response36-38. PIBF production is a 
characteristic feature of physiologic pregnancy 
and the determination of PIBF concentration in 
urine or in the serum of pregnant women might 
be useful to diagnose threatened premature preg-
nancy termination39. Recently, we found that, vi-
tamin D is able to induce PIBF production in acti-
vated human peripheral lymphocytes similarly to 
progesterone. Considering the functional overlap 
in the immunological effects of progesterone and 
vitamin D, they might cooperate through PIBF 
induction in regulating the immune response. 
The immunomodulatory effect of vitamin D in 
lymphocytes may derive from common regula-
tory activities between progesterone and vitamin 
D. Indeed, our preliminary results showed that 
vitamin D acts more efficiently in progester-
one-primed lymphocytes, significantly increas-
ing PIBF levels, when administered along with 
progesterone40. This can be explained because 
progesterone increases the expression of vitamin 
D receptors (VDR) in peripheral lymphocytes in 
a concentration-dependent manner. These singu-
lar results suggest that vitamin D, by inducing 
PIBF, might cooperate with progesterone in reg-
ulating the immune response.
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Vitamin D and the Respiratory 
Tract Infection

The expression of VDR in the lungs, suggests 
a possible influence of vitamin D in respiratory 
functions. Indeed, it was recently reported that, 
vitamin D reduces the risk and the incidence of 
respiratory infections, via its immunomodulato-
ry effect41. Indeed, alterations of a single-nucle-
otide polymorphism in one of the gene encoding 
the VDR was correlated to an increased risk of 
acute lower respiratory tract infection during ear-
ly childhood42. Furthermore, a recent meta-anal-
ysis43 found that administration of vitamin D 
significantly reduces the risk of acute respiratory 
infections primarily in individuals with low vi-
tamin D levels (<25 nmol/L). Another systemat-
ic review and meta-analysis, corroborated these 
data, showing that vitamin D supplementation 
decreases the events related to respiratory tract 
infections when compared to placebo. This rela-
tionship between vitamin D and respiratory in-
fections and lung function, led to propose vita-
min D as a protective ‘seasonal stimulus’ against 
influenza44. Therefore, there is consistent amount 
of data reporting a role for vitamin D in prevent-
ing respiratory tract infections, reinforcing its 
potential contribution in mitigating the present 
pandemic. Nonetheless, there is the need of more 
well-conducted clinical trials to reach definitive 
conclusions.

Conclusions

This paper highlights the importance of pre-
ventive measures, to ensure adequate levels of 
vitamin D in the general population. Vitamin D 
deficiency is now recognized as a public health 
care issue, probably due to an ongoing trend of 
lower amount of time spent for outdoor activi-
ties. Vitamin D deficiency is a frequent finding 
among the whole population45, with a prevalence 
that varies significantly across ages, and a con-
sistent trend towards more severe forms in the 
elderly. Recommendations concerning longer ex-
posure to sunlight and prescription of oral vita-
min D supplements or fortified foods, might be a 
reasonable approach for preventing or correcting 
hypovitaminosis D. Supplementation of vitamin 
D might help in preventing infections in the whole 
population, boosting their immune response, and 
modulating excessive inflammatory reactions 
through down regulation of IL-6 production. In-
deed, strong evidence on the relationship between 

low levels of vitamin D and high levels of proin-
flammatory cytokines, such as IL-6, may suggest 
a positive immunomodulatory effect of vitamin D 
in pathologies that involve excessive IL-6 release. 
In the western countries, more attention should 
be paid to the vitamin D requirements of all cat-
egories of people at high-risk, who are prone to 
hypovitaminosis D. In summary, there is increas-
ing evidence to support the use of oral vitamin D, 
especially during this global pandemic, when it 
might be of great support in the management and 
control of the COVID-19 infection.
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