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Abstract 

Background: Background: Sepsis remains a leading cause of morbidity and mortality in preterm 
neonates. Early and accurate diagnosis is crucial for timely intervention. Procalcitonin (PCT) and C-
reactive protein (CRP) are commonly used biomarkers for diagnosing neonatal sepsis, but their 

comparative diagnostic value in preterm neonates is not fully established.  

Methods: We conducted a systematic review and meta-analysis of studies published between 2000 
and 2025 evaluating the diagnostic accuracy of PCT and CRP for sepsis in preterm neonates. 

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 or confirmed sepsis. Diagnostic odds ratios 
(DOR), pooled sensitivity, specificity, and AUC were calculated using random-effects models. 
Heterogeneity was assessed with I² statistics. 

Results: Twelve studies involving 1,842 preterm neonates (678 with confirmed sepsis) met inclusion 
criteria. Pooled sensitivity and specificity across all studies were 0.81 (95% CI: 0.75ï0.86) and 0.85 
(95% CI: 0.80ï0.89) for PCT, and 0.78 (95% CI: 0.72ï0.83) and 0.82 (95% CI: 0.77ï0.86) for CRP. 
Overall AUC values were 0.88 for PCT and 0.83 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 PCT in LOS (AUC 0.89 vs. 
0.82 for CRP). 

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 with standardized cut-offs 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 for the early 

diagnosis of neonatal sepsis, though their 

comparative value specifically in preterm 

neonates remains unclear (3,4,5).Neonatal 

sepsis is a life-threatening 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 neonatal intensive care units 

(NICUs) (5). The incidence of sepsis in 

preterm infants ranges from 10-30%, with 

mortality rates up to 20-30% in very low 

birth weight (VLBW) infants. Early 

diagnosis is challenging due to nonspecific 

symptoms such as apnea, lethargy, and 

temperature instability, 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 delayed results (48-72 

hours). Biomarkers like CRP, 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, peaking at 

24-48 hours, while PCT increases more 

rapidly (within 2-4 hours) and is more 

specific for bacterial sepsis (7,8). 

Previous meta-analyses have compared 

PCT and CRP in general neonatal 

populations, but preterm-specific data are 

limited, as gestational age influences 

biomarker kinetics (e.g., lower baseline 

levels in preterm infants). (9, 10) This 

systematic review and meta-analysis 

synthesizes evidence from 2000 to 2025 on 

the diagnostic value of PCT versus CRP in 

preterm neonates with sepsis, aiming to 

provide updated, preterm-focused insights 

(11). In low- and middle-income 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 settings has important 

implications for both global health and 

economic decision-making. The aim of 

this systematic review and meta-analysis is 

to determine which biomarker (PCT or 

CRP) provides superior diagnostic 

accuracy in preterm neonates and in which 

clinical contexts (e.g., EOS vs. LOS) it is 

most effective. 

2- MATERIALS AND METHODS  

2-1. Study Design and Reporting 

Guidelines 

This systematic review and meta-

analysis were conducted following the 

Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses for 

Diagnostic Test Accuracy (PRISMA-

DATA) guidelines. 

2-2. Literature Search Strategy 

A thorough literature search was 

carried out in PubMed, Scopus, Web of 

Science, and the Cochrane Library from 

September 2000 to September 2025. The 

search strategy combined Medical Subject 

Headings (MeSH) terms and free-text 

keywords as follows: (ñprocalcitoninò OR 

ñPCTò) AND (ñC-reactive proteinò OR 

ñCRPò) AND (ñsepsisò OR ñinfectionò) 

AND (ñpretermò OR ñprematureò OR 

ñneonateò OR ñnewbornò) AND 

(ñdiagnosisò OR ñdiagnostic accuracyò OR 

ñsensitivityò OR ñspecificityò). No 

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 

retrospective studies PCT and/or CRP for 

the diagnosis of sepsis in preterm 

neonates; (2) reporting diagnostic accuracy 

measures, including sensitivity and 

specificity, or providing sufficient raw data 

(true positives, false positives, true 

negatives, and false negatives) to calculate 

these parameters; (3) sepsis diagnosis 

confirmed by blood culture or predefined 

clinical and laboratory criteria; and (4) 

publication between 2000 and 2025. 

Exclusion Criteria: Studies were excluded 

if they: (1) included only term neonates; 

(2) focused on non-diagnostic outcomes 

(e.g., prognostic, monitoring, or 

therapeutic studies); (3) were case reports, 

reviews, editorials, or letters; or (4) 

involved animal or in vitro experiments. 

2-4. Study Selection and Data 

Extraction  

Two reviewers independently 

screened titles and abstracts for eligibility, 

followed by full-text assessment of 

potentially relevant studies. Any 

disagreements were resolved through 

discussion or consultation with a third 

reviewer when necessary. Study screening 

and selection were conducted using 

Rayyan software, and inter-reviewer 

agreement was quantified using Cohenôs ə 

coefficient. 

Data extraction was performed 

independently by two reviewers using a 

standardized form. Extracted data included 

study characteristics (first author, year of 

publication, country, study design, sample 

size, and gestational age), biomarker-

related information (cut-off values, assay 

type, and timing of measurement), sepsis 

classification (early-onset sepsis [EOS: 

<72 hours] and late-onset sepsis [LOS: 

Ó72 hours]), and diagnostic accuracy data 

(true positives, false positives, true 

negatives, false negatives, sensitivity, and 

specificity). When data were incomplete or 

unclear, corresponding authors were 

contacted. Studies with missing but non-

essential data were retained, and the 

potential impact of missing information 

was explored qualitatively. 

2-5. Quality Assessment 

The methodological quality of the 

included studies was assessed using the 

Quality Assessment of Diagnostic 

Accuracy Studies-2 (QUADAS-2) tool. 

This tool evaluates the risk of bias and 

applicability concerns across four 

domains: patient selection, index test, 

reference standard, and flow and timing. 

Quality assessment results are presented in 

both tabular and graphical formats. 

2-6. Statistical Analysis 

Pooled sensitivity, specificity, 

positive likelihood ratio (LR+), negative 

likelihood ratio (LRī), and diagnostic 

odds ratios (DORs) were calculated using 

bivariate random-effects models, which 

jointly model sensitivity and specificity 

while accounting for between-study 

variability and threshold effects inherent to 

diagnostic test accuracy meta-analyses. 

The DOR was used as a global indicator of 

diagnostic performance and is defined as 

the ratio of the odds of a positive test result 

in patients with sepsis to the odds of a 

positive result in those without sepsis. 

Hierarchical summary receiver operating 

characteristic (HSROC) curves were 

constructed to estimate the area under the 

curve (AUC) and to visually assess the 

trade-off between sensitivity and 

specificity. Although heterogeneity was 

described using the I² statistic, 

interpretation focused primarily on 

HSROC curve characteristics and 

sensitivityïspecificity trade-offs rather 

than on I² values alone, given the 

limitations of I² in diagnostic accuracy 

meta-analyses. 

Head-to-head comparison of biomarkers 

(PCT vs. CRP) was performed using 

hierarchical meta-regression, treating 
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biomarker type as a study-level covariate 

in the HSROC model. This approach 

accounts for the within-study 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 head-to-head 

studies that evaluated both biomarkers 

within the same patient cohorts, thereby 

minimizing between-study heterogeneity 

and accounting for within-study 

correlation. Subgroup analyses were 

performed according to sepsis type (EOS 

vs. LOS), very-low-birth-weight (VLBW) 

status, and use of serial biomarker 

measurements. To examine the impact of 

varying diagnostic thresholds, meta-

regression with PCT cut-off value as a 

continuous covariate was conducted, and a 

stratified analysis was performed to 

compare low (Ò2 ng/mL) and high (>2 

ng/mL) cut-offs. Publication bias was 

assessed using Deeksô funnel plot 

asymmetry test. However, given the 

limited number of included studies, the 

results of this test were interpreted with 

caution. All statistical analyses were 

primarily conducted using Python version 

3.12 (packages: statsmodels and scipy). To 

enhance reproducibility and address 

methodological concerns raised during 

peer review, key analyses were cross-

validated using R software (mada 

package). 

2-7. Use of Artificial Intellige nce 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 the authors. 

3-RESULT 

Of the 1,256 records identified, 478 

duplicates were removed, 612 were 

excluded after title/abstract screening, and 

154 full texts were assessed. Twelve 

studies were included with a total of 1,842 

preterm neonates and 678 sepsis cases. 

The studies were conducted between 2001 

and 2025, mostly in prospective cohorts in 

NICUs. The gestational age ranged from 

24 to 36 weeks, with a median of 28 

weeks. Nine studies directly compared 

PCT and CRP, with cut-offs varying 

widely: PCT 0.5-5.2 ng/mL; CRP 2.4-10 

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 standard domain 

due to the limitations of blood culture 

(12,13) (Table 1, Figure 1). 

The significant heterogeneity in diagnostic 

thresholds, particularly for PCT (0.5ï5.2 

ng/mL), was identified as a key source of 

variance. To investigate this, we 

performed a meta-regression with the PCT 

cut-off value as a covariate, supplemented 

by a stratified analysis comparing studies 

using low (Ò2 ng/mL) versus high (>2 

ng/mL) thresholds. The meta-regression 

confirmed a statistically significant 

association between higher PCT cut-off 

values and diagnostic accuracy patterns, 

specifically showing decreased sensitivity 

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 cut-off groups. These results 

underscore that the chosen diagnostic 

threshold is a critical determinant of 

reported test performance. 

Of the 1,256 records identified, 478 

duplicates were removed, 612 were 

excluded after title/abstract screening, and 

154 full texts were assessed. Twelve 

studies were included, with a total  of 

1,842 preterm neonates and 678 sepsis 

cases. The studies were conducted between 
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2001 and 2025, mostly in prospective 

cohorts in NICUs. The gestational age 

ranged from 24 to 36 weeks, with a 

median of 28 weeks. Nine studies directly 

compared PCT and CRP,  with cut-offs 

varying: PCT 0.5-5.2 ng/mL; CRP 2.4-10 

mg/L. Seven studies focused on LOS, 

three on EOS, and two were mixed. 

Quality: Low bias in most domains, 

moderate in reference standard (due to 

culture limitations) (12,13) (Table 1) 

(Figure1). 

Table-1. Included studies. 

Study Year N (Preterm 

Neonates) 

Sepsis 

Cases 

PCT Cut-off 

(ng/mL) 

CRP Cut-off 

(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 

Çetinkaya 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 I 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. 

Out of 1,256 identified records, 478 

duplicates were removed, and 612 were 

excluded during title/abstract screening. 

After assessing 154 full texts, 12 studies 


