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The level of antimicrobial peptides, which affects the course of the infectious process, depends on the concentration of
vitamin D in the blood serum. The analysis of anthropometric and laboratory data in 90 premature newborns was carried out
in the Stavropol Regional Clinical Perinatal Center and Stavropol Regional Clinical Perinatal Center Ne 1. Calcidiol medina in
the study group was 17.9 [12.2; 23.3] ng/ml. At the same time, 54 (60 %) infants had 25(OH)D deficiency.

Premature newborns who did not have an infectious process had a statistically significantly higher median calcidiol than
infants who had congenital pneumonia and died (20.1 [16.2; 33.0] ng/ml, 17.9 [10.8; 23.4] ng/ml (p<0.05) and 13.8 [10.1;
17.11 ng/ml (p<0.01), respectively). The cathelicidin level in the group of children with congenital pneumonia was 1.1 [0.5;
2.4] ng/ml, without it — 1.1 [0.6; 2.1] ng/ml, which is almost two times lower than in the group of deceased newborns.
The study found that a normalized level of 1.25-dihydroxycholecalciferol allows adequate synthesis of cathelicidin, leading
to a reduced risk of adverse outcomes from infectious processes in premature newborns.

Keywords: premature newborn, vitamin D, cathelicidin, congenital pneumonia

M3BECTHO, 4YTO OT KOHLEHTpaLUun BUuTaMmnHa D B CbIBOPOTKE KPOBU 3aBUCUT YPOBEHb aHTUMUKPOOHbIX NEeNnTUA0B, KOTO-
pbI BNMSET Ha TevyeHne MHMEKUMOHHOro npouecca. B CTaBponoibCKOM KpaeBOM KJIMHWYECKOM nepuHaTanibHOM LeHTpe
1 CTaBpOnosibCKOM KPaeBOM KJIMHMYECKOM MepuHaTanbHOM LeHTpe Ne 1 6bin NnpoBeAeH aHann3d aHTPOMOMETPUYECKUX U
nabopaTopHbIx AaHHbIX 90 HeAOHOLLEHHbLIX HOBOPOXAEHHbIX. MeanaHa kanbumanona B uccnegyemon rpynne — 17,9 [12,2;
23,3] Hr/mn. Mpun atom 54 (60 %) mnageHua nmenu gedpuumt 25(0H)D.

HenoHoleHHble HOBOPOXAEHHbIE 6e3 WMHPEKUMOHHOrO mnpouecca WUMenn cTtaTUCTMYecku 3HauyMmo 0Oonee BbICO-
Kyl0 MeamaHy KanbLnamona, 4em MaaaeHLbl C BPOXAEHHONM NMHEBMOHMEN n ymepwne — 20,1 [16,2; 33,0] Hr/mn, 17,9 [10,8;
23,4] Hr/mn (p<0,05) n 13,8 [10,1; 17,1] Hr/mn (p<0,01) cOOTBETCTBEHHO. YPOBEHb KaTeNMUManHa B rpynne getei ¢ Bpox-
neHHol nHeBmMoHuen coctasun 1.1 [0,5; 2,4] Hr/mn, 6e3 Hee — 1,1 [0,6; 2,1] HF/MJ, 4TO HUXE NPaKTUYECKU B 2 pa3a, YeEM B
rpynne ymepLunx HOBOPOXAEHHbIX. TaknMm o6pa3om, noaaepxxaHne KoHueHTpaummn 1,25-gurngpokcmxonekansundepona B
npeaenax GU3NOIOrMYECKOn HOPMbI MO3BONSIET CMHTE3MpoBaTh LL-37, 4TO CHUXaeT pUck pas3BUTUs HEBNAronpUSTHbIX
MCX0A0B Mpu MHPEKLIMOHHOM Npouecce.

KnroyeBbie cioBa: HEAOHOLEHHbIV HOBOPOXAEHHbIN, BUTAMUH D, katennunavH, BpOXAeHHasi MTHEBMOHUS
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CD3+CD19 - T-lymphocytes

ELISA - enzyme immunoassay
LL-37 - cathelicidin
RXR - retinoid X-receptors

VDR - vitamin D receptor
1.25(0H)2D - calcitriol
25(HE)D - calcidiol

from the period of human intrauterine

development, takes part in regulating the
functions of various organs and systems [1, 2].
Vitamin D is an essential prehormone involved in
many metabolic processes, possessing endocrine,
exocrine, and paracrine multisystem effects, and
calcidiol deficiency is recognized as a pandemic with
many negative health consequences [3-5]. In 50—
90 % of adults and children in Russia, low vitamin D
and children’s vitamin D concentrations have been
registered, as evidenced by studies [6].

The fetus cannot synthesize its own 25(0OH)D. Thus,
the vitamin D concentration in the newborn depends on
its level in the mother’s serum. The mother’s calcidiol
is transferred to the fetus through the placenta. After
that, 1.25-dihydroxycholecalciferol is synthesized using
the enzyme 1-a-hydroxylase. It should be noted that
the metabolism and transmission of vitamin D and its
effect on the placenta have not been thoroughly studied
[7-9].

Hormonal relationships in the «mother — placenta —
fetus» system consist not only of metabolism,
nutrition, and barrier protection, from the point of
view of embryonic development but also of providing
biologically active substances, which include 25(OH)D
and its metabolites [10]. In addition, the establishment
of calcidiol depot during the prenatal period provides
several functions essential for growth and development,
including regulating cell differentiation and apoptosis,
immune system, and brain development in the child [11].
Cathelicidins belonging to the group of antimicrobial
peptides express bactericidal activity against bacteria
and fungi [12]. LL-37 consists of 37 amino acid residues
[13]. The presence of bacteria, viruses, and fungi
contributes to synthesizing cathelicidin, which lyzes the
infectious pathogen [14].

Generalization of scientific data proves that
calcidiol levels affect the concentration of antimicrobial
proteins that influence the course of the infectious
process [15]. For example, an association was found
between insufficient concentration of 25(0OH)D and the
development of respiratory tract infections in newborns.
Sufficient synthesis of 1.25-dihydroxyvitamin D3
increases the production of cathelicidin. With calcidiol
deficiency (<20 ng/ml), the production of LL-37 is
reduced [16]. In general scientific availability, there
are few studies on the effect of calcidiol intake during
pregnancy on the synthesis of LL-37.

Our study aims to analyze the concentration of
calcidiol and antimicrobial peptide cathelicidin in the
serum of premature neonates with and without congenital
pneumonia.

Material and Methods. From February 2018 to
January 2020, in the Stavropol Regional Clinical Perinatal
Center and Stavropol Regional Clinical Perinatal Center

Many studies indicate that 25(OH)D, starting
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Ne 1, 90 premature newborns were examined, and
anthropometric and laboratory data were analyzed.
There were 40 girls (44.4 %) and 50 boys (55.6 %).
Fifty two (57.8 %) children were born through cesarean
section operation, 38 (42.2 %) infants were born through
the natural birth canal. The gestational age of premature
newborns was 31.0 [29.0-33.0] a week. The weight
of infants at birth was 1490.0 [1100.0; 1900.0] grams.
Height — 41.0 [36.0; 45.0] cm.

At the same time, 56 (62.3 %) premature newborns
had pneumonia that occurred in the first 72 hours of life,
24 (26.8 %) did not have this pathology, 7 (7.7 %) new-
borns died in the first week of life, 3 (3.2 %) infants from
the 8th to the 28th day of life.

The ELISA method was used to determine the con-
tent of calcidiol and LL-37 in blood serum, which was
sampled in the first 72 hours of life. The serum calcidiol
index <10 ng/ml corresponds to a severe deficiency of
25 (OH)D; from 10 to 20 ng/ml — deficiency; from 20 to
30 ng/ml - insufficiency; the optimal level is >30 ng/ml
[17]. There are no established criteria for evaluating the
cathelicidin index.

Using the add-in to Excel AtteStat (Analytera, Russian
Federation), we conducted a statistical assessment and
analysis of the data. Shapiro — Wilk test was used to test
normality. The median (Me), 1st and 3rd quartiles were
determined for each indicator in the studied groups [25Q;
75Q]. The Mann — Whitney U-test was used to compare
numerical indicators in different groups. The Pearson
pair correlation coefficient (r) was used to estimate the
linear relationship between the indicators. The difference
was considered statistically significant at p<0.05.

Results and Discussion. Preterm newborns were
born at a tertiary care hospital to high-risk mothers.
In the group of children without congenital pneumonia,
ventilation was required in 12.5 % of cases, whereas
children with congenital pneumonia and deceased
infants in 64.3 % and 100 % of cases, respectively.

The median calcidiol level in the study group was 17.9
[12.2; 23.3] ng/ml. Calcidiol levels <10 ng/ml were in 12
(13.3 %) premature newborns, 10-20 ng/ml - 42 (46.7 %),
20-30 ng/ml — 20 (22.2 %) children, and only 16 (17.8 %)
premature newborns had a concentration of 25(0OH)D >
30 ng/ml. The levels of calcidiol and LL-37 in premature
newborns of the studied groups are shown in Figure 1.

After analyzing laboratory parameters, it can be
concluded that the vitamin D concentration in the blood
serum of premature newborns with an infectious process
was statistically significantly lower than in children without
it (p<0.05). The concentration of calcidiol in the blood
serum of deceased infants was 1.3 times lower than in
newborns born prematurely with pneumonia (p>0.05).
It was detected in the first 72 hours of life and was
1.5 times lower than in children without it (p<0.01).

In newborns born prematurely, who do not have an
infectious process, and infants with pneumonia detected
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in the first three days after birth, 90
the LL-37 index did not differ. The

LL-37 index was almost two times s
lower in deceased infants than in 60
premature newborns with congenital 45

pneumonia and children without it
(p>0.05) (Fig. 2).

A statistically significantly
positive relationship was found
between the level of calcidiol and

25(OH)D level, ng/ml

-

017 7ﬁl3,8*

cathelicidin in deceased premature
newborns (r=0.71, p<0.05).

As the results of recent studies
show, vitamin D affects many body

No infection

Congenital pneumonia The deceased

Fig. 1. Calcidiol levels in premature newborns in different groups

functions. Calciferol deficiency in

pregnant women and young children

increases the risk of non-infectious

and infectious pathologies [18].

Role 25(OH)D during pregnancy,

perinatal outcomes and the

formation of a child’s health is of
considerable importance [19].
Calcitriol is involved in the regulation

LL-37 level, ng/ml
S =N WA NS ® O

of phosphorus-calcium metabolism
and affects the work of immune cells.
Vitamin D receptor (VDR) discovered
in immune cells (on unformed
lymphocytes of the thymus and mature CD8 cells,
CD3+CD19+, macrophages) served as confirmation
of the role of calcidiol in the immune system. 25(0OH)
D protects against infectious pathology by modulating
innate and adaptive immunity. For the first time, the
relationship between infection and 25(OH)D was written
more than 150 years ago [7, 13].

Calcitriol is the active form of vitamin D3 and increases
phagocytic function and chemotaxis of immune cells.
Bacteria, viruses, and fungi are recognized by Toll-
like receptors that enhance the expression of VDR
and 1o-hydroxylase. After transport to cell 25(0OH)D is
metabolized into the active form - 1.25-dihydroxyvita-
min D. 1.25(0H)2D3 forms a compound with VDR and
RXR, which activates the synthesis of many antimicrobial
peptides and proteins, for example, B-defensin-2 and
LL-37 [13, 14, 20]. 1.25-dihydroxyvitamin D3 binding to
VDR increases the expression of LL-37 at the gene level.
Cathelicidin molecules realize their antibacterial abilities
in phagosomes [14]. The 1.25(0OH)2D produced in
macrophages objectively causes paracrine effects, acting
on the function of T- and B-lymphocytes and monocytes.
In addition to the signaling of Toll-like receptors, the
expression of 1la-hydroxylase is influenced by other
cytokines, such as interferon-y or interleukin-4 [18].

In countries where alarge proportion of the population
is vitamin D deficient, several studies have linked low
calcidiol levels to the risk of respiratory and other
infectious diseases. For example, a study conducted
in Turkey involving 30 full-term newborns who were
admitted to the intensive care unit with respiratory tract
infection after birth and 30 healthy ones showed that the
average level of 25(0OH)D in patients in the study group
was 29 nmol/l (20-31 nmol/l) compared with 43 nmol/I
(34-52 nmol/I) for the control group [21].

No infection

The deceased

Congenital pneumonia

Fig. 2. The level of cathelicidin in premature newborns in different groups

On the other hand, vitamin D deficiency increases the
risk of sepsis. Calcidiol may reduce the risk of sepsis by
increasing the level of cathelicidin. Scientific evidence
in the literature studies the relationship between the
concentration of 25(0OH)D in mothers and newborns and
the risk of sepsis in newborns [22, 23].

Quite comparable to the data of foreign colleagues,
for example, from 2015 to 2016, a study on the effect
of calcidiol deficiency as a possible risk factor for late-
onset sepsis in premature and preterm newborns was
conducted in northern India. The average vitamin D level
in the main group was significantly lower than in the
control group — 15.4 ng/ml and 21.4 ng/ml (p=0.001),
respectively. Women who gave birth to children with late
sepsis also had significantly lower vitamin D levels than
mothers of children from the control group — 17.9 ng/ml
and 23.7 ng/ml (p=0.004), respectively [24, 25].

Conclusion. The analysis of laboratory data allows
us to conclude that there is a 25(0OH)D deficiency in
60 % of newborns born prematurely. Newborns born
prematurely, without an infectious process, had a higher
median of 25(OH)D - 20.1 [16.2; 33.0] ng/ml than infants
with pneumonia detected in the first 72 hours of life —
17.9 [10.8; 23.4] ng/ml (p<0.05) and deceased -
13.8 [10.1; 17.1] ng/ml (p<0.01). The cathelicidin index
of deceased newborns was significantly lower than in
infants with pneumonia that occurred in the prenatal
period and manifested itself in the first three days of life
after birth.

The immunotropic effect of vitamin D realized through
the production of antimicrobial peptides, affects the
prognosis of infectious processes in newborns. Vitamin
D deficiency, correlated with decreased LL-37 levels, is
an unfavorable factor that increases the risk of death in
congenital pneumonia.
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