
Vitamin D is a fat-soluble vitamin that has long been known to play a role 
in calcium homeostasis and bone metabolism calcium. 1-4 There are two different 
natural forms of vitamin D: D2 (derived from plants) and D3 (derived from animals), 
slightly different in chemical structure of their lateral chain, and this causes them 
to bind differently to their carrier proteins. However, the biological activity of 
their active metabolic products is very similar. Both of them can be obtained from 
diet or from the sunlight conversion of 7-dehydrocholesterol of the skin. In order 
to become active, vitamin D undergoes to two different hydroxylations, the first 
one (25 position) mainly happens in the liver by mitochondrial 25-hydroxylase 
enzyme and the second one takes place in the proximal kidney tubule by the 
mitochondrial	 cytochrome	P450	 enzyme	 25-hydroxyvitamin-D-1α-hydroxylase.	
The second hydroxylation is regulated by parathormone, calcitonin, calcium and 
phosphate levels. The final product of vitamin D is mostly transported in the blood 
by albumin and vitamin binding proteins and therefore it can reach numerous 
target tissues. In fact the vitamin D receptor is almost widespread in the human 
body. After having performed its function, vitamin D is inactivated by 25 (OH)
D-24-hydroxylasis into an inactive product, 24,25-hydroxyvitamin D.

Vitamin D is essential for the correct development of mineralized bone. In 
fact, when the diet is poor of calcium, calcitriol interacts with vitamin D receptor 
on the osteoblasts causing the expression of RANK cytokine, which determines, 
through different intracellular messages, the maturation of osteoclastic cells which 
leads to calcium and phosphate absorption 4. 

Only in the last decade extra-bone effects of vitamin D have been described. 
In particular, it has been shown that vitamin D has an important role also in the 
processes and regulatory system including host defense, inflammation, immunity 
and wounds repair 5. Vitamin D governs macrophage and dendritic cells activities 
and various toll-like receptor mediated events in the neutrophils. Vitamin D also 
induces	 expression	 of	 cathelecidin	 and	 β-defensins,	 which	 are	 antimicrobial	
peptides widely expressed in the organism, that play a key role in the innate 
immunity, thanks to their chemotactic action and toxin neutralization. In addition,  
vitamin D shifts the expression of cytokines from Th1 toward to Th2 profile. 

There is no definite consensus about the minimum normal 25(OH)D value 
for healthy humans of different ages. Several experts consider suboptimal all 
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the 25(OH)D serum values lower than 30 ng/ml (equivalent to 75 nmol/l) and 
distinguish deficiency when the 25(OH)D is less than 30 ng/ml (12 ng/ml) from 
insufficiency when it is between 20 and 29 ng/ml (50 nmol/l and 72 nmol/l). 6

Upper respiratory tract infections 
There are only few pediatric studies.  Linday et al.7 studied 94 children aged 6 

months to 5 years: half of the patients received a supplementation of lemon-flavored 
cod liver and multivitamin–mineral. The authors showed a significant decrease in 
the mean number of visits for upper respiratory tract infections in the treated group, 
while no changes were observed in the control group. Laaksi et al 8 conducted a 
double blinded trial involving 164 healthy volunteers (aged 18 - 28 years) who were 
randomized to receive 400 UI/die of vitamin D or nothing. They planned a 6 months 
follow-up period and recorded days of absence from duty and  upper respiratory 
symptoms. The number of days of absence from duty did not differ between the 
two groups, but the proportion of young men remaining healthy during the follow-
up period was greater in the supplemented group. One of the most important and 
ever cited study on upper respiratory infectious is the one of Ginde et al 9 , which 
enrolled a large number of patients older than 12 years old. The results showed 
an association between low vitamin D level and number of upper respiratory tract 
infections in asthmatic subjects; a similar predisposition was seen in patients with 
chronic obstructive pulmonary disease, even if in this group there was no statistically 
significant difference.  The most recently published and rigorous study on upper 
respiratory tract infections and vitamin D was conducted in Canada by Science 
et al 10: it was aimed to determine if 25(OH)D was associated with laboratory-
confirmed viral respiratory tract infections in children. Serum 25(OH)D levels 
were measured at baseline and children from Canadian Hutterite communities were 
followed prospectively during the respiratory virus season. The association between 
serum 25(OH)D and time to laboratory-confirmed viral respiraty tract infections 
was evaluated. A large sample of children (743) aged 3–15 years were followed 
for 6 months (December 2008 throughout June 2009). The median serum 25(OH)
D level was 62.0 nmol/L.  A total of 229 participants (31%) developed at least 
one laboratory-confirmed viral respiratory tract infections. Younger age and lower 
serum 25(OH)D levels were associated with increased risk of viral respiratory tract 
infections. Serum 25(OH)D levels <75 nmol/L increased the risk of viral respiratory 
tract infections by 50% and levels lower than 50 nmol/L increased the risk by 70%. 

The available data seem to suggest that low serum 25(OH)D levels may be 
associated with a history of a recent upper respiratory tract infection and an increased 
risk of upper respiratory tract infection. Interventional studies evaluating the role of 
vitamin D supplementation to reduce the burden of viral respiratory tract infections 
are definitely needed and are in progress.
Otitis media 

The first interesting results derived from a small study conducted on rickety rats 
during a long-term vitamin D deficient breeding 11. The sample was compared to 30 
normal rats. The incidence of otitis media in normal rats was 5%, while that in the 
rickets ones was 16.7%. This suggests that rickets may be associated with a greater 
risk of developing otitis media. A case control study of 75 children with chronic 
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suppurative otitis media and 74 healthy controls in Yemen showed that the duration 
of ear discharge negatively but significantly correlated with total 25(OD)D levels and 
positively correlated with the children’s age.12 

A systematic review evaluated the nutritional mechanisms potentially related 
to ear disease.13 The authors provided some evidence for an association between 
middle-ear disease and zinc or vitamin A deficiency, but studies in humans 
identifying specific association between copper, selenium or vitamin D status and 
middle-ear disease or infection were lacking.

A small study on 16 children (mean age 3.7 years), half white and half Hispanic, 
who were undergoing ambulatory surgery for tympanostomy tubes was published by 
Linday et al 14. None had 25(OH)D levels lower than 10 ng/mL; 50% had 25(OH)D 
levels less than 20 ng/mL; another 31% had levels from 21 to 29 ng/mL. The author 
concluded that it was necessary to identify the 25(OH) D level needed to prevent 
infection with various pathogens.  

In a prospective study of school-age children in Colombia, Thornton  
et al 15 measured 25(OH)D concentrations in a sample of 475 children (mean age 8.9 
years) and planned a 12 months follow-up. The prevalence of vitamin D deficiency  
(< 50 nmol/l or 20 ng/ml) was 10% but an additional 47% of children were vitamin D 
insufficient. Vitamin D deficiency was associated with increased risk of earache and/or 
ear discharge with fever recorded by the parents (adjusted rate ratio 2.36). Even if the 
diagnosis of acute otitis media was not confirmed by a physician, the results suggest 
that vitamin D is related to increased incidence of ear infections in school-age children.

In our recent study, we evaluated whether vitamin D hypovitaminosis is 
associated with an increased risk of recurrent AOM and vitamin D supplementation 
might be effective in reducing the number of new AOM episodes in otitis-prone 
children. 16 A total of 116 children aged 1 to 5 years with a history of recurrent acute 
otitis	media	(≥3	or	≥4	AOM	episodes	in	the	previous	6	or	12	months,	respectively)	
were randomized to receive orally vitamin D 25(OH) 1,000 IU/day for 4 months or 
placebo. Acute otitis media episodes were monitored for a total of 6 months and 2 
blood samples (one at enrollment and one at the end of vitamin D supplementation) 
were obtained in order to determine serum VD concentration. Fifty-eight  children 
were treated with vitamin D and 58 received placebo. The number of children 
who experienced at least one AOM was significantly lower in vitamin D group 
than among placebo (26 versus 38). The mean number of AOM episodes globally 
diagnosed in vitamin D group was significantly lower than in placebo (0.7 ± 0.8 
versus 1.4 ± 1.4) (Table 1). 
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Table 1. Outcomes in the placebo and vitamin D supplemented groups at the end of follow-up

Children with uncomplicated acute otitis media had a statistically significant 
benefit compared with children with acute otitis media complicated by othorrea. 
A significant reduction of AOM episodes was found when final serum VD level 
was higher than 30 ng/mL (Figure 1). 

In conclusion, vitamin D hypovitaminosis was associated with an increase 
in the incidence of AOM, particularly when VD serum levels remained below 30 
ng/mL. Administration of vitamin D at the dose of 1.000 IU/day restored higher 
levels than 30 ng/mL in most of the cases and this was associated to a significant 
reduction of the risk of uncomplicated AOM. Interestingly, AOM complicated 
with othorrea are not modified by the administration of vitamin D. This study 
suggests the use of this kind of prophylaxis in children with a history of recurrent 
uncomplicated AOM. 
Figure 1. Kaplan-Meier failure function
 



74 XI IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

Rhinosinusitis
There are few published studies concerning the relationship between vitamin 

D and rhinosinusitis. Linday et al 17 conducted a pilot study in which only 4 
children were recruited: they were given a lemon-flavored cod liver oil plus 
multivitamin mineral with selenium. Although in the 3 children who completed the 
study the authors demonstrated a positive effect of the supplementation, there are 
several limits to this work. First of all, the very small sample of patients; secondly, 
the multivitamin supplementation associated to cod liver which inevitably created 
an important bias: the positive effect cannot be completely attributed to the 
only vitamin D. Finally, patients served as their own control, without searching 
for a real control group. Recently, a retrospective, controlled study measured 
serum 25(OH)D levels in children with allergic fungal rhinosinusitis or chronic 
rhinosinusitis with or without nasal polyposis 18. There was no difference in mean 
25(OH)D levels between the controls and the children with chronic rhinosinusitis 
without polyps, whereas the mean levels in the patients with allergic fungal 
rhinosinusitis or chronic rhinosinusitis with nasal polyposis were both below 30 
ng/ml, and significantly lower than those observed in the other two groups. The 
authors concluded that children with allergic fungal rhinosinusitis or chronic 
rhinosinusitis with nasal polyposis are vitamin D deficient.

More studies are needed to determine whether vitamin D plays a real role in 
the pathology of rhinosinusitis. 
Pharyngotonsillitis

There are few published studies regarding the possible relationship between 
vitamin D levels and pharyngotonsillitis. In a New Zealand study, Reid 
et al. evaluated 33 children aged 4 - 16 years old who were candidate for 
adenotonsillectomy because of breathing problems, sleep apnea or recurrent 
tonsillitis.19 Of the 32 children with blood samples, 15.6% were vitamin D 
deficient (vit D < 50 nmol/l or 20 ng/ml) and 78% were vitamin D insufficient 
(< 75 nmol/l or 30 ng/ml). Vitamin D levels inversely correlated with Fitzpatrick 
skin type (a phenotypical dermatological scale), tonsil size and body mass index. 
The conclusion was that low 25(OH)D levels are related to a darker skin, and 
increased body mass index and larger tonsils. 

In Turkey a study enrolled 106 children who had undergone tonsillectomy 
and 127 healthy children aged 2 - 12 years in order to look for any differences 
in serum 25(OH)D levels and receptor gene polymorphism 20. There were no 
differences between the two groups in serum 25(OH)D levels and receptor gene 
polymorphism although there was a higher proportion (18%) of children with low 
25(OH)D levels in the group with recurrent pharyngotonsillitis. This difference 
might have been due to the fact that only one blood sample was collected and that 
further studies should investigate seasonal variations in vitamin D levels. 

Another study measured 25(OH)D levels and receptor gene polymorphisms 
in 84 children with recurrent pharyngotonsillitis and 71 healthy children aged 
2 - 10 years 21. The average serum levels were quite high in both groups but 
significantly higher  in controls (recurrent pharyngotonsillitis: 58 ng/ml versus 
controls: 77 ng/ml). There were no differences in vitamin D receptor gene 
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polymorphisms but about 5% of the children with recurrent pharyngotonsillitis 
were vitamin D deficient (< 20 ng/ml) compared with none of the controls. 

So far it is impossible to draw any firm conclusion concerning the association 
between vitamin D deficiency and recurrent pharyngotonsillitis, and there is not 
yet any evidence that vitamin D supplementation may affect the outcome of this 
disease.
Conclusion

The potentials of vitamin D are huge due to its capacity to take part in the 
complexity of immune system. This is the reason why, in the last decades, several 
authors have tried to study its interactions and mechanisms of acting in order to 
reduce or to prevent various diseases. Respiratory infections are one of the most 
relevant and common aspect of human life and they have an extraordinary impact 
on childrens’ life. The available studies of vitamin supplementation are scarce and 
often combine vitamin D with the use of other micronutrients, thus obscuring the 
role of vitamin D itself. In addition, different doses have been used for vitamin 
D supplementation. Therefore further studies are needed to assess the impact of 
vitamin D hypovitaminosis and its supplementation on upper respiratory tract 
infections. 
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