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Summary

Premature birth remains a global healthcare issue due to ongoing challenges in prediction and prevention. Current predictors are
limited by low effectiveness, the need for invasive sampling, and the inability to identify at-risk patients in a timely manner to ensure
effective intervention. Multiple etiologies of preterm birth ofien involve an inflammatory component. Therefore, a deeper understanding
of the inflammatory mechanisms involved in preterm birth may provide opportunities for identifying new predictors of preterm labor:

Research objective: 70 study certain indicators of immune status in premature newborns, taking into account feeding practices.

Research materials and methods. T7e study involved 120 newborns, divided into 4 groups. the first control group consisted
of 20 healthy newborns exclusively breastfed; the second control group included 20 healthy newborns receiving mixed feeding;
the first main group consisted of 40 newborns with extremely low birth weight (ELBW) who were on parenteral nutrition with
minimal amounts of expressed breast milk (EBM); the second main group included 40 newborns with low birth weight (LBW)
who were on mixed enteral feeding, receiving 70% native EBM and 30% breast milk substitutes in their daily nutrition. Informed
consent was obtained from the childs parents for participation in the study. Statistical processing was performed using licensed
software Statistica (StatSoft Inc., Version 7) and Microsoft Excel (AtteStat, Version 12.5).

The results of the study A4 correlation was observed between the serum immunoglobulin G (IgG) levels and both gestational
age and birth weight. In the first main group, mean IgG levels were 1.6 times lower than those of healthy exclusively breastfed
newborns. In the second main group, IgG levels were 2.5 times lower compared with the first control group, which was statistically
significant and indicated the morphological immaturity of the immune system, correlating with the gestational age of the newborns.
Interleukin 10 (IL-10) were elevated in newborns with ELBW in the first main group (11.02+1.18 pg/mL) and in the second main
group with LBW (10.86%1.20 pg/mL), representing a 1.4-fold increase compared with the first control group (8.30+1.11 pg/mL) and
a 1.7-fold increase compared with the second control group (6.25+0.59 pg/mL) (p<.05). Cytokine profiling in premature newborns
revealed elevated interleukin 1§ (IL-1B) levels in the first group (7.92+0.67 pg/mL) and in the second group (5.78%0.78 pg/mL).

Conclusion. Cytokine analysis in premature newborns demonstrated increased IL-1f levels in the main groups compared
with healthy newborns. IL-10 levels were also elevated by 1.4 times compared to control values. Serum IgG concentrations in
ELBW neonates were 2.5 times lower than in healthy exclusively breastfed newborns, while serum immunoglobulin A (IgA)
concentrations in the second main group (LBW neonates) were twice as high as in _full-term newborns from both control groups.

Keywords: Immune Status of Preterm Infants, Cytokine Status, Feeding, Immunological Indicators.

Introduction

Preterm birth, defined as delivery before 37 completed
weeks of gestation, remains a leading cause of neonatal
morbidity and mortality globally. Its incidence varies
worldwide but remains comparatively low in Northern
European countries (5%—6%). Prediction and prevention
are complicated by heterogeneous etiologies; however,
obstetric history and cervical length assessment have
demonstrated utility in enhancing predictive accuracy [9].

Preterm birth continues to pose a significant global
healthcare challenge, primarily due to ongoing limitations
in effective prediction and prevention strategies. Existing
predictive methods are hindered by low sensitivity,
reliance on invasive sampling techniques, and failure
to identify at-risk patients early enough to allow timely
intervention. Multiple etiologies underlying preterm birth
commonly involve an inflammatory component. Therefore,
elucidating the inflammatory mechanisms contributing
to preterm labor may facilitate the identification of novel
biomarkers for early detection [6].

The infant gut microbiome plays a critical role in the
healthy development of multiple physiological systems
and is influenced by various dietary exposures. Maternal

diet during pregnancy, along with postnatal nutritional
practices, significantly affects the neonatal gut microbiota.
Breastfeeding promotes colonization with beneficial
microbial populations, whereas formula feeding has been
associated with increased microbial diversity. Additionally,
the timing of solid food introduction influences gut
microbiota composition. In preterm infants, the development
of gut microbiota is affected by factors such as postnatal age
and the extent of breast milk intake. Interventions including
the administration of probiotics and prebiotics have shown
promise in reducing morbidity and mortality among preterm
neonates. These findings underscore the importance of
continued research to assess the long-term health outcomes
associated with such interventions and to develop targeted
strategies for enhancing the gut microbiota in formula-fed
and preterm infants [1, 3].

Preterm birth represents a significant risk factor for
neonatal health, well-being, and long-term development
into adulthood. Compared with full-term neonates,
preterm infants exhibit increased susceptibility to various
morbidities, including thermoregulatory instability,
hypoglycemia, respiratory distress, apnea, jaundice, and
feeding difficulties [4].
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The fetal immune system is capable of initiating
a local or systemic inflammatory response upon exposure
to microbial pathogens or sterile stimuli (e.g., danger
signals or alarmins). The term fetal inflammatory response
syndrome (FIRS) describes a condition marked by evidence
of a systemic inflammatory reaction, frequently attributed
to activation of the innate immune system. FIRS is
typically diagnosed through elevated levels of acute-
phase reactants in umbilical cord plasma or neonatal
serum, including C-reactive protein and cytokines such
as interleukin 6 (IL-6). Histopathological indicators of
systemic fetal inflammation include funisitis and chorionic
vasculitis. FIRS was initially identified in the context of
intra-amniotic infection, particularly in cases involving
preterm labor with intact fetal membranes or in association
with premature rupture of membranes [7].

Research objective: To study certain indicators of
immune status in premature newborns, taking into account
feeding practices.

Research materials and methods

The study included 120 neonates, who were divided
into four groups as follows:

* First control group (n = 20): healthy full-term
neonates who were exclusively breastfed.

* Second control group (n = 20): healthy full-term
neonates receiving mixed feeding.

* First main group (n = 40): preterm neonates
with extremely low birth weight (ELBW) who received
parenteral nutrition with a minimal amount of expressed
breast milk (EBM).

* Second main group (n = 40): preterm neonates
with low birth weight (LBW) and either acute or chronic
neonatal respiratory disease (ONRD), who received
mixed enteral feeding consisting of 70% native expressed

maternal milk and 30% breast milk substitute (Pre-NAN,
Nestlé, Switzerland) as part of their daily nutritional intake.

This group distribution was designed to ensure
representativeness and the objectivity of comparative analysis,
as the study aimed to evaluate the immunobiochemical status
of neonates in relation to feeding type.

No statistically significant differences were found among
the groups regarding gestational age, birth weight, initial
postnatal weight loss and the time required for its recovery,
the presence of adverse perinatal factors, or the administered
treatments. This confirmed the homogeneity of the study
cohorts. Informed consent was obtained from the child’s
parents for participation in the study. Statistical processing
was performed using licensed software Statistica (StatSoft
Inc., Version 7) and Microsoft Excel (AtteStat, Version 12.5).

The results of the study

To evaluate cytokine status, serum levels of interleukin
1B (IL-1B) and interleukin 10 (IL-10) were measured in all
study groups (Table 2).

The analysis demonstrated elevated IL-1B concentrations
in preterm neonates. Specifically, the IL-1B level in the first
main group was 7.92 +0.67 pg/mL, while in the second main
group it was 5.78 + 0.78 pg/mL.

The mean birth weight in the first main group was 840.5 +
20.3 g, which was approximately half that observed in the
second main group, where the mean was 1713.7 £ 62.6 g.
Among healthy full-term neonates in the first control group,
the mean birth weight was 3254.2 + 76.3 g, with a gestational
age of 38.5 + 0.8 weeks and a length 0of 50.7 + 0.3 cm. . In the
second control group, the birth weight was 3471.2 £ 65.2 g,
with a gestational age of 39.4 + 0.7 weeks and a length of
51.6 £ 0.3 cm. In contrast, neonates in the first main group
had a length of 31.8 +£0.44 cm and a gestational age of 27.5 +
0.41 weeks. In the second main group, the length was 39.9 +
0.56 cm, with a gestational age 0of 33.6 + 0.7 weeks (Table 1).

Table 1
Anthropometric indicators of newborns
Control Group1 | Control Group Group 2 Group 3
(healthy, 2 (healthy, |[(preterm infants on parenteral feeding | (preterm infants on
Indicators breastfed) mixed feeding) | with minimal expressed breast milk) | mixed enteral feeding)
n=20 n=20 n=40 n=40
M m M m M m M m
Weight (g) 32542 | 76.3 | 3471.2 | 65.2 840.5*** 20.3 1713.7* 62.6
Height (cm) 50.7 0.3 51.6 0.3 31.8*** 0.44 39.9*** 0.56
Gestational age (weeks)| 38.5 0.8 394 0.7 27.5*** 0.41 33.6** 0.7
Note: *— The differences compared to the control group data are significant.
(*— P<.05, **— P<.01, ***— P<.001)
Table 2
Cytokine status of newborns
Control Group 1 Control Gro_up 2 _ Group 2 Gro_up 3
Indicators (healthy, breastfed) (he?lthyf mixed (prgterm .|nfanlts. on parenteral (preterm infants on
_ eeding) feeding with minimal expressed | mixed enteral feeding)
(pg/mi) n=20 n=20 breast milk) n=40 n=40
M m M m M m M m
IL-18 4.54 0.65 3.48 0.43 7.92** 0.67 5.78* 0.78
IL-10 8.30 1.1 6.25 0.59 11.02** 1,18 10.86** 1.20

Note: * The values are statistically significant compared to the control group.

(* = P<.05, **— P<.01, ***— P<.001)
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In the group of extremely preterm neonates with
early neonatal hypoxic encephalopathy (ENHE), the
concentration of the pro-inflammatory cytokine interleukin
1B (IL-1B) was found to be 1.75 times higher than in

IL-1P

Group 3

Group 2 ® Control Group 2

healthy neonates from the first control group (4.54 + 0.65
pg/mL) and 2.3 times higher than in those from the second
control group (3.48 + 0.43 pg/mL) (P < .05) (Table 2,
Figure 1).
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Figure 1. Cytokine IL-1B levels in the blood of newborns.

This increase is attributed to the immaturity of the
immune system associated with preterm birth and the
hyperactivation of compensatory protective mechanisms.
Importantly, elevated IL-1p levels may serve as a diagnostic
marker of systemic inflammatory response in this population.
In our study, neonates with neonatal inflammatory diseases
(NID) and elevated IL-1B concentrations were classified as
high-risk for sepsis and, consequently, received additional
antibacterial therapy. The association of IL-1J elevation with
both prematurity and inflammatory pathology underscores
the relevance of this cytokine in clinical risk stratification.

It is well established that the immune system plays
a key role in the pathogenesis, clinical progression, and
outcome of hypoxic and infectious diseases in newborns.

IL-10

A critical and informative marker of immune system
status during the early postnatal adaptation period is the
level of cytokine production — polypeptide mediators
that coordinate interactions among various physiological
systems. The release of both pro-inflammatory and
anti-inflammatory cytokines, along with acute-phase
proteins, constitutes a nonspecific immune response of
immunocompetent cells to antigenic stimuli of diverse
origins. Numerous studies have emphasized the diagnostic
significance of measuring serum levels of interleukin 6
(IL-6), tumor necrosis factor a (TNF-a), and interleukin
8 (IL-8) in neonates with infectious diseases, highlighting
their role as reliable biomarkers of neonatal inflammatory
and infectious pathology [2,8,10].
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Figure 2. Cytokine IL-10 levels in the blood of newborns.
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Interleukin 10 (IL-10) levels in newborns with ELBW
from the first main group (11.02 + 1.18 pg/mL) and
in those with LBW and ONRD from the second main
group (10.86 + 1.20 pg/mL) were elevated by 1.4-fold
compared with the first control group (8.30 + 1.11 pg/mL)
and by 1.7-fold compared with the second control group
(6.25 £ 0.59 pg/mL) (P < .05) (Fig. 2). IL-10, as an
anti-inflammatory cytokine, plays a regulatory role in
pulmonary development and surfactant synthesis in the
fetus [5]. Thus, elevated IL-10 levels in preterm neonates
who survived episodes of respiratory distress may be
considered a favorable indicator of successful adaptation
to extrauterine life. In our study, the increase in IL-10 in
preterm newborns was directly proportional to the stability
of their condition and survival rates.

To assess the humoral arm of immunity, serum
immunoglobulin (Ig) A and G concentrations in the blood
of newborns were studied (Figure 4.3). A correlation was

observed between IgG levels and both gestational age and
birth weight. In the first control group, the mean IgG level
was 6.8 + 0.2 g/L, compared with 5.5 + 0.09 g/L in the
second control group. In the first main group of ELBW
neonates with early neonatal hypoxic encephalopathy
(ENHE), the mean IgG concentration was 2.7 + 0.2 g/L,
while in the second main group of neonates with ONRD
and LBW, it was 4.2 £ 0.3 g/L (P <.01). In the first main
group, the IgG concentration was 1.6 times lower than in
healthy, exclusively breastfed neonates, and in the second
main group, it was 2.5 times lower than in the first control
group. These statistically significant differences reflect
the morphological immaturity of the immune system and
correlate with the gestational age of the neonates. . Notably,
in the second control group, despite functional maturity,
IgG levels were 20% lower than in the first control group
(Fig. 3). This variation is attributed to the use of mixed
feeding practices in this group.
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Figure 3. Levels of serum immunoglobulins A and G in newborns.

Despite the impact of exogenous and endogenous
stressors on preterm neonates, premature birth and artificial
feeding delay the activation of the nonspecific immune
response.

Notably, interesting findings were observed regarding
IgA levels. The lowest IgA concentration was recorded in the
first main group, where neonates with ENHE exhibited trace
levels of IgA (0.42 + 0.15 g/L), which was 2.8-fold lower
than in the first control group (1.19 + 0.24 g/L) and twice
as low as in the second control group (0.88 = 0.19 g/L).
In 18 (40%) neonates, IgA levels were below 0.1 g/L,
consistent with literature data indicating that IgA synthesis
at trace amounts normally begins around 30 weeks’ gestation
and, following antigenic stimulation by infectious agents,
may start as early as the 13th to 14th week of intrauterine
development. The second main group, comprising preterm
neonates with ONRD and LBW, demonstrated significantly
higher IgA levels (2.26 &+ 0.09 g/L) compared with healthy
neonates (1.19 + 0.07 g/L). This twofold increase in IgA
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OCOBJIUBOCTI IMYHOJIOI'TYHUX MAPKEPIB KPOBI Y HEAJOHOUWIEHUX HOBOHAPOJI KEHUX
1. T. Myxameodosa', I III. I'anicea', b. b. Pycmamos', 3. @. Mypmasaeea*

Byxapcbkuii 1ep:xaBHuil MeqnuHmii iHcTUTYT iMeHi AGy Adi i6H Cino',
AsiiicbKuii MiskHapoIHMii yHiBepcHTET?
(M. Byxapa, Y30ekucraHn)

Pesrome.

[NepemuacHi MONIOTH 3aJINIIAIOTECS I00AIBEHOIO IPOOIEMOIO0 OXOPOHH 310POB’S Uepe3 IMOCTiHHI BUKINKU y IPOTHO3YBAaHHI Ta
npodinakrumi. IcHyIoui npeauKTOpy 0OMeKeHI HU3bKOI0 e(heKTHBHICTIO, HEOOX1THICTIO iIHBa3UBHOTO BiJ0OOPY 3pa3KiB i HEMOXKIIUBICTIO
cBO€YacHOI ieHTHdikanii maieHTiB A1t 3a06e3ne4eH s e(peKTHBHOTO BTpyJaHHs. MHOXXUHHA €TiOJIOTis NepeayacHHX MOJIOTIB YacTo
BKJIFOYA€E 3aITalbHUN KOMIIOHEHT. ToMy IIHOIe po3yMiHHS 3alaJbHUX MEXaHi3MiB, [0 OEpyTh y4acTb y IepeIdacHUX II0JI0TaxX, MOXe
HaJlaTH MOMKJIMBOCTI JUIS BUSIBJICHHS! HOBUX IIPEAUKTOPIB MepeIacHUX MOJIOTIB.

Marepiaau Ta MeTOAH AOCHIAKeHHS. Y JTOCIIUKEHHI B3JIH ydacTh 120 HOBOHApOIKEHUX, sIKi Oyau po3noxineHi Ha 4 rpymnu:
[Nepura koHTpOIBHA IpyTia cKiIananacs 3 20 30pOBIX HOBOHAPOKEHHX, SIKi ITepeOyBalli Ha BUKIIIOUHO TPYJHOMY BHTOZOBYBaHHI. JIpyra
KOHTpPOJIbHA Ipyma BKiIodana 20 370poBUX HOBOHAPOMKEHHX, SIKi HepeOyBany Ha 3MilIaHOMY BHToZ0ByBaHHI. [lepia ocHOBHA Tpyma
cximananacs 3 40 HOBOHapOIPKEHUX 3 eKCTpeMabHO HI3bK0I0 Macoro Tina (EHMT), siki mepeGyBany Ha mapeHTepalbHOMY XapuyBaHHI
3 MiHIMaJbHOIO KUTBKICTIO 3LiPKeHOTo TpyaHoro Moioka (3I'M). JIpyra ocHoBHa rpyna Bkirodana 40 HOBOHAPOIKEHUX 3 HU3BKOIO
Macoro tina (HMT), sxi nepeGyBanu Ha 3MilIaHOMY HTEpPaJIbHOMY BHTOJOBYBAaHHI, OTPUMYIOUH B I[OACHHOMY XapuyBaHHI 70% Ha-
THBHOTO 311I[PKEHOT0 TpyfHOro Mojtoka Ta 30% 3aMiHHHUKA rpygHOro Mosioka. Ha y4gacTs y mociipkeHHI oTprMaHa iHpopMoBaHa 3roza
OarpkiB auTHHE. CTaTHcTHYHA 00po0Ka NMpoBeAeHa 3 BUKOPHCTaHHIM JILEH30BaHHUX mporpaM «Statisticay (StatSoft Inc., Version 7),
Microsoft Excell (AtteStat, Version 12.5).

MeTta pociaigxkennsi: BuBunuTH Jesiki NOKa3HUKH IMyHHOTO CTaTycy Y HEIOHOIICHUX HOBOHAPOMKECHUX JITeH 3 ypaxyBaHHIM
BUTO/IOBYBaHHSI.

Pe3yabraTn nocaimkenns. Criocrepiranacs kopessmis Mix piBHeM IgG Ta recraniiiHuM BikoM, a TaKOXX Macol0 Tijla IIpH Hapo.l-
JKEHHI. Y HepIIii OCHOBHIN rpymi cepenHiit piBens IgG OyB B 1,6 pa3u HIDKUMM, HDX y 310pOBUX HOBOHAPOIPKECHUX, SIKI IIepe0yBasn
Ha BHUKJIIOYHO TPyIHOMY BUTOOBYBaHHI. Y JOpyrii OCHOBHIHM Tpymi BiH OyB y 2,5 pa3u HIKYIMM, HIX y IepIIii KOHTPONbHIH rpymi,
o OyJI0 CTaTUCTUYHO 3HAYYIIHM i CBIIYMIIO IPO MOP(OJIOTiYHy HE3pUIiCTh IMyHHOI CHCTEMH, SIKa KOPEIIoBaJla 3 TeCTAI[IHHIM BIKOM
HoBoHapoykeHoro. 1JI-10 y HOBOHapOPKEHNUX 3 eKCTpeManbHO HU3bKoI0 Macolo Tita (EHMT) nepmoi ocHoBHOT rpynu (11,02+1,18
IIr/MIT) Ta Apyroi OCHOBHOI rpynu 3 Maioio Macoro tina (MMT) (10,86+1,20 nr/mi) takoxk OyB mixBumenuii B 1,4 pa3u HopiBHIHO
3 MIepUIOI0 KOHTPOJIBHOIO rpymnoo (8,30+1. 11 nr/mi) ta B 1,7 pa3a mopiBHAHO 3 Ipyrol0 KOHTPOJILHOIO Tpymoro (6,25+0,59 mr/mir)
(p<0,05). docmimkeHHs! UTOKIHOBOTO CTAaTyCy Y HEJJOHOIIEHNX HOBOHAPODKEHUX MOKa3alo mifsumieHHs pisas IL-1B y nepmiit rpymi
(7,92+0,67 nir/mi) Ta B mpyrii rpymi (5,78+0,78 nr/mi).

BucHnoBok. JlocitiukeHHS IUTOKIHOBOTO CTaTyCy y HEAOHOIICHNX HOBOHAPO/PKEHUX MPOAEMOHCTPYBAJIO HigBHIIeHHS piBHs [JI-11
B OCHOBHHX IpyTIax MOPIBHSHO 31 310pOBUMH HOBOHapopKeHUMH. 1J1-10 Takox OyB mifBumieHnit B 1,4 pa3u MOPiBHIHO 3 KOHTPOJIBHIMHI
3HayeHHAMH. PiBeHs IgG y cupoBari KpoBi HOBOHAPODKEHHUX 3 EKCTpeMalIbHO HI3bKoo Macoro Tina (EHMT) GyB y 2,5 pasa HipK4mM,
HDX y 3/I0pPOBHX HOBOHAPOIKEHHX, IKi ITepeOyBaii Ha BUKJIIOYHO IPYIHOMY BHTOZIOBYBaHHI, TO/1 SIK KOHLIeHTpawis [gA y napyriii rpymi
HEJJOHOIICHUX HOBOHAPO/PKEHNUX 3 HU3bKOI0 Macoro Tina (HMT) Oyna BaBivi BHIOIO, HIX y JOHOIICHNX HOBOHAPOKEHUX 3 HEpIIo]
Ta JPyroi KOHTPOJIBHUX IPYIL.

Kuaro4oBi cyioBa: imynnuii craryc nepeggacHo HapokeHUX 1iTell, IUTOKIHOBUI CTaTyc, BUTOJ0BYBaHHS, IMyHOJIOTI4HI MO-
Ka3HHKU.
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