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Introduction

Febrile neutropenia (FN) is a common and potentially life-
threatening complication mostly observed in pediatric
patients undergoing chemotherapeutic regimen for the
treatment of hematological malignancies, such as acute
lymphoblastic leukemia (ALL)." It is characterized by a single
oral temperature > 38.3°C(101.0°F) or an oral temperature >
38.0°C (100.4°F) sustained for over an hour or occurring
twice within a 24-hour period. An absolute neutrophil count
(ANC) < 0.5 x 10%/L or ANC < 1.0 x 10%/L is expected to de-
crease to < 0.5 x 10%/L over the subsequent 48 hours, accom-
panied by fever.23 Despite standardized chemotherapy
protocols, FN risk in the pediatric population remains het-
erogeneous, with current risk stratification relying on post-
onset clinical features, limiting early intervention.*-® Recent
reports link baseline gut microbial dysbiosis, marked by
reduced microbial diversity and elevated Proteobacteria, to
FN complications, suggesting their prospective role as an
anticipatory biomarker, providing a valuable window for
early risk stratification and targeted supportive care.” '#

Predictive Value of Gut Microbial
Signatures

The gut microbiome population comprises a highly dynamic
ecosystem that gets profoundly disrupted by multiple
interventions—including chemotherapy, mucositis, dietary
alterations, and differential antibiotic exposures.”®'> Dys-
biosis—marked by reduced microbial diversity (such as
intraspecific or o diversity) and expansion of opportunistic
taxa—has strong associations with increased risk to
infections.
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Some key findings from pediatric ALL and hematopoietic
stem cell transplantation (HSCT) cohorts include:

* Loss of gut microbial diversity often precedes neutropenia
correlating with FN incidence and duration."”-!!

» Expansion of specific microbial taxa, such as Enterococ-
cus, is linked to prolonged FN episodes and adverse
outcomes.11-16

* In pediatric HSCT recipients, low a diversity and an enriched
antimicrobial resistome (pooled collection of microbiome
resistance genes) predicts bloodstream infections, thereby
underscoring a microbiome-based predictive potential in
highly immunocompromised patients.”>!”

These combined data indicate toward microbiome met-
rics as early biomarkers of infection risk in immunocompro-
mised pediatric patients, such as those undergoing
chemotherapy for ALL, enabling clinicians to predict and
potentially prevent conditions such as sepsis and FN before
the onset of clinical symptoms.'%8

Proposed Framework for Clinical
Integration

To translate the above insights into future clinical practice,
we hereby propose a three-tiered, evidence-based frame-
work for integrating longitudinal gut microbial assessment
into supportive care for pediatric ALL.

Tier 1: Baseline Microbial Profiling

* Collecting stool samples at diagnosis.
» Employing 16S rRNA sequencing to estimate o diversity
and relative abundance of key gut microbial phyla.
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Fig. 1 Hypothetical application of the three-tiered gut microbiome framework in a pediatric ALL patient. A 6-year-old child with newly
diagnosed B-cell ALL undergoes baseline stool sampling (Tier 1), revealing low o diversity (Shannon index 2.4) and increased Proteobacteria
abundance, prompting flagging for intensified monitoring. During induction chemotherapy, stool analysis at neutropenic nadir (Tier 2)
demonstrates further decline in microbial diversity and Enterococcus overgrowth. Based on these findings, Tier 3 interventions including tailored
antimicrobial prophylaxis and enhanced surveillance for bloodstream infections are implemented. The patient completes chemotherapy
without febrile neutropenia episodes, illustrating how early, microbiome-quided interventions may potentially prevent infectious complica-

tions. ALL, acute lymphoblastic leukemia.
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 Linking alteration gut microbial diversity or relative
abundance of potentially pathogenic taxa (e.g., Proteobac-
teria) to identify patients at elevated FN risk, thereby
guiding intensified monitoring."’

Note: While Tier 1 enables early gut microbial risk stratifica-
tion, it is critical to note that universally validated o diversity
range or precise pathogenic taxa in pediatric ALL are not
currently available. This lack of standardization stems from
heterogeneity in sequencing platforms, analytical pipelines,
and patient cohorts. Nevertheless, multiple studies, includ-
ing Oldenburg et al (2021),'® have consistently demonstrat-
ed that reduced microbial diversity and enrichment of taxa
such as Proteobacteria or Enterococcaceae correlate with
heightened infection risk. Specifically, a study by Hakim et al
(2018) reported that a Proteobacteria relative abundance >
0.01% or Enterococcaceae dominance > 30% was associated
with FN and infectious complications.! These findings fur-
ther reinforce the clinical relevance of Tier 1 profiling, while
emphasizing that such thresholds remain cohort-specific
observations rather than validated diagnostic cutoffs.

Tier 2: Longitudinal Monitoring during Neutropenic
Nadir (Lowest Count of Patient Neutrophil)

* Collecting stool samples at postchemotherapy neutrope-
nic nadir using standardized timing and protocols to
minimize preanalytical variability.

» Comparing postnadir o diversity alterations (if any) to
baseline for predicting heightened FN risk, prompting
earlier clinical interventions.>®

* Ensuring reproducibility through consistent DNA extrac-
tion methods, centralized 16S rRNA sequencing pipelines,
and validated bioinformatics workflows with stringent
statistical adjustments for confounders.

Tier 3: Potential Targeted Prophylaxis and
Stewardship

For identified high-risk FN patients from Tiers 1 and 2,
potential proactive measures may include:

* Tailored antimicrobial prophylaxis preserving commen-
sal bacteria.

* Targeted surveillance for bloodstream pathogens associ-
ated with dysbiosis.%'°

This approach can target antibiotic-driven gut dysbiosis,
which contributes to infection susceptibility during neutro-
penic episodes, potentially mitigating FN and reducing hos-
pitalization in pediatric patients.'

In developing the above three-tiered framework, it is
essential to account for confounding variables such as anti-
biotic prophylaxis, geographical locations, dietary intake,
genetic constitutions, lifestyle factors, and environmental
exposures, which can substantially influence the gut micro-
bial composition of patients.?®?! Future analytic approaches
should incorporate these metadata into statistical modeling
or risk algorithms to ensure that predictions of FN risk reflect
true microbial shifts rather than external modifiers. This
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strategy will enable more accurate, clinically meaningful
interpretation of microbial profiling across diverse patient
populations. A hypothetical application of the three-tiered
system is provided in ~Fig. 1.

Translational Prospects and Future
Implications

Although comprehensive metagenomic sequencing remains a
cost-prohibitive approach for routine clinical practice, assess-
ing simpler diversity indices or targeted resistome panels
could offer practical and actionable insights.”-'"*? Future
prospective validation studies embedding longitudinal stool
sampling with clinical outcomes are thus essential.’-31°

As discussed earlier, it is important to recognize that gut
microbial diversity and composition may vary profoundly
across global populations due to multiple confounding fac-
tors.2021 Consequently, microbial signatures identified in
one cohort may not be directly generalizable, underscoring
the need for large multicentric validation across diverse
populations before clinical implementation.

By standardizing and integrating gut microbiome assess-
ment into clinical decision-making, FN management in
pediatric ALL can shift from a reactive, clinical symptom-
based approach to an anticipatory, biomarker-driven strate-
gy; this in turn will potentially improve patient outcomes
and reduce infection-related morbidity.'-614.18.23
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