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Abstract

Background

The aim of this study is to evaluate vitamin D levm children with latent and active TB
compared to healthy controls of the same age dwdoai background.

Methods

A multicenter observational study has been conduici¢hree tertiary care paediatric centres:
Anna Meyer Children's University Hospital, Florend&ly; Evelina London Children|s
Hospital, London, United Kingdom and Great Ormone& Hospital, London, Unitgd
Kingdom. Vitamin D was considered deficient if tleerum level was <25 nmol/L,
insufficient between 25 and 50 nmol/L and suffititm a level >50 nmol/L.




Results

The study population included 996 children screefeedTB, which have been tested for
vitamin D. Forty-four children (4.4%) had active TB38 (13.9%) latent TB and 814 (81.726)
were controls. Our study confirmed a high prevadgen€ hypovitaminosis D in the stugy
population. A multivariate analysis confirmed arcregased risk of hypovitaminosis D (in
children with latent and active TB compared to colst[(P = 0.018; RR = 1.61; 95%C]I:
1.086-2.388), (P < 0.0001; RR = 4.587; 95%CI:1.2%1B8)].

Conclusions

Hypovitaminosis D was significantly associated witB infection in our study. Furthg
studies are needed to evaluate a possible rolgawhm D in the treatment and preventior of
tuberculosis in children.
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Background

In the pre-antibiotic era, cod liver oil and suhliggxposure were used to treat tuberculosis
(TB) [1,2]. More recently, increasing evidencesnirim vitro studies suggest that vitamin D
enhances antimycobacterial immunity [3]. Sever&hans reported hypovitaminosis D in TB
patients [4-6], and serum level of vitamin D [25dhgxycholecalciferol) was found to be
lower in TB patients than in healthy controls [7-14 recent study conducted among adult
TB contacts found that 94% of recruits were vitalimsufficient and that a single, oral 2.5
mg dose of vitamin D significantly enhanced theiti-anycobacterial immunity in vitro [7].
Factors such as low socioeconomic status, pooitioatrtraditional/cultural traits, and little
exposure to sunlight may contribute to vitamin Bidency [15].

Mechanisms through which vitamin D modulates thenime system in the response to
Mycobacterium tuberculosisinfection are not completely understood, two passi
mechanisms have emerged as the most likely. Vit&rappears to reduce the viability Mt
tuberculosis by enhancing the fusion of the phagosome and dymsesin infected
macrophages [16]. In addition, vitamin D may enlearnbe production of LL-37, an
antimicrobial peptide of the cathelicidin familyg19]. Antimicrobial peptides, such as
defensin and cathelicidin, are involved as a flise of defences in the prevention of
infections, including tuberculosis. The presenceitamin D in neutrophils and macrophages
up-regulates in a dose-dependent manner the hCAfgeh8 that codes for LL-37, which
suggests that vitamin D induction of LL-37 may playole in host defences against TB
infection [3,16].

Vitamin D exerts its actions through vitamin D rpttr (VDR), a nuclear hormone receptor.
Polymorphisms in the VDR gene, which may influeidBR activity and subsequent
downstream vitamin D mediated effects, were theeestudied as potential candidates of risk
markers for various clinical outcomes [20,21].



Clinical trials [8,10,22-24] have been conductedest whether vitamin D therapy improves
TB outcomes, suggesting that vitamin D may be bela¢fas an adjunctive treatment to the
traditional therapy in patients with TB; howevedddional trials in children need to be
conducted to clarify its role [25].

Methods

A multicenter study was conducted in three tertiaaye paediatric centres: Anna Meyer
Children's University Hospital, Florence, Italy;dwma London Children's Hospital, London,

United Kingdom and Great Ormond Street Hospitalndan, United Kingdom. The data

regarding the period of time between July 2008 alahuary 2013 were collected

retrospectively, whereas those between FebruanSaptember 2013 prospectively. Written
informed consent for participation in the study wastained from children's parent or

guardian. The aim of the study was to evaluateniitaD levels in children with latent and

active tuberculosis, compared to healthy contrélthe same age and ethnical background.
Secondary objective was to evaluate potential diffees between groups of patients
(considering age, race, enrolling centre, vitamin sDpplementation, latent or active

tuberculosis).

Study design

Children (aged <18 years) investigated for TB ititet between July 2008 and September
2013, for whom vitamin D was tested during thetfusit, were eligible. The reasons for
referral to the paediatric infectious diseasesresnwere clinical suspicious or confirmed TB
disease, history of TB contact or immigrated/addpthild from a TB endemic country
within the previous 2 years. Children with congahir acquired immunodeficiency were
excluded.

For each child the following data were entered ithi® study database: name, age, gender,
ethnic group, familial and personal history inchglirisk factors for TB infection and for
vitamin D deficiencypacillus Camette-Guerin (BCG) vaccination and physical ération.
Data about tests performed were also included, amtiqular vitamin D level (25-
hydroxycholecalciferol, 25-OHD), tuberculin skinste(TST), interferon release assay
(IGRA), and if available calcium, phosphate, chesay, chest computerised tomography,
gastric aspirate or sputum (microscopy, culture g@otymerase chain reaction fdvl.
tuberculosiy and anti-tubercular treatment. All results weeearded in the study database
following the international standards for the pobiten of privacy and personal information.

Ethical issues

This study was approved by the Ethical Committdeth® hospitals involved: Anna Meyer
Children's University Hospital, Florence, Italy;dfwa London Children's Hospital, London,
United Kingdom and Great Ormond Street Hospitahdan, United Kingdom.



Case definitions

TB disease

Active TB diagnosis was assigned to any child vityxcobacterium tuberculosisultured or
detected by microscopy or molecular methods frootsp, gastric aspirate or other biologic
samples. Active TB diagnosis was also assignedyochild with clinical and radiological
evidence of TB disease, and with either a histdrexposure to an infectious case or a
positive TST. In the absence of a recognized g@ddard, latent tuberculosis diagnosis was
assigned to any child with a positive TST and/oRK5and no clinical, bacteriological or
radiographic evidence of active TB [26]. In the exli2 of those criteria children were
included in the control group.

Hypovitaminosis D

Vitamin D level was evaluated testing for 25-OHDhi@h is considered its best indicator
[27]. Following the European Society for Paediat@astroenterology, Hepatology and
Nutrition (ESPGHAN) definition, 25-OHD was considdr deficient in case of a serum
vitamin D level less than 25 nmol/L, insufficiergtiveen 25 and 50 nmol/L and sufficient for
level above 50 nmol/L [28].

Statistical analysis

Continuous measurements analyzed were: age (yearsjght (kilograms), height
(centimetres), 25-OHD serum level (nmol/L), calciuand phosphate levels (mmol/L).
Median and interquartile range (IQR) were calcudta those variables in the study groups.
Categorical data were compared using the Chi-squtast (or Fisher's exact test, when
expected cell sizes were smaller than five). Th&cdXon-Mann-Whitney test was used for
continuous measurements to test relationships paived analysis, when assumed that the
dependent variable was a not normally distributerval variable. Moreover, the risk
factors for vitamin D deficiency were evaluatedngsunivariate and multivariate logistic
regression. The variables included in the analysise: TB infection status (active TB, latent
TB, and control), gender, age, ethnicity at risk fatamin D deficiency, immigration,
seasonality (categorized ad autumn-winter and gummer). For each factor the relative
risk (RR) and 95% confident intervals (95%CI) werealuated. Statistical analysis was
performed using the statistical software SPSS fond®vs, version 12.0. P <0.05 was
considered statistically significant.

Results

Population

Nine hundred and ninety-six children were includedhis study: 15 (1.5%) from Great
Ormond Street Hospital, London, UK; 63 (6.4%) frawelina London Children’s Hospital,
London, UK; and 918 (92.1%) from Anna Meyer ChildseeUniversity Hospital, Florence,
Italy. The study population characteristics are siamzed in Table 1.



Table 1 Study population characteristics

Controls n = 81« Latent TB n = 13¢ Active TB n = 44 Total n = 99¢ P
Enrolling centre, n (%): <0.0001
- Evelina London Children’s 21 (2.6%) 25 (18.1%) 17 (38.6%) 63 (6.4%)
Hospital, London, UK
- Great Ormond Street 0 (0%) 0 (0%) 15 (34.1%) 15 (1.5%)
Hospital, London, UK
- Anna Meyer Children's University Hospital, 793 (97.4%) 113 (81.9%) 12 (27.3 %) 918 (92.1%)
Florence, Italy
Age in years, median (IQR) 5.5(3.1-8.1) 6.9 (4.3-10.8) 4.7 (3.0-11.6) 5.88.5) <0.0001
Gender, n (%): <0.0001
- Male 496 (60.9%) 85 (61.6%) 15 (34.1%) 596 (59.4%)
- Female 310 (38.1 %) 52 (37.7%) 29 (65.9 %) 391 (39.6%)
- Not known 8 (1%) 1 (0.7%) 0 (0%) 9 (0.9%)
Country of origin*, n (%): <0.0001
- Asia 146 (17.9%) 19 (13.8%) 4(9.1%) 169 (17%)
- Latin America 183 (22.5%) 24 (17.4%) 4(9.1%) 211 (21.2%)
- Eastern Europ& 269 (33%) 57 (41.3%) 5 (11.4%) 331 (33.2%)
- Western Europe 36 (4.4%) 7 (5.1%) 3 (6.8 %) 46 (4.6%)
- Nord Africa 16 (2%) 1 (0.7%) 2 (4.5%) 19 (1.9%)
- Sub-Saharan Africa 151 (18.6%) 29 (21%) 25 (56.8 %) 205 (20.6%)
- Other 8 (1%) 0 (0%) 0 (0%) 8 (0.8%)
- Not known 5 (0.6%) 1 (0.7%) 1 (2.3%) 7 (0.7%)
Ethnic group, n (%): <0.0001
- African 168 (20.7%) 30 (21.7%) 27 (61.4%) 225 (22.6%)
- Asiatic 146 (17.9%) 19 (13.8%) 4(9.1%) 169 (17%)
- Caucasian 306 (37.6%) 64 (46.4%) 8 (18.2%) 378 (37.9%)
- Hispanic 183 (22.5%) 24 (17.4%) 4 (9.1%) 211 (21.2%)
- Other 6 (0.7%) 0 (0%) 0 (0%) 6 (0.6%)
- Not known 5 (0.6%) 1 (0.7%) 1(2.2%) 7 (0.7%)
BCG, n (%): 0.109
- Yes 460 (56.5%) 89 (64.5%) 20 (45.5%) 569 (57.1%)
- No 244 (30.0%) 40 (29.0%) 19 (43.2%) 303 (30.4%)
- Not known 110 (13.5%) 9 (6.5%) 5 (11.4%) 124 (12.4%)
Risk factors for vitamin D 0.932
deficiencyt, n (%):
- Yes 470 (57.7%) 74 (53.6%) 32 (72.7%) 576 (57.8%)
- No 344 (42.3%) 64 (46.4%) 12 (27.3%) 420 (42.2%)
Risk factors for TB <0.0001
infection, n (%):
- Tb contact 92 (11.4%) 31 (22.5%) 27 (21.2%) 150 (15.1%)
- Travel to / immigrated from 695 (85.3%) 104 (75.4%) 10 (22.8%) 809 (80.1%)
TB endemic country
- Not known 27 (3.3%) 3(2.1%) 7 (15.9%) 37 (3.7%)
IGRA, n (%): <0.0001
- Positive 0 (0.0%) 45 (32.6%) 28 (63.6%) 73 (7.3%)
- Negative 792 (97.3%) 71 (51.4%) 7 (15.9%) 870 (87.3%)
- Not known 22 (2.7%) 22 (15.9%) 9 (20.5%) 53 (5.3%)
TST, n (%): <0.0001
- Positive 0 (0.0%) 120 (87%) 32 (72.7%) 152 (15.3%)
- Negative 777 (95.5%) 10 (7.2%) 2 (4.5%) 789 (79.2%)
- Not known 37 (4.5%) 8 (5.8%) 10 (22.7%) 55 (55.2%)

*Whether the child’s family is originally from a TB endemiountry, this has been indicated as country of

origin, independently from the country of birth.

§Albania, Belarus, Bulgaria, Kosovo, Macedonia, Moldai#ialand, Czech Republic, Romania, Russia, Serbia,
Slovakia, Slovenia, Ukraine, Hungary.

t African, Asiatic and Hispanic ethnic group.

TB status

Forty-four (4.4%) children met the criteria for imet TB. The most common condition was
pulmonary TB (n = 24; 54.5%). Extra-pulmonary TB sw@n order of frequency:



lymphadenitis (n = 5; 11.4%), pleural-peritoneak(A; 9.1%), skeletal (n = 4; 9.1%), ocular
(n = 1; 2.3%), meningeal (n = 1; 2.3%). Miliary Mas found in 5 patients (11.4%). The
median length of the treatment was 7 months (r&ge2). Quadruple therapy (isoniazid,
rifampicin, ethambutol, pyrazinamide) was used éncBildren, in 4 of those in association
with steroids. In other 8 cases different anti-TiBatment associations have been used,
mostly because of resistant mycobacteria.

One hundred and thirty-eight (13.9%) children niet ¢riteria for latent TB. Double therapy
(isoniazid and rifampicin) for 3 months was the coomest combination used (91.3%, n =
126). The controls enrolled in the study were &84 7{%).

Vitamin D, calcium and phosphate levels in the studgroups

Vitamin D levels in the different study groups aeported in Table 2 and illustrated in Figure
1. About half (467; 46.9%) of the children testedlependently from the TB status, resulted
to have an insufficient or deficient vitamin D IéveHypovitaminosis D was found
respectively in 354 (43.5%) of controls, 80 (58%eht TB and 33 (75%) active TB. The
statistical analysis with the Mann-Whitney U te$towed that vitamin D level was
significantly lower in case of latent and active €8mpared to controls (p < 0.0001), with
median level respectively of 45 nmol/L (IQR: 30-$52.27.8 nmol/L (IQR: 19-50) and 52.5
nmol/L (IQR: 31.5-67.5).

Table 2 Vitamin D, calcium and phosphate levels in the difrent study groups
Controls n =814 Latent TB n=138 Active TBn=44 Totaln=996 P

Vitamin D level, n (%): 0.0001
- Deficient (<25 nmol/L) 113 (13.9%) 28 (20.3%) 18 (40.9%) 159 (16%)

- Insufficient (25-50 noml/L) 241 (29.6%) 52 (37.7%) 15 (34.1%) 308 (30.9%)

- Sufficient (>50 nmol/L) 460 (56.5%) 58 (42%) 11 (25%) 529 (53.1%)
Vitamin D level (nmol/L), median (IQR) 52.5 (31.5-67.5) 45 (30-62.5) 27.8 (19-50) 35 (2455 0.0001
Calcium (mmol/L), median (IQR) 2.38 (2.3-2.45) 2.38 (2.3-2.42) 2.35 (2.25-2.45) 4 (2.26-2.46)0.709
Phosphate (mmol/L), median (IQR) 1.62 (1.49-1.71) 1.75 (1.32-1.78) 1.42 (1.23-1.6) .5(1.28-1.61)0.002

Figure 1 Vitamin D levels (median and IQR) in the differentstudy groups.About half
(467; 46.9%) of the children tested, independeintlsn the TB status, resulted to have an
insufficient or deficient vitamin D level. Hypovit@nosis D was found respectively in 354
(43.5%) of controls, 80 (58%) latent TB and 33 (7%¥tive TB.

Vitamin D levels were significantly lower in latemB compared to controls (p = 0.002), in
active TB compared to controls (p < 0.0001) an@dtive TB compared to latent TB (p =
0.001).

Moreover, a deficient vitamin D level was foundhigher percentage in the active TB group
(n = 18; 40.9%) compared to latent TB (n = 28; 20).&nd controls (13.9%) (P < 0.0001).
An insufficient level of vitamin D was more frequbnfound in the latent TB group (n =
113; 37.7%, P < 0.0001) (Figure 2).

Figure 2 Vitamin D status defined by ESPGHAN according to TBstatus.A deficient
vitamin D level was found in higher percentagehia active TB group (n = 18; 40.9%)
compared to latent TB (n = 28; 20.3%) and contfd89%) (P < 0.0001). An insufficient



level of vitamin D was more frequently found in tlagent TB group (n = 113; 37.7%, P <
0.0001).

All the variable analysed were statistically siggaht also according to the US
Endocrinology Society vitamin D status classifioat(P < 0.0001) (29).

Calcium and phosphate levels (median and IQR)endifferent study groups are reported in
Table 2.

In the study population 159 (16%) children wereawiin D deficient, 308 (30.9%)
insufficient and 529 (53.1%) sufficient.

The correlation between vitamin D status and othetors (age, gender, seasonality, calcium
and phosphate levels) has been reported in Table 3.



Table 3Characteristics of the population according to vitanin D status

Deficient n = 159 Insufficient n = 308 Sufficient n = 529 Total n = 996 P
TB status, n (%): <0.0001
- Controls 113 (71.1%) 241 (78.2%) 460 (87%) 814 (81.7%)
- Latent TB 28 (17.6%) 52 (16.9%) 58 (11%) 138 (13.9%)
- Active Tt 18 (11.3% 15 (4.9% 11 (2% 44 (4.4%
Enrolling centre, n (%): <0.0001
- Evelina London Children’s 26 (16.4%) 23 (7.5%) 14 (2.6%) 63 (6.4%)
Hospital, London, UK
- Great Ormond Street 8 (5%) 5 (1.6%) 2 (0.4%) 15 (1.5%)
Hospital, London, UK
- Anna Meyer Children's University Hospital, Flom Italy 125 (78.6%) 280 (90.9%) 513 (97%) 918 (92.1%)
Age, median (IQR) 6.5 (4.2-10.3) 6.6 (4-9.7) 4.8 (2.5-7.6) 5.8 (3.9)8 <0.0001
Gender, n (%): 0.106
- Male 85 (53.5%) 182 (59.1%) 329 (62.2%) 596 (59.8%)
- Female 74 (46.5%) 122 (39.6%) 195 (36.9%) 391 (39.3%)
- Not known 0 (0%) 4 (1.3%) 5 (0.9%) 9 (0.9%)
Country of origin*, n (%): <0.0001
- Asia 27 (17%) 44 (14.3%) 98 (18.5%) 169 (17%)
- Latin America 25 (15.7%) 74 (24%) 112 (21.2%) 211 (21.2%)
- Eastern Europ& 48 (30.2%) 95 (30.8%) 188 (35.5%) 331 (33.2%)
- Western Europe 4 (2.5%) 18 (5.8%) 24 (4.5%) 46 (4.6%)
- Nord Africe 7 (4.4% 8 (2.6% 4 (0.8% 19 (1.9%
- Sub-Saharan Africa 42 (26.4%) 65 (21.1%) 98 (18.5%) 205 (20.6%)
- Other 1 (0.6%) 3 (1%) 4 (0.8%) 8 (0.8%)
- Not known 5 (3.1%) 1 (0.3%) 1 (0.2%) 7 (0.7%)
Ethnic group, n (%): <0.000:
- African 50 (30.8%) 74 (24%) 101 (19.1%) 225 (22.6%)
- Asiatic 24 (15.1%) 43 (14%) 102 (19.3%) 169 (17%)
- Caucasian 52 (32.7%) 115 (37.3%) 211 (39.9%) 378 (37.9%)
- Hispanic 27 (17%) 73 (23.7%) 111 (21%) 211 (21.2%)
- Other 1(1.2%) 2 (0.7%) 3 (0.5%) 6 (0.6%)
- Not known 5 (3.2%) 1 (0.3%) 1 (0.2%) 7 (0.7%)
Risk factors for vitamin D 0.932

deficiencyt, n (%):
-Yes
- No

93 (58.5%)
66 (41.5%)

180 (58.4%)
128 (41.6%)

303 (57.3%)
226 (42.7%)

576 (57.8%)
420 (42.2%)




Season when blood test was <0.0001
done, n (%):

- Spring-Summer 58 (36.5%) 145 (47.1) 339 (64.1%) 542 (54.4%)

- Winter-Autumn 101 (63.5%) 163 (52.9) 190 (35.9%) 454 (45.6%)

Vitamin D level (nmol/L), median (IQR) 20 (15.5-22.5) 37.5 (32.5-42.5) 72.5 (57.5-87.5) (B6-54.5)

Calcium (mmol/L), median (IQR) 2.35 (2.28-2.42) 2.37 (2.3-2.43) 2.38 (2.33-2.48) 4 (2.26-2.46) 0.030
Phosphate (mmol/L), median (IQR) 1.5 (1.3-1.65) 1.59 (1.41-1.68) 1.65 (1.49-1.81) 5 (1.28-1.61) 0.001

*Whether the child’s family is originally from a T&demic country, this has been indicated as cownfitoyigin, independently from the
country of birth.

8Albania, Belarus, Bulgaria, Kosovo, Macedonia, téolia, Poland, Czech Republic, Romania, Russi&j&eslovakia, Slovenia, Ukraine,
Hungary.
T African, Asiatic and Hispanic ethnic group.



Vitamin D level was significantly lower if testedidng Autumn-Winter compared to Spring-
Summer (P < 0.0001) (Figure 3).

Figure 3 Vitamin D level according to seasonalityVitamin D level was significantly lower
if tested during Autumn-Winter compared to Spring¥fner (P < 0.0001).

Multivariate analysis

A multivariate logistic regression analysis wasdute exclude possible confounding factors.
This analysis confirmed the risk of vitamin D dédiacy to be statistically correlated with TB
infection (RR = 1.61; 95%CI:1.086-2.388; P = 0.Q;L1&nd higher in active TB compared to
latent TB and controls, ( RR = 4.587; 95%CI: 1.29608; P < 0.0001). In the multivariate
analysis the results were adjusted for the diffecentres.

There was no significant correlation between hyfamwinosis D and gender (P = 0.113; RR
= 0.799; 95%CI: 0.605-1.055), ethnicity at risk lofpovitaminosis D (P = 0.688; RR =

1.610; 95%CI: 0.715-1.747) and immigration (P =28/4RR = 1.316; 95%CI: 0.668-2.590).

On the contrary, a correlation between hypovitamisi® and age (P < 0.0001; RR = 1.147;
95%Cl: 1.105-1.190) and between vitamin D deficieand seasonality (P < 0.0001; RR =
2.208; 95%CI: 2.132-3.698) was found.

Vitamin D supplementation

In case of hypovitaminosis D, different vitamin Opplementation protocols were used in the
three centres, according with the most recentnatésnal guidelines [28-31]. At Anna Meyer
Children's University Hospital, Florence, Italy,QDIU of colecalciferol were administered
daily for 8 weeks. At Evelina London Children’s Hbital, London, UK, 3,000, 6,000, 10,000
or 20,000 IU of colecalciferol were used daily ®rweeks depending on the severity of
hypovitaminosis D. At Great Ormond Street Hospithbndon, UK 50,000 IU of
ergocalciferol were administered daily for 3 toay/sl

Only one-third (133; 28.5%) of the patients witloer level of vitamin D received vitamin D

supplementation. Vitamin D supplementation wasgibed in 71 controls, 36 latent TB and
26 active TB, respectively 20%, 45% and 79% ofdreih with hypovitaminosis D in the 3
different groups.

Discussion

The high prevalence of hypovitaminosis D in chitdi@2,33] is confirmed in our study,
based on a large data set, reaching 47% of chilthsted, independently from their TB
status.

The correlation between vitamin D deficiency and diBease was previously demonstrated
in adults [4-6,8-14], although some authors do amgrtee with this hypothesis [34-40]. No
paediatric study with a matched control group igilable in literature, and our study’s aim is
to fill this gap. Three studies on a possible datien between vitamin D deficiency and TB
in the paediatric population were previously pui#id [41-43], including overall 442



children. In the first study on refugee childrerviamin D level was significantly lower in
92 children with TB infection compared to 236 hieglcontrols [41]. The main limitations of
this retrospective study were the omission of rutiGRA testing in the definition of TB
status and the missing data about BCG vaccinaddh Hypovitaminosis D prevalence in
latent and active TB was 86% in a retrospectivelyston 64 children [42]. The principal
limitation of this study was the lack of an age atithically matched control group without a
history of TB infection or disease [42]. Finallyy & randomised study, done on a small
number of children (n = 24), vitamin D supplemeiatat(colecalciferol 1000 Ul daily for 8
weeks) was added to TB treatment, leading to dini@nd radiological improvement
compared to the standard treatment alone [43].

The correlation between low vitamin D and TB dige#&sconfirmed in our study on a large
paediatric population including a matched contmaugp. Hypovitaminosis D affected up to
75% children with active TB (P < 0.0001). Moreovdre active TB group exhibited the
lowest level of vitamin D . Hypovitaminosis D wasuf times more likely in children with
active TB compared to healthy controls. This catieh was confirmed using a multivariate
logistic regression analysis, in order to excludegible confounding factors, and the results
were adjusted considering also the different emwltentre.

About two-third of the study population ethnicityasvat high risk for vitamin D deficiency
(African, Asiatic and Hispanic). It is well knowrhat the major risk factors in these
populations are dark skin, reduced exposure taghintlue to long clothing and vegetarian
diet [32]. The ethnical background at risk of hypaminosis D were homogeneously
distributed in the 3 study groups. Interestinglypur study hypovitaminosis D occurred also
in the Caucasian group, accounting for about oird-tf the cases. Vitamin D was deficient
in 32.7% of Caucasian children and insufficienBih3%. Moreover, about 80% of children
tested in the UK had hypovitaminosis D (respecivé8.6% was vitamin D deficient and
35.9% insufficient) compared to 44.1% of childressted in Italy (respectively 13.6% was
vitamin D deficient and 30.5% insufficient). Thigfdrence could be mainly explained by
lower sun exposure in UK with respect to Italy gmdbably also by different diet within the
two countries. However, the high percentage of kigpminosis in Italy despite good sun
exposure, affecting about half of the childrenddstshould increase the awareness of this
problem also in countries known to be at low rigk\itamin D deficiency.

Hypovitaminosis D was statistically more frequehttested during autumn and winter
compared to spring and summer. This seasonalitybeas well described and is mainly
related to sun exposure [6,12,41,44].

Surprisingly, only one-third of the patients witlypovitaminosis D received vitamin D
supplementation, with different protocols dependbdngthe prescribing centre. The protocols
used in the three centres were in agreement wétimibst recent international guidelines [28-
31]. This data should alert the physicians aboatrtbed of vitamin D supplementation in
children with hypovitaminosis, to prevent ricketsdats complications. However no clinical
sign of rickets was reported in our study populatibhe choice of vitamin D regimen in the
paediatric population should take count of comménrespecially in young children and in
TB patients, which already receive a significantoant of drugs. The need of clear
guidelines for children with hypovitaminosis D mg setting should be addressed, in order to
unify the management of vitamin D supplementatiothis group of patients.



The major limitations of our study are: the lackhoimogeneity between the study groups, as
the majority of controls were enrolled in the kalicentre. To minimize the influence of this
factor on our results a multivariate analysis wadgrmed, including the enrolling centre as a
categorical variable. Moreover data regarding pgraid hormone, alkaline phosphatase
were lacking. In our study the hypovitaminosis DfiMiéon used was in keeping with
ESPGHAN guidelines [28], although we were awareualdferent definitions. To avoid this
bias we performed the analysis considering alsamiit D status classification by the US
Endocrine Society [29], and the results didn’'t d@eubstantially.

Conclusions

Our large population study confirms an increasimgdence of hypovitaminosis D in Europe,
within native and immigrated children, and the noll@yed by vitamin D status in TB disease.

In our study hypovitaminosis D was significantlysasiated with TB infection. Further
studies are needed to evaluate a possible rolgawhm D in the treatment and prevention of
tuberculosis in children, especially novel randaedizcontrolled trials to compare TB
treatment outcomes in children receiving vitaminsDpplementation in addition to the
standard therapy.
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