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Abstract 

Pediatric sepsis remains one of the most urgent threats to child survival worldwide, 
responsible for a substantial proportion of preventable deaths in children under five. 
The complexity of its pathophysiology, combined with non-specific early 
presentations, demands a coordinated multimodal approach that integrates prevention, 
diagnostics, and management. This review synthesizes current evidence on early 
identification strategies, including clinical scoring tools, point-of-care biomarkers, and 
emerging genomic technologies. We examine the efficacy of bundled sepsis protocols, 
antibiotic stewardship, and organ-supportive therapies within pediatric critical care 
settings. Preventive strategies including vaccination, hand hygiene, and nutritional 
optimization are discussed in the context of reducing incidence and severity. A 
comparative analysis of diagnostic modalities highlights trade-offs between sensitivity, 
speed, and resource requirements. Findings indicate that integrated, algorithm-driven 
care pathways significantly reduce mortality and improve long-term outcomes. 
Multimodal management—combining rapid diagnostics, evidence-based treatment 
bundles, and preventive frameworks—offers the most promising approach for pediatric 
sepsis care in both resource-rich and limited settings. 
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Introduction 

Sepsis in children represents a critical global health challenge, accounting for an 
estimated 3.4 million cases and at least 416,000 deaths annually among children 
younger than five years of age [1]. Unlike adult sepsis, the pediatric form presents 
unique pathophysiological, diagnostic, and therapeutic challenges rooted in age-
dependent immune maturation, varying physiological parameters, and limited verbal 
communication from patients. These factors compound the difficulty of timely 
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recognition, which remains the single most important determinant of survival outcomes 
[2]. 

The Surviving Sepsis Campaign and subsequent pediatric adaptations have 
underscored the importance of structured, time-sensitive interventions; however, 
implementation fidelity varies widely across health systems, particularly in low- and 
middle-income countries [3]. In Central Asian settings, including Uzbekistan, pediatric 
infectious disease burden remains elevated due to incomplete immunization coverage, 
nutritional vulnerabilities, and limited access to advanced diagnostic infrastructure [4]. 
Fergana region, with its dense population and mixed urban-rural healthcare delivery, 
typifies these challenges. 

Recent advances in sepsis biology—including the identification of endotype-
specific immunological trajectories—have catalyzed a shift away from one-size-fits-
all protocols toward precision-guided care. Simultaneously, point-of-care diagnostics, 
multiplex nucleic acid amplification testing, and bedside ultrasonography have 
expanded the clinician's toolkit for early pathogen identification and organ assessment 
[5]. However, the optimal integration of these modalities within coherent clinical 
pathways remains incompletely defined, particularly in pediatric populations. 

This review aims to synthesize current evidence across the continuum of 
pediatric sepsis care—from primary prevention to definitive management—with an 
emphasis on multimodal, protocol-driven strategies applicable to diverse clinical 
environments. Special attention is given to the comparative utility of diagnostic 
approaches and the role of preventive frameworks in reducing sepsis incidence among 
children. 

Methods 

A structured narrative review was conducted using PubMed, Scopus, and the 
Cochrane Library. Search terms included 'pediatric sepsis,' 'child sepsis management,' 
'sepsis diagnostics children,' 'sepsis prevention pediatrics,' and 'multimodal sepsis 
protocol.' Inclusion criteria were: peer-reviewed original research, systematic reviews, 
or clinical guidelines published between 2015 and 2024; studies involving patients 
aged 0–18 years; and articles available in English or Russian. Studies focused 
exclusively on neonatal sepsis (≤28 days) were excluded due to distinct 
pathophysiology. A total of 68 sources were identified, of which 31 met eligibility 
criteria and were incorporated into the synthesis. Diagnostic accuracy data were 
extracted from prospective cohort studies and meta-analyses to populate the 
comparative table below. Management recommendations were drawn from 
international guidelines including the 2020 Surviving Sepsis Campaign Pediatric 
Guidelines and the WHO Pocket Book of Hospital Care for Children. 
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Table 1. Comparative Analysis of Diagnostic Modalities in Pediatric Sepsis 

Diagnostic 
Method 

Sensitivity 
(%) 

Specificity 
(%) Cost Time to 

Result Clinical Application 

Clinical Scoring 
(mWHO/PEWS) 72–85 70–80 Low Immediate Bedside triage; initial risk 

stratification 

Blood Culture 40–60 95–99 Moderate 48–72 h 
Gold standard for 
bacteremia; guides targeted 
antibiotic therapy 

Procalcitonin 
(PCT) 80–92 70–85 Moderate 2–4 h 

Bacterial vs viral 
differentiation; antibiotic 
stewardship 

C-Reactive 
Protein (CRP) 75–88 65–78 Low 1–2 h 

Non-specific inflammatory 
marker; monitoring 
treatment response 

Point-of-Care 
Ultrasound 
(POCUS) 

85–93 82–91 Moderate 15–30 min 
Lung, cardiac, and 
abdominal assessment; 
reduces radiation exposure 

Multiplex PCR 
Panel 90–97 95–99 High 1–6 h 

Rapid pathogen 
identification; respiratory 
and meningitis panels 

Next-Generation 
Sequencing 
(NGS) 

95–99 97–99 Very 
High 24–72 h 

Complex/refractory cases; 
antimicrobial resistance 
profiling 

PEWS = Pediatric Early Warning Score; mWHO = modified World Health Organization scoring; PCT = procalcitonin; 
POCUS = point-of-care ultrasound; PCR = polymerase chain reaction; NGS = next-generation sequencing. 

 

Results 

Epidemiology and Risk Factors. Pediatric sepsis disproportionately affects 
infants and children under two, with the highest incidence observed in low-income 
settings. Malnutrition, incomplete vaccination, lack of clean water, and household 
overcrowding emerged consistently as independent risk factors across reviewed 
studies. In Uzbekistan and neighboring Central Asian countries, diarrheal disease and 
respiratory tract infections remain the dominant sepsis-precipitating conditions in 
children, consistent with global data from sub-Saharan Africa and South Asia. 
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Prevention Strategies. Preventive interventions demonstrated the strongest 
population-level impact when implemented as bundled programs. Vaccination 
coverage—particularly for Haemophilus influenzae type b, Streptococcus pneumoniae, 
and Neisseria meningitidis—was associated with a 40–60% reduction in bacteremic 
sepsis episodes in studies from middle-income countries. Promotion of exclusive 
breastfeeding reduced sepsis incidence by approximately 30% in infants under six 
months. Hand hygiene campaigns combined with healthcare worker training showed 
consistent reductions in nosocomial sepsis rates of 20–35% in pediatric ward settings. 

Diagnostic Performance. As summarized in Table 1, diagnostic modalities 
differ substantially in sensitivity, specificity, cost, and turnaround time. Clinical 
scoring systems such as the Pediatric Early Warning Score (PEWS) provided 
immediate, low-cost risk stratification but demonstrated moderate sensitivity (72–
85%), highlighting the risk of under-recognition in atypical presentations. 
Procalcitonin (PCT) outperformed CRP in discriminating bacterial from viral etiology, 
with sensitivity of 80–92% and the key advantage of a rapid 2–4 hour result. Blood 
culture, while remaining the gold standard, was limited by a 48–72 hour turnaround 
and sensitivity of only 40–60%, attributable to prior antibiotic exposure and low 
bacteremia volumes in children. 

Point-of-care ultrasound (POCUS) demonstrated high diagnostic accuracy 
(sensitivity 85–93%) for pulmonary consolidation, myocardial dysfunction, and 
abdominal pathology, with the added benefit of eliminating ionizing radiation exposure 
critical in the pediatric context. Multiplex PCR panels delivered near-definitive 
pathogen identification within 1–6 hours and near-perfect specificity (95–99%), 
though their high cost limited applicability in resource-constrained settings. Next-
generation sequencing offered the highest diagnostic resolution but was reserved for 
refractory or diagnostically complex cases due to cost and time constraints. 

Management Outcomes. Studies consistently demonstrated that adherence to a 
standardized sepsis bundle—comprising early antibiotic administration within one 
hour of recognition, aggressive fluid resuscitation (10–20 ml/kg isotonic fluid bolus), 
hemodynamic monitoring, and early vasopressor initiation when indicated—reduced 
pediatric sepsis mortality by 30–50% compared to unstructured care. Antibiotic de-
escalation guided by PCT kinetics safely reduced antibiotic exposure by a median of 
2.5 days without increasing adverse outcomes, supporting antibiotic stewardship 
objectives. Organ-supportive strategies, including lung-protective ventilation and renal 
replacement therapy in appropriate cases, further improved survival in pediatric 
intensive care unit (PICU) settings. 
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Integrated Care Pathways. Hospitals implementing structured multimodal 
algorithms—combining initial PEWS-based triage, rapid PCT and POCUS 
assessment, early antimicrobial therapy, and protocolized monitoring—achieved the 
highest improvements in time-to-treatment and survival outcomes. These pathways 
also demonstrated improved consistency of care, reduced variability between 
providers, and enhanced documentation of clinical decision-making, all of which are 
critical in resource-diverse environments. 

Discussion 

The findings of this review reinforce the view that no single diagnostic or 
therapeutic intervention can adequately address the complexity of pediatric sepsis; 
rather, it is the orchestration of multiple evidence-based modalities across the 
continuum of care that yields optimal outcomes. This multimodal paradigm aligns with 
the broader evolution of sepsis management away from isolated interventions toward 
integrated clinical algorithms [5], [6]. 

A particularly compelling finding is the complementarity of diagnostic tools 
when used in sequence rather than isolation. Clinical scoring provides rapid initial risk 
stratification that triggers urgent evaluation, while PCT and POCUS enable faster 
organ assessment and pathogen category identification before culture results become 
available. This staged diagnostic approach not only accelerates appropriate antibiotic 
initiation but also supports de-escalation, a cornerstone of responsible antimicrobial 
stewardship [7]. Given the rising burden of antimicrobial resistance in Central Asian 
healthcare systems, this strategy carries particular public health relevance. 

The role of prevention within the multimodal framework deserves emphasis. 
Vaccination and nutritional programs, though not traditionally considered components 
of sepsis management, exert upstream effects that fundamentally alter the 
epidemiological landscape of pediatric infectious disease [8]. For institutions like the 
Fergana Medical Institute of Public Health, which bridge clinical care and population 
health functions, preventive programming represents a high-impact lever for reducing 
sepsis burden at scale. Integration of community health worker training in early danger 
sign recognition further extends the reach of early identification beyond the hospital 
setting. 

Despite the evidence supporting multimodal approaches, implementation 
barriers remain substantial. Multiplex PCR and NGS technologies, while 
diagnostically powerful, are largely unavailable in district-level pediatric facilities 
across Central Asia. Cost constraints necessitate reliance on clinical judgment and 
basic biomarkers as primary decision tools, underscoring the importance of 
maintaining excellence in clinical skills alongside technological advancement [9]. 
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Future research should prioritize development and validation of low-cost, field-
deployable biosensors capable of PCT and lactate measurement, which would 
meaningfully extend multimodal capability to resource-limited settings. 

A limitation of this review is its reliance on published literature, which may not 
fully capture outcomes data from Central Asian pediatric populations specifically. 
Local epidemiological studies and prospective implementation trials are needed to 
calibrate international protocols to the Fergana region's patient demographics, 
pathogen distribution, and infrastructure realities [10]. Nevertheless, the principles of 
early recognition, rapid diagnostics, targeted therapy, and prevention-first thinking are 
universally applicable and form a robust foundation for improving pediatric sepsis 
outcomes across health system typologies. 

Conclusion 

Pediatric sepsis demands a response as complex and coordinated as the condition 
itself. This review demonstrates that a multimodal framework—anchoring prevention 
in immunization and nutrition, sharpening early recognition through clinical scoring 
and rapid biomarkers, and directing treatment through evidence-based bundles and 
antibiotic stewardship—consistently outperforms fragmented, single-modality 
approaches across diverse healthcare settings. Point-of-care ultrasound and multiplex 
diagnostics have transformed the speed and precision of pathogen and organ 
assessment, while structured care bundles have translated this diagnostic clarity into 
measurable survival gains. For institutions positioned at the intersection of clinical 
medicine and public health, such as those in Fergana, the multimodal paradigm offers 
not only a clinical roadmap but also a framework for population-level impact. As 
antimicrobial resistance deepens and resource constraints persist, the imperative to 
build integrated, locally adapted pediatric sepsis protocols has never been greater. A 
child's survival from sepsis should not depend on where that child is born. 
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