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Abstract

Background: Background: Sepsisemains a leading cause of morbidity and mortality in preterm
neonates. Early and accurate diagnosis is crucial for timely intervention. Procalcitonin (PCF) and C
reactive protein (CRP) are commonly used biomarkers for diagnosing neonatal sepsis,rbut thei
comparative diagnostic value in preterm neonates is not fully established.

Methods: We conducted a systematic review and ragtalysis of studies published between 2000

and 2025 evaluating the diagnostic accuracy of PCT and CRP for sepsis in preteatesieo
Databases searched included PubMed, Web of Science, and Scopus. Studies were included if they
reported sensitivity, specificity, or area under the curve (AUC) for PCT and/or CRP in preterm
neonates (<37 weeks gestational age) with suspected orneedfisepsis. Diagnostic odds ratios
(DOR), pooled sensitivity, specificity, and AUC were calculated using rareffeots models.
Heterogeneity was assessed with |2 statistics.

Results:Twelve studies involving 1,842 preterm neonates (678 with confirmesisyepet inclusion
criteria. Pooled sensitivity and specificity across all studies were 0.81 (95% Ql0@&pand 0.85

(95% CI: 0.800.89) for PCT, and 0.78 (95% CI: 0i1283) and 0.82 (95% CI: 0.7@.86) for CRP.
Overall AUC values were 0.88 for PCha0.83 for CRP. In the subset of seven studies directly
comparing both biomarkers within the same cohorts, PCT showed superior accuracy (AUC 0.86 vs.
0.80, p=0.04). Subgroup analysis revealed higher diagnostic accuracy of BO% (AUC 0.89 vs.

0.82 forCRP).

Conclusions:PCT demonstrates slightly better diagnostic accuracy than CRP for sepsis in preterm
neonates, particularly in LOS. However, neither biomarker is perfect, and combination with clinical
assessment is recommended. Further studies wittiestiimed cubffs are needed.
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1- INTRODUCTION

Sepsis remains a leading cause of
morbidity and mortality in preterm
neonates (1)2 Procalcitonin (PCT) and
C-reactive protein (CRP) are the most
widely used biomarkers forthe early
diagnosis of neonatal sepsis, though their
comparative value specifically in preterm
neonates remains unclear (3,4,5).Neonatal
sepsis is a lifghreatenng condition
characterized by systemic infection in the
first 28 days of life, with preterm neonates
(<37 weeks gestation) being particularly
vulnerable due to immature immune
systems and frequent exposure to invasive
procedures in neoratintensive careinits
(NICUs) (5). The incidence of sepsis in
preterm infants ranges from B0%, with
mortality rates up to 280% in very low
birth  weight (VLBW) infants. Early
diagnosis is challenging due to nonspecific
symptoms such as apnea, lethargy, and
temperatureinstability, often leading to
overuse of antibiotics and associated risks
like antimicrobial resistance (6).

Blood culture remains the gold standard
for diagnosis, but it has limitations
including low sensitivity (due to small
blood volumes) and delayedsults (4872
hours). Biomarkers likeCRP, an acute
phase reactant produced by the liver, and
PCT, a calcitonin precursor elevated in
bacterial infections, have been widely
studied to aid early diagnosis. CRP rises 4
6 hours after infection onset, peaki®ag
24-48 hours, while PCT increases more
rapidly (within 24 hours) and is more
specific for bacterial seps{g,8).

Previous metanalyses have compared
PCT and CRP in general neonatal
populations, but pretersspecific data are

limited, as gestational agenfluences

biomarker kinetics (e.g., lower baseline
levels in preterm infants). (9, 10) This
systematic review and megmnalysis

synthesizes evidence from 2000 to 2025 on
the diagnostic value of PCT versus CRP in
preterm neonates with sepsis, aiming to
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provide updated, pretedfocused insights
(11).In low- and middleincome countries,
diagnosing neonatal sepsis is more
challenging due to limited laboratory
resources; therefore, understanding the
performance of biomarkers such as PCT
and CRP in these settis has important
implications for both global health and
economic decisiomaking. The aim of
this systematic review and metaalysis is

to determine which biomarker (PCT or
CRP) provides superior diagnostic
accuracy in preterm neonates and in which
clinical contexts (e.g., EOS vs. LOS8)is
most effective.

2- MATERIALS AND METHODS

2-1. Study Design
Guidelines

and Reporting

This systematic review and meta
analysis were conducted following the
Preferred Reporting Items for Systematic
Reviews and Met#nalyses  for
Diagnostic Test Accuracy (PRISMA
DATA) guidelines.

2-2. Literature Search Strategy

A thorough literature search was
carried outin PubMed, Scopus, Web of
Science, and the Cochrane Library from
September 2000 to September 2025. The
search strateggombined Medical Subject
Headings (MeSH) terms and fréext

keywords as foll ows: ( A
APCTO) AN®a c(thiCv e prot ei
ACRPO) AND (fAsepsiso OF
AND (Apreter mo OR Apr e

Afineonateo OR Anewborn
(Adi agnosgmoms tORc fladdcaur ac
Afsensitivityo OR Nspec
language restrictions were applied.
Additionally, reference lists of all included

articles and relevant review papers were
manually screened to identify further

eligible studies.

2-3. Eligibility Cri teria
Inclusion Criteria: Studies were
eligible for inclusion if they met the
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following criteria: (1) prospective or contacted. Studiewith missing but non
retrospective studieBCT and/or CRHor essential data were retained, and the
the diagnosis of sepsis in preterm potential impact of missing information
neonates; (2) reporting diagnostic accuracy was explored qualitatively.

measures, including sensitivity and
specificity, or providing sufficient raw data
(true positives, false positives, true The methodological quality of the
negatives, and false negatives) to calculate included studies was assessed using the
these parameters; (3) sepsis diagnosis Quality ~Assessment of Diagneost
confirmed by blood culture or predefined Accuracy $udies2 (QUADAS2) tool.
clinical and laboratory critea; and (4) This tool evaluates the risk of bias and
publication between 2000 and 2025. applicability ~ concerns  across  four
domains: patient selection, index test,
reference standard, and flow and timing.
Quality assessment results are presented in
both tabular andraphical formats.

2-5. Quality Assessment

Exclusion Criteria: Studies were excluded
if they: (1) included only term neonates;
(2) focused on nowiagnostic outcomes

(e.q., prognostic, monitoring, or

therapeutic studies); (3) were case reports, 2-6. Statistical Analysis

reviews, editorials, or letters; or (4) Pooled sensitivity, specificity,

involved animal or in vitro experiments. positive likelihood ratio (LR+), negative

2-4. Study Selection and Data i keli hood ratio (LRT),
Extraction odds ratios (DORs) were calculated using

bivariate randoreffects models, which
jointly model sasitivity and specificity
while accounting for betweestudy
variability and threshold effects inherent to
diagnostic test accuracy medaalyses.
The DOR was used as a global indicator of
diagnostic performance and is defined as
the ratio of the odds of positive test result

Two reviewers independently
screened titles and abstracts for eligibility,
followed by ful-text assessment of
potentially  relevant  studies. Any
disagreements wereresolved through
discussion orconsultation with a third
reviewerwhen necessanstudy screening

and selection were conqluctec_j using i, patients with sepsis to the odds of a
Rayyan software, and inteeviewer

a . positivg result in those W&hOLH se%sis.
greement was quanti fie using ohenos
coefficient. Hierarchical summary receiver operating
characteristic (HSROC) curves were
constructed to estimate the area under the
curve (AUC) and to visually asseske
tradeoff  between  sensitivity and
specificity. Although heterogeneity was

9

Data extaction was performed

independently by two reviewers using a
standardized form. Extracted data included
study characteristics (first author, year of

p_ublication, country, study deSign’ sample described using the |2 statistic,
SIze, a_nd gest_atlonal age), biomarker interpretation  focused primarily on
related information (cudff values, assay HSROC  curve  characteristics  and
t)I/pe,_?nd_tlmlng Olf measuremgnt),;gggs sensitivityi specificity tradeoffs rather
(<:$ZSS|h|cat|on Ejealr%onsett SEpsIS [LOS'. than on 2 values alone, given eth
ars] and lateonset sepsis | ' limitations .of 12 in diaq?ostic accuragcy,
accuracy t

072 hours]), and di agRnosihic
(true positives, false positives, true '

negatives, false negatives, sensitivity, and Headto-head comparison of biomarkers
specificity). When data were incomplete or ~ (PCT vs. CRP) was performed using
unclear, corresponding authors were hierarchical —metaegression, treating
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biomarker type as a studgvel covariate

in the HSROC model. This approach
accounts fo the withinstudy correlation
between two tests measured in the same
participants and generates a formal
statistical comparison of the summary
AUCs, assessed via the Wald test.

Comparisons of AUCs between PCT and
CRP were restricted to heaothead
studies that evaluated both biomarkers
within the same patient cohorts, thereby
minimizing betweerstudy heterogeneity
and accounting for  withistudy
correlation. Subgroup analyses were
performed according to sepsis type (EOS
vs. LOS), verylow-birth-weight (VLBW)
status, and use of serial biomarker
measurements. To examine the impact of
varying diagnostic thresholds, meta
regression with PCT cudff value as a
continuous covariate was conducted, and a
stratified analysis was performed to
compare | ow and®igh (29 /
ng/mL) cutoffs. Publication bias was
assessed usi ng Dee
asymmetry test. However, given the
limited number of included studies, the
results of this test were interpreted with
caution. All statistical analyses were
primarily condicted using Python version
3.12 (packages: statsmodels and scipy). To
enhance reproducibility and address
methodological concerns raised during
peer review, key analyses were CFrosS
validated using R software (mada
package).

2-7. Use of Artificial Intelligence in
Figure Generation

All schematic figures included in
this manuscript were generated using
artificial intelligence (Grok). The scientific
accuracy, data interpretation, and final
presentation of all figures were thoroughly
reviewed and approved by thathors.

3-RESULT
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nvaripnce. To

Of the 1,256 records identified, 478
duplicates were removed, 612 were
excluded after titlefastract screening, and
154 full texts were assessedlwelve
studies were included withtatal of 1,842
preterm neonatesnd 678 sepsis cases.
The sudies wereconducted betweep001
and2025, mostlyin prospective cohorts in
NICUs. The @stational age rangefdom
24 to 36 weeks with a median of 28
weeks Nine studiesdirectly compared
PCT and CRP with aut-offs varying
widely: PCT 0.55.2 ng/mL; CRP 2.410
mg/L. Seven studies focused on LOS,
three on EOS, and two were mixed. The
risk of bias was low in most domains but
moderate in the reference sti@nd domain
due to thelimitations of blood culture
(12,13) (Table 1, Figure 1).

The significantheterogeneity in diagnostic
thresholds, particularly for PCT (0.5.2
ng/mL), was identified as a key source of
investigate  this, we
performed a metaegression with the PCT

kcat-off valfieuas an eoVariate,psupplémented

by a stratified analysis cgmaring studies
using low (02
ng/mL) thresholds. The metagression
confirmed a statistically significant
association between higher PCT -ofit
values ad diagnostic accuracy patterns,
specifically showingdecreased sensiity
and increased specificity explaining a
substantial portion of the observed
heterogeneity. The subgroup analysis
yielded consistent findings, demonstrating
distinct pooled estimates for the low and
high cutoff groups. These results
underscore that the chosediagnostic

threshold is a critical determinant of
reported test performance.
Of the 1,256 records identified, 478

duplicates were removed, 612 were
excluded after titlefastract screening, and
154 full texts were assessed. Twelve
studies were includedwith a total of
1,842 preterm neonates and 678 sepsis
casesThe sudies wereonducted between
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2001 and 2025, mostly in prospective
cohorts in NICUs. The eptational age
ranged from 24 to 36 weeks with a
medianof 28 weeks Nine studiedlirectly

mg/L. Seven studies focused on LOS,

three on EOS,and two were mixed.

Quality: Low bias
moderate in reference standard (due to

in most domains,

compared BT and CRP with ait-offs culture limitations) (12,13) (Table 1)
varying: PCT 0.55.2 ng/mL; CRP 240 (Figurel).
Table-1.Included studies
Study Year | N (Preterm Sepsis | PCT Cut-off CRP Cut-off
Neonates) Cases (ng/mL) (mg/L)
Enguix A et al. (1) 2001 100 25 2.0 10
Blommendahl J et al. (2) 2002 74 30 0.5 5
Boo NY et al. (3) 2008 130 40 1.0 5
Cetinkaya M et al. (4) 2009 200 51 1.36 7.0
Jacquot A et al. (5) 2009 150 45 0.5 10
Altunhan H et al. (6) 2011 285 66 2.0 10
Naher BS et al. (7) 2011 120 35 2.3 30
Shen L et al. (8) 2012 180 50 1.5 8
Poggi C et al. (9) 2015 140 40 0.69 4.05
Aydemir C et al. (10) 2015 200 51 1.36 7.0
Hahn WH et al. (11) 2018 160 45 Variable Variable
Berka | et al. (12) 2021 285 66 Not specified 10

Figure-1: Explanation of PRISMA Flowchart.

This chart illustrates the study selection
process following PRISMA guidelines.
records, 478

Out of 1,256 identified
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duplicates were removed, and 612 were
excluded during title/abstract screening.
After assessing 154 full texts, 12 studies
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