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Aim — to evaluate the diagnostic significance of the inflammatory biomarkers such as presepsin and interleukin-33 (IL-33) in preterm newborns with
bacterial infections and to compare their diagnostic performance with that of traditional inflammatory markers.

Materials and methods. A prospective study was conducted involving 111 preterm newborns treated in neonatal intensive care and pathology units
between 2021 and 2024. The Study group consisted of 85 preterm infants with bacterial infections (neonatal pneumonia and sepsis), while the Con-
trol group included 26 conditionally healthy newborns. All patients underwent clinical and laboratory examinations, including the assessment of he-
matological parameters, as well as levels of C-reactive protein, procalcitonin, lactate, presepsin, and IL-33. Presepsin and IL-33 levels were determined
using the enzyme-linked immunosorbent assay (ELISA). The clinical severity was assessed using the nSOFA and NEOMOD scoring systems. Statis-
tical analysis was performed using ROC analysis and non-parametric methods.

Results. Preterm infants with bacterial infections exhibited a pronounced systemic inflammatory response, alterations in hematological parameters,
and a high incidence of multiple organ dysfunction. Compared with the Control group, presepsin levels increased 76-fold, whereas IL-33 levels in-
creased more than sevenfold. ROC analysis demonstrated that presepsin had the highest diagnostic accuracy, followed by IL-33. Both biomarkers
demonstrated high sensitivity (91.2%) and specificity (100%), indicating their excellent diagnostic performance in bacterial infections among preterm
infants.

Conclusions. Presepsin and IL-33 demonstrated excellent diagnostic performance and represent promising complementary biomarkers for the
early diagnosis of bacterial infections in preterm newborns. Their combined assessment with traditional inflammatory markers and organ dysfunction
scoring systems (nNSOFA and NEOMOD) may improve the accuracy of early diagnosis and risk stratification in neonatal intensive care.

The study was conducted in accordance with the principles of the Declaration of Helsinki. Informed consent for participation was obtained from the
mothers.
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N.F. Huseynova', N.J. Rahimova?, I.A. Gafarov®

'Scientific Research Institute of Pediatrics, Baku, Azerbaijan

“Azerbaijan Medical University, Baku

“Azerbaijan State Advanced Training Institute for Doctors, Baku

MeTta — OUiHUTY AlarHOCTUYHE 3HaYEHHA Takyx GIOMapKepiB 3ananeHHs, 9k npecencuH Ta iHtepnelikin-33 (IL-33), y HeAOHOWEHNX HOBOHaPOAXEHNX
i3 OaKTepianbHUMK IHDEKLIAMYN Ta MOPIBHATU IXHIO AIarHOCTUYHY e(PEeKTUBHICTL i3 TPaAWLIMHYMI MapKepaMin 3ananeHH4.

Martepianu i MeToam. [poBEAEHO NPOCNEKTUBHE AOCNIKEHHS 3@ y4acTio 111 HeAOHOLWEHVX HOBOHAPOMKEHNX, 9Ki nepebyBani Ha NiKyBaHHI
y BIAAINEHHSX IHTEHCMBHOI Tepanil Ta NaTtonoril HOBOHapoaXeHux y nepiog i3 2021 no 2024 pik. 1o OCHOBHOI rpynu yBIlilNo 85 HeAOHOWEHMX
HEMOBNAT I3 OakTepianbHUMM IHPEKLIAMM (THEBMOHIA T CENCUC HOBOHAPOAXEHWX), @ 40 KOHTPONBHOI — 26 YMOBHO 300POBVIX HOBOHEPOMKEHMX.
YciM nauieHTam NnpoBeaeHo KAIHIKO-NabopaTtopHe 0OCTEXEHHH, LLIO OXOMWAO OLIHKY reMaTOMNONYHNX NOKA3HNKIB, @ TaKOX PiBHIB C-peakTnBHOro
6iNKa, NPOKanbUMTOHIHY, NakTaTy, npecencuny Ta IL-33. PiBHi npecencuHy Ta IL-33 BM3Ha4YeHO METOAOM iIMyHO(EPMEHRTHOrO aHanisy (IMA). TaxkICTb
KNIHIYHOro CcTaHy ouiHeHo 3a gonomorow wkan NnSOFA 1a NEOMOD. CratncTnyHniA aHanis 3aincHeHo 3 BukopuctanHam ROC-aHanisy Ta
HenapameTpuyHNX MeTOIB.

Pe3ynbrati. Y HeJOHOWEHNX HEMOB/IAT i3 OakTepiansHUMN iHMeKLUIiaMY CNOCTEPIrannca BMpaxeHa CUCTeMHa 3ananbHa BianoBiab, 3MiHM
FemMaTo/oriyHMX NOKa3HWKIB | BUCOKa 4acToTa NOMIOPraHHO! ANCYHKLUIT. MOPIBHAHO 3 KOHTPOBHOIO FPYNOIO PIBEHb NPECENCUHY 3PIC Y 7,6 pasa,
a piBeHb IL-33 — 6inbLu Hix y cim pasie. ROC-aHanis Nokasas, Wo NpecencuH Mas HaliBuLLy AlarHOCTUYHY TOURICTb, 3@ H1M cnigysas IL-33. O6uasa
GioMapkepy NPOAEMOHCTPYBaNN BUCOKY YyTamBiCTb (91,2%) i cneundidnicTs (100%), WO CBIAYUTE NPO IXHIO BIAMIHHY AlarHOCTUUHY eeKTUBHICTb Nia
Hac GakTepianbHVX IHPEKLIN Y HeOHOWEHWX HEMOBAT.

BucHoBKM. [pecencuH Ta IL-33 npoAeMOHCTPYBanU BIAMIHHI AIarHOCTUYHI XapakTepuCTUKY Ta € NEPCREKTVBHIMM 40AATKOBUMY GiOMapKepamu
ONS PAHHBLOT AiarHOCTUKIN OakTepianbHVX IHPEKLI Y HeJOHOWEHNX HOBOHAPOXKEHMX. IXHE KOMMNEKCHEe BU3HAUYEHHA Pa30M i3 TpaanLiiHNMK
Mapkepamy 3ananeHHa Ta Lkanamv OUiHKK opradHol ancdyHkuii (NSOFA T NEOMOD) moxe niaBULLMTA TOUHICTb PaHHbOT AIarHOCTUKY Ta cTpaTtudikauil
PU3MKIB B YMOBAX IHTEHCUBHOI Tepanil HOBOHaPOAXKEHMX.

[ocnigxeHHs NposeAeHO BIANOBIAHO A0 NPUHLMNIB FenbCiHCbKOT Aeknapalil. OTprMaHo IHPOPMOBaHY 3rofy MaTepiB Ha y4acTb Y AOCNIAXEHHI.
ABTOPU 3a9BNSI0Tb MPO BIACYTHICTL KOHMAIKTY IHTEPECIB.

KntouoBi cnoBa: paHHs fliarHOCTVKa, HeOHOLEHI HEMOBNATa, GakTepianbHa iHheKLid HOBOHAPOAXKEHWX, MPeCencuH, iHTepnelikiH-33, Giomapkepu.
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eonatal bacterial infections remain one of

‘ \ ‘ the leading causes of morbidity and mor-

tality in newborns worldwide. Congenital

sepsis and pneumonia are currently considered

among the most relevant and debated problems in
modern perinatal and neonatal medicine [5,6].

Despite achievements in neonatal intensive care,
accurate and timely diagnosis of neonatal sepsis
still faces significant difficulties. This is due to the
non-specific clinical symptoms, the lack of a univer-
sal diagnostic standard, and the limited sensitivity
of traditional methods, including blood culture.
The complexity of clinical decisions is increased by
the need to balance the risks of overdiagnosis and
underdiagnosis. On one hand, the irrational use of
antibacterial therapy contributes to the rise of an-
tibiotic resistance; on the other hand, a delay in
starting treatment can lead to rapid progression of
the infection and the development of multiorgan
failure [14].

Preterm newborns form a special high-risk group,
accounting for a significant share of neonatal sepsis
and pneumonia cases. The immaturity of innate and
adaptive immunity, the insufficiency of the barrier
functions of the skin and mucous membranes, as well
as the need for invasive diagnostic and therapeutic
interventions, contribute to the increased suscepti-
bility of this category of patients to infections. Cli-
nical signs of sepsis in preterm infants are often sub-
tle and non-specific, which significantly complicates
early diagnosis. Furthermore, the high rate of ad-
verse outcomes, including the development of mul-
tiorgan failure, bronchopulmonary dysplasia, neuro-
logical disorders, and mortality, determines the need
to improve methods for the early detection of the
infectious process specifically in this group of new-
borns [4,8,15,18,19].

In this regard, the search for highly sensitive and
specific biomarkers for the early diagnosis of sepsis
is of particular importance [2,7,21,22]. In recent
years, soluble CD14 subtype — presepsin
(sCD14-ST) has been actively studied and has
demonstrated high diagnostic accuracy, comparable
to procalcitonin and C-reactive protein (CRP)
[3,16]. Presepsin is characterized by a rapid increase
in blood concentration within the first hours of the
infectious process and less dependence on perinatal
factors, which increases its diagnostic value [1,11].

At the same time, there is a growing interest in
new immunological markers, particularly interleu-
kin-33 (IL-33). IL-33 is a member of the IL-1 family

and acts as an alarmin released during cellular da-
mage. It plays an important role in regulating the
innate and adaptive immune response, and its elevat-
ed levels are associated with infectious and inflam-
matory processes in newborns [23].

Despite the accumulated data, the diagnostic and
prognostic value of 1L-33, as well as its comparative
efficacy when combined with other biomarkers, in-
cluding presepsin, remain insufficiently studied
[10,20]. In this regard, a comprehensive approach
using a panel of markers seems promising, as it could
increase the accuracy of early diagnosis and optimize
the management strategy for preterm infants with
suspected sepsis.

Aim — to evaluate the diagnostic significance of
the inflammatory biomarkers presepsin and interleu-
kin-33 (IL-33) in preterm newborns with bacterial
infections and to compare their diagnostic perfor-
mance with traditional inflammatory markers.

Material and methods of the study

A prospective, continuous sampling study includ-
ed 111 preterm newborns admitted from 2021 to
May 2024 to neonatal intensive care units (NICUs)
and neonatal pathology departments. The study in-
cluded children born in maternity facilities across
cities and regions of Azerbaijan who developed
a critical condition during the neonatal period and
required transfer and transportation to the intensive
care unit of the Scientific Research Institute of Pe-
diatrics. All observed preterm infants were divided
into two groups: Study group and Control group.
The Study group included 85 preterm newborns
with a gestational age of 25-37 weeks, from 0 to
28 days old, with bacterial infections (neonatal
pneumonia, sepsis). Based on the results of a com-
prehensive examination and considering the etiology
of the disease, 35 (41.2%) of these newborns had
neonatal pneumonia, and 50 (58.8%) had sepsis. The
Control group consisted of 26 conditionally healthy
preterm newborns without bacterial infections or
congenital malformations. The newborns in the Con-
trol group were observed in the neonatal department
of the Scientific Research Institute of Obstetrics and
Gynecology and did not differ statistically from the
Study group in terms of sex and age.

Newborns with a diagnosis of hemolytic disease of
the newborn, chromosomal abnormalities, metabolic
diseases, multiple congenital malformations, and
TORCH infections specific to the perinatal period
were excluded from the study.
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The average body weight of newborns in the
Study group was 2070.8+70.2 g. In the Study group,
there were 46 (54.1%) boys and 39 (45.9%) girls,
while the Control group included 16 (61.5%) boys
and 10 (38.5%) girls.

All patients underwent clinical, laboratory, and
instrumental examinations, which included cardio-
respiratory monitoring, temperature measurement,
complete blood count and biochemical blood tests,
analysis of blood gas composition and acid-base sta-
tus, and evaluation of CRP, procalcitonin, presepsin,
and interleukin-33 (IL-33) concentrations. Not all
laboratory biomarkers were available for every en-
rolled infant. Therefore, the number of observations
differed between parameters, and each statistical
analysis was performed using all available measure-
ments for the corresponding biomarker. Neuro-
sonography, ultrasonography, echocardiography, and
bacteriological culture of samples obtained from
various sites were also performed. In addition, the
severity of organ dysfunction was assessed using the
nSOFA (Neonatal Sequential Organ Failure Assess-
ment) and NEOMOD (Neonatal Multiple Organ
Dysfunction) scoring systems. The nSOFA scale
evaluates respiratory, cardiovascular, and hemato-
logic disorder, whereas the NEOMOD scale is used
to assess the degree of multiple organ dysfunction in
neonates. Higher scores reflect more severe organ
dysfunction [9,12,13].

Quantitative determination of serum presepsin
and TL-33 was performed using a sandwich enzyme-
linked immunosorbent assay (ELISA) with a com-
mercial Sunred Bio (Shanghai) kit produced by Al-
gen Diagnostik Medical LTD (Ankara, Turkey) on
a BioScreen MS 500 analyzer (Stat Fax, USA).

Statistical analysis was performed using SPSS 27.
Data were presented as median (Me) and quartile
values (Q1; Q3), corresponding to the 25" and 75"
percentiles. The significance of differences between
the compared groups was assessed using the non-
parametric Mann—Whitney U test. Differences were
considered statistically significant at p<0.05 [17].

The study was conducted in accordance with the
principles of the Declaration of Helsinki. The study
protocol was approved by the Local Ethics Commit-
tee. Written informed consent was obtained from the
mothers of all enrolled infants.

Results of the study and discussion

The study revealed that most newborns were born
to mothers with extragenital pathology (54 (63.5%)

22

cases), and a complicated obstetric history
(99 (89.2%) cases), and a complicated gynecological
history (20 (23.5%) cases). In most cases, delivery in
both groups was performed by cesarean section: in
68 (80.0%) cases in the Study group and in
19 (73.1%) cases in the Control group (p=0.453).
Among neonates in the Study group, the 1* minute
Apgar score was 5.9+0.1 (1-8) points; 34 (40.0%)
were born with mild asphyxia, 47 (55.3%) with mod-
erate asphyxia, and 4 (4.7%) with severe asphyxia.
The 5"™-minute Apgar score was 6.9+0.1 (3-9)
points; 66 (77.6%) newborns were classified into the
mild asphyxia group, 17 (20.0%) into the moderate
asphyxia group, and 2 (2.4%) into the severe asphyx-
ia group. Upon admission, 39 (45.9%) newborns
were in severe condition, 44 (51.8%) in very severe
condition, and 2 (2.4%) in a preagonal state. Resus-
citation measures were performed for all newborns
in the Study group. The mortality rate was 25.9%
(22 patients).

Newborns in the Study group presented with res-
piratory failure in 70 (82.4%) cases, congenital pneu-
moniain 37 (43.5%), perinatal infections in 25 (29.4%),
necrotizing enterocolitis in 8 (9.4%), hepatitis in
2(2.4%), peritonitis in 1 (1.2%), cardiovascular insuf-
ficiency in 14 (16.5%), disseminated intravascular
coagulation (DIC) syndrome in 9 (10.6%), pneumo-
thorax in 3 (3.5%), neonatal coma in 3 (3.5%), intracra-
nial hemorrhage in 8 (9.4%), neonatal seizures in
6 (7.1%), and osteomyelitis in 2 (2.4%).

Bacteriological culture was performed in 63 of the
85 neonates in the Study group. Positive culture re-
sults with microbial isolation were obtained in
54 (85.7%) neonates, while cultures from 9 (14.3%)
neonates showed no growth. Gram-positive coagu-
lase-negative staphylococci were identified most
frequently, with an isolation rate of 23 (42.6%). The
isolation rates for other pathogens were as follows:
Staphylococcus aureus 10 (18.5%), Klebsiella pneu-
moniae 5 (9.3%), Candida albicans 3 (5.6%), Entero-
bacter aerogenes 2 (3.7%), Pseudomonas aeruginosa
2 (3.7%), and Acinetobacter 3 (5.6%). Less common
pathogens included Staphylococcus epidermidis
1 (1.9%), Serratia 1 (1.9% ), Bacillus spp. 1 (1.9%),
Sphingomonas paucimobilis 1 (1.9%), and Proteus
1 (1.9%). In some cases, multiple microorganisms
were isolated. In the majority of cases, the microor-
ganisms were isolated from the blood. Thus, in most
(83.1%) of the newborns upon admission to the
NICU, the infectious agent was isolated from only
a single site, most frequently from the blood.
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Table 1
Comparison of hematological parameters between preterm infants with bacterial infections and healthy preterm controls
Groups
Parameter Control ° Study PU
M Me (o) Q3 M Me (@) Q3
HGB 6.9 6.8 15.6 18.0 135 133 n4 157 <0.001*
RBC 4.85 4.90 430 510 3.88 3.90 3.40 4.40 <0.00™
WBC 13.0 13.6 82 170 1.9 106 63 6.5 0M6
HCT 51.2 50.5 46.9 542 423 412 357 476 <0.0071*
MCV 102.0 1035 98.0 111.0 107.2 108.0 101.0 113.0 0.029*
MCH 322 320 290 340 344 347 329 36.3 0.001*
MCHC 33.0 327 310 346 323 321 313 331 0.319
RDW-SD 412 42.0 390 43.8 527 52.8 48.0 581 <0.007*
RDW-CV 174 173 155 18.8 16.9 16.6 15.6 17.8 0.202
PLT 2770 2900 218.0 320.0 2316 2080 132.0 3020 0.006*
PCT 035 035 0.20 0.45 0.27 0.29 018 03 0.007*
BAS 0.85 0.80 070 0.90 126 116 0.80 17 0.001*
EOS 075 0.70 0.54 110 146 140 0.90 20 <0.001*
NEUT 212 190 120 273 5.96 4.89 279 85 <0.00™
MON 034 010 0.06 0.40 172 1.27 072 21 <0.007*
LYM 3.08 3.00 2.00 430 3.83 330 207 5.1 0373
Notes: PU -statistical accuracy of the Mann-Whitney U test; * — the null hypothesis is rejected

Blood groups O and A were the most common,
each observed in 31 (36.5%) patients, whereas blood
groups B and AB were identified in 18 (21.2%) and
5(5.9%) patients, respectively presents the hemato-
logical parameters of the newborns in the Control
and Study groups depending on gestational age.
Newborns in the Study group showed a statistically
significant decrease in hemoglobin (HGB), erythro-
cyte, and hematocrit (HCT) levels compared to the
Control group (p<0.001), indicating the develop-
ment of secondary anemic syndrome to the bacterial
infection (Table 1).

In the Study group, HGB, red blood cell (RBC)
count, HCT, platelet count (PLT), and plateletcrit
(PCT) were significantly lower than those in the
Control group (all p<0.05). In contrast, mean cor-
puscular volume (MCV), mean corpuscular hemo-
globin (MCH), red cell distribution width-standard
deviation (RDW-SD), basophil (BAS), eosinophil
(EOS), neutrophil (NEUT), and monocyte (MON)
counts were significantly higher in the Study group
than in the Control group (all p<0.05).

No statistically significant differences were ob-
served between the groups in white blood cell
(WBC) count, mean corpuscular hemoglobin con-
centration (MCHC), red cell distribution width-co-
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efficient of variation (RDW-CV), or lymphocyte
(LYM) count (all p>0.05).

Thus, hematological changes in children with neo-
natal infections were non-specific, reflecting the ac-
tivation of a systemic inflammatory process, a gene-
ral response of the hematopoietic system, and,
apparently, the newborn’s immunity to the infec-
tious pathogen.

ROC analysis was performed to evaluate the diag-
nostic performance of hematological parameters in the
Study group (Fig. 1, Table 2). The highest diagnostic
accuracy was demonstrated by RDW-SD
(AUC=0.906, p<0.001), MON (AUC=0.876,
p<0.001),and NEUT (AUC=0.846, p<0.001). Good
diagnostic performance was also observed for EOS
(AUC=0.750,p<0.001), BAS (AUC=0.721, p=0.001),
and MCH (AUC=0.720, p=0.001), whereas MCV
showed moderate diagnostic accuracy (AUC=0.642,
p=0.029). In contrast, LYM (AUC=0.558, p—0.373),
MCHC (AUC=0.435, p=0.319), RDW-CV
(AUC=0.417, p=0.202), and WBC (AUC=0.398,
p=0.116) did not demonstrate statistically significant
discriminatory ability. AUC values <0.5 for HGB,
RBC, HCT, PLT, and PCT indicate an inverse associ-
ation with bacterial infection, reflecting lower values
of these parameters in affected infants.
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Fig. 1. ROC curves of hematological parameters for the diagnosis of bacterial infection in preterm infants

The nSOFA and NEOMOD scores were calcu-
lated based on medical records after admission to the
NICU within the first 72 hours after birth (the high-
est score recorded during this period was used). In
our study, the total NEOMOD score averaged

4.8+0.3 (range, 0-11), with higher values reflecting
a greater severity of multiorgan failure. Respiratory
dysfunction was observed in 73 (85.8%) preterm
neonates: a score of 0 pointsin 12 (14.1%), 1 point in
24 (28.2%), and 2 points in 49 (57.6%). Cardiovas-

Table 2
Area under the Curve values for hematological parameters
i- . .. | Asymptotic 95% Confidence Interval
Test :le)lseu(lst)Varl Area Std. Error Asymptotic Sig. szZr Bound Upper Bound
HGB 0180 0.039 0.000 0104 0.255
RBC 0154 0.038 0.000 0.079 0.230
WBC 0.398 0.054 0Ne6 0.292 0.504
HCT 0.200 0.041 0.000 0121 0.279
MCV 0642 0.060 0.029 0.525 0.759
MCH 0.720 0.057 0.001 0608 0.832
MCHC 0.435 0.073 0.319 0.291 0.579
RDW-SD 0.906 0.029 0.000 0.850 0.962
RDW-CV 0.417 0.068 0.203 0.284 0.550
PLT 0.322 0.050 0.006 0.225 0.419
PCT 0.325 0.063 0.007 0.202 0.448
BAS 0.721 0.050 0.001 0624 0.819
EOS 0.750 0.047 0.000 0.658 0.842
NEUT 0.846 0.039 0.000 0.771 0.922
MON 0.876 0.039 0.000 0.798 0.953
LYM 0.558 0.060 0.373 0.441 0675
24
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Fig. 2. ROC curves of inflammatory biomarkers for the diagnosis of bacterial infection in preterm infants

cular dysfunction was present in 39 (45.8%) pa-
tients: 0 points in 46 (54.1%), 1 point in 15 (17.6%),
and 2 points in 24 (28.2%). Gastrointestinal dys-
function was noted in 83 (97.6%) newborns who
were on parenteral nutrition, while the remaining
2 (2.4%) were on enteral nutrition; 75 (88.2%)
scored 1 point, and 8 (9.4%) newborns scored
2 points. Renal dysfunction was observed in
36 (42.4%) cases 1 point in 23 (27.1%), 2 points in
13 (15.3%)), and acid-base imbalance was recorded
in 37 (43.5%) patients 1 point in 33 (38.8%),
2 pointsin 4 (4.7%)).

Thus, according to the NEOMOD score, among
preterm infants with bacterial infection, minimal
organ dysfunction (0—2 points) was observed in
2 (2.4%) infants, moderate multiorgan dysfunction
(3-6 points) in 46 (54.1%), and severe multiorgan
failure (>6 points) in 37 (43.5%).

According to the nSOFA score, among preterm
infants with bacterial infection, the mean total score

ISSN 2663-7553 Cyuacna nexpiatpis. Ykpaina 4(156)/2026

was 4.2+0.4 (minimum 0, maximum 13), which was
significantly higher than that in the healthy Control
group (p<0.001). Respiratory system dysfunction
was noted in 53 cases: 18 (21.2%) scored 2 points,
27 (31.8%) scored 4 points, 6 (7.1%) scored 6 points,
and 2 (2.4%) scored 8 points. Cardiovascular dys-
function was observed in 40 infants: 1 (1.2%) scored
1 point, 13 (15.3%) scored 2 points, 9 (10.6%) scored
3 points, and 17 (20.0%) scored 4 points. Hemato-
logical changes were found in 10 (11.8%) infants
with a score of 1 point, 11 (12.9%) with 2 points, and
4 (4.7%) with 3 points. According to the nSOFA
score, 19 (22.4%) infants had no risk of multiorgan
dysfunction, 3 (3.5%) had a low risk, and 63 (74.1%)
had a high risk.

In infants with a fatal outcome, the mean total
scores on the NEOMOD and nSOFA scales were
4.81 and 4.2 points, respectively.

In the structure of organ dysfunction based on the
NEOMOD and nSOFA scores, respiratory failure,
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Table 3
Levels of inflammatory biomarkers in preterm infants in the Study and Control groups
Group
Biomarker Control Study Pu
M Me a1 Q3 M Me a1 Q3
CRP, mg/L 27 25 21 34 386 230 97 550 <0.001*
Procalcitonin, ng/mL 0.5 0.4 0.2 0.7 1.5 45 12 10.9 0.021
Presepsin, pg/mL 12.8 1011 952 1256 853.3 700.5 4280 860.0 <0.001*
IL-33. pg/mL 51 4.7 4.4 56 36.6 314 237 419 <0.001
Lactate, mmol/L 122 120 0.90 140 2.99 2.50 21 35 <0.001
Notes: PU — statistical significance of the Mann—Whitney U test; * —the null hypothesis is rejected
Table 4
Area under the ROC Curve (AUC) of inflammatory biomarkers in preterm infants
Test Result Variable(s) Area Std. Error Asygptotic Asymptotic 95% Confidence Interval
1g. Lower Bound Upper Bound

Procalcitonin 0.872 0.042 0.000 0.789 0.955
Presepsin 0.938 0.026 0.000 0.886 0.990
L33 0.936 0028 0.000 0.882 0.990
CRP 0.900 0.030 0.000 0.842 0.959
Lactate 0.969 0.015 0.000 0.938 0.999

hemodynamic instability, and central nervous sys-
tem disorders predominate in newborns with sepsis
and pneumonia. Continuous standardized monitor-
ing of the development and progression of organ dys-
function appears to be a reasonable tool for predict-
ing mortality and morbidity in neonatal infections.

In our study, CRP values in the Study group were
14.3-fold higher than in the Control group
(p<0.001). Procalcitonin levels were also signifi-
cantly higher in the Study group, showing a 23-fold
increase compared with the Control group
(p=0.021). Lactate levels in the Study group exceed-
ed those in the Control group by 2.5-fold.

Along with traditional methods for diagnosing the
presence of inflammation in the newborn’s body, we
analyzed an early inflammatory marker — presepsin.
Analysis of presepsin concentrations showed that
this early inflammatory marker was significantly ele-
vated in the Study group (Table 3). In the Study
group, presepsin levels increased 7.6-fold compared
with the Control group (p=0.001) and averaged
853.3+96.2 pg/mL (range, 88-3760 pg/mL).

In our study, the levels of the novel inflammatory
biomarker IL-33 were evaluated. In Control group,
the mean IL-33 concentration was 5.1+0.3 pg/mL,
whereas in preterm newborns Study group it in-
creased approximately 7.2-fold to 36.6+3.0 pg/mL
(p<0.001).
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An assessment of the inflammatory markers was
performed using ROC analysis. The area under the
ROC curve (AUC) and the standard error were cal-
culated, and the upper and lower bounds of the 95%
confidence interval for the area, as well as the asymp-
totic p-values (statistical significance of the results),
were determined (Fig. 2, Table 4).

The optimal cut-off values were as follows:
>5.8 for CRP; >1.15 for procalcitonin; >215 for pre-
sepsin; >10.9 for IL-33; and >1.85 for lactate.

The highest sensitivity values were observed for
presepsin and 11.-33 (91.2% each), followed by lactate
(89.4%), CRP (82.4%), and procalcitonin (77.8%).

The specificity of the studied markers was highest
for CRP, procalcitonin, presepsin, and IL-33, reach-
ing 100.0%, while for lactate, the value was slightly
lower at 96.2%. The positive predictive value (PPV)
was 100.0% for CRP, procalcitonin, presepsin, and
I1L-33, whereas for lactate it was 98.7%. The negative
predictive value (NPV) varied from 53.8% for pro-
calcitonin to 73.5% for lactate (Table 5).

The highest values for the positive likelihood ratio
(LR+) were recorded for CRP, procalcitonin, pre-
sepsin, and IL-33, indicating their high diagnostic
informativeness. The lowest LR- values were ob-
served for presepsin and I1L-33 (LR- = 0.09), demon-
strating their high ability to rule out the disease
given a negative test result.
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Table 5
Diagnostic accuracy of biomarkers for bacterial infection in preterm infants
Parameter | CRP (n=106) P’°(°:='g;‘)’“i" Presepsin (n=82) | IL-33 (n=82) Lactate (n=111)

Cut-off point >58 >115 >215 >10.9 >1.85

Sn, % 82.4+41 77857 912434 912434 894433
Sp, % 100.0 100.0 100.0 100.0 96.243.8
GDV, % 85.8+3.4 82.4+46 927429 927429 91.0+27
PPV, % 100.0 100.0 100.0 100.0 98.7£1.3
NPV, % 58.3+8.2 53.8+9.8 70.0+10.2 70.0+10.2 735476
LR+ excellent excellent excellent excellent excellent
LR- good moderate excellent excellent good

Notes: Sn — sensitivity; Sp — specificity; PPV — positive predictive value; NPV — negative predictive value; LR+ — positive likelihood ratio; LR- — negative likelihood ratio.

Table 6
Results of the Fisher—Snedecor analysis of biomarkers for bacterial infection in preterm infants
Indicators Cut-off point | OR (95% Confidence Interval) | EIF (95% Confidence Interval) p
CRP >58 1956 (11.2-3405.8) 84.3(83.8-84.9) <0.001
Procalcitonin >115 98.6 (5.5-17721) 63.5(61.4-657) <0.001
Presepsin >215 278.9(14.9-5235.9) 147.2 (143.6-150.8) <0.001
IL-33 >10.9 278.9(14.9-5235.9) 147.2 (142.4-152 0) <0.001
Lactate >185 2111(25.4-17497) 161.8 (156.1-167.5) <0.001

The highest sensitivity values were identified for
presepsin and I1L.-33, reaching 91.2% each, followed
by CRP at 82.4%, lactate at 89.4%, and procalcitonin
at 77.8%. The specificity of the studied markers was
highest for CRP, procalcitonin, presepsin, and 11.-33,
reaching 100.0%, while for lactate, the value was
slightly lower at 96.2%.

Subsequently, a Fisher—Snedecor analysis of vari-
ance (ANOVA) was performed to determine the ef-
fect size of the factor for diagnostic purposes. The
highest efficient influence function (EIF) was record-
ed for lactate (EIF=161.8), presepsin, and 1L.-33
(EIF=147.2), which indicates the high diagnostic
significance of these parameters in neonatal sepsis
and pneumonia in preterm newborns. High odds ra-
tio (OR) values also confirm a strong association bet-
ween elevated levels of the studied markers and the
development of the infectious process. The highest
OR values were observed for presepsin and I1L-33
(OR=278.85), as well as for lactate (OR=211.11)
(Table 6).

In the data analysis for preterm infants, high va-
lues of the FS-criterion were observed for lactate
(EIF=161.8), presepsin (EIF=147.2), and 1L-33
(EIF=147.2), indicating the high informativeness of
these markers in the diagnosis of neonatal sepsis.
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An analysis of the correlation relationships between
proinflammatory markers in preterm newborns with
bacterial infection demonstrated the presence of sta-
tistically significant positive correlations among all
studied parameters (p<0.001 in all cases, except for
the correlation between CRP and IL-33, where
p=0.001). The strongest correlation was identified
between the levels of presepsin and IL-33 (p=0.795;
p<0.001), indicating a close relationship between
these markers in the development of the inflammatory
response during bacterial infection in preterm new-
borns. Moderate correlations were observed between:
presepsin and procalcitonin (p=0.630; p<0.001); pro-
calcitonin and lactate (p=0.614; p<0.001); CRP and
procalcitonin (p=0.594; p<0.001); presepsin and lac-
tate (p=0.533; p<0.001); and IL-33 and procalcitonin
(p=0.545; p<0.001) (Table 7).

Correlation analysis revealed statistically signifi-
cant positive relationships among all investigated
proinflammatory markers in preterm infants with
bacterial infection (p<0.01) (Table 5). The strongest
correlation was observed between presepsin and
IL-33 levels (p=0.795; p<0.001), indicating a close
association between these parameters and their po-
tential complementary role in the development of
the systemic inflammatory response.
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Table 7
Correlations between proinflammatory biomarkers in preterm infants
Biomarker CRP Procalcitonin Presepsin IL-33 Lactate
CRP o (Rho) - 0.594* 0.376™ 0.367* 0.564"*
P - 0.000 0.000 0.001 0.000
N - 68 82 82 106
Procalcitonin o (Rho) 0.594** - 0.630™ 0.545* 0.614**
o} 0,000 - 0.000 0.000 0.000
N 68 — 59 59 68
Presepsin 0 (Rho) 0.376** 0.630* - 0.795* 0.533*
o} 0.000 0.000 - 0.000 0.000
N 82 59 - 82 82
IL-33 0 (Rho) 0.367* 0.545" 0795* - 0.504*
o] 0.001 0.000 0.000 — 0.000
N 82 59 82 - 82
Lactate o (Rho) 0.564** 0.614™ 0.533* 0.504* -
P 0.000 0.000 0.000 0.000 -
N 106 68 82 82 -

Notes: p (Rho) — correlation coefficient (p-Spearman criterion); p — statistical significance of the correlation coefficient; N — number of paired observations included in
the correlation analysis. The number of observations differed because not all biomarkers were available for every enrolled infant. Correlation coefficients were calcu-

lated using all available paired measurements.

Moderate correlations were established between
procalcitonin and presepsin (p=0.630; p<0.001),
procalcitonin and lactate (p=0.614; p<0.001), as
well as between CRP and procalcitonin (p=0.594;
p<0.001). Lactate significantly correlated with CRP
(p=0.564), presepsin (p=0.533), and IL-33
(p=0.504) (p<0.001 in all cases), reflecting the link
between the severity of the inflammatory process,
tissue hypoxia, and metabolic disturbances.

Thus, the results of the correlation analysis de-
monstrate a close relationship between traditional
(CRP, procalcitonin) and modern biomarkers of in-
flammation (presepsin, IL-33), confirming their in-
volvement in common pathophysiological mecha-
nisms of the systemic inflammatory response during
bacterial infection in preterm newborns. The stron-
gest correlation between presepsin and 11.-33 allows
these parameters to be considered promising, com-
plementary markers for the diagnosis and monitor-
ing of the infectious-inflammatory process.

The obtained results confirm that bacterial infec-
tions in preterm newborns are accompanied by a pro-
nounced systemic inflammatory response and a high
incidence of multiple organ dysfunction. This is con-
sistent with current concepts regarding the role of
immature innate and adaptive immunity in the de-
velopment and progression of neonatal sepsis [8,15].

In our study, a statistically significant increase in
the levels of C-reactive protein, procalcitonin, pre-
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sepsin, 1L-33, and lactate was revealed in preterm
newborns with sepsis and pneumonia compared to
the Control group. Presepsin and 1L-33 exhibited
the highest diagnostic performance, with the area
under the ROC curve (AUC) reaching 0.938 and
0.936, respectively. These findings agree with the re-
sults of modern studies demonstrating the high di-
agnostic value of presepsin in early-onset neonatal
sepsis [16,22]. Presepsin levels elevate within the
first hours of the infectious process and are less influ-
enced by non-infectious factors compared to procal-
citonin [3,6]. In the present study, presepsin was
characterized by high sensitivity (91.2%), specificity
(100%), and a high odds ratio (OR=278.85).

Of particular interest is IL-33, which is consi-
dered an alarmin involved in the activation of the
innate immune response during tissue damage. In
our study, the level of IL-33 was more than 7 times
higher than that in the Control group, and its diag-
nostic performance was practically equal to that of
presepsin, indicating its involvement in infectious-
inflammatory processes. The identified strong posi-
tive correlation between presepsin and IL-
33 (p=0.795; p<0.001) may reflect their
participation in interconnected mechanisms of the
systemic inflammatory response. Traditional mar-
kers of inflammation also demonstrated diagnostic
significance; however, their performance was lower.
In particular, procalcitonin parameters were inferior
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to those of presepsin and I1L-33, which might be at-
tributed to the influence of non-infectious factors in
the early neonatal period, including prematurity,
asphyxia, and respiratory distress syndrome [5,21].

Diagnostic utility was also demonstrated by
RDW-SD, alongside neutrophil and monocyte
counts, reflecting the activation of innate immunity
and the severity of the inflammatory reaction. How-
ever, these parameters should be considered addi-
tional markers due to their non-specific nature.

The high incidence of multiple organ dysfunction
and mortality confirms the severity of the clinical
course of bacterial infections in preterm newborns.
The use of the nSOFA and NEOMOD scores al-
lowed for an objective assessment of the degree of
organ failure and confirmed their prognostic signifi-
cance, which is consistent with the findings of cur-
rent studies [6,19].

The obtained results carry important practical
significance for neonatal intensive care. The high di-
agnostic efficacy of presepsin and IL-33, as well as
the close correlation identified between them, sug-
gest that their combined use represents a promising
approach for the early diagnosis of bacterial infec-
tions in preterm newborns.

The limitations of this study include its single-
center design and relatively small sample size. Never-
theless, a comprehensive assessment of traditional
and novel inflammatory markers demonstrated the
high diagnostic significance of presepsin and IL-33 as
promising, complementary biomarkers for the early
diagnosis of bacterial infections in preterm newborns.
To confirm these findings, further multicenter studies
with larger sample sizes and an evaluation of the
prognostic significance of these markers regarding
disease severity and adverse outcomes are required.
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