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Abstract. The search for prognostic biomarkers for the severity of community-acquired
pneumonia (CAP) in children is of significant clinical interest. The aim of the study was to evaluate
the serum interleukin-6 (IL-6) and interleukin-8 (IL-8) concentration in children with CAP
depending on the severity of the disease. Patients and methods. The serum IL-6, IL-8 and
procalcitonin (PCT) and C-reactive protein (CRP) concentrations were determined by ELISA upon
admission in 37 hospitalized children (13 with severe CAP and 24 with non-severe CAP). Results.
The serum IL-6 and IL-8 concentrations were significantly higher in the severe CAP group,
compared of the non-severe CAP group by 2.2 and 3.6 times, respectively. Direct correlations of
moderate strength were revealed between the severity of the disease and the serum IL-6 (r=0.68)
concentration and IL-8 (r=0.57) respectively (p<0.0001). The serum IL-6 and IL-8 concentration
correlated with each other (r=0.49, p=0.002) and with other inflammatory markers: serum IL-6
concentration with leukocytosis (r=0.42), neutrophilia (r=0.49), and PCT (r=0.53); serum IL-8
concentration - with PCT (r=0.49) and CRP (r=0.35). Conclusion. These data confirm the
involvement of IL-6 and IL-8 in the pathogenesis of the systemic inflammatory response in CAP.
Serum cytokines concentration are promising prognostic biomarkers for risk stratification of
severe community-acquired pneumonia in children.

Keywords: community-acquired pneumonia, biomarkers, children, interleukin-6,
interleukin-8.

AHHomayusa. [louck npozHOCMu4eckux 6GuoMapkepos msidcecmu 6He60/bHUYHOU
nHesmoHuu (BII) y demeii npedcmasassiem 3Ha4umebHblll KauHu4eckull uHmepec. Lleaw: oyeHka
yposHsl uHmepetikuHa-6 (IL-6) u unmepaetikuna-8 (IL-8) 6 cbieopomke kposu y demeii ¢ BIl
3a8ucumMocmu om msaxcecmu meveHusi 3ab6o.siesaHus.. Mamepuaasl u memodsl. Y 37
2ochumanau3uposaHHsvlx demell (13 — c¢ msaxceaoli BIl u 24 — c¢ Hemsixcenou BII) npu
nocmynJjieHuu onpedesiau cbl8OpomovHsle KoHyeHmpayuu IL-6, IL-8 u npokaavyumonuua (PCT)
u C-peakmusHozo 6eaka (CP5) memodom H®DA. Pezyavmamel. YposHuu IL-6 u IL-8 6wLiu
docmosepHo 8blwe 8 zpynne msixceaoll BIl, npesviwias nokazamesau zpynnbl hayueHmMos c
Hemsixcenol BIl e 2,2 u 3,6 paza coomeemcmeeHHO. Buisig1eHbl npsimble KOppeassyuoHHbIE C8513U
cpedHell UHMEeHCUBHOCMU Mexcdy msxicecmbylo 3a601eeanus u yposHeM IL-6 (r=0,68, p<0,0001) u
IL-8 (r=0,57, p<0,0001). Konyeumpayus IL-6 u IL-8 koppesauposasau dpyz c dpyzom (r=0,49,
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p=0,002), a makdxce ¢ dpya2umu mapkepamu 8ocna/eHus: yposeHsv IL-6 — c selikoyumo3om
(r=0,42), Helimpogunezom (r=0,49) uyposnem PCT (r=0,53); IL-8 — ¢ PCT (r=0,49) u CPE (r=0,35).
Bb1800b1: [losyveHHble daHHble nodmeepicdarom eossedeHHocmb IL-6 u IL-8 e namoeeHe3
cucmemHo20 8ocnaaumeabHo2o0 omeema npu BIl. YpoeHu smux yumokuHo8 8 cbl80pomke Kposu
S8/5110MCS1 NePCNeKMUBHbIMU NPOZHOCMUYECKUMU 6uoMapkepamu 0151 cmpamu@dukayuu pucka
msixcen020 meyeHus BHe601bHUYHOU NHEBMOHUU Y demell.

Kawuesvle caoea: 8He60/1bHUYHASI NHEBMOHUS, 6UOMapKepsl, demu, UHMepAelUKUH-6,
UHmMepaeltiKuH-8.

Rezyume. Bolalarda shifoxonadan tashqari pnevmoniya (ShTP) og'irligini bashoratlovchi
biomarkerlarni izlash muhim klinik ahamiyatga ega.Maqsad: shifoxonadan tashqari pnevmoniya
bilan kasallangan bolalarda kasallik kechishining og'irligiga qarab qon zardobida interleykin-6
(IL-6) va interleykin-8 (IL-8) darajasini baholash.Materiallar va usullar. Shifoxonaga yotqizilgan
37 nafar bolada (13 nafari — og‘ir ShTP, 24 nafari — og'‘ir bo‘lmagan ShTP) qabul paytida qon
zardobida IL-6, IL-8, prokaltsitonin (PCT) va C-reaktiv oqsil (CRO) miqdori immunoferment tahlil
(IFT) usuli yordamida aniqlandi.Natijalar. Og‘ir kechuvchi ShTP guruhi bolalarida IL-6 va IL-8
darajalari og‘ir bo'lmagan ShTP guruhi ko ‘rsatkichlariga nisbatan mos ravishda 2,2 va 3,6 baravar
yuqori ekanligi aniqlandi. Kasallik og‘irligi bilan IL-6 (r = 0,68; p < 0,0001) va IL-8 (r = 0,57; p <
0,0001) darajalari o‘rtasida o‘rtacha kuchdagi to'gridan-to’g'ri korrelyatsion bog'ligliklar
aniqlangan. IL-6 va IL-8 konsentratsiyalari o‘zaro ham korrelyatsiyaga ega bo'lib (r = 0,49; p =
0,002), shuningdek yallig‘lanishning boshqa markerlari bilan ham bogliqlik ko‘rsatdi: — IL-6
darajasi leykotsitoz (r = 0,42), neytrofilyoz (r = 0,49) va PCT darajasi (r = 0,53) bilan;
— IL-8 darajasi PCT (r = 0,49) va CRO (r = 0,35) bilan korrelyatsiya qilgan.Xulosalar. Olingan
natijalar shifoxonadan tashqari pnevmoniyada tizimli yallig ‘lanish javobi patogenezida IL-6 va IL-
8 ning ishtirokini tasdiglaydi. Ushbu sitokinlarning qon zardobidagi darajalari bolalarda
shifoxonadan tashqari pnevmoniyaning og‘ir kechish xavfini stratifikatsiya qilish uchun istigbolli
prognostik biomarkerlar hisoblanadi.

Kalit so‘zlar: shifoxonadan tashqari pnevmoniya, biomarkerlar, bolalar, interleykin-6,
interleykin-8.

Relevance. In modern pediatric practice, the incidence of community-acquired
pneumonia (CAP) is associated with increased mortality, a high rate of hospitalization,
prolonged hospital stay, and frequent complications [3]. Early diagnosis of CAP can facilitate
sound clinical decision-making and improve prognosis. Biomarkers such as white blood cell
count, procalcitonin (PCT), and C-reactive protein (CRP) levels in serum are used in clinical
practice to laboratory assess the severity of the disease and predict its course [4]. However, the
use of traditional biomarkers has limited applicability for the diagnosis and prognosis of CAP in
children. The search for informative indicators that, in addition to clinical assessment, can
significantly improve the diagnosis and management of children with CAP and reduce adverse
outcomes associated with this disease is urgent. Cytokines, which regulate the immune response
and play a significant role in the pathogenesis of inflammation in CAP in children, may serve as
such markers [1]. Cytokines are a vital link between various body systems (the immune,
endocrine, nervous, and hematopoietic) and mediate their interactions in the development of
inflammatory and immune responses. The leading mediators of infectious inflammation are
interleukin 6 (IL-6) and interleukin 8 (IL-8) [5].

Interleukin-6 plays a key role in the regulation of both immune and inflammatory
responses [7, 9]. During infection and tissue damage, IL-6 responds more quickly than
leukocytes and CRP [6]. Some authors propose using this marker to predict the course of
mycoplasma and adenoviral pneumonia in pediatric patients [8, 10]. Some studies have shown
elevated IL-6 levels in severe pneumonia in children [1].

Interleukin -8 actively participates in the development of the inflammatory process.
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Possessing high chemoattractant activity, it induces leukocyte chemotaxis followed by
neutrophil degranulation, causes histamine release by mast cells, and stimulates angiogenesis
[5]. Attempts have been made to evaluate changes in serum IL-8 concentration in children with
CAP [2]. However, data confirming the value of determining IL-6 and IL-8 levels for the diagnosis,
assessment of severity, and prognosis of CAP in children are insufficient.

The aim of the study was to evaluate serum IL-6 and IL-8 concentration in children with
CAP, considering the severity of the disease, and to analyze the relationships between these
parameters and the severity of the pathology and biomarkers of systemic inflammation.

Materials and methods. A total of 37 children with a diagnosis of CAP verified according
to clinical guidelines were observed. The study complies with the World Medical Association's
Declaration of Helsinki on Ethical Principles for Medical Research Involving Human Subjects
(2000) and was approved by the university's Ethics Committee (Protocol No. 5 of the Ethics
Committee meeting dated November 7, 2023). Informed voluntary consent was obtained from
all participants. The authors express their gratitude to the university administration and the staff
of the Central Research Laboratory for their assistance in conducting the study.

Inclusion criteria: age from 1 month up to 17 years 11 months, diagnosis of CAP verified
according to clinical guidelines, no antibacterial therapy at the outpatient stage.

Exclusion criteria: age under 1 month and/or over 17 years 11 months, antibacterial
therapy at the outpatient stage, presence of diseases of the bronchopulmonary system and
concomitant pathology affecting respiratory function, presence of other inflammatory diseases.

Clinical and laboratory examination of patients and diagnosis of CAP were carried out in
accordance with adaptations with current clinical guidelines [4]. The average age of the patients
was 10.8+5.5 years; there were 17 girls (45.9%) and 20 boys (54.1%) with CAP. The patients
were divided into 2 groups: 15t group - patients with severe CAP (n=13) and 24 group - patients
with non-severe CAP (n=24). The vaccination history of patients in both groups did not differ
significantly: 6 (46.2%) children in the 15t group and 10 (41.7%) children - in the 2" group were
vaccinated against pneumococcal infection, 5 (38.5%) and 6 (25.0%), respectively, against
H. influenzae infection, and 1 (7.7%) and 3 (12.5%) against influenza.

All patients had their blood drawn upon hospitalization, and serum IL-6, IL-8 and PCT
concentrations were determined by heterogeneous enzyme-linked immunosorbent assay
(ELISA) using commercial Human IL-6 ELISA Kit, Human IL-8, and Human PCT ELISA Kit (Wuhan
Fine Biotech Co., Ltd. (FineTest), China). Light absorbance was measured at 450 nm on a Stat Fax
2100 enzyme-linked immunosorbent assay plate reader (Awareness Technology, USA). Serum
interleukin concentrations were expressed as pg/ml, and PCT concentrations were expressed as
ng/ml. Serum CRP concentration were determined by immunoturbidimetry using reagent Kkits
from DiaSys, Germany. Measurements were performed on a Sapphire 400 biochemical analyzer.
Premium, Japan. Serum CRP concentrations were expressed as mg/ml. Leukocyte and neutrophil
counts in patients' blood were assessed using a complete blood count.

Statistical processing of the obtained data was performed using the GraphPad Prism8
software package. The Mann-Whitney test was used to compare independent samples.
Differences in the compared parameters were considered significant at p<0.05. To identify
correlations between parameters, Spearman's rank correlation coefficients (r) were calculated
with a significance level (p).

Results and Discussion. Children with CAP, regardless of the severity of the disease,
were admitted to hospital on days 6-7 from the onset of the first symptoms of the disease. In the
clinic of the disease in patients with CAP in both groups, symptoms of respiratory tract damage
and intoxication predominated. However, in children with severe CAP (Group 1st), compared
with patients in Group 2™ (non-severe CAP), symptoms of intoxication such as weakness (92.3
vs. 68.2%, p=0.038), tachycardia (89.5 vs. 37.5%, p<0.0001), and decreased appetite (76.9 vs.
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46.6%, p=0.006) were significantly more common. Manifestations of respiratory failure were
also observed in the form of decreased saturation <95% (53.8 vs. 4.2%, p<0.0001), mixed
dyspnea with the involvement of accessory muscles in the act of breathing (76.9 vs. 16.7%,
p<0.0001) and tachypnea (68.4 vs. 25.0%, p<0.0001).

When assessing the levels of the studied serum interleukins (IL-6 and IL-8) concentration
in patients with CAP at the time of hospitalization, their dependence on the nature of this disease
was revealed - serum both interleukins concentrations were significantly higher in children with
severe CAP compared to patients with non-severe CAP. Thus, upon admission to hospital, the
serum IL-6 concentration in children in group 15t was in 2.2 times higher than in children in
group 214 (32.8 [24.1; 41.7] vs. 15.0 [8.5; 20.0] pg/ml), p<0.0001 (Fig. 1). Moreover, the serum
IL-8 concentration in 15t group was in 3.6 times higher than in 2m group (80.9 [45.6; 92.7] vs.
22.3[11.0; 33.0] pg/ml), p<0.0001 (Fig. 2).
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Figure 1. Serum IL-6 concentration in children with CAP. Key: Y-axis - serum IL-6
concentration (pg/ml).
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Figure 2. Serum IL-8 concentration in children with CAP. Key: Y-axis - serum IL-8
concentration (pg/ml).
Spearman's rank correlation analysis revealed direct moderate correlations between the
severity of CAP and serum levels of IL-6 (r=0.68, p<0.0001) and IL-8 (r=0.57, p<0.0001).
Analysis of laboratory criteria for systemic inflammation revealed that in children with
severe CAP, upon admission to hospital, most of the indicators were significantly higher than
normal, while in children with non-severe CAP they were significantly lower, and many of them
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were within the reference values. Thus, in children in 15t group upon admission, the number of
leukocytes reached 15.1 [9.4; 18.4] * 109/1, which was almost in 2.5 times higher than in the 2nd
group - 6.3 [4.6; 7.8] x 10°/1 (p=0.002). The same pattern was noted in terms of the absolute
number of neutrophils: in patients in 15t group it was in 2 times higher than in 274 group (9.1
[6.6; 13.3] x10°/1 and 4.3 [3.2; 6.4]x107/1, respectively, p=0.004). The serum PCT concentration
in 1st group was 1.02 [0.78; 4.70] ng/ml, more than in 3 times higher than in 2 group - 0.31
[0.26; 0.47] ng/ml (p<0.0001). The serum CRP concentration was also in 1.7 times higher in 1st
group compared of 214 group 2 (48 [24; 96] vs. 28 [24; 48] mg/1), but this difference was not
statistically significant (p=0.904). These data indicated the development of a systemic
inflammatory response in children with severe CAP, which was confirmed by the identified
correlations between the severity of the pathology and leukocytosis/neutrophilia (r=0.65/0.63,
p<0.001) and serum PCT concentration (r=0.75, p<0.001).

Furthermore, Spearman's rank correlation analysis revealed significant correlations
between the studied serum interleukins (IL-6 and IL-8) concentration both among themselves
(r=0.49, p=0.002) and with other studied biomarkers of systemic inflammation. In particular,
serum IL-6 concentration correlated with leukocytosis (r=0.42, p=0.009), absolute neutrophil
count (r=49, p=0.002), and serum PCT concentration (r=0.53, p<0.001), while serum IL-8
concentration correlated with PCT (r=0.49, p=0.002) and CRP (r=0.35, p<0.05). These data are
consistent with studies by a number of authors who have demonstrated the indicative value of
serum IL-6 and IL-8 concentration in reflecting the severity of CAP in children and adults [2,8,9].

The identified relationships indicate the involvement of these interleukins in the
development of CAP against the background of a systemic inflammatory response associated
with this pathology. Short-term IL-6 expression is believed to contribute to host cell protection
from infection and tissue damage by stimulating the acute-phase immune response and
hematopoiesis, and its synthesis ceases when homeostasis is restored [7]. Our data indicate that
in children with severe CAP, serum IL-6 concentration was significantly elevated, as was the
serum IL-8 concentration, which, as a potent chemoattractant, stimulates the phagocytic activity
of immunocompetent cells [5]. The identified correlation between these interleukins clearly
indicates their synergistic effect in the development of CAP.

Conclusion. The obtained results and their analysis indicate that the development of
severe CAP in children is associated with increased serum proinflammatory cytokines such as
IL-6 and IL-8concentration, as well as the studied laboratory parameters of the systemic
inflammatory response, including leukocytosis, serum PCT and CRP concentrations. The
identified correlations between the levels of the studied interleukins and the severity of CAP in
children and laboratory indicators of the systemic inflammatory response indicate their
pathogenetic involvement in the development of an unfavorable course of this pathology.

The identified changes in serum IL-6 and IL-8 concentration in children with CAP allow
these indicators to be considered promising biomarkers for assessing the severity of CAP in
pediatric patients. The data obtained can be further used to develop personalized diagnostic
algorithms and predict the course of CAP in children.
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