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Abstract. Lower respiratory tract infections are among the most important causes of morbidity and mortality in the pedi-
atric population worldwide. Despite advances in treatment and prevention, childhood pneumonia is the major reason
for hospital admissions and remains a leading cause of death claiming an estimated 800 000 children’s lives in 2018. Glob-
ally, over 1.23 million children died of pneumonia before reaching their 5 birthday — the equivalent of over 3400 deaths
per day worldwide. There is growing evidence that vitamin D plays an important role in the immune system by modulating
both innate and adaptive immunity. Vitamin D is an additional factor in the inflammatory response regulation. Its action
is mediated via the vitamin D receptor (VDR), which is present in almost all types of immune cells, including activated
CD4" and CD8* cells, B cells, macrophages, neutrophils and dendritic cells. Vitamin D deficiency is associated with
decreased host defenses against infections. Therefore, our aim was to investigate whether low vitamin D status was a risk
factor for pneumonia complications, usage of multiple antibiotics and prolonged hospital stay among hospitalized pedi-
atric patients with community-aquired pneumonia. Total of 200 children (102 healthy controls and 98 with severe pneu-
monia) from 11 days to 17 years old were included in the study. Cases with severe pneumonia were subdivided into groups
with and without complications (36 and 62, respectively). Electrochemiluminescence immunoassay was used to measure
the serum 25-hydroxyvitamin D levels. The control group showed lower values than the study group. Cases with compli-
cated pneumonia had significantly lower levels whitin the range of 29.7—68.0 nmol/l, compared with 49.1—88.6 nmol/l
in cases without complications. A significant negative correlation was found between vitamin D concentrations and du-
ration of hospital stay, the number of antibiotics used for treatment, and serum levels of inflammatory markers. The low
status of vitamin D is related to the severity of the disease but has not been associated with the incidence/frequency of the
disease. Children with low vitamin D levels may be at higher risk of developing life-threatening complications, intensive
care admissions and a higher inflammatory response.
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CBHA3b AEPULINTA BUTAMUHA D C TAXKECTbIO MHEBMOHUN Y TOCMUTAJINSUPOBAHHbBIX
DETEW B BOJITAPUU

Pumnosa H.!, Beutuena B.2, Ilakosa A.3, IlluBaues X.4, Unues J1.!

! Jlemckas 6oavruya Meduyunckozo ynusepcumema Coguu, Cogus, boaeapus

2 Unemumym mukpoobuonoeuu um. Cmegana Aneenosa boneapckoii akademuu nayk, Cogus, Boaeapus
I Anekcandposckas 6onrvnuya Couiicko2o meduyunckozo ynueepcumema, Cous, boarzapus

4 Yuueepcumemcrasn 60avHUUA HEOMAOHCHOU Meduuyunbl um. ITupoeosa, Cogus, Boreapus

Pe3tome. MHbeK MY HUXHUX ABIXaTEIbHBIX YT SIBJSIOTCS OHON U3 HAanbOJee BaXK HbIX MPUYMH 3200J1€BAEMOCTHU
1 IETCKO CMEPTHOCTH BO BceM Mupe. HecMoTpst Ha ycriexu B iedeHu U U MpohuaakTUKe, IeTCKAasi THEBMOHUS SIBJISI-
€TCST OCHOBHOM ITPUIMHOM TocnuTaau3aum u cMepTHocTu. B 2018 1. ona yHecna mpumepHo 800 000 xxu3Heit. Bo Bcem
Mupe 6osee 1,23 MIJTH JeTeil yMepau OT THEBMOHW Y, He TOXKUB 10 CBOETO MATUIJIETH S, YTO 9KBUBaJIeHTHO 6oee 3400
cMepTsIM B NieHb. [losiBisieTcs Bce OOJIbIle CBUIETETHCTB TOTO, YUTO BUTAMUH D UTpaeT BaXXHYIO POJb B UMMYHHOM
cUCTeMe, MOAYJIUPYST KaK BPOXAEHHBIN, TaK U aAalTUBHBINT UMMYHUTET. Butamun D sBisieTcs MOTTOJTHUTEIbHBIM
(bakTOpOM peryasiuuu BocmaauTeabHOU peakuuu. Ero melictBue omnocpenyercs perentopom Butamuua D (VDR),
KOTOPBI# MPUCYTCTBYET MPAKTUIECKH BO BCEX TUTAX UMMYHHBIX KJIETOK, BKJIIOYasi aKTUBUPOBaHHbBIE KJeTku CD4*
u CD8*, B-knetku, Mmakpodaru, HeiTpobuibl U IeHAPUTHBIE KAeTKU. dedbuut ButaMmunaa D cBsi3aH cO CHUXKEHU-
€M 3alIUTHl X03s1MHa OT uHGeKMii. Llenbio fTaHHOro uccieqoBaHus ObLT aHAIN3 HU3KOTO YPOBHS BUTaMUHa D Kak
(haxTopa pucka ocIOXHEHUT THEBMOHUU, UCIIOJb30BAHUSI HECKOJNIBKUX AaHTUOMOTUKOB U JTUTEbHOTO MpebbiBa-
HUSI B OOJIBHUIIE CPE TOCTUTAIU3UPOBAHHBIX TIEAUATPUUYECKUX TALIMEHTOB ¢ BHEOOJbHUYHON MHEBMOHUE. Beero
B uccienoBanue obl1K BKIoYeHb 200 neteit (102 3mopoBbIX [KOHTpOJb] U 98 ¢ TsXenoi MHEeBMOHMUEH) B BO3pacTe
ot 11 gHeit o 17 neT. boibHbIE C TSXEI0i MTHEBMOHKEM ObLIK pa3eeHbl Ha 2 TPYIIIbL: C OCIOXHEHUSIMU (36 4e10BeK)
1 6e3 ocIoXHeHU I (62 uenoBeka). J1ns usMepeHust ypoBHeii 25-THapoKCMBUTaAMUHA D UCITOIb30BaIN 3JIEKTPOXEMHU-
JIIOMUHECIIEHTHBI UMMYyHOaHa 3. KoHTposibHas TpyTia okasana 6osiee HU3KMe 3HAUSHU ST, 4eM OCHOBHAsI TPYTITIA.
BosibHBIE ¢ OCTOKHEHHOM THEBMOHMEH MMETU 3HAYMTEIbHO O0Jice HU3KKE YPOBHU (B muamna3oHe 29,7—68,0 HMOIb/)
MO CPaBHEHUIO ¢ GOJBHBIMU 0e3 OCIOXHeHUH (B arama3oHe 49,1—88,6 HMoub/m). bbllla 0GHapyXeHa 3HaYMMast OT-
puLaTebHas KOpPeNsus MeX 1y KOHIIeHTpalueit ButaMuHa D v Tpomo/IKuTeTbHOCTBIO TPeObIBAaHUSI B OOJIBHUIIE,
KOJTMYE€CTBOM aHTUOMOTUKOB, NCTIOTb3YEMBbIX [IJI51 JIEUEHU ST, U YPOBHSIMU MapKepOB BOCIAJICHU ST B CHIBOPOTKE KPOBHU.
Huszkuit ypoBeHb BUTaMuHa D cBSI3aH C TSXECTbIO 3a00JIeBaHU I, HO HE CBSI3aH C 3a00J1eBaéMOCTbIO/4aCTOTOM 3a00-
neBaHus. [leTy ¢ HU3KMM ypoBHEM BUTaMuHa D MoryT noasepraTbes 0071€€ BBICOKOMY PUCKY Pa3BUTHS OITACHBIX AJI4
>KM3HU OCJIOXXHEHU U, TOCTUTAIU3aLMU ¢ peaHUMallMeil ¥ 00Jiee BbIpakeHHOI BOCTATIUTEIbHON peakiiuu.

Karouesvle caosa: maxcenas NHEBMOHUA, Cbl86OPOMKA 25—eu6poxcusumamuﬁa D, 0emu, dobasKku sumamuna D, MapkKepbl 60CnANCHUA.

Introduction

Lower respiratory tract infections are among
the most important causes of morbidity and mortal-
ity in the pediatric population worldwide. Despite
advances in treatment and prevention, childhood
pneumonia is a major reason for hospital admissions
and remains a leading cause of death claiming an es-
timated 800 000 children’s lives in 2018. Globally,
over 1.23 million children died of pneumonia before
reaching their 5" birthday — the equivalent of over
3400 deaths per day worldwide [27, 28].

There is growing evidence that vitamin D plays
an important role in the immune system by modulat-
ing both innate and adaptive immunity. Vitamin D
is an additional factor in the inflammatory response
regulation [16]. Its action is mediated via the vita-
min D receptor (VDR), which is present in almost all
types of immune cells, including activated CD4"* and
CD8" cells, B cells, macrophages, neutrophils and
dendritic cells. Vitamin D deficiency is associated
with decreased host defenses against infections [6].

The relationship between vitamin D deficiency
and the susceptibility to infections was investigat-
ed initially for tuberculosis patients [18]. Human

alveolar macrophages stimulate the Toll-like re-
ceptors (TLR) in the presence of M. tuberculosis.
TLR-activation upregulates VDR expression and
vitamin D la-hydroxylase gene, thus increasing
the local levels of 1,25(OH),D; [22]. A positive cor-
relation between vitamin D levels in respiratory epi-
thelial cells and antimicrobial peptide mRNA pro-
duction has been reported [14]. Cathelicidine and
beta-defensins are important components of the in-
nate immunity in the lower respiratory tract. They
inhibit pneumococcal, meningococcal, and group A
streptococcal disease-causing agents [2]. These lo-
cal vitamin D effects suggest the role of its deficiency
in the development of acute lower respiratory tract
infections. Some studies report that low vitamin D
status is a risk factor for more severe disease among
hospitalized pneumonia patients [15]. Recent reviews
also supported the possible role of vitamin D in de-
creasing the risk of COVID-19 infections and mor-
tality [7]. Adequate vitamin D concentrations can be
a beneficial factor in preventing serious illness, faster
recovery, and reduced hospital stays [21].

The relationship between serum vitamin D lev-
els and the incidence and severity of pneumonia
in hospitalized children has not been analyzed yet
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in Bulgaria. The aim of this study was to exam-
ine whether a low vitamin D status was a risk factor
for complications of the disease, the use of multiple
antibiotics and a long hospital stay in children with
pneumonia. We hypothesized that lower levels of vi-
tamin D contributed to a more severe clinical course
of the disease.

Materials and methods

Patients characteristics. The study collection in-
cluded 200 children aged 11 days to 17 years old
from Pulmonology clinic with ICU at the University
Children’s Hospital, Sofia, from January 2015
to January 2019. A written informed consent was
signed by each participant’s parent upon enrollment.
Ninety-eight children (48 male and 50 female) with
severe pneumonia were chosen as study (pneumo-
nia) group. Patients who developed complications,
required admission to the ICU and/or surgical treat-
ment were grouped into “complicated pneumonia”.
All other patients were subgrouped to the “non-com-
plicated-pneumonia”. One hundred and two healthy
children (54 male and 48 female) selected in an
outpatient setting were chosen as the control group.
They were compared with the study group by sex and
sampling season.

Immunoassay. Serum vitamin D levels were mea-
sured using Electrochemiluminescence immunoassay
(ECLIA) for the in vitro determination of 25-hydroxy-
vitamin D. Information for vitamin D intake prior
to measurement was obtained for all the patients.
All of them underwent venous puncture and with-
drawal of 2—3 ml of blood. Serum was separated and
immediately frozen at —20°C until measurement.
For determination of the vitamin D status, the follow-
ing cutoffs were set: > 75 nmol/l — sufficiency; 50—
75 nmol/1 — insufficiency; 25—50 nmol/1 — deficiency
and < 25 nmol/l — severe deficiency. These cutoff val-
ues were set in accordance with the data, published by
the Institute of Medicine (IOM) [23].

Statistical analysis. The Spearman correlation co-
efficient was calculated as described previously using
SPSS v.23.0 software [17] and was used to indicate
the direction of association. Testing for normal-
ity of variables was performed, using Kolmogorov—
Smirnov and Shapiro—Wilk tests. The Mann—
Whitney U-test and the Kruskal—Wallis test were
used to evaluate quantitative data. Range values are
presented in brackets.

Results

Patients characteristics

Cases with severe pneumonia were subdivided
into groups with and without complications (36 and
62, respectively). Only 6 children in the complicated
pneumonia subgroup were found to be vitamin D sup-
plemented. The proportion of supplemented children

in the non-complicated pneumonia subgroup was
much higher — 44. Complications were mainly pul-
monary with parapneumonic effusion (Table 1).
Only 19,6% (n = 20) of the healthy children and
32.6% (n = 32) of pneumonia patients were found
to be vitamin D supplemented. Median vitamin D
intake in the healthy children group was 200 1U/day,
whereas patients in both subgroups were receiving
500 TU — a significantly higher dose than controls
by the time of study measurement (p = 0.013).
However, the study and control groups differed
in age. The average age of the pneumonia group was
4 (2—8) years and the median age of the healthy con-
trols was 7 (4—8) years, p = 0.002. Exclusion crite-
ria for the children in the control group were history
of respiratory symptoms one month prior to enroll-
ment as well as any accompanying chronic disease.
We evaluated the relationship between the in-
flammatory markers (CRP, erythrocyte sedimenta-
tion rate, white blood count) and vitamin D levels
in the pneumonia group. We also evaluated the length
of hospital stay and duration of antibiotic treatment
and looked for correlations with vitamin D status.

Overall vitamin D status

All children included in the study had a median
vitamin D level of 52.4 (36.7—72.7) nmol/l, typi-
cally in the insufficient range. In the control group
half of the children had deficiency. Only 16.7% of the
children had sufficient vitamin D concentrations and
33.3% had insufficiency. Surprisingly, sufficient lev-
els were more frequent for children with pneumonia,
accounting 33.8%. In the pneumonia group 31.7%
had insufficiency and 34.5% had deficiency.

In the pneumonia subgroups the larger proportion
of the non-complicated pneumonia patients had suf-
ficiency — 40.3%; deficiency was found in 27.4% and

Table 1. Types of complications in pneumonia
subgroup

Complication (r;lfugts):; %
Parapneumonic
effusion 24 66.7
Respiratory failure 6 16.7
Pneumothorax 1 27
Pulmonary
Hydrothorax 1 2.7
Atelectasis 1 2.7
Necrotizing 1 27
pneumonia '
Sepsis 1 27
Extrapulmonary | yemolytic uremic 1 07
syndrome (HUS) '
Total 36 100
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Figure 1. 25-hydroxyvitamin D level comparison
between pneumonia and control group

insufficiency was present in 32.3%. In the compli-
cated pneumonia group 47.2% had deficiency, 30.6%
had insufficiency, and 22.2 had sufficiency.

No gender relationship between vitamin D lev-
els in the pneumonia and control groups was found
in this study.

Vitamin D levels

The pneumonia subgroup median 25-hydroxyvi-
tamin D level was 61.3 (40.9—82.0) nmol/l, where-
as in the control subgroup it was 49.5 (33.1—65.8)
(Fig. 1). Using the Mann—Whitney U test we found
significantly lower vitamin D levels in the control
group (mean ranks: 111.75 and 98.6, U = 9147.5, Z =
—2.269, p =0.007, r = 0.19).

Pneumonia subgroups comparison

Vitamin D levels in the non-complicated and
complicated pneumonia subgroups were 63.8 (49.1—
88.6) nmol/l and 50.8 (29.7—68.0) nmol/l, respec-
tively (Fig. 2). Patients who developed complications
showed significantly lower levels than patients with
no complications (mean ranks 57.02 and 36.54, U =
649.5, 7 = —3.43, p=0.001, r = 0.32).

Table 2. Comparison between vitamin D serum
levels in children, receiving (yes) and not receiving
(no) ICU procedures

Median
Procedure n vitamin D, nmol/I P
Yes | 36 50.85
ICU admission 0.001
No | 62 63.85
Yes | 21 50.90
Oxygen 0.066
supplementation No | 77 62.15
; Yes | 6 21.16
teonc!
No | 92 62.27
Yes | 11 48.19
Surgery 0.029
No | 87 62.43
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Figure 2. 25-hydroxyvitamin D levels comparison
in pneumonia subgroups

All complicated pneumonia patients were treat-
ed in an intensive care setting. Patients with surgi-
cal complications and mechanical ventilation were
found to have significantly lower vitamin D concen-
trations in comparison to non-complicated pneumo-
nia patients (Table 2).

Median vitamin D levels in all types of complica-
tions found in the study group are shown on Fig. 3.

OR for developing complicated pneumonia if
25-hydroxyvitamin D level was below 51 nmol/l was
1.925 times higher (C195% 1.15—3.20). Mortality rate
due to pulmonary complications in the complicated
pneumonia subgroup was 8.3%, accounting for 3 cas-
es. Their vitamin D levels were within the deficiency
and severe deficiency state — 9.0 nmol/1, 9.2 nmol/I
and 35.3 nmol/I.

This study was not conducted to evaluate sea-
sonal vitamin D variations. However, we compared
vitamin D levels in different seasons for the main
groups — pneumonia and control, but not for pneu-
monia subgroups. Statistically, there was no signifi-
cant difference between vitamin D levels in pneu-
monia and cotrol groups across seasons (not shown).
However, this might be due to the small sample sizes.

Inflammatory markers

Significant negative correlation between serum
vitamin D values and levels of the inflammatory
markers — CRP and erythrocyte sedimentation rate
(ESR) was found. White blood count (WBC) did
not correlate with vitamin D concentrations, though
there was a tendency towards higher leucocyte num-
ber at lower 25-hydroxyvitamin D level (Table 3).

Hospital stay and duration of antibiotic treatment

In the study group, significant negative corre-
lation between serum vitamin D levels and lenght
of hospital stay, as well as duration of intravenous an-
tibiotic treatment was established (Table 4).

Complicated pneumonia patients had signifi-
cantly longer hospital stay and thus longer antibiotic
therapy than non-complicated pneumonia cases.
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Figure 3. Vitamin D levels (median values) related to pneumonia complications

Patients in the complicated pneumonia subgroup
had significantly longer hospital stay of 12 days (8§8—
20), compared to non-complicated pneumonia pa-
tients, who were hospitalized for 5 days (5—7.5), p =
0.0001.

Median duration of antibiotic treatment in non-
complicated pneumonia patients was 5 days (5—6),
whereas complicated pneumonia patients were treat-
ed significantly longer — 10 days (7—15), p = 0.0001.

Number of antibiotics

In the pneumonia group 56% (n = 55) received
1 intravenous antibiotic for treatment, whereas 44%
(n = 43) needed multiple antibiotic treatment.

In the non-complicated pneumonia subgroup
76% (n = 47) were treated with monotherapy, where-
as 24% (n = 15) received multiple antibiotic therapy.
In the complicated pneumonia subgroup 22% (n = 8)
were treated with monotherapy and 78% (n = 28) re-
ceived multiple antibiotic therapy.

Median vitamin D levels were significantly lower
in children, receiving multiple intravenous antibiotic
therapy at 51.6 nmol/l, compared to those requiring
monotherapy at 64.0 nmol/I (p = 0.004).

Frequent respiratory illness was reported for 45%
(n = 44) of the study group and for 21% (n = 21) of the
control group.

Discussion

All 200 children who participated in this study
had overall deficient and nsufficient vitamin D lev-
els. This result confirms previously published data
by Holick and Palacios on the high prevalence of in-
adequate vitamin D status among children and ado-
lescents worldwide [9, 10, 19]. Since subjects of this
study were chosen not to have underlying conditions
known to affect vitamin D production, we assume
limited sun exposure and reduced dietary intake and
supplementation to be the main causes of this result.
It has been recognized hat using sunscreen with SPF
30 might inhibit up to 95% of vitamin D skin pro-
duction [8].

It has been found that pneumonia occurs
throughout the year with a peak frequency in win-
ter, when serum vitamin D concentrations are nat-
urally depleted. In comparison with other studies,
vitamin D levels in our healthy subjects are gener-
ally low [5, 20, 25]. This might be explained with
the fact, that determination of vitamin D status
was based mainly on winter serum concentrations.
Much of our studied controls, higher than 50%,
showed deficient levels. Different studies estimated
large variation of vitamin D status within differ-
ent European countries. In details, Lips et al. con-
cluded that deficiency of vitamin D levels in healthy
children in Europe were present in almost as high
proportion in Germany (44.5%), Greece (40.5%)

Table 3. Correlation between vitamin D
concentrations and inflammatory markers in all
pneumonia patients

Value CRP, mg/L | ESR, mm/h | WBC, nx 1091
Median 32.1 32.0 11.2
Range 0.38-390.0 2-15 0.8-40.5
Spearman
correlation -0.357 -0.237 -0.045
coefficient
p-value 0.001 0.047 0.674

Table 4. Vitamin D levels and duration of hospital
stay and intravenous antibiotic therapy in all
pneumonia patients

Correlation between | Hospital stay | AB-treatment
vitamin D levels (days) i.v. (days)
Median 7.00 5.50
Range 5-30 0-21
gg::fzg:::tcorrelatlon ~0.238 ~0.954
p-value 0.018 0.013
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and UK (56.4%), but not in Romania (29%) may
be due to the low age range of the examined chil-
dren (0—3 years), where supplementation was wide
spread and a major factor for maintaining adequate
levels [4, 13].

Supplemented children in the study group were
a larger number than supplemented controls. Thus,
vitamin D levels in patients were significantly high-
er than healthy controls. Median vitamin D intake
was 500 IU/day for the pneumonia patients vs only
200 IU/day for controls. The latter doses are lower
than recommended by the IOM [23]. This result
highlights the importance of supplementation in el-
evating and maintaining adequate vitamin D status.
In this study, however, supplementation proves not
to be sufficient.

Since vitamin D serum levels were higher in pa-
tients, compared to controls, we assumed that vita-
min D status was not a major factor for pneumonia
incidence. Vitamin D status, however might be a fac-
tor for disease severity, since cases with pneumonia
complications had significantly lower vitamin D
levels, than non-complicated pneumonia patients.
Complicated pneumonia patients had insufficient
vitamin D levels along with significantly elevated in-
flammatory markers, causing usage of multiple anti-
biotics and prolonged length of hospital stay for ad-
equate treatment and observation.

In terms of laboratory tests, the most important
for assessing the severity of pneumonia are C-reactive
protein (CRP) and the parallel leukocyte count,
DCC and ESR. CRP is one of the generally accepted
markers in clinical practice, reflecting the magni-
tude of the activity of inflammatory processes and
tissue damage. According to Van den Berghe et al.,
the inflammatory markers, among which CRP, ESR
and WBC levels were negatively correlated with vi-
tamin D concentrations. In the conditions of active
inflammation, vitamin depletion, as well as increase
or decrease of the inflammatory response parallel
processes are completely possible [26].

High dose supplementation in the course of treat-
ment of pneumonia did not lower inflammatory
markers, but reduced disease relapses. Although
the degree of inflammatory response is known to vary
individually due to factors unrelated to vitamin D
status, we hypothesize that our results are consistent
with the immunomodulatory role of vitamin D in in-
fectious diseases. 25-hydroxyvitamin D increases
the antimicrobial peptide synthesis in lungs. In ad-
dition, it induces the switch of Thl to a more regu-
latory Th2 type of immune response [18]. Thus, ad-
equate 25-hydroxyvitamin D concentration could be
protective against the adverse physiologic effects that
occur in excessive inflammatory areas. [3, 12, 22, 26]

Our observational study has indicated that there
is an association between low serum vitamin D lev-
els and elevated markers of inflammation at pres-
entation of the disease acute pneumonia but we

cannot answer the question of whether decreased
vitamin D levels lead to or cause increased inflam-
matory activity.

We also found high incidence of life-threatening
complications, requiring ICU-treatments, surgical
interventions and mechanical ventilation to be sig-
nificantly correlated to vitamin D insufficient levels.
Patients with pulmonary complications — parapneu-
monic effusion, hydrothorax, pneumothorax and ne-
crotizing pneumonia had profound vitamin D deficien-
cy, suggesting that there might be association between
low vitamin D status and impairment of the local im-
mune defense in lung parenchyma. Patients developed
respiratory failure did not show lower vitamin D levels.
This might be due to other factors, such as anatomical
features of pediatric patients, including low chest wall
compliance — important factor in the development
of respiratory failure. Correlation between vitamin D
deficiency and severity in hospitalized pneumonia pa-
tients was found by Sakka, De Oliveira and Inamo,
showing similar results [1, 11, 24]

The chances of developing complicated pneumo-
nia when serum levels are below 51 nmol/1 are quite
small in this study. However, complications were ma-
jor and associated with multiple use of antibiotics,
longer therapy, and prolonged hospital stay.

Pneumonia is widely recognized as a leading
cause of death among the pediatric population un-
der the age of 5, especially in developing countries.
Vitamin D may be important for an adequate im-
mune response in developing lungs, especially
in the setting of infection. Children with low levels
of vitamin D were likely to have higher inflammatory
markers and might be at higher risk of developing life-
threatening complications. Whether vitamin D sup-
plementation is helpful in preventing complications
of pneumonia or in reducing inflammatory markers
in children is a matter of further large scale studies.

We found high rates of insufficient and deficient
vitamin D levels in all participants. Attention should
be paid to supplementation of healthy children.
Serum 25-hydroxyvitamin D concentrations were
not related to pneumonia incidence. However, low
vitamin D levels were associated with disease sever-
ity. Children with low levels of vitamin D might be at
higher risk for developing life-threatening complica-
tions, higher inflammatory response at presentation,
ICU-admission, usage of more than one antibiotics
and prolonged hospital stay.
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