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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-1β 

and IL-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-1β 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-1β and IL-10, noted in all study groups. At the same time, high 

values of IL-1β 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-1β, IL-10, and CRP values 

between the non-probiotic and probiotic-treated groups, although 

there was a trend toward lower IL-1β, IL-10, and CRP values. 

However, there was a higher incidence of IL-1β 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-1β, 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-1β, IL-10 and CRP was determined from 2 by 5 weeks of life. 

Administration of the probiotic resulted in a higher incidence of 

IL-1β 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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ОСОБЛИВОСТІ ДИНАМІКИ ЗАПАЛЬНОЇ ВІДПОВІДІ 

У НОВОНАРОДЖЕНИХ З НЕОНАТАЛЬНОЮ 

ЕНЦЕФАЛОПАТІЄЮ.  

Вступ. Неонатальна енцефалопатія (НЕ) одне з 

найчастіших захворювань періоду новонародженості, у всьому 

світі захворюваність на НЕ становить понад 1 млн 

новонароджених, у більшості воно реєструється в країнах, що 

розвиваються. Запалення та гіпоксія-ішемія відіграють 

найважливішу, ключову роль при неонатальній енцефалопатії. 

Стійка запальна реакція у новонароджених з НЕ відзначається 

протягом першого тижня життя, який корелюють з тяжкістю 

ураження головного мозку, але може зберігатися тижнями, 

місяцями і навіть роками, що пояснюється третинними 

механізмами ушкодження, що включає запалення та 

епігенетичні зміни, зниження пластичності та зменшення 

кількості нейронів. 

Матеріали та методи. Дослідження було проведено у 74 

доношених новонароджених дитини з неонатальною 

енцефалопатією. Гестаційний вік дітей був 36 тижнів і більше, 
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маса понад 2500 г. Наявність та ступінь тяжкості неонатальної 

енцефалопатії визначалася за модифікованою шкалою 

Сарнату. На 2 тижні життя обстеження було проведено у 74 

дітей, на 5 тижні життя у 59 дітей, таким чином динамічне 

спостереження було можливим лише для 59 новонароджених. 

Новонароджені були поділені на підгрупи 1 та 2. У підгрупу 1 

входили діти, які були класифіковані як діти з неонатальною 

енцефалопатією середньої тяжкості. На 2 тижні життя було 

обстежено 55 таких пацієнтів, на 5 тижні – 43. У підгрупу 2 

ввійшли діти з неонатальною енцефалопатією тяжкого ступеня 

– 19 та 16 новонароджених на 2 та 5 тижні відповідно. У свою 

чергу кожна з підгруп була поділена на підгрупи А і B, 

підгрупи B новонароджені, які отримували біопрепарат. 

Біопрепарат включав біфідобактерії, його пероральне 

введення відбувалося перед першим взяттям крові для аналізу. 

Визначалися рівні ІЛ-1β та ІЛ-10, С-реактивного білка (СРП) 

за методом ELISA і напівкількісним методом . 

Результати. Отримані дані показали збільшення рівня 

прозапального інтерлейкіну ІЛ-1β, так і протизапального 

інтерлейкіну ІЛ-10 на 2 тижні життя. Це відзначалося як у 

дітей із НЕ середнього ступеня тяжкості, так і у дітей із 

тяжкою НЕ. Але в останніх рівень підвищення досліджуваних 

цитокінів був вищим. На 5-му тижні життя відбувалося 

достовірне зниження ІЛ-1β та ІЛ-10, що відзначається у всіх 

досліджуваних групах. У той же час збереглись великі 

значення ІЛ-1β та ІЛ-10 у дітей з тяжкою неонатальною 

енцефалопатією. Отримані результати СРП показали більш 

високе значення у дітей з важкої НЕ. У динаміці зазначено 

зниження СРП, проте недостовірне для новонароджених із 

тяжким ступенем НЕ. Не було знайдено достовірних 

відмінностей середніх значень IL-1β, ІЛ-10 та СРП у групах, 

що не отримували та отримували пробіотик, хоча тенденція до 

менших значень ІЛ-1β, ІЛ-10 та СРП була присутня. Однак, 

відзначалася велика частота значень ІЛ-1β у межах норми до 5 

тижня життя у новонароджених із середнім ступенем НЕ, які 

отримували пробіотик. Також частота значень ІЛ-10 у межах 

норми була вищою у дітей з тяжкою НЕ, які отримували 

пробіотик.  

Висновки. Рівень ІЛ-1β, ІЛ-10 та СРП був підвищений у 

дітей з неонатальною енцефалопатією, більш значне для 

енцефалопатії тяжкого ступеня як на 2, так і на 5 тижні життя, 

при цьому визначалася зниження ІЛ-1β, ІЛ-10 та СРП від 2 до 

5-го тижня життя. Призначення пробіотика призводило до 

більшої частоти значень ІЛ-1β у межах норми у групі дітей з 

неонатальною енцефалопатією середньої тяжкості та ІЛ-10 у 

дітей з тяжкою неонатальною енцефалопатією. 

Ключові слова: новонароджені, неонатальна 

енцефалопатія, цитокіни, інтерлейкіни, С-реактивний протеїн.  
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INTRODUCTION / ВСТУП 

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 
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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 1a 

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 а 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-1β and IL-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: IL-1β – 

0–21.0 pg/ml, IL-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 (χ2) 

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-1β in newborns of the study 

groups are presented in Table 1. The IL-1β 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-1β 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-1β 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-1β 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-1β in newborns of the study groups 

Group 2-nd week 5-th week P 2w:5w 

1a 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; 

b>0,05 

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

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; 

a>0,127; b>0,05 

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

0,002; b>0,05 
 

2a 81,78±15,25 49,94±8,1 0,000 

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

0,171; b 0,016 

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 

>0,05; b 0,423 

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

>0,147; b 0,007 
 

А 66,9±20,33 27,32±15,23 0,000 

P between groups 
1a >0,05; 1b<0,127; 2a 0,171; 2b 

>0,05; b >0,05 

1a 0,095; 1b 0,002; 2a <0,001; 2b 

0,147; b 0,879 
 

B 60,46±16,23 21,32±13,62 0,000 

P between groups 
1a >0,05; 1b>0,05; 2a 0,016; 2b 

0,423; a >0,05 

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-1β values in all groups 

decreased significantly. At the same time, IL-1β 

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-1β 

were also lower in children of group 1b, but also not 

significant (p>0.05). In groups of children with 

severe NE, IL-1β 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-1β values less than the upper limit 

of the reference values. In group A, the value of 

IL-1β was higher than in group B, but also not 

significant. The percentage of IL-1β 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 IL-10 in newborns of the study groups 

Group 2-nd week 5-th week P 2w:5w 

1a 4,99±2,21 1,16±0,59 0,000 

P between groups 
1b 0,518; 2a >0,05; 2b >0,05; 

a>0,05; b>0,05 

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

a>0,095; b>0,05 
 

1b 3,84±1,46 1,19±0,56 0,000 

P between groups 
1a 0,518; 2a <0,091; 2b 0,756; a 

0,162; b>0,05 

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

>0,05; b 0,399 

1a <0,001; 1b 0,003; 2b 0,078; a 

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 

>0,05; b >0,05 

1a >0,05; 1b >0,05; 2a 0,078; a 

>0,05; b >0,05 
 

a 5,19±2,04 1,42±0,74 0,000 

P between groups 
1a >0,05; 1b 0,162; 2a >0,05; 2b 

>0,05; b 0,932 

1a >0,05; 1b>0,05; 2a 0,012; 2b 

>0,05; b >0,05 
 

b 4,32±1,51 1,22±0,55 0,000 

P between groups 
1a >0,05; 1b>0,05; 2a 0,399; 2b 

>0,05; a 0,932 

1a >0,05; 1b >0,05; 2a 0,002; 2b 

>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 IL-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 values were close – 1.19±0.56 and 

1.27±0.59 pg/ml, respectively. In newborns receiving 

the probiotic, the average values of IL-10 were lower, 

which was noted both for groups 1a 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 1a was 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 1a (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 

1a 55,43±28,52 25,64±28,03 0,008 

P between groups 
1b 0,518; 2a 0,019; 2b 0,293; a 

0,341; b 0,997 

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 

0,166; b>0,05 

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

0,075; b 0,572 

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

>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 

>0,05; b >0,05 

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

>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 

>0,05; b >0,05 

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

>0,05; b >0,05 
 

b 55,38±30,02 13±8,83 0,04 

P between groups 
1a >0,05; 1b>0,05; 2a 0,029; 2b 

>0,05; a >0,05 

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

>0,05; a >0,05 
 

Discussion 

The data obtained showed an increase in the level 

of both the pro-inflammatory interleukin IL-1β 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-1β 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-1β 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 TNFα, 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 IL-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-1β, 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-1β and IL-10 in 
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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-1β and IL-10 in neonates with NE, more 

significant in severe NE. It can be assumed that an 

increase in IL-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-1β and IL-10 obtained by other 

researchers, on the other hand, our measurement 

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-1β and IL-10 

in other studies due to the results of different 

laboratories. However, negative dynamics of IL-1β 

and IL-10 values are present in our studies. There is 

also a significant difference between the values of 

IL-1β 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-1β 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-1β 

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.

 

CONCLUSIONS / ВИСНОВКИ  

The levels of IL-1β, 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-1β, IL-10, and CRP was 

determined from 2 by 5 weeks of life. 

Administration of the probiotic resulted in a 

higher incidence of IL-1β 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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PROSPECTS FOR FUTURE RESEARCH / ПЕРСПЕКТИВИ ПОДАЛЬШИХ ДОСЛІДЖЕНЬ 

Subsequent work is aimed at clarifying the connections between the values of cytokines, the severity of NE, 

and the characteristics of the relationship between the local and systemic response and the microbiome. 

CONFLICT OF INTEREST / КОНФЛІКТ ІНТЕРЕСІВ 

The authors declare no conflict of interest. 

FUNDING / ДЖЕРЕЛА ФІНАНСУВАННЯ 

None.   

AUTHOR CONTRIBUTIONS / ВКЛАД АВТОРІВ 

All authors substantively contributed to the drafting of the initial and revised versions of this paper. They take 

full responsibility for the integrity of all aspects of the work. 

REFERENCES/СПИСОК ЛІТЕРАТУРИ 

1. O’Hare FM, Watson RWG, O’Neill A, Segurado R, 

Sweetman D, Downey P, Mooney E, Murphy J, 

Donoghue V, Molloy EJ. Serial cytokine alterations 

and abnormal neuroimaging in newborn infants 

with encephalopathy. Acta Paediatr. 

2017;106(4):561-567. 

https://doi.org/10.1111/apa.13745  

2. O’Dea MI, Kelly LA, McKenna E, Strickland T, 

Hurley TP, Butler J, Vavasseur C, El-Khuffash AF, 

Miletin J, Fallah L, White A, Wyse J, Molloy EJ. 

Altered Cytokine Endotoxin Responses in Neonatal 

Encephalopathy Predict MRI Outcomes. Front 

Pediatr. 2021;9:734540. 

https://doi.org/10.3389/fped.2021.734540  

3. Pang R, Mujuni BM, Martinello KA, Webb EL, 

Nalwoga A, Ssekyewa J, Musoke M, Kurinczuk JJ, 

Sewegaba M, Cowan FM, Cose S, Nakakeeto M, 

Elliott AM, Sebire NJ, Klein N, Robertson NJ, 

Tann CJ. Elevated serum IL-10 is associated with 

severity of neonatal encephalopathy and adverse 

early childhood outcomes. Pediatr Res. 

2022;92(1):180-189. 

https://doi.org/10.1038/s41390-021-01438-1  

4. Lee AC, Kozuki N, Blencowe H, Vos T, Bahalim 

A, Darmstadt GL, Niermeyer S, Ellis M, Robertson 

NJ, Cousens S, Lawn JE. Intrapartum-related 

neonatal encephalopathy incidence and impairment 

at regional and global levels for 2010 with trends 

from 1990. Pediatr Res. 2013;74(S1):50-72. 

https://doi.org/10.1038/pr.2013.206  

5. Executive summary: Neonatal encephalopathy and 

neurologic outcome, second edition. Report of the 

American College of Obstetricians and 

Gynecologists’ Task Force on Neonatal 

Encephalopathy. Obstet Gynecol. 2014;123(4):896-

901. 

https://doi.org/10.1097/01.AOG.0000445580.6598

3.d2  

6. O’Dea M, Sweetman D, Bonifacio SL, El-Dib M, 

Austin T, Molloy EJ. Management of Multi Organ 

Dysfunction in Neonatal Encephalopathy. Front 

Pediatr. 2020;8:239. 

https://doi.org/10.3389/fped.2020.00239  

7. Benninger KL, Inder TE, Goodman AM, Cotten 

CM, Nordli DR, Shah TA, Slaughter JC, Maitre 

NL. Perspectives from the Society for Pediatric 

Research. Neonatal encephalopathy clinical trials: 

developing the future. Pediatr Res. 2021;89(1):74-

84. https://doi.org/10.1038/s41390-020-0859-9  

8. Hagberg H, Mallard C, Ferriero DM, Vannucci SJ, 

Levison SW, Vexler ZS, Gressens P. The role of 

inflammation in perinatal brain injury. Nat Rev 

Neurol. 2015;11(4):192-208. 

https://doi.org/10.1038/nrneurol.2015.13  

9. Zareen Z, Strickland T, Eneaney VM, Kelly LA, 

McDonald D, Sweetman D, Molloy EJ. Cytokine 

dysregulation persists in childhood post Neonatal 

Encephalopathy. BMC Neurol. 2020;20(1):115. 

https://doi.org/10.1186/s12883-020-01656-w  

10. O’Hare FM, Watson RWG, O’Neill A, Blanco A, 

Donoghue V, Molloy EJ. Persistent systemic 

monocyte and neutrophil activation in neonatal 

encephalopathy. The Journal of Maternal-Fetal & 

Neonatal Medicine. 2016;29(4):582-589. 

https://doi.org/10.3109/14767058.2015.1012060  

11. Sweetman DU, Onwuneme C, Watson WR, 

Murphy JFA, Molloy EJ. Perinatal Asphyxia and 

Erythropoietin and VEGF: Serial Serum and 

Cerebrospinal Fluid Responses. Neonatology. 

2017;111(3):253-259. 

https://doi.org/10.1159/000448702  

12. Hagberg H, Gressens P, Mallard C. Inflammation 

during fetal and neonatal life: Implications for 

neurologic and neuropsychiatric disease in children 

and adults. Annals of Neurology. 2012;71(4):444-

457. https://doi.org/10.1002/ana.22620  

13. Liu F, McCullough LD. Inflammatory responses in 

hypoxic ischemic encephalopathy. Acta Pharmacol 

Sin. 2013;34(9):1121-1130. 

https://doi.org/10.1038/aps.2013.89  

14. Walsh BH, Boylan GB, Livingstone V, Kenny LC, 

Dempsey EM, Murray DM. Cord Blood Proteins 

58

https://doi.org/10.1111/apa.13745
https://doi.org/10.3389/fped.2021.734540
https://doi.org/10.1038/s41390-021-01438-1
https://doi.org/10.1038/pr.2013.206
https://doi.org/10.1097/01.AOG.0000445580.65983.d2
https://doi.org/10.1097/01.AOG.0000445580.65983.d2
https://doi.org/10.3389/fped.2020.00239
https://doi.org/10.1038/s41390-020-0859-9
https://doi.org/10.1038/nrneurol.2015.13
https://doi.org/10.1186/s12883-020-01656-w
https://doi.org/10.3109/14767058.2015.1012060
https://doi.org/10.1159/000448702
https://doi.org/10.1002/ana.22620
https://doi.org/10.1038/aps.2013.89


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

 

  

and Multichannel-Electroencephalography in 

Hypoxic-Ischemic Encephalopathy*: Pediatric 

Critical Care Medicine. 2013;14(6):621-630. 

https://doi.org/10.1097/PCC.0b013e318291793f  

15. Jenkins DD, Rollins LG, Perkel JK, Wagner CL, 

Katikaneni LP, Bass WT, Kaufman DA, Horgan 

MJ, Languani S, Givelichian L, Sankaran K, Yager 

JY, Martin RH. Serum Cytokines in a Clinical Trial 

of Hypothermia for Neonatal Hypoxic-Ischemic 

Encephalopathy. J Cereb Blood Flow Metab. 

2012;32(10):1888-1896. 

https://doi.org/10.1038/jcbfm.2012.83  

16. Chalak LF, Sánchez PJ, Adams-Huet B, Laptook 

AR, Heyne RJ, Rosenfeld CR. Biomarkers for 

Severity of Neonatal Hypoxic-Ischemic 

Encephalopathy and Outcomes in Newborns 

Receiving Hypothermia Therapy. The Journal of 

Pediatrics. 2014;164(3):468-474.e1. 

https://doi.org/10.1016/j.jpeds.2013.10.067  

17. Boscarino G, Migliorino R, Carbone G, Davino G, 

Dell’Orto VG, Perrone S, Principi N, Esposito S. 

Biomarkers of Neonatal Sepsis: Where We Are and 

Where We Are Going. Antibiotics (Basel). 

2023;12(8):1233. 

https://doi.org/10.3390/antibiotics12081233  

18. Pons S, Trouillet-Assant S, Subtil F, Abbas-Chorfa 

F, Cornaton E, Berthiot A, Galletti S, Plat A, Rapin 

S, Trapes L, Generenaz L, Brengel-Pesce K, Callies 

A, Plaisant F, Claris O, Portefaix A, Flamant C, 

Butin M. Performance of 11 Host Biomarkers 

Alone or in Combination in the Diagnosis of Late-

Onset Sepsis in Hospitalized Neonates: The 

Prospective EMERAUDE Study. Biomedicines. 

2023;11(6):1703. 

https://doi.org/10.3390/biomedicines11061703  

19. Inomata K, Mizobuchi M, Tanaka S, Iwatani S, 

Sakai H, Yoshimoto S, Nakao H. Patterns of 

increases in interleukin‐6 and C ‐reactive protein as 

predictors for white matter injury in preterm 

infants. Pediatrics International. 2014;56(6):851-

855. https://doi.org/10.1111/ped.12376  

20. Lee ES, Kim EK, Shin SH, Choi YH, Jung YH, 

Kim SY, Koh JW, Choi EK, Cheon JE, Kim HS. 

Factors associated with neurodevelopment in 

preterm infants with systematic inflammation. BMC 

Pediatr. 2021;21(1):114. 

https://doi.org/10.1186/s12887-021-02583-6  

21. Stilling RM, Dinan TG, Cryan JF. Microbial genes, 

brain & behaviour - epigenetic regulation of the 

gut-brain axis. Genes Brain Behav. 2014;13(1):69-

86. https://doi.org/10.1111/gbb.12109  

22. Secher T, Kassem S, Benamar M, Bernard I, Boury 

M, Barreau F, Oswald E, Saoudi A. Oral 

Administration of the Probiotic Strain Escherichia 

coli Nissle 1917 Reduces Susceptibility to 

Neuroinflammation and Repairs Experimental 

Autoimmune Encephalomyelitis-Induced Intestinal 

Barrier Dysfunction. Front Immunol. 2017;8:1096. 

https://doi.org/10.3389/fimmu.2017.01096  

23. Luna RA, Foster JA. Gut brain axis: diet microbiota 

interactions and implications for modulation of 

anxiety and depression. Curr Opin Biotechnol. 

2015;32:35-41. 

https://doi.org/10.1016/j.copbio.2014.10.007  

24. Rea K, Dinan TG, Cryan JF. The microbiome: A 

key regulator of stress and neuroinflammation. 

Neurobiol Stress. 2016;4:23-33. 

https://doi.org/10.1016/j.ynstr.2016.03.001  

25. Shankaran S, Laptook AR, Ehrenkranz RA, Tyson 

JE, McDonald SA, Donovan EF, Fanaroff AA, 

Poole WK, Wright LL, Higgins RD, Finer NN, 

Carlo WA, Duara S, Oh W, Cotten CM, Stevenson 

DK, Stoll BJ, Lemons JA, Guillet R, Jobe AH, 

National Institute of Child Health and Human 

Development Neonatal Research Network. Whole-

body hypothermia for neonates with hypoxic-

ischemic encephalopathy. N Engl J Med. 

2005;353(15):1574-1584. 

https://doi.org/10.1056/NEJMcps050929  

26. Perrone S, Weiss MD, Proietti F, Rossignol C, 

Cornacchione S, Bazzini F, Calderisi M, Buonocore 

G, Longini M. Identification of a panel of cytokines 

in neonates with hypoxic ischemic encephalopathy 

treated with hypothermia. Cytokine. 2018;111:119-

124. https://doi.org/10.1016/j.cyto.2018.08.011  

27. Orrock JE, Panchapakesan K, Vezina G, Chang T, 

Harris K, Wang Y, Knoblach S, Massaro AN. 

Association of brain injury and neonatal cytokine 

response during therapeutic hypothermia in 

newborns with hypoxic-ischemic encephalopathy. 

Pediatr Res. 2016;79(5):742-747. 

https://doi.org/10.1038/pr.2015.280  

28. Shang Y, Mu L, Guo X, Li Y, Wang L, Yang W, Li 

S, Shen Q. Clinical significance of interleukin-6, 

tumor necrosis factor-α and high-sensitivity C-

reactive protein in neonates with hypoxic-ischemic 

encephalopathy. Experimental and Therapeutic 

Medicine. 2014;8(4):1259-1262. 

https://doi.org/10.3892/etm.2014.1869  

29. Munteanu A, Manea AM, Jinca C, Boia M. Basic 

biochemical and hematological parameters in 

perinatal asphyxia and their correlation with 

hypoxic ischemic encephalopathy. Exp Ther Med. 

2021;21(3):259. 

https://doi.org/10.3892/etm.2021.9690  

30. Cilla A, Arnaez J, Benavente-Fernández I, Ochoa 

C, Vega C, Lubián-López S, Garcia-Alix A. Effect 

of Hypothermia and Severity of Hypoxic-Ischemic 

Encephalopathy in the Levels of C-Reactive Protein 

during the First 120 Hours of Life. Am J Perinatol. 

2020;37(7):722-730. https://doi.org/10.1055/s-

0039-1688818  

31. Wang X, Shi L, Wang C, Ma X. Therapeutic 

hypothermia can cause non-infective C-reactive 

59

https://doi.org/10.1097/PCC.0b013e318291793f
https://doi.org/10.1038/jcbfm.2012.83
https://doi.org/10.1016/j.jpeds.2013.10.067
https://doi.org/10.3390/antibiotics12081233
https://doi.org/10.3390/biomedicines11061703
https://doi.org/10.1111/ped.12376
https://doi.org/10.1186/s12887-021-02583-6
https://doi.org/10.1111/gbb.12109
https://doi.org/10.3389/fimmu.2017.01096
https://doi.org/10.1016/j.copbio.2014.10.007
https://doi.org/10.1016/j.ynstr.2016.03.001
https://doi.org/10.1056/NEJMcps050929
https://doi.org/10.1016/j.cyto.2018.08.011
https://doi.org/10.1038/pr.2015.280
https://doi.org/10.3892/etm.2014.1869
https://doi.org/10.3892/etm.2021.9690
https://doi.org/10.1055/s-0039-1688818
https://doi.org/10.1055/s-0039-1688818


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

 

  

protein elevating. Front Pediatr. 2023;11:1157417. 

https://doi.org/10.3389/fped.2023.1157417  

32. Jia H, Qu M, Fan G, Wu H, Wang L. miR-499-5p 

suppresses C-reactive protein and provides 

neuroprotection in hypoxic-ischemic 

encephalopathy in neonatal rat. Neurosci Res. 

2020;161:44-50. 

https://doi.org/10.1016/j.neures.2019.12.002 

 

Received 10.02.2024 

Accepted 23.02.2024 

 
Одержано 10.02.2024 

Затверджено до друку 23.02.2024

 
 

ІNFORMATION ABOUT THE AUTHORS / ВІДОМОСТІ ПРО АВТОРІВ 

Serhiy V. Popov – Professor, Pediatrics Department, Sumy State University, Sumy, Ukraine  

Anastasiia O. Profatylo – MD, Postgraduate Student, Pediatrics Department, Sumy State University, Sumy, 

Ukraine  

Mark A. Turner – Professor, Department of Women’s and Children’s Health, University of Liverpool, 

Liverpool, UK 

Oleksandr I. Smiian – Professor, Head of Pediatrics Department, Sumy State University, Sumy, Ukraine  

Olena H. Vasylieva – Assistant Professor, Pediatrics Department, Sumy State University, Sumy, Ukraine 

 

60

https://doi.org/10.3389/fped.2023.1157417
https://doi.org/10.1016/j.neures.2019.12.002

