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Neonatal sepsis is a leading cause of mortality among newborns globally, with an incidence of 1 per 1,000 live births. Current diagnostic
markers such as C-reactive protein (CRP) and procalcitonin (PCT) lack specificity and sensitivity for early diagnosis, highlighting the need for
more reliable biomarkers.

The aim of the study is to evaluate the role of adenosine monophosphate-activated protein kinase (AMPK) and serum amyloid A (SAA) proteins
as potential biomarkers for the early diagnosis of sepsis in neonates suspected of having the condition.

Materials and methods. A cohort study was conducted involving 143 newborns suspected of sepsis, admitted to the intensive care units
within the first 24 hours of life. Clinical evaluations included respiratory distress assessment, chest and abdominal imaging, and brain ultrasound.
Blood samples were analyzed for CRP, PCT, AMPK, and SAA levels using enzyme-linked immunosorbent assay (ELISA) kits. Statistical analysis
involved Mann-Whitney and independent samples t-tests, as well as receiver operating characteristic (ROC) analysis to determine diagnostic
cutoff levels. The nonparametric Spearman rank correlation test (r — the Spearman rank-order correlation coefficient) was used. Differences
at p<0.05 were considered reliable.

Results. Inflammatory markers CRP and PCT were used to confirm sepsis diagnosis in conjunction with clinical assessment. However, 12.8%
of infants with PCT >2 ng/mL and 17.5% with CRP >5 mg/mL did not have confirmed sepsis. Conversely, sepsis was confirmed in 63.6% of
infants with PCT <2 ng/mL and 53.7% with CRP <5 mg/mL. A significant correlation between AMPK and SAA was observed in 111 infants
(r=0.192, p=0.044). The ROC analysis indicated that AMPK and SAA levels below specific thresholds were significant for excluding sepsis.
Conclusion. AMPK and AA levels are promising diagnostic markers for neonatal sepsis, warranting further investigation in larger studies.
These biomarkers can improve early diagnosis and reduce unnecessary antibiotic usage, thus improving neonatal outcomes.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The research protocol was approved by the Local
Ethics Committee of a participating institution. The informed consent of the patient was obtained for conducting the studies.

No conflict of interests was declared by the authors.
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Ponb apeHo3uMHMOHOPOChaT-aKTUBOBAHOI NPOTEIHKIHA3M Ta CUPOBATKOBOIro aminoigy A
B PaHHIN giarHOCTULi HEOHaTaNIbHOIO Cerncucy

P. Orujova, N. Sultanova

A3epbanaxaHCbK1n Meou4HUA yHIBepCUTeT, M. baky

HeoHaTanbHMin cencrnc € 0CHOBHOK NMPUYMHOIO CMEPTHOCTI Cepe/, HOBOHAPOOXEHMX Y BCbOMY CBITi 3 4acToToto 1 Brnanok Ha 1000 xmBoHa-
pomxeHnx. Cy4acHi fiarHOCTUYHI Mapkepy Taki, sk C-peaktvsHnia 6inok (CPB) i npokansumToHiH (MKT) HegoctarHeo cneundiyHi Ta Yy mmnei 44
paHHbOI AjarHOCTVKM, WO NiaKpecnioe NoTpedy B Binbll HadjiH1X GioMmapkepax.

MeTol10 10CNIAXEeHHS € OUjHKa PONi aAeHO3NMHMOHOMOCHAaT-akTMBOBaHOI NpoTeiHkiHadn (AMPK) Ta cupoBatkoBoro aminoigy A (CAA) ak no-
TEHUjHNX BIOMapKePIB NS PaHHBOI AiarHOCTVKM CEMNCUCY B HOBOHAPOOXEHVIX i3 MiA03POIO HA LEW CTaH.

MarTtepianu i MmeToaum. poBeaeHO KOropTHE AOCNIAKEHHS 3a y4acTio 143 HOBOHAPOMXEHMX i3 MiA03POI0 Ha Cencuc, Aki Hadiiwv oo Bia-
[INEHHs IHTEHCKBHOI Tepanii NpOTAroM nepLluvx 24 rogmH xutTa. Byno NpoBeaeHo Taki KiHiYHI A0CNIAXEHHS: OLIiHKa PecnipatopHOro AMc-
TpeCy, Bidyanisauis rpyaHol KTk Ta YePEBHOI MOPOXHVHY, & TaKOX yNbTPas3BykKOBE AOCNIOXEHHS FONOBHOIO MO3KY. 3pasku Kposi 6yno npo-
aHanisoBaHo Ha pisHi CPB, MKT, AMPK i CAA 3a gonomorolo Habopis ans iMyHodepMeHTHoro aHaniay (IPA). CTatucTuyHu aHania MicTne
MarHa-YiTHi Ta t-kputepii HesanexHx BUBIPOK, a Takox aHania poboumx xapaktepuctuk npuimada (ROC) ana BU3HaAYEHHA AiarHOCTUYHX
PIBHIB BiACiKaHHA. Byno BUKOPUCTAHO HenapamMeTpnyHniA TECT PaHroBOi kopenduii CnipmeHa (r — KoediujeHT paHroBoi kopensuii CnipMmeHa).
JocToBipHUMYK BBaxanucs BigMiHHoCTi nprn p<0,05.

Pesynbratu. /119 NiaTBEPAXEHHA AjarHo3y Cencucy 6yno BUKOPUCTaAHO Mapkepw dananeHHs CPB Ta MKT y noeaHaHHi 3 KNiHIYHOIO OLLHKOIO.
OpHak y 12,8% HemoBnaT i3 nokasHukamu MKT >2 Hr/mn i 17,5% CPB >5 mr/mn cencuc He 6yB niatBepaxeruid. Hasnaku, cencuc Oys nia-
TBEpaXeHWin Y 63,6% HeMoBAAT i3 nokasHvkamm MKT <2 Hr/mn i 53,7% CPE <5 mr/mn. Y 111 HeMOBASIT cnocTepiraBcs 3Ha4YHNIA KOPENALIIHNUI
3B'A30k Mix AMPK i CAA (r=0,192, p=0,044). ROC-aHania nokasas, 1o pisHi AMPK i CAA HuX4e NEBHVIX NOPOrOBKX 3HAYEHb By 3HAUYLLIMM
0151 BUKJIOYEHHS CEMNCUCY.

BucHoBok. PiBHi AMPK Tta AA € NnepCnekTBHUMY OjarHOCTUYHUMK MapKepami HEOHaTaNIbHOrO CENnCcK1cy, ki BUMaraioTs NOAANbLIOTO BN-
BYEHHS Y BENVKMX OOCAIAXEHH:AX. LI Biomapkepy 3aatHi nokpaLnTA PaHHIO AiarHOCTMKY Ta CKOPOTUTU HENOTPIOHE BUKOPUCTaHHSA aHTMGio-
TUKIB, TAKMM YMHOM NMOKPALLYIOHYM PESYNETATU NiKyBaHHA HOBOHAPOOXKEHVIX.

JocniaxXeHHa BUKOHaHO BiANOBIAHO 00 NPUHLMNIB FenbCiHebkoi deknapalli. MpoToKoN AOCAIAXEHHSA yXBaneru JTokansHNM ETUHHNM KOMITE-
TOM YCTaHOBM, LLIO Bpana y4acTb y A0CNIIKEHHI. Ha npoBedeHHs A0CNioXEeHb OTPYMMAHO iHDOPMOBaHa 3rofdy naLjeHTa.

ABTOPU 3a8BNSHOTb NPO BIACYTHICTb KOHMAIKTY iHTEPECIB.

Knto4oBi cnoBa: HeoHatabHWIM cencuc, aaeHo3rHMoHodoCchaT-akTMBoBaHa npoTeiHkiHasa, C1MpoBaTKOBMIA aminoif A, 6iomapkepn, paHHs
niarHocTka, C-peakTMBHUIM NPOTEIH, NPOKAbLMTOHIH.
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Introduction

espite advancements in neonatal
Dresuscitation, sepsis remains a leading
cause of death among newborns
worldwide. Neonatal sepsis is reported to occur
in approximately 1 out of every 1,000 live births.
However, due to the presence of risk factors
that can lead to nosocomial sepsis in premature
infants, the incidence of sepsis can range from 3%
to 20% within the neonatal population. Mortality
associated with neonatal sepsis is greatly dependent
on the pathogen and the gestational age of the
infants, with mortality rates rising to 20% in very
early preterm neonates. Many of these deaths could
be prevented through interventions such as early
diagnosis, timely testing, appropriate antibiotic
therapy, and continuous monitoring [22].

Early diagnosis is possible through the rapid
recognition of clinical signs, symptoms, and
syndromes [7]. The diagnosis of sepsis is based
on clinical and laboratory indicators outlined in
the American Academy of Pediatrics’ protocol for
managing neonatal sepsis. The primary markers
considered in the diagnosis of sepsis, C-reactive
protein (CRP) and procalcitonin (PCT), are
highly sensitive but can easily change under the
influence of various factors. Although numerous
studies focused on the early diagnosis of sepsis,
markers with high sensitivity and specificity for
early diagnosis remain missing [5].

Late diagnosis of sepsis increases morbidity
and mortality rates during the neonatal period,
negatively impacting morbidity indicators at
later developmental stages of surviving infants,
as well as their psychoneurological and physical
development, which can complicate the functions
of social adaptation [14]. In this respect, neonatal
sepsis is considered an urgent problem not only in
neonatology but also in pediatrics and neurology.
Timely detection and intervention can help
prevent potential complications. Additionally, the
identification of a highly sensitive and reliable
marker can reduce the frequency of unnecessary
use of antibiotics [3].

In recent years, the role of serum amyloid A
(SAA) protein in the early diagnosis of neonatal
sepsis has been explored. This protein, which
belongs to the lipoprotein family, is produced by
the liver in response to cytokines [21] Some studies
suggest that SAA's synthesis during the early
phase of inflammation and its diagnostic value may
surpass that of CRP, though various cutoff levels
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have been noted [21,25]. However, the literature
data on the role of SAA in monitoring neonatal
sepsis remains contradictory [18,23].

From this perspective, it is intriguing to study
the role of SAA protein in diagnosing sepsis
compared to clinical signs, CRP, PCT, and other
laboratory indicators. Moreover, understanding
its role in the clinical course of sepsis depending
on SAA levels is of interest.

In recent times, research has also focused
on managing diseases by affecting various phases
of metabolism. Sepsis can lead to sepsis-related
dysfunctionsand mitochondrial damage, disrupting
cellular metabolism [20]. These disruptions occur
across all organic substance metabolisms, with
acute glycolysis, impaired transition of pyruvates
into the Krebs cycle, and increased lactate levels
observed. Disturbances in lipolysis result in
elevated blood fatty acids and triglycerides.
Disorders in the ketone body and amino acid
metabolism are also noted during sepsis [28].

The study of metabolism during sepsis has
become a major research focus. The central role
of AMPK protein in metabolism is being explored
in diabetes, obesity, sepsis, cardiometabolic
and oncological diseases. Disruption of AMPK
regulation in pathological processes has identified
it as a pharmacological target during disease [1].
Although the role of AMPK in metabolism and
its therapeutic target range has been extensively
studied in vitro and in vivo, its role during the
neonatal period, in particular during sepsis, has not
been explored [10].

Studying AMPK protein in neonatal sepsis may
provide new opportunities for diagnosing sepsis
and managing the disease in the future.

The aim of the study is to determine the role of
AMPK and SAA proteins in the early diagnosis of
sepsis in newborns suspected of sepsis.

Materials and methods of the study

The present study utilized a cohort design,
encompassing the examination results of 143 new-
borns suspected of sepsis. These newborns were
admitted to the intensive care units (ICUs) of the
Scientific Research Institute of Pediatrics named
after K. Farajova and Perinatal Center from the first
and second-level maternity homes within the first
day of life. Signs of respiratory distress indicating
suspicion of sepsis were noted in all infants.
In addition to the initial clinical examination,
chest and abdominal X-rays and ultrasound
examinations were conducted on the first day,
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if indicated. Routine ultrasound examinations
of the brain were performed on the third day
of life unless there were other indications. Upon
admission, all children underwent complete blood
count, including CRP and PCT determination.
Furthermore, after centrifugation of blood taken
for biochemical analysis, 40 microliters of blood
plasma were separated and collected in ependymal
tubes, then frozen at -20°C. The determination
of AMPK and SAA proteins in blood plasma was
performed using enzyme-linked immunosorbent
assay (ELISA) kits (Shanghai Coon Koon Biotech
Co., Ltd) based on the immunoassay method.

In the initial assessment of the children’s
condition, the diagnosis of sepsis was confirmed
clinically and, in the laboratory, based on at least
two clinical and two laboratory signs, as defined in
the European Medicines Agency's guidelines for
the management of sepsis.

As a result of the evaluation, the children were
divided into two groups and the results of the
analysis were examined in the sepsis and non-
sepsis groups: the sepsis group included children
with diagnosed sepsis (n=63) and non-sepsis
group included children in whom the diagnosis of
sepsis has not been confirmed (n=29). Since signs
of sepsis were noted within the first 72 hours, it was
evaluated as early-onset sepsis.

The analysis results were statistically processed
using the SPSS statistical package on the Windows
operating system, and the arithmetic mean =+
standard deviation (mean * SD) was assessed.
The Mann-Whitney and independent samples
t-test were utilized in data comparisons, and ROC
analysis was conducted to determine the cutoff

levels. In addition, the nonparametric Spearman
rank correlation test (r — the Spearman rank-
order correlation coefficient) was used. Differences
at p<0.05 were considered reliable. Sensitivity
and specificity indicators were processed in Excel
spreadsheets, and the closest distance to the
central line was chosen to determine the optimal
diagnostic cutoff level.

Results of the study and discussion

In 143 children, the mean gestational
age was 36.8+1.7 weeks (range: 34—42), weight was
2955+479.3 g (range: 2000—-4200 g), and height
was 49.2+2.69 cm (range: 41-56 cm). Based on the
discharge summary data, the Apgar scores were
rated at 6.6+1.2 (min — 2, max — 9) in the first
minute and 7.3£0.9 (min — 5, max — 9) in the fifth
minute. The number of children whose AMPK and
SAA levels were determined is reflected in Table 1.

On the day of admission to the ICU, inflamma-
tion markers CRP and PCT proteins were
used in blood plasma and the initial diagnosis based
on the APA scoring table were used to confirm the
diagnosis of sepsis. However, it should be noted
that sepsis was not confirmed in 5 (12.8%) children
with PCT >2 ng/mL and in 11 (17.5%) children
with CRP >5 mg/mL on the first day. Sepsis
was confirmed in 14 (63.6%) children with PCT
<2 and in 29 (53.7%) children with CRP<5.
A direct correlation was also noted between
AMPK and SAA in 111 infants (r=0.192, p=0.044).

The AMPK, CRP, and SAA proteins under the
ROC area were statistically significant. Specifically,
the fact that the area under the ROC curves for the
SAA and AMPK proteins was less than 0.5 was

Table 1

CRP, PCT, SAA, AMPK proteins level and gestational age, birth weight in the groups

Parameters Sepsis group Non-sepsis group p, two-tailed significance
Gestational age, weeks, 3&11:(61;%9) 37’\.18:(2199) 0.583
mean, (SD), Cl 36.3-37.3 36.3-37.8

. . N=70 N=34
E‘ggnw(eégg)t g 2965 (521) 2896 (550) 0.529
: : 2841-3090 2707-3085
N=51 N=14
PCT, ng/mL
mean, (SD), Cl 17?4‘}99 41%(%%) 0.126
N=83 N=38
CRR, mg/L 34 (51) 9.(15) 0.004
mean, (SD), Cl 2344 4-14
SAA, ug/ml N=76 N=35
mean, (SD), Cl 3.5(1.2) 4(0.7) 0.002
3.2-3.7 3.8-4.3
N=80 N=38
AN (Fécg)/)m'g 1091 (353) 1355 (465) 0.003
: : 1012-1169 1187-1492

Note: SD — standard deviation, Cl — confidence interval, PCT — procalcitonin, CRP — C-reactive protein, SAA — serum amyloid A, AMPK — adenosine

monophosphate-activated protein kinase
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Fig. 1. ROC analysis for sepsis: a — PCT, b — CRP, ¢ — Alal, d — SAA, e — AMPK

T
ROC parameters of CRP, PCT, ALaT, AMPK and SAA for sepsis uble 2

Proteins un dAerl?IgOC SE | Pvalue low e(r:Ib and | upp e?lb and Cig‘t’c:;f Sensitivity | Spesificity
CRP 0.708 0.049 0.001 0.612 0.805 6.65 63% 76%
PCT 0.633 0.078 0.130 0.480 0.786 2.87 69% 64%
AlaTl 0.622 0.086 0.271 0.453 0.79 18.5 45% 89%
AMPK 0.343 0.055 | 0.006 0.236 0.451 971.6 57,5% 33%
SAA 0.379 0.053 | 0.039 0.275 0.483 4.25 34% 61%

Note: SE — standard error, Cl — confidence interval, PCT — procalcitonin, CRP — C-reactive protein, SAA — serum amyloid A, AMPK — adenosine monophosphate-

activated protein kinase, ALal — alanine aminotransferase.

significant for ruling out the diagnosis of sepsis
(Figure). Therefore, SAA levels above 4.25 and
AMPK levels above 971.6 ruled out the diagnosis
of sepsis. A CRP level over 6.65 confirmed the
diagnosis of sepsis with 63% sensitivity and 76%
specificity (see Table 2).

During infection, an increase in PCT
and CRP is noted. However, these markers
do not provide precise diagnostic information in the
diagnosis of sepsis. In our study, SAA and AMPK
levels were lower in children who developed sepsis
compared to other children. Considering that
all children had signs of suspected sepsis,
the low level of AMPK in children who developed
sepsis indicates weak immune defense. The
function and activation of AMPK during infections
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further substantiate this. Adequate AMPK
increases in other children may also prevent
generalized infection [26].

AMPK is involved in regulating the innate
immune response. For example, the innate immune
stimulator toll-like receptor (TLR) 9 inhibits
energy substrates (intracellular ATP levels) and
activates AMPK, enhancing stress tolerance in
cardiomyocytes and neurons, while stimulation
by the TLR9 ligand induces inflammation [17].
The AMPK activator AICAR suppresses lung
inflammation induced by lipoteichoic acid, a major
component of the Gram-positive bacteria cell
wall [8]. AMPK activators enhance neutrophil
chemotaxis, phagocytosis, and bacterial killing
to protect against peritonitis-induced sepsis [15].
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Indeed, AMPK activators, including metformin,
inhibit injurious inflammatory responses, including
neutrophil pro-inflammatory responses and injury
to multiple organs such as the lung, liver, and

kidney [2,4,29].

Pharmacologic activation of AMPK by
metformin, berberine, or AICAR dampens
excessive TLR4/NF-kB signaling, M2-type

macrophage polarization, and the production
of pro-inflammatory mediators in vitro and in sepsis
models [6,9,16,19,24,30]. The anti-inflammatory
effect of metformin in mice with lipopolysaccharide
(LPS)-induced septic shock and in ob/ob mice
is mediated at least partly by AMPK activation
[11]. In septic mice, AMPK activation
by AICAR or metformin reduces the severity
of sepsis-induced lung injury, enhances AMPK
phosphorylation in the brain, and attenuates
the inflammatory response [12,13]. AMPK acti-
vation not only modulates the acute inflamma-
tory response but also promotes neutrophil-
dependent bacterial uptake and killing [15].
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