> EDITORIAL

Doi: 10.17816/PED965-12

VITAMIN D DEFICIENCY IN CHILDREN WITH

CYSTIC FIBROSIS: IS THERE A LINK WITH THE MICROFLORA
OF THE LOWER RESPIRATORY TRACT, THE FREQUENCY

OF HOSPITALIZATIONS AND THE VOLUME

OF ANTIBIOTIC THERAPY?

© A.A. Pashkevich?, T.A. Nachinkina?, O.A. Ushatskaja 2, V.V. Dorofeikov*, AV. Orlov?,

M.M. Kostik?, L.A. Zhelenina?

1St. Petersburg State Pediatric Medical University, Ministry of Healthcare of the Russian Federation, Russia;

2(ity Children’s Hospital Saint Olga, St. Petersburg, Russia;

3North-Western State Medical University named after L. Mechnikov, Saint Petersburg, Russia;

*Lesgaft National State University of Physical Education, Sport and Health, Saint Petersburg, Russia

For citation: Pashkevich AA, Nachinkina TA, Ushatskaja OA, et al. Vitamin D deficiency in children with cystic fibrosis: is there a link with

the microflora of the lower respiratory tract, the frequency of hospitalizations and the volume of antibiotic therapy?. Pediatrician
(St. Petersburg). 2018;9(6):5-12. doi: 10.17816/PED965-12

Received: 08.10.2018 Revised: 04.12.2018 Accepted: 21.12.2018

Background. Cystic fibrosis (CF) - a hereditary disease which is characterized by a chronic infection and inflammation
in airways and leads to the progressing of the lung damage and an early disability.

The aim of our study to evaluate the relationship between vitamin D deficiency and degree of the contamination of
the lower airways (LA) by the main pathogens and requirement in intravenous (IV) antibacterial therapy and hospital
admission duration.

Materials and methods. The study included 92 children with CF aged from O to 17 years. During the research
(18 months) the serum 25(0H)D levels were evaluated trice. Vitamin D, titration dosage was made according the
25(0H)D level and data about treatment compliance collected. According to the register of patients the num-
ber of flares and days of antibacterial therapy for 3 periods was counted: during 1 year before inclusion in the
study (2016), for 2017 (during treatment) and in 2018. Statistical analysis was carried out with Statistica 10.0
software.

Results. From 92 people, only 66 were compliant and in 38/66 the normal level of 25(0OH)D was reached. At children
with initially normal level of vitamin D the requirement in IV antibacterial therapy within the first year of observation
decreased. In patients who had normal 25(0H)D serum Llevel (>30 ng/ml) we observed decreased number of in-patient
department admission and decreased frequency of gram-negative bacteria of LA detection.

Conclusions. The maintenance of normal blood vitamin D level was a perspective therapeutic strategy in CF patients
which may reduce the frequency of a chronic infection and as a result, the requirements in hospital admission and
IV antibacterial therapy.

Keywords: cystic fibrosis; vitamin D; 25(0H)D; antibacterial therapy; frequency of hospital admissions; infection.
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AxktyanbHocTb. MykoBucumpos (MB) — HacneacTBeHHoe 3aboneBaHWe, XxapakTepusyloleecs XPOHUYECKOW UHbeKLmen
W BOCMaseHMEeM B AbIXaTeNIbHbIX MYTAX, YTO BeAeT K MPOrpeccupyrollemMy NOBPeXAEHUID Nerkux U paHHeWn UHBanuau-
3aumu.

Uenb — u3yuntb cBA3b geduuuta ButamumHa D C BbIpaEHHOCTbIO KOHTAaMUHAUMU HWXHUX AbixaTenbHbix nyten (HAM)
OCHOBHbIMW MATOreHaMu, a TakXe CBA3b C NOTPEOHOCTbO B aHTMOAKTEPUANIbHOM Tepanuu U AAUTENbHOCTbIO roCnuUTa-
NM3auunn.

Matepunanbl n mMetoabl. B uccnegoanme BkawoueHbl 92 pebenka ¢ MB B Bo3pacte ot 0 go 17 net. B TeyeHne uccnepo-
BaHus (18 mecsiueB) Bcem naumeHTam onpepensnu yposeHb 25(0OH)D B kpoBu Tpu pasa. [lo pesynstatamM npoBoaMau Kop-
PEeKLMI0 [03MPOBKW npenapaTta BuTamMuHa D, B 3aBUCMMOCTM OT YpOBHS B KPOBM W BO3PACTa, a Takke CO6Mpanu AaHHble
0 KOMMAAeHTHOCTK. [0 faHHbIM peecTpa NauMEHTOB NOACYMTLIBAIM YMCI0 0OOCTPEHMI U OHU AHTMOAKTEPUANbHOM Tepanum
33 TpM nepuopa: OfMH rof A0 BKOYeHWs B uccnepgosaHue (2016), 3a 2017 r. (Bo Bpems Tepanuu) u 3a 2018 r. Cratuctu-
Yyeckyro 06paboTKy AaHHbIX OCYLLECTBASAAM C MOMOLLBK MakeTa NpuKNagHbix nporpamm Statistica 10.0.

PesynbTatbl. 13 92 yenoBek Tonbko 66 cobnoganu pexum Tepanuu, HopManbHbIA ypoBeHb 25(0H)D 6bin 4OCTUTHYT
y 38/66. Y petei C UCXOAHO HOPManbHbIM ypOBHEM BUTaMMHa D B KpoOBM CHUM3MNACh NOTPEBHOCTb BO BHYTPUBEHHOM
aHTMBaKTepuanbHOW Tepanuu yxe B TedyeHWe nepBoro roga HabnwaeHus. MNpu nogaepxaHum koHueHTpauuu 25(0H)D
B KpoBu 6onee 30 HI/MA [LOKA3aHO CHMXKEHME YMCNA FOCNUTANM3ALMIA M YACTOTbl BbICEBOB FPaMOTpULLATENbHON MUKPO-
dnopel HAMM.

BoiBoabl. [TogaepxaHne HOpManbHOrO YPOBHS BUTaMuHa D B KpoBM 0Ka3anocb NepcrnekTUMBHOM TepaneBTMUYECKOW CTpaTeruei
y nauueHToB ¢ MB, npu 3TOM yMeHbLWMNACh YacTOTa XPOHUYECKOM MHDEKUUM U, KaK clefcTBue, NOTpebHOCTb B rocnuTanu-
3aumMax C NpoBeLEeHNEM aHTMOaKTEpPMANbHOW Tepanuu.

KntoueBble cnoBa: MykoBuUCUMA03; cystic fibrosis; Butamuu D; 25(0OH)D; aHTMbakTepuanbHas Tepanus; 4actota rocnutanu-

3aumn; MHbekums.

BACKGROUND

Cystic fibrosis (CF) is a genetic disease with a
severe course and poor prognosis. Respiratory dis-
ease and impaired bronchopulmonary are the prima-
ry causes of mortality and death, but other systems
may become affected [2, 22]. Treatment and disease
control depend on prevention and early detection of
lung lesions antibacterial, anti-inflammatory, and mu-
colytic agents, kinesiotherapy, and maintenance of

normal nutrition. The search for novel treatments and
drugs to improve the quality of life of CF patients
is ongoing.

Vitamin D activity may be involved in some
chronic diseases affected by changes in the immune
system [4, 10, 11]. Serum 25(OH)D concentrations
are above the normal range in CF, and respiratory
function indexes are higher when 25(OH)D levels
are normal than they are deficient [6, 17]. Vitamin D
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has anti-inflammatory activity [14, 21], induces the
production of antimicrobial peptides [7], and affects
bronchial muscle activity [12]. Bronchopulmonary
exacerbations are less frequent in CF patients with
normal serum vitamin D and rarely require treatment
with intravenous antibiotics [9, 15]. The benefits of
including vitamin D supplementation in the routine
treatment of CF patients are not yet supported and
require additional study [20]. This study investigated
the effects of serum vitamin D levels on the need
of antibiotic treatment, hospitalization rate, and the
composition of the microflora of the lower respira-
tory airway (LRA) in pediatric CF patients in St. Pe-
tersburg, Russia.

MATERIAL AND METHODS

Patients and study procedures

Ninety-two pediatric CF patients, 49 boys and
43 girls, from 0 to 17 years of age were prospectively
enrolled at the City Childrens’ Hospital of St. Olga
in St. Petersburg, Russia. The diagnosis of CF the
followed the 2014 European Cystic Fibrosis Society
criteria [18]. Thirty-three patients were younger than
3, 21 were 3 to 6, 24 were 6 to 12, and 14 were 12
to 18 years of age. Fasting serum 25(OH)D was as-
sayed with an Architect 11000 autoanalyzer (Abbott,
USA) before the start of vitamin D, treatment. The
reagents and the control and calibration materials were
supplied by the device manufacturer. The range of
measurement was 4 to 160 ng/ml The equipment and
reagents were approved by the Federal Service on
Surveillance in Health Care and Social Development
of the Russian Federation for diagnostic use in medi-
cal practice. Serum 25(OH)D was assayed between
January and March 2017, October and December
2017, and March and April 2018. At those times of
the year in northwest Russia the available sunlight
is not sufficient to promote significant vitamin D
synthesis in the skin [3]. No patients were taking
vitamin D, supplements on a regular basis at enroll-
ment; preparations were prescribed at currently recom-
mended dosages [1, 19]. Water soluble formulations
were recommended, but the choice was made by the
patient. The objective was adherence to the regimen
at the recommended daily dose in international units.
Vitamin D, therapy continued throughout 2017 and the
first 6 months of 2018. If the serum 25(OH)D was <30
ng/ml 6 months after starting vitamin D, supplementa-
tion, then the dose was adjusted. Patients and/or their
legal guardians were asked about the regularity of
vitamin D, dosing when they returned for the second
and third 25(OH)D assay. Adherence to treatment was
<80% in 26 patients, and they were excluded from the
analysis. The numbers of exacerbations and days of

antibacterial therapy were retrieved from the patients’
hospital medical records, archived clinic records, and
outpatient medical records. Exacerbations were di-
agnosed and described based on generally accepted
criteria [5, 8, 16]. Bacteriological evaluation included
microflora typical of CF, and Pseudomonas aeruginosa
infections were considered chronic or intermittent as
described by Lee et al. [13]. The number of days
of antibacterial therapy, duration of hospitalization,
were recorded for each infection. Changes of the
composition of the LRA microbiota that accompanied
regular intake of vitamin D, were evaluated annually
from 2016 to 2018. The severity, form of disease,
and ages of patients with normal and deficient serum
25(OH)D concentrations were comparable.

Statistical analysis

Statistical analysis was performed with Statis-
tica 10.0. The results were reported as medians
and interquartile range. Nonparametric methods, the
Mann—Whitney and the Kruskal-Wallis tests, were
used to compare the values of two or more inde-
pendent quantitative variables. The chi-square and
Fisher’s exact tests were used to compare the val-
ues of independent categorical variables. The Wil-
coxon and Friedman tests were used to compare
the values of two or more dependent quantitative
variables. The McNemar test was used to compare
the values of dependent categorical variables, Cor-
relation analysis was performed by the Spearman
method. P-values <0.05 were considered statisti-
cally significant.

RESULTS AND DISCUSSION

The effects of vitamin D, supplementation on serum
25(OH)D and the use of intravenous antibiotics are shown
in Table 1. The initial serum 25(OH)D was normal in
18 of the 92 enrolled patients (19%) and < 30 ng/ml
in 74 (81%). In patients with normal baseline serum
25(OH)D, the number of days of intravenous anti-
bacterial therapy significantly decreased from 14.5
in 2016 to 5.5 in 2017. In patients with reduced se-
rum 25(OH)D at baseline, the need for intravenous
antibiotic therapy did not change, 14 days in both
2016 and 2017. The number of days of intravenous
antibacterial therapy and the vitamin D level were
negatively correlated (r=-0.226, p =0.03). Nor-
mal serum 25(OH)D levels were achieved by 38
of 66 treatment-adherent patients within 1 year of
treatment. Normalization was accompanied by a de-
crease in the number of days of intravenous antibiot-
ic therapy during follow-up. There was no reduction
in the number of days of intravenous antibiotics
in the 28 compliant patients who did not achieve
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Table 1 / Tabnuya 1

Dynamics of days of intravenous anti-bacterial therapy in compliant patients, depending on the achievement of normal

levels of vitamin D in the blood

OuHaMuka pHen BHyTpl/IBEHHOﬁ aHTM6aKTepMaﬂbHOﬁ Tepannmy KOMNNAEHTHbIX NAaUMEHTOB B 3aBMCUMOCTU OT AOCTUXKEHUA

HOPpManbHOro ypoBHA BUTAMMHA Ds KpoBMU

Level 25(OH)D, ng/ml / 2017 y. (days) / 2018 y. (days) /

VYposens 25(0OH)D, ur/min 2017 . (nun) 2018 r. (mHWN) p
> 30 (n=138) 14.0 (0.0-20.0) 0.0 (0.0-13.0) 0.0005
<30 (n=28) 14.0 (0.0-18.5) 6.5 (0.0-14.0) 0.49

Table 2 / Tabnuya 2

Dynamics of days of intravenous antibiotic therapy depending on normal serum vitamin D levels throughout the study
[uHaMuka aHel BHYTPUBEHHOM aHTUMOaKTepuanbHoOW Tepanuu B 3aBUCMMOCTU OT HOPMabHOroO YPOBHS BUTaMuHa D B cbi-
BOPOTKE KPOBM Ha NPOTAXKEHUU BCErO UCCNELOBaHMUS

Level 25(OH)D, ng/ml /
Vposens 25(0OH)D, ur/mna

2016 y. (days) /
2016 T. (nHM)

2017 y. (days) /
2017 1. (nHM)

2018 y. (days) /
2018 . (mHMN)

>30 (n=12) 14.0 (0.0-15.5) 0.0 (0.0-14.0) 0.0 (0.0-0.0)
<30 (n =43) 14.0 (13-27.0) 14.0 (0.0-21.0) 14.0 (0.0-15.0)
) 0.21 0.01 0.04

Table 3 / Tabnuya 3

Dynamics of the number of hospitalization in complementary patients, depending on the achievement of normal levels

of vitamin D in the blood

[OuHaMumKa uncna rocnmMtanusauui Y KOMMNNA€HTHbIX NAaUMEHTOB B 3aBUCUMOCTU OT AOCTUXKEHMA HOPMAJIbHOTO YpPOBHA

ButammHa D B KpoBu

Level 25(OH)D, ng/ml / 2017 y. (number) / 2018 y. (number) /

Vposeuns 25(0OH)D, ur/mna 2017 1. (KOJIUYECTBO) 2018 T. (KoIHUUYeCcTBO) p
> 30 (n=38) 1.0 (0.0-1.0) 0.0 (0.0-1.0) 0.002
<30 (n=21) 1.0 (0.0-1.0) 1.0 (0.0-1.0) 0.14

normal serum 25(OH)D levels. As shown in Table 2,
12 patients with 25(OH)D levels > 30 ng/ml had
no need for intravenous antibacterial therapy during
the 3 years of follow-up. Patients with low levels
continued to receive intravenous antibiotics annually
with the same frequency. In 2017, which was the
first year of follow-up, children with normal serum
25(0OH)D were prescribed oral antibiotics despite
the lack of need for intravenous antibiotics. Suc-
cessful treatment with oral drugs suggests that the
severity of the bronchopulmonary exacerbations had
been reduced by vitamin D, supplementation. Those

patients required neither oral nor intravenous anti-
biotic treatment during year 2 of follow-up. Main-
taining normal serum 25(OH)D levels not only re-
duced the need for intravenous antibiotics, but was
also associated with fewer annual hospitalizations.
The number of hospitalizations did not decrease in
patients with a low serum 25(OH)D (Table 3).
Pathogenic microflora were rarely detected in
the LRA of children with chronic and intermittent
exacerbations and normal serum 25(OH)D levels
(Table 4). The microbial landscape of the LRA in
patients with low levels was significantly differ-
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Table 4 / Tabnuya 4
Dynamics of infection depending on normal serum vitamin D levels throughout the study
[vHaMuKa MHOEKLMM B 3aBUCMMOCTM OT HOPMANbHOrO YPOBHS BUTAMUHA D B CbIBOPOTKE KPOBM HA MPOTSKEHUU BCETO
nccnenoBaHus

. Level 25(0H)D, ng/ml /
II/IanZ)(:;ZI;I;/I VYposens 25(0OH)D, Hr/mn p
<30 (n=43) | >30 (n=12)
2016
No / Her 4(9.3) 3 (25.0) 0.15
PA chron. 8 (18.6) 1(8.3) 0.39
PA inter. 9 (20.9) 0 (0.0 0.08
MSSA 26 (60.5) 8 (66.7) 0.69
MRSA 7 (16.3) 0 (0.0) 0.13
BCC 1(2.3) 0 (0.0 0.59
AX 0 (0.0) 0 (0.0) -
Other Gr «—» 5 (11.6) 3 (25.0) 0.24
2017
No / Het 4(9.3) 1(8.3) 0.92
PA chron. 9 (20.9) 0 (0.0 0.16
PA inter. 7 (16.3) 2 (16.7) 0.05
MSSA 26 (60.5) 8 (66.7) 0.69
MRSA 6 (13.9) 18.3) 0.07
BCC 1(2.3) 1(8.3) 0.14
AX 2 (4.6) 2 (16.7) 0.02
Other Gr «—» 14 (32.5) 3 (25.0) 0.62
2018
No / Her 6 (13.9) 0 (0.0 0.17
PA chron. 6 (13.9) 1(8.3) 0.61
PA inter. 6 (13.9) 2 (16.7) 0.81
MSSA 26 (60.5) 8 (66.7) 0.69
MRSA 2 (4.6) 0 (0.0 0.45
BCC 2 (4.65) 0 (0.0 0.45
AX 3 (6.9) 0 (0.0 0.35
Other Gr «—» 8 (18.6) 6 (50.0) 0.03
P > 0.05 > 0.05

Note / Ipumeuanue. No / Het (no chronic or intermittent infection / HET XpOHMYECKOH WJIM MHTEPMHUTTHUpYIOMEH HH(DEKIHH).
PA chron. (chronic Pseudomonas aeruginosa / xponuueckas Pseudomonas aeruginosa). PA inter. (intermittent Pseudomonas
aeruginosa / uHTepMUTTUpYIOWas Pseudomonas aeruginosa). MSSA (chronic methicillin-sensitive Staphylococcus aureus / xpo-
HHUYCCKUI METUIHMIUTUH-UYBCTBUTENbHBIN Staphylococcus aureus). MRSA (chronic methicillin-resistant Staphylococcus aureus /
XPOHUUYECKHIA METHIMJLIMH-PE3UCTEHTHBIN Staphylococcus aureus). BCC (chronic Burkholderia cepacia comlex / XpoHudeckas
Burkholderia cepacia comlex). AX (chronic Achromobacter xylosoxidans / xpouudeckas Achromobacter xylosoxidans).
Other Gr «—» (any other chronic or intermittent gram «—» flora, except for the above / mo6as npyras XxpoHHYecKas WM HHTEPMUT-
TUpYIOLIas rpaMOTpHLaTeNbHas (iiopa, KpoMe BBILICYKa3aHHOM).
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ent. In 2017 there was a tendency toward decreased
detection of pathogenic microorganisms in patients
with normal serum 25(OH)D but that was not ob-
served in patients with low serum 25(OH)D. With
time, pathogenic microflora appear in the LRA mi-
crobiota of all CF patients, which inevitably leads
to an increase in the amount of therapy and a
worsening of the course of the disease. The search
for novel treatments is ongoing, and the routine
addition of vitamin D supplementation may prove
to be one of them. Maintenance of a stable serum
25(OH)D concentration of > 30 ng/ml, decreased
the number of days of intravenous antibiotics, the
frequency of hospitalization, and a decrease in the
frequency of detection of pathogenic microflora in
the LRA.

CONCLUSION

Normalization and maintenance of a serum vita-
min D concentration of > 30 ng/ml reduced the num-
ber of days of intravenous antibacterial therapy, the
number of days spent in the hospital, the frequency
of hospitalization, and the infectious load. Despite
adequate doses of vitamin D, and patient adherence
to treatment, it was not possible to normalize serum
25(0OH)D levels and stabilize the clinical situation in
all patients.

The search for treatments that alleviate inflamma-
tion in the lungs in CF patients continues. Adjustment
of vitamin D levels may prove to be an effective
addition to current CF therapies. A decrease in the
number of infectious events would reduce the sever-
ity of damage to the pulmonary parenchyma, risk of
progression to respiratory failure, and improve patient
quality of life.

Conflict of interest: The study was financially sup-
ported by the charity foundation “Ostrova.”
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