MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

SUMY STATE UNIVERSITY

ACADEMIC AND RESEARCH MEDICAL INSTITUTE

Eastern Ukrainian Medical Journal

116, Kharkivska st., Sumy 40007, Ukraine eumj.med.sumdu.edu.ua
e-mail: eumj@med.sumdu.edu.ua ISSN: 2663-5909 (print)/2664-4231 (online)
© 2024 by the author(s).

Thiswork is licensed under Creative Commons Attribution 4.0 International License ‘@ @ \

https://creativecommons.org/licenses/by/4.0/

How to cite / SfIx untyBatu crartio: Popov S, Profatylo A. Interrelationship between indicators of local and systemic
inflammatory reaction in newborns with neonatal encephalopathy. East Ukr Med J. 2024;12(3):587-596
DOI: https://doi.org/10.21272/eumj.2024;12(3):587-596

ABSTRACT
Serhiy V. Popov
https://orcid.org/0000-0002-1789-1474
Department of Pediatrics, Sumy State
University, Sumy, Ukraine

Anastasiia O. Profatylo
https://orcid.org/0000-0002-8032-7323
Department of Pediatrics, Sumy State
University, Sumy, Ukraine

INTERRELATIONSHIP BETWEEN INDICATORS OF LOCAL
AND  SYSTEMIC INFLAMMATORY  REACTION IN
NEWBORNS WITH NEONATAL ENCEPHALOPATHY

Introduction. Neonatal encephalopathy is one of the most common
diseases in newborns. Several factors influence the development of
neonatal encephalopathy including adverse obstetric history, fetal distress,
meconium-containing amniotic fluid and cesarean section. In moderate
and severe neonatal encephalopathy, damage to internal organs, local and
systemic inflammation may occur. Cytokines, which are activated in the
central nervous system and released in response to its damage, play an
important role in brain inflammation caused by neonatal encephalopathy.
C-reactive protein is also a possible biomarker of neonatal encephalopathy
severity, being considered a protein of the innate immune system with
anti-inflammatory properties. The state of the inflammatory response can
be influenced by a local inflammatory reaction, as a result of which
children with neonatal encephalopathy have been shown to have increased
levels of fecal calprotectin in the first weeks of life. Also, one of the
results of the transferred inflammatory reaction is a change in the
composition of the neonatal intestinal microbiome.

Objective. To study risk factors for neonatal encephalopathy in
newborns, the features of the relationship between local and systemic
inflammatory response parameters in asphyxia of varying degrees, and the
features of severity and control of inflammatory response parameters.

Materials and methods. The study was conducted in 119 full-term
newborns, of which 87 children had neonatal encephalopathy and 32
healthy children. To determine the features of severity and control of
inflammatory response parameters, group A was identified, which
included 60 newborns, 46 of them with moderate neonatal
encephalopathy, 14 with severe neonatal encephalopathy. The study was
conducted using a culture method to determine the composition of the
intestinal microbiome in feces. Using a semi-automated Thermo Scientific
Multiskan FC enzyme immunoassay analyzer, the level of fecal
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calprotectin in feces and C-reactive protein and interleukins 1f and 10 in
the blood serum were estimated by the enzyme immunoassay. The results
were analyzed using SPSS version 28.0. The correlation between the
parameters was analyzed using the Pearson correlation coefficient. The
odds ratio was used to quantitatively describe the closeness of the
relationship between the features in the statistical population. Binary
logistic regression was used to determine the dependencies of the severity
of the inflammatory reaction and create a model for calculating its
severity.

Results. Risk factors for neonatal encephalopathy included mother’s
acute respiratory infections and fetal distress. Bifidobacterium levels were
positively correlated throughout the study, and there was also a
relationship with lactobacilli in the control and non-probiotic treated
neonatal encephalopathy groups. E. coli values were positively associated
with opportunistic pathogens in the control and probiotic treated groups.
Fecal calprotectin was negatively correlated with birth weight and height,
Apgar scores, and gestational age. Fecal calprotectin levels were
positively correlated with E. coli and opportunistic pathogens in healthy
neonates. In children with neonatal encephalopathy interleukin 1p and 10
values were positively associated with fecal calprotectin, interleukin 1
were positively correlated with interleukin 10 and C-reactive protein.

Conclusions. The most significant risk factors for the development of
neonatal encephalopathy are mother’s acute infectious diseases and fetal
distress. The severity of hypoxia/asphyxia at birth correlated with the
levels of interleukin 1B and 10 at 2 and 5 weeks of life, and
Bifidobacterium at 2 weeks of life. The severity of the inflammatory
response in the study population was characterized by a change in the
level of interleukin 1P and Bifidobacterium at 2 weeks and a change in the
level of interleukin 10 at 5 weeks.

Keywords.  Neonatal encephalopathy,
calprotectin, interleukin, C-reactive protein.
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B3AEMO3B'SI30K MIK TOKABHUKAMM MICIHEBOI TA
CHUCTEMHOI 3AITIAJIBHOI PEAKIIIi Y HOBOHAPO,I)KEHUX 3
HEOHATAJIBHOIO EHHEDAJIOITATIEIO

Beryn. HeonaraneHa eHnedanomatis € oMHIM 3 HAHITOMIMPEHIITHX
3aXBOPIOBAaHh Yy HOBOHApOIKeHHX. Jleski (akTopu BIUIMBAIOTH Ha
PO3BUTOK HEOHATaIbHOI eHIledasonaTii, BKIOYAIOYH  OOTKSHUI
aKylmepchkuii aHamHe3, (heTaTbHUN AWCTpeC, MEKOHialbHI aMHIOTHYHI
BomM Ta KecapiB po3tmH. Ilpm cepemHOMy Ta TSXKKOMY Hepediry
HEOHATANIbHOI eHIedanonarii MoXe CHOCTepiraTucs sSK BUHUKHEHHS
YpaKeHHS BHYTPIIIHIX OPraHiB, TakK i JIOKaJbHE Ta CHCTEMHE 3alaJICHHS.
BaxuBy pomb y 3amalicHHI MO3KY, SKE€ BHKIMKAHE HEOHATAIBEHOIO
eHuedayonarielo, BiJIrparoTh IMTOKIHM. BOHM  aKTHBYIOTBCS Y
LCHTPaIbHIl HEPBOBIA CHCTEMi Ta BUBUIBHSIOTHCS Y BINNOBiAb Ha il
momkoKeHHs. Takoxk, C-peakTUBHHN OUIOK € MOXKIIBHM OioMapKepoM
CTYyIIeHsI TSDKKOCTI HEOHATallbHOi eHnedasonaTii, BBaKaroUnch OLIKOM
YPOKEHOT IMyHHOT CHCTEMH i3 TPOTHU3ANaJbHUMHU BIACTUBOCTAMHU. Ha
CTaH 3amajbHOI BiJNOBIJI MOYKE BIUIMBATH JIOKAJbHA 3allaibHA PEaKIIis,

BHACTIIOK SKOI y AiTeHl 13 HEOHATAIBHOIO eHIle(haNonaTielo BiAMIYEHO
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IIiABUILIEHHS PiBHIB (PEKaTbHOTO KaJIBIIPOTEKTHHY Y MEPLIi THXKHI XKHUTTSI.
Takox, OHUM 13 pe3yJbTATiB TMEPEHECEHOI 3alalbHOI peakilii, € 3MiHa
CKJIaJly HEOHATATFHOTO KHUIIIKOBOTO MIiKpOOioMy.

Meta. BuBueHHs (akTOpiB pHU3HUKY PO3BHTKY HEOHATAJIBHOI
eHredanonarii 'y HOBOHAPOKEHUX, OCOOIMBOCTEH B3a€MO3B'S3KY
MMOKA3HUKIB JIOKAJBHOI Ta CHCTEMHOI 3amaiibHOI peakmii mpu acdikcii
PI3HOTO CTYIEHS, 0COOJIMBOCTI BUPAXXEHOCTI Ta KOHTPOJIO MOKa3HUKIB
3amagbHOT PeaKiiil.

Marepiamm  Ta Metomm. JlocmipkeHHs mpoBeaeHo y 119
JIOHOILIICHNX HOBOHAPOJUKEHHX, 3 SKMX 87 AiTed Malu HeOHaTalbHY
eHIedanonario Ta 32 370poBuUX HAiTel. [ BU3HAUCHHS 0COOIUBOCTEH
TSDKKOCTI Ta KOHTPOJIIO TIApaMeTPiB 3aITaIbHOI BiAIOBIII BUALIEHO TPYITy
A, 1o sxoi yBiifimum 60 HOBOHApOIKEHHX, 3 HuUX 46 — 3 MOMIpHOIO
HEOHATAIFHOIO eHmedarnomnariero, 14 — 3 THKKOI HEOHATAIBHOIO
eHnedanomnariero. JIOCTHiHKEHHS TPOBOIWIN KyJIbTYPAISHIM METOIOM
JUTS BU3HAYCHHs CKJIaTy KHIIKOBOTO MiKpoOioMy y ¢ekamnisx. Meromom
iMyHO(pepMEHTHOTO  aHaNi3y  BU3HAYaJIM  piBeHb  (PEKaIBLHOTO
KaJIbIPOTEKTHHY B Kaii Ta C-peakTUBHOTO O1NIKY, iHTepIeikiniB 1110y
CHpOBAaTIi KpOBI HA  HaliBaBTOMaTUYHOMY IMyHO(EPMEHTHOMY
anamizatopi Thermo Scientific Multiskan FC. Pe3ynbratu anamizysanu 3a
nornomoroto  SPSS  Bepcii  28.0. Kopensauiro Mik napameTpamu
aHaJi3yBall 3a JOMOMOrOK  KoedimieHTa Kopemsamii Ilipcona.
BigHOmIeHHS MIAHCIB BHKOPUCTOBYBAJOCS MU KUIBKICHOTO —OIHCY
TICHOTH 3BSI3KY MDXK O3HAaKaMH B CTaTHCTHYHIA CyKymHOCTi. Jlis
BU3HAYEHHS 3aJISKHOCTEH TSKKOCTI 3alaybHOI peakiii Ta CTBOPEHHS
MONeNi UIA PO3paxyHKy I TSHKKOCTI BHKOPHCTOBYBAIH OiHapHY
JIOTICTHYHY PETpPECito.

Pesyabratn. ®akTopu pU3MKY HEOHATAIbHOI eHIedaronaTii
BKJTFOUAJIM TOCTPI pecmipaTtopHi iH(peKIii MaTepi Ta aucTpec miona. PiBHi
6ihinoOakTepiii MO3UTHBHO KOPEITIOBAIM MPOTATOM YChOTO JTOCIIHKESHHS,
a TaKoX BIJMIYE€HO 3B’SI30K 3 JIAKTOOAKTEPISIMH B KOHTPOJIbHIM IpyIi Ta
rpymax, sKi He OTpuUMyBalu npoOioTuk. 3HaueHHs E. coli Oymm
MO3UTHBHO TMOB’A3aHI 3 YMOBHO-TIATOTEHHUMH MIKpOOpraHi3MaMu B
KOHTPOJIBHIH TPyTIi Ta TPyHax, siKi OTPUMYBAJH MPooioTHku. DexanmsHmii
KaJIBIIPOTEKTHH HEraTHBHO KOpPENIOBaB 13 Barol0 Ta 3pOCTOM MpH
HapOJDKEHHI, KA AITrap Ta TecTalliifHuM BikoM. PiBHI (exanpHOTO
KaJILIIPOTEKTHHY MO3UTUBHO KopemoBain 3 E. coli ta ymoBHO-
NaTOreHHUMHU MIKpOOpraHi3MaMu y 3/I0pPOBHX HOBOHAPO/KEHHX. Y HiTei
3 HEOHATAIBHOI eHledanomnariclo 3Ha4eHHs iHTepielkiHiB 1B Ta 10
OynM  TIO3UTHMBHO TMOB’S3aHI 3 (JEKAIBHMM  KaJIBIIPOTEKTHHOM.
Inrepneiikin 1B mo3uTHBHO KopenmtoBaB 3 iHTepuieiikinom 10 Ta C-
PEaKTUBHUM OLITKOM.

BucnoBkn. HaiiOutbimr icTOTHUMH (aKTOpaMu PU3UKY PO3BUTKY
HeoHaTabHOI eHIedanonartii € rocTpi iH(peKuiliHi 3aXBOPIOBaHHS MaTepi
Ta JAWCTpec Iulofa. TSDKKICTh rimokcii/acgikcii mpu  HapoPKeHHI
KOpeJroBasia 31 3HaueHHsAMHM iHTepuierikiHy 1B Ta 10 Ha 2 Ta 5 TwxHI
x*uTTst Ta Bifidobacterium y Bimi 2 TmwxHIB. TsKKiCTh 3amanbHOL
BIIMIOBiI B JOCITiKYBaHIH TOMYJSIil XapaKTepu3yBayiacsi 3MiHOIO
BenuurH iHTepielikiny 1f Ta Bifidobacterium nHa 2 TwxHI Ta 3MiHOIO
KOHIEHTpalil inTepieiikiny 10 Ha 5 THKHI.

KnarouoBi ciaoBa. HeonarampHa enHnedanonarisi, MikpoOiom,
(exanbHUI KaIbIPOTEKTHH, iHTepIIelKiH, C-peakTHBHHUI OUIOK.
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INTRODUCTION / BCTYIT

Neonatal encephalopathy (NE) is one of the most
common pathologies in newborns [1, 2]. The incidence is
especially high in low-income countries [3]. NE is
characterized by dysfunction of the nervous system,
including changes in muscle tone, reflexes, and level of
consciousness of the newborn [4]. In moderate and
especially severe cases of NE, damage and dysfunction of
internal organs can be observed, caused by both hypoxia-
ischemia and inflammatory reactions [2, 5]. A number of
factors can influence the development of NE, including a
burdened obstetric history, fetal distress, meconium-
containing amniotic fluid, and cesarean section [6, 7].
Inflammation is one of the important conditions leading
to damage to the central nervous system [8]. The
consequences of such a reaction can trigger tertiary
mechanisms of brain damage, including a decrease in the
number of neurons and epigenetic changes, with their
possible persistence for a long period of time [9].

Interleukins are markers of the systemic inflammatory
response. They are multifunctional immune mediators
that regulate cellular immunity and the inflammatory
response. They are activated in glial cells and astrocytes
of the central nervous system and are released in response
to brain injury. Thus, cytokines play an important role in
brain inflammation caused by NE [10, 11] and are
potential biomarkers of the severity and outcome of NE
[12]. C-reactive protein (CRP) is an acute phase protein
and a sensitive marker of inflammatory reactions [13]. It
is considered a protein of the innate immune system, has
anti-inflammatory properties, which may be related to its
ability to increase the expression of IL-1 receptor
antagonist [14], therefore CRP is a possible biomarker of
the severity of NE [15].

The state of the inflammatory response can be
influenced by a local inflammatory reaction, in
particular at the level of the gastrointestinal tract. It is
characterized by an increase in intestinal markers of
inflammation, one of which is fecal calprotectin (FC)
[16]. This is an acute phase protein that increases in the
presence of an inflammatory reaction, is secreted by
epithelial cells and shows the movement of neutrophils
into the intestinal lumen [16, 17]. The study of FC
indicators is usually performed to diagnose various
intestinal diseases, including inflammatory, allergic and
organic lesions [18]. Some studies have noted an
increase in the diversity of intestinal microflora, which
may be associated with the inflammatory reaction in
children with NE [19]. Changes in intestinal

microbiome indicators were identified, including the
number of bifidobacteria [20], lactobacilli [20], E. coli
[21] and opportunistic pathogens [21]. The reasons may
be different, including those associated with increased
contamination with microorganisms during the specific
care and treatment of newborns [22, 23].

The aim of our work was to study the risk factors for
the development of neonatal encephalopathy in
newborns, the features of the relationship between the
indicators of local and systemic inflammatory response in
asphyxia of varying degrees, the features of the severity
and control of the indicators of the inflammatory
response.

Materials and methods

The study was conducted on 119 full-term newborns,
of which 87 had neonatal encephalopathy and 32 healthy
children were included in the control group. The
gestational age of the patients was 36 weeks or more,
weight more than 2500 g. To determine the features of
the severity and control of inflammatory response
indicators, group A was identified, which included 60
newborns, 46 of them with moderate NE, 14 with severe
NE. The presence and severity of neonatal
encephalopathy were determined using the modified
Sarnat scale [24]. To assess the level of probiotic impact
on inflammatory response indicators in the main group,
subgroup B was identified, which included 27 children.

At 2, 3 and 5 weeks, the composition of the
microbiome and the value of fecal calprotectin were
determined, at 2 and 5 weeks, the levels of C-reactive
protein, IL-1p and IL-10 were detected. The study was
conducted using the culture method to determine the
composition of the intestinal microbiome in feces. The
values of microorganisms were defined as log10 colony-
forming units/gram of feces. An enzyme immunoassay
was also used to assess the level of fecal calprotectin
(mg/ml) in feces and C-reactive protein and interleukins
I and 10 (pg/ml) in the blood serum. Laboratory
diagnostics of the above-mentioned indicators were
carried out using a semi-automated enzyme immunoassay
analyzer Thermo Scientific Multiskan FC. The analysis
of the results was carried out using SPSS version 28.0
(IBM, New York, USA). The correlation between the
parameters was analyzed using the Pearson correlation
coefficient. The odds ratio (OR) was used to
quantitatively describe the tightness of the relationship
between features in the statistical population. Statistically
significant were values of p < 0.05. Binary logistic
regression was used to determine the dependencies of the
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severity of the inflammatory reaction and to create a
model for calculating its severity.

The design of research was endorsed by the
Commission on Bioethics Meeting of the Educational and
Scientific Medical Institute of Sumy State University and
were performed in accordance with the ethical standards
set out in the Declaration of Helsinki.

Results

The odds ratio indicator assessment showed possible
risk factors for the development of NE (Table 1). Acute
respiratory infections increased the likelihood of
developing neonatal encephalopathy by 12 times (OR
0.07; p=0.002). Fetal distress was an 8-fold risk factor for
the development of NE (OR 0.11; p=0.02). Meconium
amniotic fluid increased the likelihood of NE by 5 times,
but these data were not significant (OR 0.17; p=0.05).
Some conditions increased the odds of developing NE by
three times, including COVID-19 (OR 0.35), placental
petrification (OR 0.35), gestational hypertension (OR
0.35), umbilical cord entanglement (OR 0.42), by two

times placental infarctions (OR 0.51), and anemia (OR
0.43), but the results were not significant (p>0.05). The
conducted study of correlation dependencies revealed a
positive association between the number of bifidobacteria
at 2 week and lactobacilli at 2 week in healthy newborns
(0.47, p=0.007) and newborns with NE, but a strong
association was found only in the latter (Table 2). A
positive correlation was found between the number of
bifidobacteria at 2 week and opportunistic pathogens at 2
week in children with NE taking the probiotic (0.443,
p=0.039) and healthy children (0.647, p<0.001). A weak
positive correlation was observed between the number of
bifidobacteria at 2 week and Apgar 1’ and Apgar 5’
scores in children with NE. At the age of 5 weeks, the
levels of bifidobacteria weakly positively correlated with
lactobacilli at 5 week in the control group (0.575,
p<0.001) and in children with NE (Table 3). Also, at
week 5, a positive correlation was noted with E.coli at
week 5 in healthy children (0.64, p<0.001).

Table 1. Odds ratio of risk factors for neonatal encephalopathy

Pathology OR SE Cl Cl p
Acute respiratory infections during pregnancy 0,071429 | 1,050321 | 0,009116 0,559659 0,002
Fetal distress 0,114583 | 1,055469 | 0,014477 0,906891 0,02
Meconium amniotic fluid 0,175 1,064208 | 0,021735 1,408999 0,05
COVID-19 during pregnancy 0,347619 | 1,09082 0,040981 2,948687 >0.05
Placental petrification 0,347619 | 1,09082 0,040981 2,948687 >0.05
Gestational hypertension 0,347619 | 1,09082 0,040981 2,948687 >0.05
Umbilical cord entanglement 0,415584 | 0,801404 | 0,086395 1,999071 >0.05
Placental infarction 0,513333 | 1,116387 | 0,057559 4,578123 >0.05
Anemia during pregnancy 0,429825 | 0,603909 | 0,131593 1,403942 >0.05

OR — odds ratio, SE — standard error, Cl — confidence interval, p — p-value

Lactobacillus values at 5 week were positively
correlated with E.coli values at 5 week in children with
NE and the control group (0.715, p < 0.001), although a
strong association was found in the latter. E.coli values at
2 week were positively correlated with opportunistic
pathogens levels at 2 week in healthy children (0.512,
p=0.003). A strong positive correlation was found with
opportunistic pathogens levels at 2 week in children with
NE taking a probiotic (0.733, p=0.001).

Fecal calprotectin values were positively correlated
between values at weeks 2 and 5 in children with NE and
healthy controls, but only in the latter was a strong
association found (0.83, p < 0.001). FC values at 2 weeks
of life were weakly negatively correlated with birth
weight and height in the control group, with Apgar 1’ (-
0.453, p=0.018) and Apgar 5 (-0.474, p=0.013) in

children with NE taking the probiotic. In children in the
control group, a positive relationship was found between
FC levels and E. coli (0.698, p<0.001) and opportunistic
pathogens (0.689, p<0.001) values throughout the study.

IL-1B values were positively correlated between
values at 2 and 5 weeks in children with NE (0.649,
p<0.001). Also, IL-1p at 2 weeks had a positive
relationship with FC, IL-10 and CRP at 2 weeks in
children with NE. CRP values at 2 week had a weak
negative correlation with Apgar 1' and a weak positive
correlation with FC at 2 week in children with NE. IL-1p
values at 5 week strongly positively correlated with
Apgar 1'and Apgar 5' in children with NE. Also, I1L-1p at
5 week weakly positively correlated with IL-10 at 5 week
in children with NE (Tables 2, 3).
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Table 2. Correlation analysis of severity of hypoxia and indicators of local and systemic inflammatory

response in newborn with NE at 2 week

Indexes Al A5’ FC BIF LAC EC ECW OP IL-13 | IL-10 | CRP
A PC 1 094 | -0,102 | 0,458 | 0,498 | 0,05 | -0,265 | -0,053 | -0,277 | 0,089 | -0,375
< p <001 | 0,437 | <001 | <001 | 0,752 | 0,491 | 0,709 | 0,051 | 0,538 | 0,045
A PC 0,94 1 -0,154 | 0,494 | 0,493 | 0,086 | -0,262 | -0,054 | -0,224 | 0,085 | -0,298
< p <,001 0,24 <001 | <001 | 0,58 | 0,49 | 0,702 | 0,118 | 0,559 | 0,116
O PC | -0,102 | -0,154 1 0,024 | 0,221 | 0,265 | 0,814 | 0,135 | 0,375 | 0,237 | 0,491
= p 0,437 0,24 0,857 0,09 | 0,086 | 0,008 0,34 0,007 | 0,097 | 0,007
. | PC | 0458 | 0494 | 0,024 1 0,717 | 0,375 | -0,615 | 0,235 0,08 0,234 | -0,024
o p <001 | <,001 | 0,857 <001 | 0,013 | 0,104 | 0,094 | 0,584 | 0,105 | 0,902
o | PC | 04498 | 0493 | 0,221 | 0,717 1 0,667 | 0,094 | 0,152 | 0,227 0,18 -0,17
5 p <,001 | <,001 0,09 <,001 <001 | 0,809 | 0,281 | 0,112 0,21 0,378
9 PC 0,05 0,086 | 0,265 | 0,375 | 0,667 1 0,35 0,248 | 0,523 | 0,197 | 0,151
W p 0,752 | 0,585 | 0,086 | 0,013 | <,001 0,496 | 0,133 | 0,001 0,25 0,512
= | PC | -0,265 | -0,262 | 0,814 | -0,615 | 0,094 | 035 1 0,322 | 0,809 | 0,697 | 0,664
it p 0,491 | 0,496 | 0,008 | 0,104 | 0,809 | 0,496 0,437 | 0,008 | 0,037 0,15
o | PC|-0053 | -0054 | 0135 | 0,235 | 0,152 | 0,248 | 0,322 1 0,472 | 0,399 | 0,061
© p 0,709 | 0,702 0,34 0,094 | 0,281 | 0,133 | 0,437 0,002 | 0,009 | 0,771
@ | PC | -0,277 | -0,224 | 0,375 0,08 0,227 | 0,523 | 0,809 | 0,472 1 0,342 | 0,462
= p 0,051 | 0,118 | 0,007 | 0,584 | 0,112 | 0,001 | 0,008 | 0,002 0,015 | 0,012
g | PC | 0089 | 008 | 0237 | 0234 0,18 | 0,197 | 0,697 | 0,399 | 0,342 1 0,195
= p 0,538 | 0,559 | 0,097 | 0,105 0,21 0,25 0,037 | 0,009 | 0,015 0,312
a | PC | -0375 | -0,298 | 0,491 | -0,024 | -0,17 | 0,151 | 0,664 | 0,061 | 0,462 | 0,195 1
g p 0,045 | 0,116 | 0,007 | 0,902 | 0,378 | 0,512 0,15 0,771 | 0,012 | 0,312

PC — Pearson correlation, p — p-value, 41’ — Apgar score at 1 min, A5’ — Apgar score at 5 min, BIF — Bifidobacterium,
LAC — lactobacterium, EC — E.Coli, ECW — E.Coli with weakness ability, OP — Opportunistic pathogenes

To determine the features of the severity and
control of the inflammatory response indicators in
neonates with NE, classification and binary logistic
regression analysis were performed. In children with
NE of varying severity, the influence of the values
characterizing the local and systemic inflammatory
response was assessed. The indicators of the local and
systemic inflammatory response at the age of 2 and 5
weeks were classified. The classification of parameters
at the 2nd week of life showed that the values of the
level of IL-1pB, bifidobacteria, lactobacilli and fecal
calprotectin have the greatest significance for the
severity of the inflammatory response. The values of

IL-1p and bifidobacteria had a reliable effect on the
severity of the inflammatory response, explaining 84%
of cases. Thus, at the 2nd week of life, the severity of
the inflammatory response largely depends on these
two indicators. At the age of 5 weeks, the parameters
that were classified by their impact on the level of
inflammatory response included the levels of C-
reactive protein, bifidobacteria, and IL-10. According
to the calculations, IL-10 had a reliable impact on the
severity of the inflammatory response, amounting to
63%. Models were obtained for calculating the
severity of the inflammatory response in children with
NE at the age of 2 and 5 weeks of life.
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Table 3. Correlation analysis of severity of
response in newborn with NE at 5 week

hypoxia and indicators of local and systemic inflammatory

Indexes Al A5’ FC BIF LAC EC ECW OP IL-18 | IL-10 CRP
PC 1 ,940 ,151 ,282 -,147 -,015 312 -,561 -,652 -472 -,466
< p <,001 ,315 ,060 ,329 ,935 ,609 ,002 <,001 ,002 ,093
PC ,940 1 ,141 347 -,168 -,053 -,039 -,495 -,613 -,482 -,439
< p <,001 ,350 ,020 ,266 778 ,950 ,009 <,001 ,002 ,116
O PC ,151 ,141 1 ,040 ,180 -,083 449 ,095 ,068 ,082 -,233
“1p ,315 ,350 7194 ,230 ,663 ,448 ,638 721 ,668 422
w | PC ,282 ,347 ,040 1 ,486 ,219 ,140 -,298 -,175 -,096 -,251
@l op ,060 ,020 ,7194 <,001 ,245 822 ,131 ,365 ,619 ,387
o | PC | -147 -,168 ,180 ,486 1 ,502 774 ,086 ,118 ,097 -,058
5 p ,329 ,266 ,230 <,001 ,005 ,125 ,670 ,533 ,609 ,843
o | PC | -015 -,053 -,083 ,219 ,502 1 ,629 ,310 ,300 -,001 -,569
w p ,935 778 ,663 ,245 ,005 371 227 ,212 ,996 ,110
= PC ,312 -,039 ,449 ,140 774 ,629 1 ,866 ,385 ,000
0 p ,609 ,950 ,448 822 ,125 371 ,333 ,748 1,000
a | PC | -561 -,495 ,095 -,298 ,086 ,310 ,866 1 ,662 278 ,280
© p ,002 ,009 ,638 ,131 ,670 227 ,333 ,010 ,335 591
« | PC | -652 -,613 ,068 -,175 ,118 ,300 ,385 ,662 1 ,465 ,238
= p <,001 | <,001 721 ,365 ,533 ,212 ,748 ,010 ,003 ,608
o | PC | -472 -,482 ,082 -,096 ,097 -,001 ,000 278 ,465 1 -,256
i
2| p ,002 ,002 ,668 ,619 ,609 ,996 1,000 ,335 ,003 ,579
a | PC | -466 -,439 -,233 -,251 -,058 -,569 ,280 ,238 -,256 1
[0
Of p ,093 ,116 422 ,387 ,843 ,110 ,591 ,608 ,579

PC — Pearson correlation, p — p-value, 41’ — Apgar score at 1 min, A5’ — Apgar score at 5 min, BIF — Bifidobacterium,
LAC — lactobacterium, EC — E.Coli, ECW — E.Coli with weakness ability, OP — Opportunistic pathogenes

The specified values of binary logistic regression
were used to evaluate the prescribed therapy in children
with NE. Given the combination of the severity of the
inflammatory response and bifidobacteria deficiency, an
assessment of the impact of the prescribed drugs
containing bifidobacteria was carried out. An
assessment of the level of inflammatory response at the
age of 5 weeks in children who received and did not
receive the probiotic showed that such an impact is
present, but its severity was about 10%. This is
explained, among other things, by the significance of
the indicators at the 5th week of life, in particular the
IL-10 value.

Discussion

Our study confirms that the development of neonatal
encephalopathy in newborns can be influenced by a
number of antenatal and prenatal factors [6, 7]. In our

work, it was found that acute respiratory infections
during pregnancy and fetal distress are the greatest risk
factors and increase the likelihood of developing
neonatal encephalopathy. Gestational hypertension [7],
anemia [6], meconium amniotic fluid [6, 7], and
placental pathologies [6, 7] also affect the presence and
severity of NE, which is also reflected in our work, but
these results were not reliable. The above aspects may
be involved in the development of asphyxia during
childbirth, which subsequently leads to the development
of neonatal encephalopathy [6].

Our results revealed a positive correlation between
the levels of bifidobacteria, lactobacilli, E. coli,
opportunistic pathogens, fecal calprotectin and IL-1B
throughout the study, as indicated by some researchers
[16, 19, 20, 25]. Analysis of the results shows that the
Apgar scores, which reflect the severity of hypoxia-
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ischemia at birth, correlated with the number of
bifidobacteria in children with NE at 2 weeks of age,
which may reflect the level of the inflammatory process
that has arisen [26]. In all groups, the levels of
bifidobacteria positively correlated with the levels of
lactobacilli, being common and basic types of probiotic
organisms [22], although other studies have described
the absence of a relationship between them [27]. E. coli
levels were positively associated with opportunistic
pathogens in the neonatal period, which is associated
with a local inflammatory response in children who
have undergone hypoxia-ischemia [21]. Fecal
calprotectin levels were negatively correlated with body
weight [28] and height at birth, Apgar scores [28] and
gestational age [28], which reflects the presence of local
inflammation and intestinal immaturity [20], although
some researchers did not find a relationship with the
above-mentioned values [16]. In our work, FC levels
were positively correlated with E. coli and opportunistic
pathogens [20], as indicated by the presence of local
inflammatory changes, but the results of other studies
describe a negative relationship [29] between these
values.

In our study, the values of IL-1p and IL-10 were
correlated with Apgar scores, which demonstrates the
severity of hypoxia/asphyxia in newborns with neonatal
encephalopathy [30]. The value of IL-1B positively
correlated with the level of IL-10, and some scientists
believe that this relationship can contribute to the early
diagnosis of the severity of the systemic inflammatory
process [31]. The level of IL-1B has a positive
relationship with the value of CRP, regulating the latter
through the production of inflammatory mediators,
taking part in systemic inflammation in newborns with
brain injury [25]. Also, the values of IL-1p and IL-10
had a positive relationship with fecal calprotectin

CONCLUSIONS / BACHOBKH

The most significant risk factors for the
development of neonatal encephalopathy in our study
are acute infectious diseases suffered by the mother
and fetal distress.

The severity of hypoxia/asphyxia at birth correlated
with the levels of interleukin 1B and 10 at 2 and 5

through the expression of proinflammatory cytokine by
inflammatory mediators in monocytes [32] and anti-
inflammatory in myeloid cells [33], showing the
connection between local and systemic inflammatory
process.

The results and characteristics of the binary logistic
regression models showed the dynamic features of the
inflammatory response in neonates with NE. The most
significant indicators describing the inflammatory
response at 2 weeks of life were interleukin 1p and
bifidobacteria. This can be accepted as one of the
justifications for the appointment/continuation of
biopreparations. A number of authors also point to the
significant role of interleukin 1B in the inflammatory
response in NE [10]. It is also indicated that in neonates
with NE, there is a change in the level of bifidobacteria
[20]. However, at 5 weeks of life, the most significant
indicator describing the severity of the inflammatory
response is 1L-10. A number of authors also indicate
that IL-10 can be a prognostic factor indicating the
severity of central nervous system lesions in NE [12].
At the same time, the IL-10 value can characterize the
severity of reparative processes [34]. The use of
mathematical models to assess the severity of the
inflammatory response when prescribing a probiotic
showed that such a reaction exists, but its effect is small.
The effect of probiotic therapy on the inflammatory
response in children with NE was also noted, which is
also reflected in other studies [29]. This can be
explained by additional colonization of the intestine
with bifidobacteria and a possible trophic effect on the
intestinal mucosa, additionally supporting the mucous
barrier [26]. Our previous studies also showed the
possibility of the influence of these agents. It is
necessary to continue research in this direction with a
set of material, using various options of drugs.

weeks of life, and Bifidobacterium at 2 weeks of life.

The severity of the inflammatory reaction in the
study population was characterized by changes in the
levels of interleukin 1 and Bifidobacterium at 2
weeks of life and changes in the level of interleukin 10
at 5 weeks of life.

PROSPECTS FOR FUTURE RESEARCH / HEPCIIEKTUBHU MNOJAJbIINUX JOCJI/KEHb

We would like to study the effect of other drugs on the local and systemic inflammatory response in newborns with
neonatal encephalopathy.
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