CHAPTER 17

SEPSIS IN NEONATES, PEDIATRICS, ELDERLY, AND
IMMUNOCOMPROMISED HOSTS

Mustafa Térehan Aslan'

17.1. Introduction

Sepsis remains a leading cause of morbidity and mortality worldwide and
continues to represent a major clinical challenge across the entire lifespan,
from the neonatal period to advanced age. Defined as a dysregulated host
response to infection resulting in life-threatening organ dysfunction, sepsis
disproportionately affects vulnerable populations with limited physiological
reserve.! In neonates, immunological immaturity—including impaired
neutrophil function, reduced complement activity, and limited opsonization
capacity—predisposes to rapid disease progression and systemic dissemination.'-
Early-onset sepsis (EOS, <72 hours of life) is most commonly caused by Group
B Streptococcus and Escherichia coli, whereas late-onset sepsis (LOS, >72 hours)
more frequently involves Staphylococcus aureus, coagulase-negative staphylococci,
Gram-negative bacilli, and Candida species, particularly among preterm and
device-exposed infants.!?

Despite substantial advances in sepsis research, clinical knowledge and
management strategies are often presented in age- or condition-specific silos, with
neonatal, pediatric, adult, and immunocompromised sepsis addressed as largely
separate entities. This fragmented approach may obscure shared pathophysiological
principles and limit the transferability of effective diagnostic and therapeutic
strategies across populations. In pediatric practice, the introduction of updated,
data-driven frameworks—most notably the Phoenix criteria—has refined sepsis
recognition by defining pediatric sepsis as suspected infection accompanied
by organ dysfunction, thereby improving diagnostic sensitivity and clinical
applicability compared with earlier definitions.#¢ In adults, the Sepsis-3 definition
and the Surviving Sepsis Campaign guidelines emphasize early antimicrobial
therapy, prompt hemodynamic stabilization, and organ-supportive care, while
underscoring the importance of individualized clinical judgment.”
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A central and persistent challenge across all age groups is achieving an
appropriate balance between timely initiation of antimicrobial therapy and
avoidance of unnecessary antibiotic exposure. This issue is particularly critical
in neonates and young infants, in whom culture-negative sepsis is common and
prolonged empiric antibiotic use may lead to microbiome disruption, antimicrobial
resistance, and drug-related toxicity. Blood culture time-to-positivity (TTP) has
therefore emerged as an important antimicrobial stewardship tool. Large cohort
studies have demonstrated that approximately 94% of pathogenic blood cultures
in neonatal EOS become positive within 36 hours and nearly all by 48 hours,
supporting the safe discontinuation of empiric antibiotics at 36-48 hours in
clinically stable infants with negative cultures.®°

Building on this evidence, the present chapter adopts a life-course
perspective to examine sepsis across four high-risk populations: neonates,
children, older adults, and immunocompromised hosts. Conceptually, the
chapter is structured around five interrelated pillars: (1) host immune biology,
(2) bedside recognition and clinical phenotypes, (3) diagnostic pathways with
emphasis on blood cultures and time-to-positivity, (4) physiology-based early
management, and (5) antimicrobial stewardship strategies. The chapter first
outlines population-specific definitions, immunobiology, and epidemiology,
followed by discussion of bedside recognition and diagnostic approaches.
Subsequent sections address early treatment principles, including antimicrobial
decision-making, before concluding with a synthesis of shared and population-
specific strategies relevant to clinical practice.

This chapter does not aim to provide an exhaustive replication of existing
international guidelines for each population. Rather, it seeks to highlight common
decision points, critical differences, and transferable principles that may inform
safer and more effective sepsis care across the lifespan. The target audience includes
clinicians, trainees, and researchers in neonatology, pediatrics, intensive care, and
infectious diseases.

Accordingly, this chapter secks to address the following guiding questions:

1. How do immunobiological differences across the lifespan influence sepsis
presentation and progression?

2. Which diagnostic timing strategies can safely reduce unnecessary
antimicrobial exposure without compromising outcomes?

3. How can evidence-based stewardship principles be adapted to diverse
vulnerable populations?

Ultimately, effective sepsis management across the lifespan depends not on
uniform protocols, but on timely, context-aware, and biologically informed
clinical decision-making.
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17.2. Definitions, Immunobiology, and Epidemiology

17.2.1. Neonates

Early-onset sepsis (EOS, <72 h) is predominantly GBS and E. coli; late-onset
sepsis (LOS, >72 h) adds coagulase-negative staphylococci, S. awureus, Gram-
negatives, and Candida in device-exposed preterm infants. Immature innate
signaling, complement deficiency, and constrained neutrophil reserves shape
subdued yet persistent inflammation and high dissemination risk, especially in
very low birth weight (VLBW) infants."?

17.2.2. Children

An SCCM task force proposed the Phoenix criteria: suspected infection plus >2
organ-dysfunction points across respiratory, cardiovascular, coagulation, or
neurologic systems; “pediatric septic shock” is Phoenix sepsis with cardiovascular
dysfunction (e.g., age-adjusted hypotension, lactate > 5 mmol/L, or vasoactive
requirement). Data-driven derivation/validation across resource settings shows
improved diagnostic performance versus legacy IPSCC and better alignment with
outcomes; pSOFA remains a risk stratifier rather than a diagnostic standard.*

17.2.3. Adults

Sepsis-3 defines life-threatening organ dysfunction from a dysregulated host
response; septic shock is vasopressor-dependent hypotension with hyperlactatemia
despite fluids. The Surviving Sepsis Campaign (SSC) reiterates early antimicrobials
for shock (ideally within 1h) and individualized hemodynamic targets, while de-
emphasizing a rigid “one-hour bundle” for all suspected sepsis without shock.”
Ageing biology—immunosenescence (reduced naive T-cell repertoire, impaired
phagocyte function) and “inflammaging”—interacts with multimorbidity and
sarcopenia to blunt classic signs and amplify organ injury in older adults.®

17.2.4. Inmunocompromised Hosts

In congenital or acquired immunodeficiency, cytotoxic chemotherapy, HCT/
SOT, or prolonged steroids/biologics, sepsis often arises from catheter-related
sources, gut translocation, or opportunistic fungal/viral pathogens. Definitions
mirror adult/pediatric criteria, but thresholds for therapy are lower and empiric
breadth greater; febrile-neutropenia (FN) guidance operationalizes risk-adapted
pathways.’

17.3. Bedside recognition and Phenotypes

Neonates frequently present with temperature instability, apnea/bradycardia,
feeding intolerance, respiratory distress, or unexplained acidosis—necessitating
a low threshold for full evaluation. Children should be screened with Phoenix;
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shock mandates early vasoactive support after conservative fluid aliquots. Older
adults often manifest delirium, falls, or functional decline rather than fever/
tachycardia; medications (B-blockers), autonomic blunting, and frailty complicate
assessment. Immunocompromised patients may lack fever and present with
isolated hypotension or rising lactate; early consideration of atypical, fungal, and
viral etiologies is essential."”?

17.4. Diagnostics: Cultures, Time-To-Positivity, Biomarkers, and Rapid Tests

17.4.1. Blood Cultures and Time-To-Positivity (TTP)

* EOS (neonates): 594 pathogenic cultures showed median TTP = 21
h; 94% positive by 36 h and 97% by 48 h—supporting discontinuation

of empiric antibiotics by 36-48 h if well and cultures remain negative.'

Neonatal LOS: Multicenter data confirm most pathogens flag by 24-36
h; predictors of TTP > 36 h are uncommon but include some CONS
episodes.!!

Infants/children  (non-neonatal): Clinically  significant  bacteremias
declare by 24-36 h in >90-95% and support a 36 h
reassessment timepoint, with age-dependent nuances in TTR!'>"
Institutional antibiograms and local TTP distributions should
refine  “stop-rules,”  but pre-authorizing a 3648 h  time-
out reduces unnecessary exposure without compromising safety.'""

17.4.2. Biomarkers

In neonates, CRP and procalcitonin (PCT) are useful in serial kinetics,
not as single thresholds; IL-6 and promising multi-analyte panels (including
metabolomic signatures) may refine early discrimination yet require integration
with clinical context.'*'¢ Pediatric PCT-guided strategies can reduce exposure
without excess adverse events but remain adjunctive; heterogeneity across infection
sites and thresholds warrants caution.”™"® In older or immunocompromised
patients, baseline inflammation or cytopenias degrade specificity—serial trends
trump absolutes.®!” 18

17.4.3. Rapid Diagnostics

BCID2 (BioFire) identifies 40+ pathogens/resistance genes from
positive bottles in =~ 1 h; multicenter evaluation shows -99% agreement
for Dbacteria/yeast, with stewardship-embedded wuse shortening time to
active and optimal therapy and reducing unnecessary MRSA coverage.”
T2Candida detects major Candida species directly from whole blood within 3-5 h.
In ICU and pediatric cohorts at risk for invasive candidiasis, high NPV supports
earlier antifungal de-escalation when negative and earlier initiation when positive.2**
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17.5. Initial Resuscitation: Fluids, Perfusion, And Vasoactives

17.5.1. Fluids

Balanced crystalloids (BC) vs. saline: post-2020 evidence remains mixed.
Meta-analyses focused on sepsis suggest BC may reduce AKI and mortality
in pooled analyses, though RCT-only subgroups often show no statistically
significant differences; SSC 2021 issued a weak recommendation favoring BC.%*
In children and neonates, start with 10-20 mL/kg aliquots with frequent perfusion
reassessment (capillary refill, urine output, POCUS), avoiding indiscriminate large
boluses; in older adults with diastolic dysfunction or CKD, favor early transition
to vasopressors to limit overload.**

17.5.2. Vasopressors and Inotropes

Adults: norepinephrine is first-line; add vasopressin for catecholamine-sparing;
epinephrine in refractory shock; MAP =65 mm Hg is typical but should be
individualized.” Children: either norepinephrine or epinephrine is an acceptable
first-line agent; dopamine is discouraged. A study in fluid-refractory cold pediatric
septic shock suggested norepinephrine + dobutamine can hasten shock reversal and
may compare favorably with epinephrine—signal-generating but not definitive.?
In elders, vasopressor responsiveness can be blunted; balance perfusion with
arrhythmia risk and ischemia surveillance.”#%

17.6. Antimicrobial Therapy: Spectrum, Timing, and Tailoring

Timing. In shock, administer active therapy immediately (goal <1 h); in
suspected sepsis without shock, perform rapid assessment to avoid unnecessary
exposure while not delaying in those with high likelihood of infection."®

Neonates. EOS: ampicillin + gentamicin (consider cefotaxime if Gram-negative
resistance risk; avoid routine ceftriaxone). Stop at 3648 h if cultures are negative
and the infant is well.'®"" LOS: broaden to cover S. aureus and Gram-negatives
(consider Pseudomonas with device exposure) and Candida in VLBW/abdominal
surgery; tailor when culture/PCR returns.'-220-2?

Children. Community-acquired shock: third-/fourth-generation
cephalosporin  + vancomycin for MRSA risk; add antipseudomonal
t-lactam in device-bearing or healthcare-exposed children. Rapid panels
(BCID2), mecA/ESBL markers, and TTP guide early de-escalation.*>’
Elderly. Consider prior MDR colonization/exposures, renal dosing, and drug
interactions; aim for the narrowest effective regimen as soon as confidently safe.®*

Immunocompromised/FN. ~ Start anti-pseudomonal therapy immediately
(cefepime, piperacillin-tazobactam, or meropenem per local epidemiology); add
MRSA coverage selectively (catheters/soft tissue). Add mold-active antifungal
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if persistent fever 24—7 d on broad antibacterials or earlier with hemodynamic
instability or colonization/risk signals.””

17.7. Antifungal Strategy in High-Risk Neonates and Oncology/NICU

Invasive candidiasis clusters in VLBW neonates and oncology/ICU patients
with central lines or prior broad antibiotics. T2Candida (+ serum BDG
where available) can support pre-emptive decisions. Neonates typically receive
amphotericin B deoxycholate or an echinocandin; step-down to azoles depends on
species and susceptibility. Catheter management (removal/exchange) is integral.
Recent pediatric/ICU data emphasize the negative predictive value of T2 for safe
de-escalation.?*?

17.8. Organ Support and Geriatrics-Focused Care

Ventilation. Lung-protective ventilation remains standard; in pediatric
ARDS, higher PEEP and permissive hypercapnia may be required in severe

disease, individualized to hemodynamics.”

Renal/fluids. Consider earlier CRRT in fluid-overloaded neonates/children
and frail elders; track cumulative balance and implement de-resuscitation once
shock resolves.”?*%

Delirium & rehabilitation (older adults). Expect high delirium prevalence;
implement non-pharmacologic prevention, early mobilization, and judicious
sedative/opioid use; functional outcomes and goals of care should be
incorporated early.®

17.9. Stewardship: Narrowing, Stopping, Duration

Pre-committed time-outs. In neonates and infants, plan a 36-48 h stop
if cultures are negative and the patient is improving; in older children/adults,
de-escalate at 48-72 h guided by cultures, BCID2/T2Candida, and clinical
trajectory.'®!" Stewardship-embedded rapid diagnostics shorten time-to-optimal
therapy and reduce unnecessary vancomycin/antipseudomonal days; multicenter
pediatric and LMIC data show meaningful clinical impact.'”**?* Duration should
be the minimum effective (e.g., 5-7 d for uncomplicated bacteremia), extended
for deep foci or immunosuppression.®*5%

17.10. Controversies, Gaps, and Next Steps

* Fluid type: Signals favor balanced solutions for some outcomes, but
trial-only analyses are neutral; pediatric data remain sparse—precision
resuscitation trials are a priority.>*

e First-line vasoactive in pediatric shock: Small RCTs suggest norepinephrine-
based strategies may hasten reversal in cold shock; broader pragmatic trials
are needed across phenotypes.”
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* Phoenix implementation: Integration of Phoenix into EHR with automated
organ-dysfunction capture and real-time decision support should improve
case ascertainment and trial eligibility.*

* Diagnostics: Scale-up of BCID2/T2Candida in NICU/PICU and oncology
with robust stewardship significantly changes time-to-target therapy;

cost-effectiveness and equity in low-resource settings require further
study, 9232429

* Elderly outcomes: Trials should stratify by frailty, multimorbidity, and
sarcopenia, not age alone, to inform targets for perfusion, sedation, and

rehab.®

17.11. Practical Algorithms (Population-Specific)
* Neonates (EOS/LOS): Blood cultures (adequate volume), CRP/PCT serials,

start ampicillin+gentamicin (EOS); reassess at 24 h; if clinically well and
cultures negative at 36—48 h, stop; LOS broadening + antifungal per risk;
use T2Candida if available.”-1>23-2

* Children: Apply Phoenix at triage; fluids 10-20 mL/kg with close perfusion
checks; early norepinephrine or epinephrine per physiology; start broad
empirics tailored to exposure/MRSA risk; BCID2-guided de-escalation at
24_48 h'1,3,20-22,29

* Elderly: Screen for atypical presentations; conservative fluids with early
pressors; daily antibiotic time-outs; delirium prevention and early
rehabilitation embedded in the plan.'*>?

* Immunocompromised/FN: Immediate anti-pseudomonal therapy; early
antifungal if unstable or persistent fever >4—7 d; aggressive diagnostic
sampling (including viral PCR); de-escalate per cultures/rapid diagnostics
and clinical stability.””*

17.12. Conclusion

Sepsis presents with unique biological and clinical profiles throughout the
lifespan, requiring tailored diagnostic and therapeutic approaches rather than
a one-size-fits-all strategy. In neonates, early-onset versus late-onset disease
distinctions, time-sensitive antimicrobial decisions, and rapid diagnostics are
central to avoiding both undertreatment and unnecessary exposure. Pediatric sepsis
benefits from updated, data-driven criteria and phenotype-directed resuscitation,
while care for older adults must integrate frailty, impaired physiological reserve,
and the high burden of comorbidities. In immunocompromised hosts, broad early
coverage, vigilant reassessment, and aggressive diagnostic sampling are crucial due
to atypical and opportunistic pathogens. Across all populations, mortality can be
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reduced through five pillars: (1) early recognition, (2) appropriate cultures and
rapid diagnostics, (3) timely and targeted antimicrobials, (4) physiology-based
resuscitation, and (5) stewardship-aligned de-escalation. Precision-based sepsis
care, supported by evolving biomarkers and molecular tools, will further refine
outcomes in the coming years.
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