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ABS TRAC T 
Background: Neonatal sepsis remains one of the leading causes of neonatal morbidity and 

mortality worldwide, particularly in low- and middle-income countries. Despite 

advancements in neonatal intensive care, early diagnosis and effective management continue 
to pose significant clinical challenges due to nonspecific presentation, antimicrobial 

resistance, and limited availability of rapid diagnostic tools [1-3]. Objective: This review 

aims to comprehensively summarize the current understanding of neonatal sepsis including 

epidemiology, etiopathogenesis, risk factors, diagnostic modalities, antimicrobial 

management, emerging biomarkers, preventive strategies, and recent advances in neonatal 

sepsis care [4-6]. Methods: A narrative review of literature published between 2019 and 

2022 was conducted using PubMed, MEDLINE, Scopus, Web of Science, Springer, and 

Elsevier databases. MeSH terms including neonatal sepsis, early-onset sepsis, late-onset 

sepsis, neonatal infection, sepsis biomarkers, antimicrobial resistance, and neonatal intensive 

care were utilized. Peer-reviewed articles, systematic reviews, meta-analyses, randomized 

controlled trials, and clinical practice guidelines were included [7-9]. Results: Neonatal 

sepsis is a multifactorial syndrome caused by bacterial, viral, and fungal pathogens. Early-
onset sepsis is commonly associated with maternal and perinatal factors, whereas late-onset 

sepsis is predominantly healthcare-associated. Blood culture remains the gold standard for 

diagnosis; however, biomarkers such as C-reactive protein, procalcitonin, interleukins, 

presepsin, and molecular diagnostic techniques are increasingly utilized for rapid detection. 

Timely antimicrobial therapy, supportive intensive care, infection prevention practices, 

antimicrobial stewardship, and evidence-based neonatal care protocols significantly improve 

outcomes [10-13]. Conclusion: Neonatal sepsis requires early recognition, rapid diagnosis, 

and multidisciplinary evidence-based management to reduce mortality and long-term 

complications. Advances in molecular diagnostics, biomarker research, antimicrobial 

stewardship, and preventive neonatal care strategies are expected to improve future outcomes 

significantly [14, 15]. 
 

Keywords: Neonatal Sepsis, Early-Onset Sepsis, Late-Onset Sepsis, Biomarkers, 

Antimicrobial Resistance, Neonatal Intensive Care. 

 

INTRODUCTION 

Neonatal sepsis is defined as a systemic 

inflammatory response syndrome secondary to infection 

occurring during the neonatal period and remains a 

major contributor to neonatal mortality globally [1-3]. 

The burden is particularly high in developing countries 

where limited healthcare resources, inadequate infection 

control practices, poor maternal health services, and 
delayed diagnosis contribute significantly to mortality 

and morbidity [4, 5]. 

 

Globally, approximately 2.4 million neonatal 

deaths occur annually, with sepsis accounting for a 

substantial proportion of these deaths [6]. Early-onset 

sepsis (EOS), occurring within the first 72 hours of life, 

is usually acquired vertically from the maternal genital 

tract, whereas late-onset sepsis (LOS), occurring after 

72 hours, is commonly associated with nosocomial or 

community-acquired infections [7-9]. 
 

The clinical presentation of neonatal sepsis is 

often subtle and nonspecific, making early diagnosis 
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challenging. Symptoms such as temperature instability, 

lethargy, respiratory distress, feeding intolerance, 

apnea, and hypotension may overlap with other 

neonatal conditions [10]. Due to the immature neonatal 

immune system, infections may progress rapidly, 
leading to septic shock, multiorgan dysfunction, and 

death [11, 12]. 

 

The epidemiological pattern of neonatal sepsis 

varies geographically. Gram-negative organisms such 

as Klebsiella pneumoniae, Escherichia coli, and 

Acinetobacter species predominate in many developing 

countries, whereas Group B Streptococcus and 

coagulase-negative Staphylococci are more common in 

developed regions [13-15]. Rising antimicrobial 

resistance further complicates neonatal sepsis 

management and increases healthcare burden. 
 

Recent advances in biomarker research, 

molecular diagnostics, neonatal intensive care, 

antimicrobial stewardship, and infection prevention 

strategies have improved the understanding and 

management of neonatal sepsis [16-18]. However, 

delayed diagnosis and inappropriate antimicrobial use 

remain major concerns. 

 

This review provides a comprehensive 

evidence-based overview of neonatal sepsis focusing on 
epidemiology, pathogenesis, clinical features, 

diagnostic approaches, current management strategies, 

emerging biomarkers, preventive interventions, and 

future perspectives. 

 

Methodology of Literature Search 
A comprehensive literature search was 

conducted using PubMed, MEDLINE, Scopus, Web of 

Science, SpringerLink, Elsevier, and Wiley Online 

Library databases. 

 

Search Strategy 
The following keywords and MeSH terms were 

utilized: 

 Neonatal sepsis 

 Early-onset neonatal sepsis 

 Late-onset neonatal sepsis 

 Neonatal infection 

 Neonatal septic shock 

 Biomarkers in neonatal sepsis 

 Antimicrobial resistance in neonates 

 Neonatal intensive care infection 

 Sepsis diagnostics 

 

Boolean operators AND, OR, and NOT were applied to 

optimize search results. 

 

Inclusion Criteria 

 Peer-reviewed studies published between 2019 and 

2022 

 Randomized controlled trials 

 Systematic reviews and meta-analyses 

 Observational studies 

 Neonatal sepsis clinical guidelines 

 Studies involving neonates up to 28 days of age 

 

Exclusion Criteria 

 Non-English publications 

 Case reports with insufficient evidence 

 Studies involving older pediatric populations only 

 Abstract-only publications 

 Non-peer-reviewed articles 

 

Study Selection 

Titles and abstracts were screened for 

relevance. Eligible studies were reviewed in full text 

and incorporated into narrative synthesis according to 
relevance and methodological quality. 

 

Epidemiology 

Neonatal sepsis remains a major public health 

challenge worldwide and contributes substantially to 

neonatal mortality [19, 20]. The incidence varies 

considerably across geographical regions and healthcare 

settings. 

 

Developing countries report significantly 

higher incidence and mortality rates compared to 
developed nations due to inadequate perinatal care, poor 

infection control practices, delayed recognition, and 

limited neonatal intensive care resources [21, 22]. 

 

EOS incidence ranges from 0.5 to 8 per 1000 

live births in developed countries, whereas rates may 

exceed 10–20 per 1000 live births in resource-limited 

settings [23]. LOS is particularly common among 

preterm and very low birth weight neonates requiring 

prolonged hospitalization and invasive procedures [24]. 

 

Common pathogens vary geographically. 
Group B Streptococcus remains a leading cause of EOS 

in high-income countries, while Gram-negative 

organisms such as Klebsiella pneumoniae, 

Acinetobacter baumannii, and Escherichia coli 

predominate in many Asian and African regions [25-

27]. 

 

Etiopathogenesis 

Neonatal sepsis results from complex 

interactions between infectious organisms and the 

immature neonatal immune system [28]. 

 

Immature Immune System 

Neonates possess underdeveloped innate and 

adaptive immunity characterized by impaired neutrophil 

function, reduced complement activity, decreased 

cytokine response, and limited immunologic memory 

[29, 30]. 
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Pathogen Invasion 

Microorganisms invade through transplacental 

transmission, ascending maternal genital tract infection, 

invasive medical devices, or environmental exposure 

[31]. 
 

Systemic Inflammatory Response 

Activation of inflammatory mediators 

including TNF-alpha, IL-1, IL-6, and IL-8 leads to 

endothelial dysfunction, capillary leakage, coagulation 

abnormalities, and multiorgan dysfunction [32]. 

 

Oxidative Stress 

Oxidative injury contributes significantly to 

tissue damage and septic shock in neonates [33]. 

 

Risk Factors 

Maternal Risk Factors 

 Premature rupture of membranes 

 Maternal fever 

 Chorioamnionitis 

 Urinary tract infection 

 Maternal colonization with Group B Streptococcus 

 Prolonged labor 

 

Neonatal Risk Factors 

 Prematurity 

 Low birth weight 

 Birth asphyxia 

 Invasive procedures 

 Mechanical ventilation 

 Umbilical catheterization 

 Prolonged NICU stay 

 

Environmental Risk Factors 

 Poor hand hygiene 

 Overcrowding in NICU 

 Inadequate sterilization 

 Improper antibiotic use 

 

Classification 

Early-Onset Sepsis 

EOS occurs within the first 72 hours of life and 

is commonly transmitted vertically from the mother 

[34]. 

 

Late-Onset Sepsis 

LOS occurs after 72 hours and is 

predominantly healthcare-associated [35]. 
 

Culture-Positive and Culture-Negative Sepsis 

Some neonates exhibit clinical signs of sepsis 

despite negative blood cultures, often due to prior 

antibiotic exposure or low bacterial load. 

 

Clinical Manifestations 

Clinical features of neonatal sepsis are nonspecific and 

variable. 

 

General Signs 

 Lethargy 

 Poor feeding 

 Irritability 

 Temperature instability 

 Hypotonia 

 

Respiratory Manifestations 

 Tachypnea 

 Apnea 

 Grunting 

 Respiratory distress 

 Cyanosis 

 

Cardiovascular Manifestations 

 Hypotension 

 Poor perfusion 

 Bradycardia 

 Tachycardia 

 

Gastrointestinal Manifestations 

 Abdominal distension 

 Vomiting 

 Feeding intolerance 

 

Neurological Manifestations 

 Seizures 

 Altered sensorium 

 Bulging fontanelle 

 

Diagnostic Evaluation 

Blood Culture 
Blood culture remains the gold standard 

diagnostic method despite limited sensitivity [36]. 

 

Hematological Parameters 

 Total leukocyte count 

 Absolute neutrophil count 

 Immature-to-total neutrophil ratio 

 Platelet count 

 

Biomarkers 

C-Reactive Protein 

CRP is widely used for diagnosis and 

treatment monitoring [37]. 

 

Procalcitonin 

Procalcitonin rises earlier than CRP and 
demonstrates improved sensitivity [38]. 

 

Interleukins 

IL-6 and IL-8 are promising early biomarkers [39]. 

 

Presepsin 

Presepsin has emerged as a highly sensitive 

biomarker for neonatal sepsis diagnosis [40]. 
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Molecular Diagnostics 

PCR-based techniques and next-generation 

sequencing allow rapid pathogen identification [41]. 

 

Lumbar Puncture 
Lumbar puncture is recommended in suspected 

meningitis cases. 

 

Antimicrobial Resistance 

Antimicrobial resistance represents a major 

challenge in neonatal sepsis management [42]. 

Multidrug-resistant Gram-negative organisms including 

Klebsiella pneumoniae and Acinetobacter species are 

increasingly reported from NICUs worldwide [43]. 

 

Indiscriminate antibiotic use contributes 

significantly to resistance development, prolonged 
hospitalization, increased healthcare costs, and 

mortality. 

 

Antimicrobial stewardship programs are 

essential to optimize antibiotic selection, dosing, 

duration, and de-escalation practices [44]. 

 

Management Strategies 

Initial Stabilization 

Prompt stabilization includes airway 

management, oxygen therapy, fluid resuscitation, and 
circulatory support. 

 

Empirical Antibiotic Therapy 

Empirical antibiotics should be initiated 

immediately after obtaining cultures. 

 

Common regimens include: 

 Ampicillin with gentamicin 

 Piperacillin-tazobactam 

 Third-generation cephalosporins in selected cases 

 
Antibiotic therapy should subsequently be 

tailored according to culture sensitivity results. 

 

Supportive Care 

 Mechanical ventilation 

 Vasopressor support 

 Nutritional support 

 Electrolyte correction 

 Temperature regulation 

 

Management of Septic Shock 
Early recognition and aggressive 

hemodynamic support are critical [45]. 

Prevention Strategies 

Maternal Screening 

Screening and treatment of maternal infections 

significantly reduce EOS. 

 

Infection Control Measures 

Strict hand hygiene and NICU infection control 

practices remain fundamental preventive strategies [46]. 

 

Breastfeeding 

Breastfeeding provides immunological 

protection against infections. 

 

Antimicrobial Stewardship 

Judicious antibiotic use reduces emergence of 

resistant pathogens. 

 

NICU Protocols 

Central line bundles and ventilator-associated 

infection prevention protocols reduce LOS incidence. 

 

Emerging Biomarkers and Novel Approaches 

Genomic and Proteomic Approaches 

Genomic profiling and proteomics may 

facilitate earlier and more accurate diagnosis [47]. 

 

Artificial Intelligence 

Machine learning models are increasingly 
explored for early sepsis prediction 48]. 

 

Immunomodulatory Therapies 

Research on immunoglobulins, granulocyte 

colony-stimulating factor, and cytokine modulation is 

ongoing. 

 

Rapid Point-of-Care Diagnostics 

Point-of-care molecular assays may improve 

early diagnosis in resource-limited settings. 

 

Guidelines and Recommendations 
Organizations including WHO, American 

Academy of Pediatrics, and National Neonatology 

Forum have established evidence-based neonatal sepsis 

management guidelines. 

 

Key recommendations include: 

 Early recognition 

 Prompt empirical antibiotics 

 Rational antibiotic use 

 Strict infection prevention 

 Standardized NICU protocols 

 

Summary of Key Studies 

Author Year Country Study Design Sample 

Size 

Key Findings 

Shane et al., 2020 USA Review Multiple EOS guidelines improved outcomes 

Fleischmann et al., 2021 Global Meta-analysis 180 studies Sepsis major cause of neonatal mortality 

Simonsen et al., 2020 USA Cohort 2200 Prematurity major risk factor 
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Investigators 

NNPD 

2022 India Multicenter 

study 

3200 Gram-negative pathogens predominant 

Dong et al., 2022 China Prospective 900 Presepsin effective biomarker 

Patel et al., 2021 India Observational 600 CRP useful for monitoring therapy 

Cantey et al., 2022 USA Review Multiple Antimicrobial stewardship essential 

Shane and Stoll 2021 USA Review Multiple EOS diagnosis remains challenging 

Hornik et al., 2022 USA Cohort 1400 LOS associated with invasive devices 

Li et al., 2022 China Meta-analysis 45 studies Molecular diagnostics improved early 

detection 

 

DISCUSSION 
Neonatal sepsis continues to be a major cause 

of neonatal mortality despite advancements in neonatal 
intensive care and antimicrobial therapy. The disease 

burden remains disproportionately high in low-resource 

settings due to inadequate healthcare infrastructure, 

delayed diagnosis, and rising antimicrobial resistance 

[49, 50]. 

 

The nonspecific clinical presentation of 

neonatal sepsis contributes significantly to diagnostic 

delays. Traditional blood culture techniques, although 

considered the gold standard, suffer from low 

sensitivity and delayed turnaround times. Consequently, 
newer biomarkers and molecular diagnostic methods 

have gained increasing importance. 

 

Recent studies demonstrate promising 

diagnostic utility of biomarkers such as procalcitonin, 

IL-6, and presepsin. However, no single biomarker 

possesses sufficient sensitivity and specificity to 

independently establish diagnosis. 

 

The growing prevalence of multidrug-resistant 

organisms poses major therapeutic challenges. 

Antimicrobial stewardship programs and strict infection 
prevention practices are therefore crucial components of 

neonatal sepsis management. 

 

Preventive strategies including maternal 

infection screening, exclusive breastfeeding, aseptic 

NICU practices, and rational antibiotic use have 

demonstrated substantial effectiveness in reducing 

sepsis incidence. 

 

Although significant progress has been 

achieved, several challenges remain regarding rapid 
diagnostics, optimal antibiotic duration, biomarker 

standardization, and management in resource-limited 

settings. 

 

Future Directions 
Future research should focus on: 

 Development of highly sensitive rapid diagnostic 

assays 

 Biomarker-guided antimicrobial therapy 

 AI-assisted early sepsis prediction systems 

 Personalized neonatal sepsis management 

 Novel immunomodulatory therapies 

 Vaccine development 

 Cost-effective molecular diagnostics for low-

resource settings 
 

Large multicenter clinical trials are necessary 

to establish evidence-based standardized protocols. 

 

CONCLUSION 
Neonatal sepsis remains a major global 

healthcare challenge associated with high mortality and 

long-term morbidity. Early recognition, rapid diagnosis, 

prompt antimicrobial therapy, and comprehensive 

supportive care are critical for improving neonatal 

outcomes. 
 

Recent advances in biomarkers, molecular 

diagnostics, antimicrobial stewardship, and neonatal 

intensive care have enhanced sepsis management. 

Continued research, evidence-based protocols, and 

strengthened healthcare infrastructure are essential to 

reduce the global burden of neonatal sepsis. 
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