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FEATURES OF THE PROGRESSION OF THE
INFLAMMATORY RESPONSE IN NEWBORNS WITH
NEONATAL ENCEPHALOPATHY

Introduction. Neonatal encephalopathy (NE) is one of the most
common diseases of the newborn period; worldwide the incidence of
NE is more than 1 million newborns, most of which are registered in
developing countries. Inflammation and hypoxia-ischemia play a
vital, key role in neonatal encephalopathy. A persistent inflammatory
response in neonates with NE is observed during the first week of
life, which correlates with the severity of brain damage, but can
persist for weeks, months and even years, due to tertiary mechanisms
of damage that include inflammation and epigenetic changes,
decreased plasticity and decreased number of neurons.

Materials and methods. The study was conducted in 74 full-
term newborns with neonatal encephalopathy. The gestational age of
the children was 36 weeks or more, weight of more than 2500g. The
presence and severity of neonatal encephalopathy were determined
using the modified Sarnat scale. At 2 weeks of life, the examination
was carried out in 74 children, and at 5 weeks of life —in 59 children,
so the case monitoring was possible only for 59 newborns. The
newborns were divided into subgroups 1 and 2. Subgroup 1 included
children who were classified as having moderate neonatal
encephalopathy. At 2 weeks of life, 55 such patients were examined,
at 5 weeks — 43. Subgroup 2 included children with severe neonatal
encephalopathy — 19 and 16 newborns at 2 and 5 weeks, respectively.
In turn, each of the subgroups was divided into subgroups A and B,
and into subgroup B newborns who received the probiotic. The
biological product included bifidum bacteria; it was administered
orally before the first blood draw for analysis. The levels of IL-1p
and 1L-10, C-reactive protein (CRP) were determined using the
ELISA and the semiquantitative method.
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Results. The data obtained showed an increase in the level of
both the pro-inflammatory interleukin IL-13 and the anti-
inflammatory interleukin IL-10 at 2 weeks of life. This was observed
both in children with moderate NE and in children with severe NE.
However, in the latter, the level of increase in the studied cytokines
was higher. At the 5th week of life, there was a significant decrease
in IL-1B and IL-10, noted in all study groups. At the same time, high
values of IL-1p and IL-10 remained in children with severe neonatal
encephalopathy. The results of CRP showed a higher value in
children with severe NE. Over time, a decrease in CRP was noted,
but it was not significant for newborns with severe NE. There were
no significant differences in mean IL-1p, IL-10, and CRP values
between the non-probiotic and probiotic-treated groups, although
there was a trend toward lower IL-1B, IL-10, and CRP values.
However, there was a higher incidence of IL-1p values within the
normal range by 5 weeks of life in infants with moderate NE who
received the probiotic. Also, the frequency of IL-10 values within the
normal range was higher in children with severe NE who received
the probiotic.

Conclusions. The levels of IL-1p, IL-10 and CRP were increased
in children with neonatal encephalopathy, more significant for severe
encephalopathy at both 2 and 5 weeks of life, while a decrease in
IL-1B, IL-10 and CRP was determined from 2 by 5 weeks of life.
Administration of the probiotic resulted in a higher incidence of
IL-1B values within the normal range in the group of children with
moderate neonatal encephalopathy and IL-10 in children with severe
neonatal encephalopathy.

Keywords: newborns, neonatal encephalopathy, cytokines,
interleukins, C-reactive protein.
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OCOBJUBOCTI JUHAMIKHU 3ANAJIBHOI BIAMOBIJII

Yy HOBOHAPO/KEHUX 3 HEOHATAJIBHOIO
EHIE®AJIOIMMATIEIO
Beryn.  Heownaranpna ennedanomnatis  (HE) omne 3

HalfuacTilMX 3aXBOPIOBaHb IE€Pi0ly HOBOHAPOHKEHOCTI, Y BCbOMY

cBiTi 3axBoproBaHicTh Ha HE cranoBute monHanm 1 MiH
HOBOHApOJUKEHUX, Y OLIBIIOCTI BOHO PEECTPYETHCS B KpaiHax, IO
PO3BHBAIOTHCS. 3alalieHHs Ta TIMOKCIsA-imeMis BigirparoTh
HalBayKJIMBILLY, KJIIFOYOBY POJIb IIPH HEOHATAIbHIN eHIle(aonarii.
Crilika 3amanbpHa peakuis y HoBoHapoxeHnx 3 HE Bim3HagaeTnCs
MPOTSICOM MEPIIOr0 THIKHS JKUTTS, SKUH KOPEIIOITh 3 THKKICTIO
YpakKeHHsI TOJIOBHOTO MO3KY, ajie MOXKe 30epiraTucsi THKHSIMH,
MiCAIAMH 1 HaBiTh POKaMH, IO TOSCHIOETHCA TPETUHHUMH
MeXaHi3MaMH  YUIKO/DKEHHs, 110 BKJIIOYa€e 3amalieHHs Ta
eMireHeTHYHI 3MiHM, 3HIKEHHS IUIACTHYHOCTI Ta 3MEHIICHHS
KUTBKOCTI HEMPOHIB.

Marepiaan ta merogu. [ocnimkeHHs Oyio mposeneHo y 74
JOHOLICHNX  HOBOHAPOJUKEHWX JUTHHH 3  HEOHATaJbHOIO

enueganonariero. ['ecrauiiinuii Bik fiteit Oys 36 THXHIB 1 Oibile,
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maca ronaz 2500 r. HasiBHICTB Ta CTYMiHb TSHKKOCTI HEOHATATBLHOT
eHrnedaionarii BH3HA4Yamaca 3a MOIU(IKOBAHOK  IIKAJIOIO
Capnary. Ha 2 tmwxHI XuTTS 00CcTe)eHHsS Oyino mpoBeneHo y 74
niTed, Ha 5 TWKHI XUTTA y 59 miTell, TaKUM YHHOM JUHAMiYHE
CIOCTEPEKEHHsI 0YJI0 MOKIMBUM JIKIIE 1151 59 HOBOHAPOKEHHUX.
HoBonapokeni Oynu noaineni Ha miarpynu 1 ta 2. Y miarpyny 1
BXOJWJIM JiTH, siKi Oynu kiacudikoBaHi SK IiTH 3 HCOHATAILHOIO
eHIle(paJIoNaTIer0 CepeHbOi TSHKKOCTI. Ha 2 TikHI KUTTSA Oyio
oOcTexeHo 55 Takux MalieHTiB, Ha 5 TwxkHI — 43. Y miarpymy 2
BBIHMIILTH AiTH 3 HEOHATATHHOIO CHIIE(DATIOMATIEI0 TSHKKOTO CTYTICHS
— 19 Ta 16 HOBOHApPOKEHHX HA 2 Ta 5 TIKHI BiMOBIAHO. Y CBOIO
yepry KoKHa 3 HiaArpym Oyna moxaineHa Ha migrpymu A 1 B,
migrpynmu B HOBOHapojpkeHi, SKi OTpUMYBaJIM Oiomperapar.
Biompemapatr BkmouaB  OidimoOakTepii, #oro mepopaibHe
BBEJICHHS B110YBajOCs Mepe] NepIIUM B3STTSIM KPOBI JUIs aHATI3Y.
Busnauanucs pigui DJI-1f ta 1JI-10, C-peaktuBnoro 6inka (CPIT)
3a MeTogoM ELISA 1 HamiBKIJIBKICHUM METOIIOM .

PesyabraT. OTpuMaHi AaHi MOKa3aad 30UIBLICHHS PiBHS
npo3anansHoro iHrepneiikiny IJI-1B, Tak i mnporuzanaibHOro
inTepneiikiny 1JI-10 Ha 2 TwkHI *uTTs. e Bim3Hauamocs sk y
nitet i3 HE cepemHporo crymeHs TsDKKOCTI, Tak 1 y OiTed i3
Tsokkoto HE. Ane B ocTaHHIX piBeHb MiIBUIICHHS JOCIIIKYBAaHUX
OUTOKIHIB OyB BUmKM. Ha 5-My TmwxkHI XHUTTS BigOyBajocs
nocroBipHe 3HIKeHHS 1JI-1B ta 1JI-10, mo Big3Ha9aeThCs y BCIX
JMOCTI/DKYBAaHUX TIpymax. Y TOW ke dYac 30eperjuch BeNUKi
3nHadeHHst [JI-1B ta 1JI-10 y piteit 3 TSDKKOIO HEOHATAIbHOIO
enredanonariero. Otpumani pesyabtatn CPII mokasamu Oiibii
BHCOKE 3HaueHHs y nited 3 Baxkkoi HE. YV nunawmini 3a3HavyeHo
sumxenHs: CPII, npore HeAOCTOBiIpHE AJIsl HOBOHAPOJ/DKEHUX 13
TsokkuM  cryneHem HE. He Oymo 3HaloeHO IOCTOBipHUX
BiIMiHHOCTEW cepenHix 3HaueHb 1L-1f, IJI-10 ta CPII y rpymax,
110 HE OTPUMYBAJIM Ta OTPUMYBAJIH NPOOIOTHK, X0Ua TCHJICHIIIS 10
MeHmmx 3HadeHb LJI-1B, JI-10 ta CPII 6yna mpucytHs. OmHak,
BiJI3HaYaNacs BeJHMKa yacToTa 3Ha4eHb 1JI-1P y Mexax HOpMH 10 5
THDKHS JKUTTSl Y HOBOHApO/KEHUX 13 cepenHim cryneHem HE, siki
oTpuMyBasiu npobioTuk. Takox yacrora 3HaueHb 1JI-10 y mexax
HOpMHU Oyna Bumow y gited 3 Tsokkoro HE, siki orpumyBanu
npo06ioTHK.

Bucnosku. Pisens 1JI-1B, 1JI-10 ta CPII O6yB miagBuiieHuit y
IiTell 3 HEOHaTaJ bHOK cHIedanomartiero, OUTBINI 3HAYHE IS
eHIedaronarii TSHKKOTO CTYIICHS SK Ha 2, TaK 1 Ha 5 THXKHI KATT,
pu boMy BU3Havanacs 3amkerss [JI-1B, IJI-10 ta CPII Bix 2 mo
5-ro TWXKHA XUTTSA. [Ipu3HayeHHs NPOOIOTHKA NPU3BOAMIO JI0
6inbinoi yacrorn 3HayeHsb 1JI-1B y mexxax HOpMH y rpymi mitei 3
HeOHATaJbHOIO eHIledamonaTielo cepeuboi Tskkocti Ta IJI-10 y
JiTel 3 TSHDKKOIO HEOHATAIBHOIO eHIle(aIonaTiero.

Kuarwouosi cJioBa: HOBOHAPOKEHI, HEeOHaTaIbHA
eHredaionaris, HMTOKIHM, iHTepyIelKiHN, C-peakTUBHUI MPOTETH.

Aemop, eionogioanvnuii 3a aucmyeanusn: Cepeiti Ilonos, kagedpa nediampii, Cymcvkuii OepiicasHuil
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INTRODUCTION / BCTYII

Neonatal encephalopathy (NE) is one of the most
common diseases of the newborn period; worldwide
the incidence of NE is more than 1 million newborns,
most of which are registered in developing countries
[1; 2; 3]. The global incidence is 8.5 per 1000 live
births, but in developed countries, it is 1-3 cases per
1000 live births. Of these, about a quarter of newborns
die, a quarter have moderate or severe dysfunction of
the central nervous system, and a fifth part have mild
disorders [4]. Neonatal encephalopathy is
characterized by changes in consciousness, tone, and
reflexes [5]. At the same time, the presence of
systemic inflammation and multiple organ damage is
characteristic [2; 6]. The choice of therapeutic
interventions is determined by improved knowledge
of the pathogenesis of brain cell damage, including
oxidative stress, excitotoxicity and inflammation,
which lead to their death within hours and weeks after
birth [7].

Inflammation and hypoxia-ischemia play a vital,
key role in neonatal encephalopathy [8; 9]. A
persistent inflammatory response in newborns with
NE is observed during the first week of life, which
correlates with the severity of brain damage [10; 11].
At the same time, the inflammatory process can
persist for weeks, months and even years, which is
explained by tertiary mechanisms of damage, which
include inflammation and epigenetic changes,
decreased plasticity and a decrease in the number of
neurons [12]. Cytokines play a key role in the
implementation of inflammation and damage to brain
cells through excessive activation of inflammatory
cells of the innate immune response, in particular
neutrophils, macrophages and microglia [8; 13].
Activation of microglia is the initial stage of
inflammatory responses of the central nervous system
to various stimuli, including stroke. This is followed
by infiltration of circulating monocytes, neutrophils
and T-cells, which enhances the inflammatory
response in the stimulated brain [13]. Thus, cytokines
can serve as biomarkers of the severity and
consequences of neonatal encephalopathy [3; 8].

The level of cytokines in newborns with neonatal
encephalopathy has been studied in several studies. A
high association of interleukin-6 and interleukin-16
with the electrographic degree of hypoxic-ischemic
encephalopathy has been shown [14]. There was an
increase in IL-6, IL-8 and MCP-1 during the first 24
hours in neonates with NE [15]. A study in 20 full-
term newborns showed that elevated GFAP, IL-1,
IL-6, IL-8, tumor necrosis factor, interferon, and

vascular endothelial growth factor at 6-24 hours were
associated with abnormal neurological outcomes [16].
A study of interleukin levels in 159 newborns with NE
showed higher levels of IL-10 and IL-6 [3]. C-reactive
protein (CRP), one of the biomarkers of
inflammation, is widely used in the diagnosis of
diseases of newborns, primarily of infectious origin,
such as sepsis and necrotizing enterocolitis [17; 18].
At the same time, its increase, along with changes in
the level of cytokines, may be a predictor of brain
damage in newborns [19; 20].

Treatment of neonatal encephalopathy is a
complex task; taking into account the significant role
of inflammation, it makes sense to look for new
directions in therapy and means that influence the
nature and severity of inflammatory reactions. The
current standard treatment for NE is hypothermia, but
this does not preclude the search for treatments that
can be used later and over a longer period. One of
these directions may be the prescription of drugs that
influence the state of the newborn’s intestinal
microbiome, implying the latter’s influence on the
level of not only local but also systemic inflammatory
response within the gut-brain axis [21; 22; 23; 24].

Despite the relevance of research in this area, the
results are not yet clear and complete and require
further research.

The purpose of our study was to study the state of
the inflammatory response of newborns with neonatal
encephalopathy and the possibilities of drug influence
on it. We assume that the level of the studied
interleukins and CRP may be increased in children
with NE, and we can also assume that the use of a
biological product may affect the state of the
microbiome and, accordingly, the state of the local
and systemic response, which may be reflected in the
studied indicators.

Material and methods

The study was conducted in 74 full-term newborns
with neonatal encephalopathy. The gestational age of
the children was 36 weeks of gestational age or more,
weight more than 2500 g. The presence and severity
of neonatal encephalopathy were determined using
the modified Sarnat scale [25]. Blood sampling was
carried out at 2 and 5 weeks of life. At 2 weeks of life,
the examination was carried out in 74 children, and at
5 weeks of life in 59 children, so dynamic observation
was possible only for 59 newborns. The newborns
were divided into subgroups 1 and 2. Subgroup 1
included children who were classified as having
moderate neonatal encephalopathy. At 2 weeks of life,
55 such patients were examined, at 5 weeks — 43.
Subgroup 2 included children with severe neonatal




Popov S, Profatylo A, Turner M, Smiian O, Vasylieva O

encephalopathy — 19 and 16 newborns at 2 and 5
weeks, respectively. In turn, each of the subgroups
was divided into subgroups a and b. Subgroup la
included newborns with moderate severity of NE, and
subgroup 1b included newborns who received a
biological drug. Accordingly, group 2a included
newborns with severe NE, and subgroup 2b included
newborns who received a biological drug. Separately,
groups a and b were formed to assess the degree of
influence of the biological product on children with
NE without taking into account its severity. The
biological product included bifidobacteria; it was
administered orally before the first blood draw for
analysis.

The level of IL-1p and 1L-10 was determined by
ELISA. C-reactive protein levels were determined by
the semiquantitative method. For comparison with the
norm, laboratory reference values were used: I1L-13 —
0-21.0 pg/ml, 1L-10 — 0-2.0 pg/ml.

Statistical analyses were conducted using SPSS
version 28.0 (IBM, NY, US). The normality of the
continuous values was tested by the Shapiro-Wilk
tests. The continuous variables were presented as
mean values + standard deviation (M+SD). Univariate
analysis of variance (RM-ANOVA) between
microbiome value and FC value and verification by
the Shapiro-Wilk test were used. P-values < 0.05
were considered statistically significant. Statistical
processing also included the determination of
proportions (percentages), and the assessment of the

reliability of differences was carried out using the
criteria (z) with the Yates correction, as well as (x2)
Pearson and (F) Fisher.

All research methods and experiments have been
examined and approved by the appropriate ethics
committee and have therefore been performed by the
ethical standards laid down in the Declaration of
Helsinki.

The project was approved by the Commission on
Bioethics Meeting of the Educational and Scientific
Medical Institute of Sumy State University.

Results

The dynamics of IL-1pB in newborns of the study
groups are presented in Table 1. The IL-1p values in
the second week in all groups exceeded the upper limit
of the reference values of 21 pg/ml. The maximum
value of IL-1p was greater in children with severe NE
(81.78+15.25 pg/ml) than in children with moderate
NE (p=0.02). In the group of children receiving the
biological drug, a significantly higher value was also
noted in newborns with severe NE. At the same time,
no significant difference in IL-1p was found between
the groups that received and did not receive the
biological drug. This applied to both newborns with
moderate NE and children with severe NE, and for
children with NE in general. The values of IL-1f in
newborns who received the biological drug were
lower in all groups compared to those who did not
receive it, but still not significant.

Table 1- Dynamics of IL-15 in newborns of the study groups

Group 2-nd week 5-th week P 2w:5w
la 62,21£19,59 19,52+6,93 0,000
P between groups 1b>0,05; 2a 0,02; 2b 0,59; a>0,05; 1b>0,05; 2a <0,001; 2b <0,001;
b>0,05 a>0,095; b>0,05
1b 53,38+12,35 13,09+4,47 0,000
P between groups 1a>0,05; 2a <0,001; 2b 0,049; 1a>0,05; 2a <0,001; 2b <0,001; a
a>0,127; b>0,05 0,002; b>0,05
2a 81,78+15,25 49,94+8,1 0,000

P between groups 0,171; b 0,016

1a 0,02; 1b <0,001; 2b >0,05; a

1a <0,001; 1b <0,001; 2b >0,05; a
<0,001; b <0,001

2b 77,64+10,79

40,5+4,67 0,000

P between groups

1a 0,59; 1b <0,049; 2a >0,05; a

1a 0,001; 1b <0,001; 2a >0,05; a

>0,05; b 0,423 >0,147; b 0,007
A 66,9+20,33 27.32+1523 0,000
P between groups 1a >0,05; 1b<0,127; 2a0,171;2b | 1a0,095; 1b 0,002; 2a <0,001; 2b
>0,05: b >0,05 0,147; b 0,879
B 60,46+16,23 21,32+13,62 0,000

P between groups

0,423; a>0,05

1a >0,05; 1b>0,05; 2a 0,016; 2b

1a >0,05; 1b >0,05; 2a <0,001; 2b
0,007;a 0,879
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At week 5 of life, IL-1B values in all groups
decreased significantly. At the same time, IL-1B
values below the reference range were not observed
in all cases. This was found in 17 (58.62%, 41-77
95% CI) newborns of group 1a and in 14 (100%, 100
95% CI) children of group 1b, that is, 52% more in
this group (p = 0.005). The average values of IL-13
were also lower in children of group 1b, but also not
significant (p>0.05). In groups of children with
severe NE, IL-1B levels were higher compared to
those in children with moderate NE (p<0.05). But, at
the same time, in groups 2a and 2b there were no
patients with IL-1p values less than the upper limit
of the reference values. In group A, the value of
IL-18 was higher than in group B, but also not
significant. The percentage of IL-1B values below
the upper limit of the reference values was greater in
group B —in 14 (70%, 50-90 95% CI) than in A —in

17 (43.59%, 28-59 95% CI), respectively, that is, by
27% (p=0.04).

The dynamics of IL-10 in newborns of the study
groups are presented in Table 2. The average values
of IL-10 in all study groups at 2 weeks of life were
higher than the reference values — 2 pg/ml. The
highest values were in the groups of children with
severe NE, both in group 2a and group 2b compared
with groups 1a and 1b, respectively (p>0.05). Lower
IL-10 values were noted in the groups of newborns
receiving the probiotic, but they were not significant.
The number of newborns with an IL-10 value below
the upper limit of the reference value in group 1a was
3 (7.89%), in group 1b — 1 (5.88%). No such
newborns were found in children of groups 2a and
2b. Accordingly, in group A there were 3 (6%)
children with an IL-10 value below 2 pg/ml, in group
B -1 (4.17%) (p>0.05).

Table 2 — Dynamics of I1L-10 in newborns of the study groups

Group 2-nd week

5-th week P 2w:5w

la 4,99+2,21

1,160,59 0,000

P between groups a>0,05; b>0,05

1b 0,518; 2a >0,05; 2b >0,05;

1b>0,05; 2a <0,001; 2b >0,05;
a>0,095; b>0,05

1b 3,84+1,46

1,194+0,56 0,000

P between groups

1a 0,518; 2a <0,091; 2b 0,756; a

1a>0,05; 2a <0,003; 2b >0,05;

0,162; b>0,05 a>0,05; b>0,05
2a 5,79+1,21 2,2+0,56 0,000
P between groups 1a >0,05; 1b <0,091; 2b >0,05; a 1a <0,001; 1b 0,003; 2b 0,078; a

>0,05; b 0,399 0,012; b 0,02
2b 5,49+0,94 1,27+0,59 0,000
P between groups 1a >0,05; 1b 0,756; 2a >0,05; a 1a >0,05; 1b >0,05; 2a 0,078; a

>0,05; b >0,05 >0,05; b >0,05
a 5,194+2,04 1,42+0,74 0,000
P between groups 1a >0,05; 1b 0,162; 2a >0,05; 2b 1a >0,05; 1b>0,05; 2a 0,012; 2b

>0,05; b 0,932 >0,05; b >0,05
b 4,32+1,51 1,22+0,55 0,000
P between groups 1la >0,05; 1b>0,05; 2a 0,399; 2b 1a >0,05; 1b >0,05; 2a 0,002; 2b

>(,05; a 0,932 >0,05; a >0,05

At week 5 of life, IL-10 levels in all groups had a
significant decrease. In groups of newborns with
severe NE — 2a and 2b — the values of 1L-10 were the
highest. Moreover, in group 2a they were significantly
higher than in group 1a (p<0.001). But no significant
differences were found between groups 1b and 2b;
IL-10 wvalues were close — 1.1940.56 and
1.2740.59 pg/ml, respectively. In newborns receiving
the probiotic, the average values of 1L-10 were lower,
which was noted both for groups la and 1b, and
groups 2a and 2b (p>0.05). The number of children

with IL-10 values below the upper limit of normal in
group lawas 27 (93.1%), in group 1b — 13 (92.86%).
In groups 2a and 2b — 4 (40%) and 6 (100%),
respectively (p=0.003). The mean value of IL-10 in
group B was also lower than in group A (p>0.05).
The dynamics of CRP in newborns of the study
groups are presented in Table 3. The average CRP
values at the 2nd week of life were maximum in
newborns with severe NE, and it was significant for
groups 2a and la (p = 0.012); for groups 2b and 1b
there was a difference, but it was not significant
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(p>0.05). In the groups receiving the biological
product, lower CRP rates were noted (p>0.05). At the
5th week of life, there was a decrease in CRP values
in all groups (p<0.05), with the exception of the group
of newborns with severe NE who receive a probiotic.

There was also a decrease here, but it was not
significant. The CRP value was highest in children of
group 2, but it was not significant. There were lower
CRP values in children receiving the probiotic
(p<0.05), this applied to groups 1, 2, and A and B.

Table 3 — Dynamics of CRP in newborns of the study groups

Group 2-nd week

5-th week P 2w:5w

la 55,43+£28,52

25,64+28,03 0,008

P between groups 0,341; b 0,997

1b 0,518; 2a 0,019; 2b 0,293; a

1b >0,05; 2a >0,05; 2b >0,05;
a>0,095; b>0,05

1b 48+29,39

12+8,49 0,038

P between groups

1a 0,518; 2a <0,012; 2b 0,168; a

1a>0,05; 2a >0,05; 2b >0,05;

0,166; b>0,05 a>0,05; b>0,05
2a 84+22,22 39+38,42 0,026
P between groups 1a 0,019; 1b 0,012; 2b >0,05; a 1a >0,05; 1b >0,05; 2b >0,05; a

0,075; b 0,572 >0,05; b >0,05
2b 72+27,71 15+12,73 0,057
P between groups 1a >0,05; 1b 0,168; 2a >0,05; a 1a >0,05; 1b >0,05; 2a >0,05; a

>0,05; b >0,05 >0,05; b >0,05
a 63,31£29,55 29,2+30,24 0,001
P between groups 1a >0,05; 1b >0,05; 2a 0,075; 2b 1a >0,05; 1b>0,05; 2a >0,05; 2b

>0,05; b >0,05 >0,05; b >0,05
b 55,38+30,02 13+8,83 0,04
P between groups 1la >0,05; 1b>0,05; 2a 0,029; 2b 1a >0,05; 1b >0,05; 2a >0,05; 2b

>0,05; a >0,05 >0,05; a >0,05

Discussion

The data obtained showed an increase in the level
of both the pro-inflammatory interleukin IL-1p and
the anti-inflammatory interleukin IL-10 at 2 weeks of
life. This was observed both in children with moderate
NE and in children with severe NE. In the latter, the
level of increase in the studied cytokines was higher.
At 5 weeks of life, there was a significant decrease in
IL-1B and IL-10. A study performed on 10 newborns
with hypoxic-ischemic encephalopathy (HIE) and 8
children in the control group during the first 5 days of
life examined 48 cytokines, of which 17 were higher
in children with HIE. These included both IL-1$ and
IL-10. By day 5 there was a decrease, which was
associated with hypothermia [26]. When studying the
level of cytokines in 27 newborns in the first 4 days of
life, mild NE was detected in 7 of them, moderate in
17, and severe in 3. Elevated IL-1, IL-6, IL-8, VEGF
were noted, which increased the risk of adverse
neurodevelopmental outcomes. At the same time, no
connection between the changes and hypothermia was
found [16]. In a study conducted on full-term
newborns, 159 of them with NE, and 157 without NE,
the levels of cytokines were studied in the first 6 hours

of life. An increase in TNFa, VEGF, and IL-10 was
noted in comparison with a group of healthy
newborns. IL-10 is an anti-inflammatory cytokine and
plays a protective role for the central nervous system,
however, its increased concentration has been
associated with increased mortality and adverse
neurodevelopmental outcomes [3]. In a study
conducted in 50 newborns with HIE in the first 4 days
of life, the concentration of cytokines was studied. It
was noted that initially high I1L-10 values decreased
by 2-3 days of life and were independently associated
with time. Reductions in IL-6, IL-8, and IL-10 have
been noted to be associated with more favorable
outcomes [15]. 36 newborns with HIE were studied
on days 1 and 3 of life. The level of cytokines was
studied and an increase in cytokines IL-1p, IL-2, IL-6,
IL-8, IL-10, and IL-13 was noted in newborns with
severe NE, compared with children without signs of
HIE or mild HIE. There was a decrease in all studied
cytokines by the 3rd day of life. At the same time,
there was a pronounced association between an
increase in IL-10 and IL-6 and an unfavorable
outcome of the disease [27]. Thus, literature data
show an increase in the levels of IL-1p and IL-10 in




Popov S, Profatylo A, Turner M, Smiian O, Vasylieva O

the first hours of life after birth and a decrease in them
after the 3rd day of life. Moreover, IL-10 is a
significant factor determining the development of
adverse neurodevelopmental outcomes. The results
obtained in this study support an increase in both
IL-13 and IL-10 in neonates with NE, more
significant in severe NE. It can be assumed that an
increase in 1L-10, as a cytokine that characterizes to a
certain extent a protective effect on the brain, may
reflect both the extent of its damage and the extent of
repair processes.

The results of CRP showed a higher value in
children with severe NE. Over time, a decrease in
CRP was noted, but it was not significant for
newborns with severe NE. In a study of 74 newborns
with HIE, an increase in CRP values was noted,
depending on the severity of encephalopathy [28].
Another study examined the status of biochemical and
hematological parameters, including CRP, in 78
newborns with HIE. It was noted that CRP values
were higher in children with HIE, and multidirectional
dynamics were noted. Children with HIE had an
increase in CRP from birth to the 4th day of life, while
children in the control group had a decrease [29]. In a
study of CRP levels in 225 newborns with HIE, an
increase was noted during the first 6 days after birth.
It was detected in children with severe and moderate
HIE, while in mild HIE no increase in CRP was
observed [30]. In a study of 83 newborns with HIE, an
increase in CRP was noted, which was also associated
with the severity of encephalopathy [31]. An
experimental study with the administration of a drug
that suppresses CRP activity showed a significant
decrease in apoptosis and the size of cerebral
infarction in hypoxic-ischemic brain damage. This led
to a decrease in adverse neurodevelopmental
outcomes [32]. Thus, our studies confirm an increase
in CRP in children with neonatal encephalopathy,
more pronounced for severe forms of NE, which
indicates the severity of systemic inflammatory
reactions.

Our studies, on the one hand, confirm the negative
dynamics of IL-18 and IL-10 obtained by other
researchers, on the other hand, our measurement

CONCLUSIONS / BACHOBKH

The levels of IL-1B, IL-10, and CRP were
increased in children with neonatal
encephalopathy, more significantly for severe
encephalopathy at both 2 and 5 weeks of life, while
a decrease in IL-1B, IL-10, and CRP was

results are shifted to the right in the time scale, the
studies were carried out at 2 and 5 weeks of life. It is
impossible to focus on the values of IL-1B and IL-10
in other studies due to the results of different
laboratories. However, negative dynamics of IL-1p
and IL-10 values are present in our studies. There is
also a significant difference between the values of
IL-1p and IL-10 in the groups of children with severe
NE and moderate NE, which shows a more
pronounced inflammatory (and IL-10 reparative)
reaction. The severity of systemic inflammation is
confirmed by increased CRP values, also obtained in
our study. The results of the influence of the
prescribed biological product on the level of the
inflammatory response were not clear. On the one
hand, there were no significant differences in the
average IL-1B values between the groups of newborns
who received and did not receive the drug. On the
other hand, there was a higher incidence of IL-1B
values within the normal range by 5 weeks of life in
neonates with moderate NE who received the
probiotic. For the IL-10 value, a similar picture was
revealed - the absence of significant differences in the
average IL-10 values between the groups of newborns
who received and did not receive the drug. At the
same time, the frequency of IL-10 values within the
normal range was higher in children with severe NE
who received the probiotic. The average CRP values
also did not differ significantly between the groups of
newborns who received and did not receive the drug.
Thus, some of the data obtained may indicate the
effect of probiotic administration on the state of the
inflammatory response. This confirms the presence of
a connection and influence of the microbiome on the
state of the immune response and the level of the
inflammatory response, which is indicated by a
number of authors [21; 22; 24]. There are, of course,
study limitations to consider. The number of children
in the groups with severe NE was small, especially
those who received a biological drug. Research in this
area should be continued to gain a greater
understanding of the effectiveness of probiotic
administration, selection of duration, and composition
of medications.

determined from 2 by 5 weeks of life.

Administration of the probiotic resulted in a
higher incidence of IL-1f values within the normal
range in the group of children with moderate
neonatal encephalopathy and IL-10 in children with
severe neonatal encephalopathy.
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