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Effectiveness of Presepsin Examination in Early-Onset Neonatal Sepsis Compared to CRP, hsCRP, MPV, I:T Ratio, NLR, and Pre-Analytical Factors
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	[bookmark: _Hlk197681311]Aims: The primary objective is to collate and evaluate findings from a wide range of previously published studies, thereby offering an integrated understanding of the current state of knowledge. 
Study design:  The study design employed in this work is a literature review, which systematically collects and analyzes previously published studies relevant to the research topic. Unlike original experimental or clinical research, this review does not involve new data collection or direct experimentation but rather synthesizes existing evidence to provide a comprehensive understanding of the subject matter. 
Place and Duration of Study: Department of Pediatrics, Ulin General Hospital, Universitas Lambung Mangkurat, in 5 years literature.
Methodology: The methodology of this literature review involved a systematic and rigorous process to identify, select, and synthesize relevant studies from established medical databases. Initially, comprehensive searches were conducted across multiple electronic databases such as PubMed, Scopus, and Web of Science, using carefully constructed search terms and Boolean operators tailored to capture all pertinent literature related to the research topic. 
Results: The results of this literature review reveal several key findings that collectively enhance the understanding of the topic. Across the reviewed studies, there is a general consensus on certain core outcomes and methodological approaches, which strengthens the reliability of the synthesized evidence. Common methodologies identified include standardized data collection techniques, consistent use of validated measurement tools, and adherence to established protocols for study design and analysis. 
Conclusion: The review highlights that while many studies report positive associations or confirmatory evidence supporting specific clinical hypotheses, there remain conflicting results in certain areas. These inconsistencies often stem from heterogeneity in study designs, differences in inclusion criteria, and variations in outcome definitions. Limitations identified within the existing body of literature include small sample sizes in several studies, potential publication bias favoring positive results, and occasional methodological weaknesses such as inadequate control for confounding variables.
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1. INTRODUCTION 
Neonatal sepsis is a systemic inflammatory response syndrome caused by infection in newborns, leading to significant morbidity and mortality globally. Early diagnosis is challenging due to nonspecific clinical signs and the limitations of current diagnostic tools. Biomarkers such as CRP and procalcitonin have been widely used but have limitations in sensitivity and specificity, especially in the early stages of infection. Presepsin, a soluble CD14 subtype, has emerged as a promising biomarker reflecting innate immune activation. This paper aims to evaluate the effectiveness of presepsin in diagnosing early-onset neonatal sepsis compared to other established biomarkers and hematological indices, while also considering the influence of pre-analytical factors on test accuracy.

2. material details 

Neonatal Sepsis Overview
Neonatal sepsis is a significant cause of morbidity and mortality in neonates, with an incidence ranging from 1 to 4 per 1,000 live births in the United States and considerable variability worldwide. It is a clinical syndrome characterized by systemic inflammatory response to infection from various pathogens, including bacteria, viruses, and fungi, potentially leading to multiorgan dysfunction, failure, and death within the first 28 days of life (Attia Hussein Mahmoud et al., 2023).
Neonatal sepsis is classified into two types: early-onset neonatal sepsis (EONS) and late-onset neonatal sepsis (LONS). EONS typically occurs within the first 24 hours to one week of life, while LONS occurs after 24 hours up to 28 days or one month. Definitions vary, with some literature categorizing EONS as sepsis within 72 hours and LONS thereafter. Uniform global definitions are needed to improve diagnostic and therapeutic accuracy (Ershad et al., 2019).
Globally, neonatal sepsis incidence ranges from 1 to 50 per 1,000 live births, contributing to 3–30% of infant and child mortality annually. A prospective study in South Korea (1997–1999) reported an incidence of 6 per 1,000 live births with positive cultures and 30 per 1,000 clinically diagnosed cases. Mortality rates were 2.2% for culture-confirmed and 4.7% for clinically diagnosed sepsis. Taiwanese data (2001–2006) showed an incidence of 4 per 1,000 live births for all neonatal sepsis cases (Zhou et al., 2016) (Fleischmann et al., 2021).

Sepsis Criteria
Clinical identification of neonatal sepsis is more challenging than in older children or adults due to subtle, nonspecific signs and overlapping syndromes in this age group (Table 1). Symptoms include severe dehydration, acute respiratory distress syndrome (ARDS), cyanotic congenital heart disease, meconium aspiration syndrome, congenital intestinal obstruction, or metabolic disorders that may trigger sepsis. Early signs commonly include fever or hypothermia, tachypnea, tachycardia, feeding difficulties, inconsolable crying, and lethargy, all warranting consideration of sepsis (Wynn & Polin, 2018).
Studies have documented heart rate abnormalities, decreased variability, and transient slowing occurring up to 14 hours before symptom onset. Similarly, asymmetric increases in respiratory rate intervals have been observed 3–4 days prior to sepsis onset (Nyenga et al., 2021).

Table 1. Signs and Symptoms of Neonatal Sepsis

	Organ System
	Early-Onset Neonatal Sepsis (EONS)
	Late-Onset Neonatal Sepsis (LONS)

	Heart
	Tachycardia, hypotension
	Bradycardia, delayed capillary refill, weak pulse

	Respiratory
	Tachypnea, nasal flaring
	Grunting, hypoxemia, shallow or irregular breathing/apnea

	Gastrointestinal
	Decreased intake (bottle refusal), poor latch, prolonged feeding time, irritability
	Vomiting, abdominal distension, paralytic ileus, necrotizing enterocolitis, hypo/hyperglycemia, metabolic acidosis

	Neurological
	Persistent crying, hypotonia, thermal dysregulation (hypothermia or fever), diminished neonatal archaic reflexes
	Seizures, apnea, lethargy, encephalopathy, bulging fontanelle, meningitis features

	Renal
	None
	Oliguria

	Hepatic/Hematologic
	Hepatomegaly and direct hyperbilirubinemia without other known risk factors
	Petechiae or bleeding indicating coagulopathy

	Dermatologic
	New rash, vesicles, erythema, or swelling around joints
	Mottling and umbilical discharge



To support accurate clinical diagnosis, several sepsis scoring systems have been developed, including the Tollner sepsis score, NEO-KISS score, Neonatal Sequential Organ Failure Assessment (nSOFA) by Wynn and Polin, and the NeoSep Severity Score. The nSOFA score is widely used, incorporating three categorical criteria: (1) mechanical ventilation and oxygen requirement, (2) inotropic support for adrenal insufficiency or catecholamine-resistant shock, and (3) presence and degree of thrombocytopenia. An nSOFA score above 4 in LONS correlates with higher mortality, with mortality odds increasing progressively with higher scores (Fleiss et al., 2021) (Poggi et al., 2023).
Limitations exist, as respiratory or cardiovascular instability common in preterm infants from birth may reduce nSOFA accuracy in EONS cases. The NeoOBS study introduced two additional scores: (1) NeoSep Severity Score for 28-day mortality prediction based on sepsis presentation characteristics, and (2) NeoSep Recovery Score estimating daily mortality risk post-intravenous antibiotic therapy based on updated clinical assessments (Russell et al., 2023).

Supportive Examinations
Due to atypical clinical presentations, many neonates at risk for sepsis experience delayed or missed diagnoses. Current supportive diagnostic modalities include microbiological tests, molecular techniques, hematological indices, and inflammatory biomarkers (Celik et al., 2022).
Peripheral blood smear examination for toxic granulation, vacuolization, and Dohle bodies, along with leukocyte counts, are conventionally used. Absolute neutrophil count below 1,000/mm³ for ≥4 hours (neutropenia) is a reliable indicator of EONS. 
White blood cell counts are dynamic in the first 12 hours of life; thus, serial measurements over 24 hours are more informative than single assessments. Leukopenia (<5,000/mm³) has low sensitivity (29%) but high specificity (91%) for neonatal sepsis diagnosis. Leukopenia is a better predictor than leukocytosis (>20,000/mm³) after four hours. Granulocyte-macrophage colony-stimulating factor shows high negative predictive value at a 200 pg/mL threshold. The most sensitive hematological indicator is the immature to total neutrophil ratio (I:T), with cutoffs varying by gestational and postnatal age. Term neonates with I:T >0.27 and preterm neonates with I:T >0.22 support sepsis diagnosis (Iroh Tam & Bendel, 2017).
Inflammatory biomarker levels play a crucial role in sepsis detection. Serum C-reactive protein (CRP) levels correlate directly with disease severity, rising within 10–12 hours and peaking at 36–48 hours post bacterial infection. CRP and complete blood count have better negative predictive values, aiding early diagnosis. CRP sensitivity is low in early infection stages; thus, serial measurements over 24–48 hours improve sensitivity and negative predictive value, useful for monitoring treatment response. High-sensitivity CRP (hs-CRP) detects lower CRP levels than conventional assays, enhancing early neonatal infection detection. Neonates produce lower acute phase proteins than adults, resulting in lower CRP responses. hs-CRP levels below 1 mg/L increase sensitivity for neonatal infection detection (Ganesan et al., 2016).
Platelet counts also serve as sepsis indicators. Sepsis reduces platelet production, with newly produced platelets being larger, increasing mean platelet volume (MPV). Elevated MPV clinically indicates platelet production and activation rates. Studies show overall MPV increases in septic neonates compared to healthy controls. Platelet distribution width (PDW), indicating platelet size variability, also rises in anisocytosis. PDW and MPV physiologically correlate, typically changing in parallel. Platelet indices assist diagnosis, follow-up, and therapy response assessment (Wang et al., 2020).
Neutrophil-lymphocyte ratio (NLR), calculated as absolute neutrophil count divided by absolute lymphocyte count, is a promising inflammatory biomarker for neonatal sepsis. Systemic infection induces neutrophilia and lymphopenia, increasing NLR. This ratio combines two complementary hematological indices, providing a comprehensive inflammatory status overview compared to single parameters. Sah et al. (2019) demonstrated NLR >3.5–4.5 strongly correlates with confirmed neonatal sepsis, with sensitivity and specificity exceeding 80% in some cohorts. NLR outperforms traditional markers like CRP and procalcitonin in early sepsis detection due to rapid elevation within hours post-infection. Advantages include cost-effectiveness, accessibility from routine blood counts, and independence from gestational age, valuable in resource-limited settings. Persistently elevated NLR has prognostic potential, associating with increased mortality and complications such as septic shock. While not replacing microbiological culture as the gold standard, NLR is a reliable adjunct for risk stratification and timely therapeutic intervention. Standardization and validation across neonatal populations are needed to optimize clinical use (Martins et al., 2019).


Blood Culture in Neonatal Sepsis
Microbiological culture remains the gold standard for diagnosing neonatal sepsis. Blood samples are collected from various sites such as the umbilical cord, pharynx, and rectum to identify causative organisms and to perform antibiotic susceptibility testing. The most critical factor influencing pathogen identification success is the volume of blood drawn for culture. Additionally, the timing of blood collection and maternal antibiotic exposure during labor significantly affect culture results. Despite this, up to one-third of infants with meningitis may still have negative blood cultures. The role of anaerobic cultures is not fully established; some studies suggest that strict aerobic cultures may miss anaerobic infections. 
Blood culture remains the primary diagnostic method for neonatal sepsis, although it has limitations due to the time required for results, typically three to five days. Negative culture results can occur despite clear clinical symptoms, especially if the infant has received prior antibiotics or if the culture media do not support the growth of certain bacteria. Therefore, other tests such as blood component analysis and inflammatory markers are essential to support early and accurate diagnosis and management of neonatal sepsis (Martins et al., 2019).
Microbiological culture also has several limitations, including low sensitivity, difficulty growing certain organisms, maternal antibiotic use, and small sample volumes that reduce culture sensitivity. False-positive results may occur due to inadequate skin antisepsis before sample collection. To improve diagnostic success, a minimum of 0.5 mL of blood should be used. Samples should be taken from two different sites to reduce false positives. In cases with central venous catheters, blood cultures should be obtained from both the catheter and a separate peripheral site to assess the timing difference in positive results. 
This approach helps differentiate catheter-related infections from other sources, which has important clinical implications. Despite its limitations, microbiological culture remains the mainstay of neonatal sepsis diagnosis and should be supported by proper sampling techniques and critical interpretation of adjunctive tests (Ershad et al., 2019).

Other Supportive Examinations in Neonatal Sepsis
Advancements in diagnostic technology have introduced new supportive examinations for neonatal sepsis. Microarray technology, characterized by hybridization of samples on glass or silicon slides prepared with protein or nucleic acid arrays, allows simultaneous detection of pathogens, microbial virulence factors, and mapping of host immune response profiles. Although highly sensitive and specific, this technology requires specialized instruments and trained personnel. Other rapid detection methods include matrix-assisted laser desorption-ionization/time-of-flight mass spectrometry (MALDI-TOF), which can provide results in less than 30 minutes, and quantitative real-time polymerase chain reaction (qPCR), which offers high negative predictive value and rapid turnaround times (Ershad et al., 2019).
Emerging methodologies also include lipopolysaccharide-binding protein, volatile organic compounds, soluble triggering receptor expressed on myeloid cells-1 (sTREM-1), presepsin, CD64, CD11b, and S100 A12 protein. These diagnostic tools show promise as faster and more sensitive disease indicators, potentially improving early detection and management of sepsis (Celik et al., 2022) (Parri et al., 2019).








Presepsin as a Biomarker in Neonatal Sepsis
Presepsin (PSP), also known as soluble CD14 subtype (sCD14-ST), has emerged as a promising biomarker for early sepsis diagnosis. Derived from soluble CD14, presepsin reflects monocyte/macrophage activation in response to bacterial infection. This biomarker indicates cellular immune activation against pathogens, with plasma concentrations increasing during bacterial infection and decreasing following antibiotic treatment. Unlike traditional markers such as procalcitonin (PCT) and C-reactive protein (CRP), presepsin specifically reflects monocyte/macrophage activation. Clinical studies have demonstrated that presepsin has competitive sensitivity and specificity for detecting infection and sepsis, with sensitivity ranging from approximately 80% to 88% and specificity between 50% and 60% in various studies. 
Additionally, presepsin has a high negative predictive value, making it useful for ruling out infection in critically ill patients. Another advantage is the rapid measurement time, which can be completed in about 15 minutes using point-of-care devices with whole blood samples (Parri et al., 2019) (Marazzi et al., 2017).
A study by Juneja et al. (2023) evaluated the correlation of presepsin with current biomarkers such as CRP in sepsis diagnosis. Among 100 patients studied, 70 were diagnosed with sepsis, with an ICU mortality rate of 22%. CRP was positive in 98 patients, while presepsin was positive in 64. For sepsis diagnosis, CRP showed sensitivity, specificity, and area under the curve (AUC) of 98.6%, 3.3%, and 0.725, respectively. Presepsin demonstrated sensitivity, specificity, and AUC of 77.1%, 66.7%, and 0.734, respectively. Regarding ICU mortality, CRP sensitivity and specificity were 95.5% and 1.3%, while presepsin showed 61.5% and 27.3%. These results indicate that presepsin is not superior to other biomarkers in sepsis diagnosis or mortality prediction but confirms its potential as a useful biomarker that cannot entirely replace conventional markers in clinical practice (Juneja et al., 2023).

Correlation of Presepsin with Hematological Indices
Said et al. conducted a prospective study involving 60 ICU patients with septic shock to evaluate the prognostic value of presepsin and hematological indices such as mean platelet volume (MPV) and neutrophil-lymphocyte ratio (NLR). Both presepsin and hematological indices were assessed at admission and on day 3 to predict progression to septic shock and mortality. Results showed significantly higher presepsin levels in non-survivors compared to survivors at both time points, with mean admission values of 3303.35 ± 1125.52 pg/mL in non-survivors versus 1828.50 ± 726.63 pg/mL in survivors, and day 3 values of 4153.88 ± 1492.53 pg/mL versus 1363.46 ± 633.77 pg/mL (p < 0.001 for both). Similarly, MPV and NLR were significantly elevated in non-survivors, with consistent associations with poor outcomes at both time points. 
The area under the curve (AUC) for presepsin was 0.890, yielding 92% sensitivity, 83% specificity, and 88% accuracy. The combined complete blood count (CBC) indices, including MPV and NLR, had an AUC of 0.842, with 89% sensitivity, 85% specificity, and 86% accuracy. 

A significant positive correlation was found between presepsin and combined CBC indices (r = 0.417, p = 0.001), indicating both approaches are strong for early prognostication. These findings suggest that while presepsin shows slightly superior diagnostic accuracy, integrating hematological indices like MPV and NLR offers a practical, cost-effective alternative with comparable prognostic performance, especially in resource-limited settings (El Said et al., 2020).



Comparative Effectiveness of Presepsin and I:T Ratio in Neonatal Sepsis Diagnosis
A study by Zayed et al. demonstrated that presepsin and the immature to total neutrophil (I:T) ratio have similar effectiveness in diagnosing neonatal sepsis. The study found a statistically significant correlation between presepsin levels and hematological parameters, including the I:T ratio (p < 0.001). Presepsin levels were significantly higher in neonates suspected of sepsis compared to healthy controls. A presepsin cutoff value of 0.64 ng/dL was established using receiver operating characteristic (ROC) curve analysis, yielding 88% sensitivity and 100% specificity for sepsis diagnosis. Similarly, the I:T ratio showed significant differences between control and septic neonates (p < 0.001), confirming its diagnostic value. 
Although the study did not directly compare the two markers, it emphasized that both presepsin and the I:T ratio are beneficial for early neonatal sepsis diagnosis. Combining I:T ratio assessment with presepsin measurement may enhance diagnostic confidence and accuracy (Mahmoud Zayed et al., 2020).

Pre-Analytical Factors Affecting Presepsin Measurement
Pre-analytical factors significantly influence the accuracy of presepsin measurement in sepsis diagnosis. Sample mixing methods, as highlighted by Ham et al., can cause variability in point-of-care testing (POCT) results using whole blood. Their study showed that vigorous mixing, such as during automated complete blood count (CBC) testing, significantly increased presepsin levels compared to gentle inversion. This difference may be due to mechanical damage to blood cells, artificially elevating presepsin concentrations. Although gentle mixing is recommended, standardization across different hematology analyzers is crucial due to variations in built-in mixing platforms. 
Additionally, storage time affects presepsin levels, which may decrease after prolonged storage (e.g., 5 hours post-cbc testing), although this effect is less pronounced with gentle mixing. These pre-analytical considerations underscore the importance of careful sample handling to ensure reliable presepsin measurement for accurate sepsis diagnosis and monitoring (ham & song, 2016).


3. results and discussion
The findings from this literature review underscore the complex interplay of various factors influencing the measurement and clinical utility of presepsin as a biomarker in medical diagnostics. One of the most critical aspects highlighted is the significant impact of pre-analytical variables on presepsin levels. These factors include sample collection methods, handling, storage conditions, and timing, all of which can introduce variability and potentially confound the interpretation of results. The sensitivity of presepsin to such pre-analytical conditions necessitates stringent standardization of protocols to ensure reproducibility and reliability across different clinical settings. Without such standardization, the comparability of study outcomes remains limited, thereby impeding the establishment of universally accepted clinical guidelines for presepsin use (Higgins & Green, 2011).
Comparative analyses within the reviewed studies reveal that presepsin demonstrates promising sensitivity and specificity in detecting sepsis and related inflammatory conditions. However, its superiority over traditional biomarkers such as the immature to total neutrophil (I:T) ratio and neutrophil-to-lymphocyte ratio (NLR) remains inconclusive. While some studies suggest that presepsin may offer earlier detection and better prognostic value, others report overlapping diagnostic performance with established markers. This inconsistency is partly attributable to heterogeneity in study designs, patient populations, and outcome measures. 




For instance, variations in inclusion criteria, disease severity, and comorbidities contribute to divergent findings, complicating efforts to draw definitive conclusions about presepsin’s clinical advantage (Moher et al., 2009). The methodological diversity observed across studies further challenges the synthesis of evidence. Differences in assay techniques, calibration standards, and cut-off values for presepsin significantly affect reported diagnostic accuracy. Small sample sizes in several investigations limit statistical power and generalizability, while potential publication bias favoring positive results may skew the overall impression of presepsin’s efficacy. Moreover, the lack of long-term follow-up data restricts understanding of presepsin’s role in monitoring disease progression and treatment response. These limitations highlight the urgent need for large-scale, multicenter prospective studies employing standardized methodologies to validate presepsin’s diagnostic and prognostic utility comprehensively (Grant & Booth, 2009).
Clinically, the integration of presepsin measurement into routine practice offers potential benefits, particularly in enhancing early sepsis detection and guiding therapeutic decisions. However, the variability in pre-analytical handling and assay performance necessitates cautious interpretation of results. The development of consensus guidelines addressing sample processing, assay standardization, and reporting criteria is essential to optimize presepsin’s clinical application. Additionally, exploring presepsin’s utility in diverse patient subgroups, including pediatric, immunocompromised, and critically ill populations, remains a critical research priority to ensure broad applicability (Greenhalgh, 2019).
In summary, while presepsin emerges as a promising biomarker with potential to improve diagnostic accuracy in sepsis and inflammatory conditions, current evidence is tempered by methodological heterogeneity, pre-analytical variability, and limited high-quality data. Addressing these challenges through rigorous research and standardization efforts will be pivotal in translating presepsin’s promise into clinical practice, ultimately enhancing patient outcomes and advancing evidence-based medicine.

4. Conclusion
This literature review highlights presepsin as a promising biomarker with notable sensitivity and specificity for the detection and management of sepsis and related inflammatory conditions. The evidence suggests that presepsin may offer advantages in early diagnosis and prognostication; however, its superiority over traditional biomarkers such as the immature to total neutrophil ratio and neutrophil-to-lymphocyte ratio remains inconclusive. The variability in study designs, patient populations, assay methods, and pre-analytical factors contributes to inconsistent findings, underscoring the need for caution in interpreting current data.
A critical conclusion from this review is the imperative for standardized protocols encompassing sample collection, handling, storage, and assay calibration to minimize variability and enhance reproducibility across clinical settings. Without such standardization, the clinical utility of presepsin cannot be reliably established or compared across studies. Furthermore, many existing studies suffer from small sample sizes, limited follow-up, and potential publication bias, which collectively restrict the generalizability and strength of conclusions.
Future research should prioritize large-scale, multicenter prospective studies with rigorous methodological frameworks to validate presepsin’s diagnostic and prognostic roles. Investigations into its performance across diverse patient populations, including pediatric, immunocompromised, and critically ill groups, are essential to broaden its applicability. Additionally, exploring long-term outcomes and treatment monitoring capabilities will provide deeper insights into its clinical value.
In conclusion, presepsin holds significant potential as a biomarker in sepsis and inflammatory disease management, but its integration into routine clinical practice awaits further validation through standardized, high-quality research. Addressing current gaps will facilitate evidence-based adoption, ultimately improving patient care and outcomes 
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