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Predicting septic shock and mortality @
in pediatric sepsis using CBC indices with and
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study
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Abstract

Background Pediatric sepsis is a major cause of mortality in low- and middle-income countries (LMICs), where
affordable prognostic tools are needed. This study aimed to evaluate whether a panel of complete blood count (CBC)
indices - hemoglobin (Hb), lymphocyte count, and platelet count - used jointly in logistic regression, with or without
immature granulocyte (IG) percentage, predicts septic shock and in-hospital mortality in children with sepsis.

Methods In this prospective study at a Tertiary Pediatric Centre (July 2023—-July 2025), 276 children with sepsis
(1 month-16 years) were enrolled. CBC indices were measured in all patients; immature granulocytes counts
were available in a subgroup (n=52). Logistic regression with propensity score weighting assessed prediction of
septic shock and mortality using area under the receiver operating characteristic curve (AUC), net reclassification
improvement (NRI), integrated discrimination improvement (IDI), and decision curve analysis.

Results The CBC panel model (Hb, lymphocyte count, platelet count) predicted septic shock (AUC 0.725) and
mortality (AUC 0.746). Adding immature granulocytes improved AUCs in the subgroup (0.908 and 0.807), but NR, IDI,
and decision curves indicated limited incremental benefit.

Conclusions CBC indices provide moderate-to-good prognostic accuracy in pediatric sepsis and remain practical in
LMICs. IG offers slight improvement but limited feasibility.

Keywords Pediatric sepsis, Complete blood count, Immature granulocytes, Prognostic model, Low- and middle-
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Background

Pediatric sepsis is a major cause of preventable mortality
and morbidity, responsible for an estimated 2.9 million
deaths annually in children under five and nearly half of
all global sepsis cases [1, 2]. Mortality rates range from 3
to 7% in general pediatric sepsis to more than 20% in sep-
tic shock, and can exceed 50% in some low- and middle-
income countries (LMICs) [3]. Despite the high burden,
prognostic models for pediatric sepsis remain limited,
particularly in resource-constrained settings, where
advanced laboratory and imaging modalities may not
be available [4, 5]. This creates an urgent need for prog-
nostic tools that are rapid, cost-effective, and universally
accessible.

The complete blood count (CBC) is one of the most
widely available laboratory tests globally. Standard CBC
parameters such as hemoglobin (Hb), lymphocyte count,
and platelet (PLT) count reflect aspects of anemia,
immune status, and coagulation function, all of which are
relevant to sepsis pathophysiology. Alterations in these
parameters have been associated with sepsis severity and
poor outcomes in children [6, 7]. Immature granulocytes
(IG), measured by automated hematology analyzers, rep-
resent early granulopoietic activation during infection
and have shown promise as early markers of bacterial
infection and sepsis severity [8]. In pediatric populations,
IG% has demonstrated better predictive performance for
serious bacterial infections than traditional inflammatory
markers such as white blood cell count (WBC), absolute
neutrophil count (ANC), and CRP [9].

Given the potential prognostic value of CBC param-
eters and the underexplored role of IG in pediatric sep-
sis, we aimed to evaluate whether a panel of CBC indices
consisting of Hb, lymphocyte count, and platelet count,
used jointly in a multivariate logistic regression model,
with or without IG, could predict septic shock and in-
hospital mortality in children with sepsis in an LMIC set-
ting. This study is the first to investigate the addition of
IG to CBC parameters for prognostic modeling in pedi-
atric sepsis within LMICs, where resource constraints
necessitate simple, affordable tools. Our analysis incor-
porated propensity score weighting to minimize baseline
imbalances and used net reclassification improvement
(NRI) and integrated discrimination improvement (IDI)
to assess the incremental value of IG.

Materials and methods

Study design and setting

This was a prospective observational study conducted at
a Tertiary Pediatric Centre in Central Vietnam, from July
2023 to July 2025. The study aimed to evaluate the pre-
dictive value of CBC indices, with and without IG per-
centage, for septic shock and mortality in children with
sepsis.
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Participants and eligibility criteria

Children aged 1 month to 16 years admitted to the pedi-
atric intensive care unit (PICU) or emergency depart-
ment with suspected sepsis were screened for eligibility.
Sepsis was defined according to the International Pedi-
atric Sepsis Consensus Conference criteria, including
systemic inflammatory response syndrome with sus-
pected or proven infection [10]. Of 334 initially screened
patients, those with missing CBC data, immunodefi-
ciency, hematologic malignancy, chronic steroid use,
recent chemotherapy, or incomplete outcome data were
excluded. The final cohort included 276 patients, divided
into the IG group (n = 52, with IG measurement) and
the Non-IG group (n = 224, without IG measurement).
IG measurements were clinician-ordered, typically
for suspected severe infections. This selective order-
ing introduces potential indication bias, as patients in
the IG group were likely more severely ill. This bias was
addressed using propensity score weighting, as detailed
below.

Data collection and variables

Demographic and clinical data were collected prospec-
tively from electronic medical records and bedside
assessments. Variables included age, sex, vital signs (tem-
perature, heart rate, respiratory rate), Glasgow Coma
Scale (GCS), infection origin, underlying diseases, blood
culture results, and initial CBC parameters within 24 h
of sepsis diagnosis. CBC indices included WBC, neutro-
phil count, lymphocyte count, Hb, PLT, and IG percent-
age (where available). Additional laboratory parameters
included creatinine, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and CRP. Outcomes
were septic shock (defined as sepsis with cardiovascular
dysfunction requiring vasopressors despite fluid resusci-
tation) and in-hospital mortality [10]. Data were entered
into a secure database with quality checks. IG was mea-
sured using Sysmex XN-2000 hematology analyzers
within 24 h. At our institution, IG is not part of routine
CBC protocols and remains a research parameter, requir-
ing specific analyzer activation; it is selectively requested
by physicians for patients at higher perceived risk of bac-
terial sepsis or rapid progression.

Statistical analysis

Analyses were conducted using R software (version 4.4.2)
with packages for data management, modeling, and visu-
alization. The significance level was set at p<0.05. To
address potential selection bias (indication bias from
clinician-ordered IG in more severe cases), we used
descriptive comparisons, predictive modeling, and bias
correction methods.
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Descriptive and baseline analysis

Patient characteristics were summarized using means
with standard deviations for continuous variables
and frequencies with percentages for categorical vari-
ables. Differences between IG and Non-IG groups were
assessed using standardized mean differences (SMDs),
with SMD > 0.1 indicating meaningful imbalance. Univar-
iate logistic regression evaluated CBC parameters (WBC,
neutrophil, lymphocyte, Hb, PLT, IG) for associations
with septic shock and mortality, reporting odds ratios
(OR) with 95% confidence intervals (CI). Analyses for
WBC, neutrophil, lymphocyte, Hb, and PLT were con-
ducted in the full cohort (n=276) using complete case
analysis (no missing data). For IG, univariate analysis was
restricted to the subgroup with available IG measure-
ments (7=52).

Propensity score weighting for bias correction

Propensity score (PS) methods addressed imbalances
between IG and Non-IG groups. PS was estimated via
logistic regression, including baseline covariates (age, sex,
temperature, heart rate, infection origin, underlying dis-
ease, WBC, neutrophil, lymphocyte, Hb, PLT, mechanical
ventilation). Vasopressor use was excluded from the PS
model due to its direct relation to septic shock, and AST,
ALT, creatinine, and CRP were excluded due to incom-
plete data. Stabilized and trimmed (1st and 99th percen-
tiles) inverse probability weights (IPW) were applied.
Balance was assessed using SMDs, with most covariates
achieving SMD < 0.1 after weighting.

Predictive modeling
For the primary analysis, two sets of multivariate logistic
regression models were developed:

1. a ‘CBC-only’ model using Hb, lymphocyte, and PLT,
applied to the full cohort (n=276);

2. in the subgroup with available data (n=52), a
‘CBC+1G’ model adding the percentage of IG.

The performance of these models was compared to assess
the incremental value of IG. Both models were re-evalu-
ated using IPW in the IG subgroup to correct for selec-
tion bias. Model discrimination was assessed using the
area under the receiver operating characteristic curve
(AUCQC) with 95% CIs. The incremental value of IG was
evaluated using category-free NRI and IDI. Category-free
NRI assesses the proportion of patients with improved
risk prediction (higher predicted probabilities for events,
lower for non-events) without predefined risk thresholds,
with 95% Cls derived from 1,000 bootstrap resamples.
Decision curve analysis (DCA) was used to evaluate the
clinical utility of models across a range of risk thresh-
olds, comparing the net benefit of CBC and CBC+IG
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models against treating all or none. A bar chart (Fig. 4)
displays category-free NRI percentages for events and
non-events.

Ethical approval and informed consent

All procedures followed the ethical standards of the insti-
tutional review board and the Helsinki Declaration. The
study was approved by the Ethics Committee of Hue Uni-
versity of Medicine and Pharmacy under approval num-
ber H2023/498. Written informed consent was obtained
from the parents or guardians of all participants. An opt-
out consent option was provided, allowing parents or
guardians to withdraw their child’s participation at any
point during the study.

Results

Baseline characteristics

Of 334 screened patients, 276 were enrolled (224 Non-
IG, 52 IG). Table 1 summarizes baseline characteris-
tics. The IG subgroup had a younger age (1.2 vs. 3.0
years, p=0.007, SMD=0.18), lower Glasgow Coma
Score (11.8+3.5 vs. 13.5+£2.6, p=0.002, SMD=0.54),
higher underlying disease prevalence (28.8% vs. 14.7%,
p=0.016, SMD =0.34), lower platelet count (234.1+163.9
vs. 285.1+153.5, p=0.034, SMD=0.32), and greater
mechanical ventilation use (40.4% vs. 21.9%, p=0.006,
SMD =0.40). Mortality was higher in the IG subgroup
(51.9% vs. 21.4%, p<0.001), likely driven in part by the
higher mechanical ventilation use (40.4% vs. 21.9%,
p=0.006), a marker of severe respiratory failure and
independent mortality risk in pediatric sepsis, but septic
shock incidence was similar (38.5% vs. 27.2%, p=0.109).
Other variables (sex, vital signs, laboratory parameters)
showed no significant differences (p>0.05, SMD<0.3).
Figure 1 illustrates SMDs, highlighting imbalances in age,
Glasgow Coma Score, underlying disease, platelet count,
mechanical ventilation, and mortality. These differences
confirm the expected indication bias, whereby IG testing
was preferentially ordered in more severely ill patients,
justifying the use of PS weighting in subsequent analyses.

Univariate associations with outcomes

Table 2 presents univariate logistic regression results.
For septic shock, significant predictors were WBC
(OR=0.965, 95% CI: 0.936—0.995, p=0.024), lympho-
cyte count (OR=0.819, 95% CI: 0.726-0.922, p=0.001),
Hb (OR=0.787, 95% CIL: 0.685-0.905, p=0.001), and
PLT (OR=0.995, 95% CIL 0.993-0.997, p<0.001).
For mortality, significant predictors included WBC
(OR=0.960, 95% CI: 0.930-0.992, p=0.014), lympho-
cyte count (OR=0.864, 95% CI: 0.771-0.968, p=0.011),
Hb (OR=0.691, 95% CI: 0.593-0.806, p<0.001), PLT
(OR=0.994, 95% CI: 0.992-0.997, p<0.001), and SII
(OR=0.979, 95% CI: 0.961-0.998, p = 0.033). Lymphocyte
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Table 1 Baseline characteristics of pediatric sepsis patients by IG

availability
Variable Non-IG G Subgroup p-value SMD
Subgroup (n=52)
(n=224)
Age, years 3.0(1.0-6.0) 12(06-63) 0.007 0.18
Gender (Male, %) 57.6 48.1 0.213 0.19
Temperature (°C)  39.0+0.9 389+0.7 0.267 0.18
Heart Rate (bpm) 139.1+266  139.8+286 0876 —-0.02
Respiration Rate 394+ 14.1 363122 0.148 0.23
(opm)
Glasgow Coma 13.5+26 11.8+£35 0.002 0.54
Score
Origin of Sepsis (%)
Respiration 27.2 36.5
Digestive 241 26.9
system
Skin 12.9 0.0 0.037 —-0.006
Other 7.2 7.8
Unknown 286 2838
Origin
Underlying 14.7 28.8 0.016 0.34
Disease (%)
White Blood Cell  16.2+9.5 153+80 0.551 0.10
Neutrophil 11.3+78 9.8+65 0.191 0.21
Lymphocyte 34431 36+25 0.573 -0.09
Hemoglobin 10.7+£1.9 102+23 0.071 0.26
(g/di)
Platelet 285.1+1535 234.1+1639 0034 032
AST 421 543 0.670 0.07
(279-1122)  (294-171.5)
ALT 247 225 0.310 0.18
(14.0-68.5) (11.3-82.8)
Creatinine 36.2 280 0.092 0.07
(22.8-56.7) (19.4-48.1)
CRP 119.6+£81.0 1171£819 0867 0.03
Blood Culture 94 9.6 0.992 0.002
Positive (%)
Mechanical 21.9 404 0.006 040
Ventilation (%)
Vasopressor Use (%)
1 vasopressor 8.5 135 0.260 0.23
Over 1 18.8 250
Vasopressor
Septic Shock (%) 27.2 385 0.109
Mortality (%) 214 519 <0.001

IG Immature granulocyte, SMD Standardized mean difference, AST Aspartate
aminotransferase, ALT Alanine aminotransferase, CRP C-reactive protein

count, Hb, and PLT were selected for the CBC predic-
tive model due to their consistent significance for both
outcomes in univariate analyses. WBC was not included
in the multivariate model because it lacked significance
in multiple regression analyses, indicating limited inde-
pendent predictive value when adjusted for other CBC
parameters.
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Predictive model performance

Table 3 summarizes logistic regression model perfor-
mance. In the full cohort (n=276), the CBC model (Hb,
lymphocyte, PLT) achieved AUCs of 0.725 (95% CI:
0.656-0.795) for septic shock and 0.746 (95% CI: 0.671—
0.821) for mortality. In the IG subgroup (n=52), the
CBC model had AUCs of 0.852 (95% CI: 0.750—0.953)
for septic shock and 0.776 (95% CIL: 0.646—0.907) for
mortality. Adding IG improved AUCs to 0.920 (95% CI:
0.847-0.994) for septic shock and 0.815 (95% CI: 0.694—
0.936) for mortality. With IPW, the CBC model in the IG
subgroup had AUCs of 0.848 (95% CI: 0.742-0.955) for
septic shock and 0.784 (95% CI: 0.654—0.914) for mor-
tality, while the CBC+1G model achieved 0.908 (95%
CIL: 0.829-0.987) for septic shock and 0.807 (95% CI:
0.683-0.932) for mortality. These IPW-weighted AUCs
represent bias-corrected estimates of model performance
in the presence of selective IG testing. ROC curves for
weighted models are shown in Fig. 2. Decision curve
analysis (Fig. 3) demonstrates a slight improvement in net
benefit for both septic shock and mortality when adding
IG to the CBC model across a range of risk thresholds,
indicating modestly enhanced clinical utility.

Incremental value of immature granulocytes

Table 4 presents the incremental value of adding IG in
the weighted IG subgroup using category-free NRI. For
septic shock, adding IG resulted in a AAUC of 0.059
(p=0.140), category-free NRI of 0.600 (95% CI: 0.030—
1.128), and IDI of 0.108 (95% CI: 0.013—0.228). For mor-
tality, adding IG yielded a AAUC of 0.024 (p=0.503),
category-free NRI of 0.339 (95% CI: —0.151-0.826), and
IDI of 0.059 (95% CIL: -0.003-0.134). Figure 4 shows
category-free NRI percentages, indicating that for sep-
tic shock, —8.7% of events and 68.1% of non-events were
correctly reclassified, while for mortality, -34.2% of
events and 67.3% of non-events were correctly reclas-
sified. This mixed NRI signal indicates that adding IG
increases specificity (better identification of patients who
will not develop septic shock or die) but reduces sensitiv-
ity (worse identification of those who will experience the
outcome). The negative NRI for events suggests that add-
ing IG reduced correct classification for events, particu-
larly for mortality, while the positive NRI for non-events
indicates improved specificity. The DCA (Fig. 3) shows
a slight improvement in net benefit for both outcomes,
but the modest NRI and IDI values, combined with non-
significant p-values and wide ClIs, suggest limited clinical
impact of adding IG, especially for septic shock.

Discussion

In pediatric sepsis within a resource-limited setting, a
simple prognostic model using only hemoglobin, lym-
phocyte count, and platelet count from a routine CBC
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Standardized Mean Differences (IG vs Non-IG)
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Fig. 1 Standardized Mean Differences (SMDs) between IG and Non-IG groups. Bars represent SMDs for baseline characteristics between IG (n=52) and
Non-IG (n=224) groups. Positive SMDs (blue) indicate higher values in the Non-IG group; negative SMDs (red) indicate higher values in the IG group.
Dashed lines at £ 0.1 denote thresholds for meaningful imbalance; solid line at 0 indicates no difference

Table 2 Univariate logistic regression analysis of CBC parameters
for predicting septic shock and mortality

CBC Parameter Septic Shock p-value Mortality  p-
OR (95% CI) OR(95% Cl) value

White Blood Cell 0.965 0.024 0.960 0014
(0.936-0.995) (0.930-0.992)

Neutrophil 0979 0.235 0.969 0.101
(0.944-1.014) (0.933-1.006)

Lymphocyte 0.819 0.001 0.864 0.011
(0.726-0.922) (0.771-0.968)

Hemoglobin 0.787 0.001 0.691 <0.001
(0.685-0.905) (0.593-0.806)

Platelet 0.995 <0.001 0.994 <0.001
(0.993-0.997) (0.992-0.997)

NLR 1.007 0.296 1.003 0.661
(0.994-1.020) (0.99-1.015)

PLR (x100) 1.022 0215 1.02 0.235
(0.987-1.059) (0.987-1.053)

Sl (x100) 0.991 0.240 0.979 0.033

(0.976-1.006) (0.961-0.998)

OR Odds ratio, CI Confidence interval, NLR neutrophil-to-lymphocyte ratio, PLR
platelet-to-lymphocyte ratio, S/l systemic immune-inflammation index

provides moderate-to-good predictive accuracy for sep-
tic shock (AUC 0.725) and in-hospital mortality (AUC
0.746). Adding IG offers minimal incremental benefit,
confirming that standard CBC parameters remain the
most practical and feasible tool for risk stratification in
LMICs.

Baseline characteristics such as age, presence of
underlying diseases, and signs of organ dysfunction sig-
nificantly influence disease progression and outcomes.
Younger children are particularly susceptible due to
underdeveloped immune responses and limited physi-
ological reserves, often leading to rapid deterioration.
In our study, the IG subgroup exhibited distinct baseline
features, including younger age (median 1.2 years vs. 3.0
years in the Non-IG group), a higher prevalence of under-
lying diseases (28.8% vs. 14.7%), and increased respira-
tory failure as indicated by greater mechanical ventilation
requirements (40.4% vs. 21.9%). These factors likely con-
tributed to the elevated mortality rate observed in the IG
group (51.9% vs. 21.4%), reflecting a selection bias where
IG testing was preferentially ordered for more critically
ill patients with complex comorbidities and respira-
tory compromise. This underscores the importance of
accounting for such imbalances in analyses, as addressed
through propensity score weighting in our study. The
absence of differences in initial vital signs and labora-
tory indices does not contradict known mortality predic-
tors; rather, it reflects the early, compensatory phase of
sepsis in children, where standard markers (e.g., WBC,
CRP, tachycardia) are elevated across all severity groups
at presentation and gain prognostic value only with serial
assessment or in combination with clinical risk factors
(e.g., age, comorbidities, need for ventilation) [1, 3]. Cli-
nician ordering of IG was thus guided by holistic risk
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Table 3 Performance of multivariate logistic regression models
for predicting septic shock and mortality

Outcome Model Cohort Predictors AUC 95%
cl
Septic CBC Full cohort  Hb+Lympho- 0.725 0.656-
Shock Model (n=276) cyte+Platelet 0.795
Septic CBC |G subgroup Hb+Lympho- 0.852 0.750-
Shock Model (n=52) cyte +Platelet 0.953
Septic CBC |G subgroup Hb+Lympho- 0.920 0.847-
Shock Model (h=52) cyte +Plate- 0.994
let+1G
Septic CBC |G subgroup Hb+Lympho- 0.848 0.742-
Shock Model (IPW) cyte +Platelet 0.955
Septic CBC+IG  IG subgroup Hb+Lympho- 0.908 0.829-
Shock Model (IPW) cyte+Plate- 0.987
let+1G
Mortality ~ CBC Full cohort  Hb+Lympho- 0.746  0.671-
Model (n=276) cyte+Platelet 0.821
Mortality  CBC IG subgroup Hb+Lympho- 0.776  0.646-
Model (n=52) cyte +Platelet 0.907
Mortality ~ CBC |G subgroup Hb+Lympho- 0815 0.694-
Model (n=52) cyte +Plate- 0.936
let+1G
Mortality ~ CBC |G subgroup Hb+Lympho- 0.784 0.654-
Model (IPW) cyte +Platelet 0914
Mortality ~ CBC+IG 1G subgroup Hb+Lympho- 0.807 0.683-
Model (IPW) cyte +Plate- 0.932
let+1G

AUC Area under the receiver operating characteristic curve, C/ Confidence
interval, IPW Inverse probability weighting, CBC Complete blood count, Hb
Hemoglobin, /G Immature granulocyte, NRI Net reclassification improvement,
IDI Integrated discrimination improvement, DCA Decision curve analysis

assessment rather than isolated lab or vital sign thresh-
olds, explaining the observed selection pattern.

This prospective study evaluated the predictive value of
CBC indices, with and without IG, for septic shock and
mortality in pediatric sepsis at a tertiary care hospital in

A Shock: CBC (AUC=0.848) vs CBC+IG (AUC=0.908)
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Vietnam. Our findings demonstrate that a CBC-based
model including Hb, lymphocyte, and PLT has moderate
to good discriminative ability for predicting septic shock
(AUC 0.725 in the full cohort, 0.848 in the weighted IG
subgroup) and mortality (AUC 0.746 in the full cohort,
0.784 in the weighted IG subgroup). Notably, this simple
model using only Hb, lymphocyte, and PLT achieved
robust predictive performance in the full cohort (AUCs
0.725 and 0.746), underscoring the clinical utility of uni-
versally available CBC parameters as practical prognos-
tic tools in resource-limited LMIC settings. The addition
of I1G to the CBC model improved AUCs in the IG sub-
group (0.908 for septic shock, 0.807 for mortality with
IPW), but the incremental value, as assessed by cate-
gory-free NRI and IDI, was modest and not statistically
significant, particularly for septic shock (NRI=0.600,
p=0.140; IDI=0.108). For mortality, the NRI was also
modest (NRI=0.339, p=0.503; IDI=0.059), with a nota-
ble reduction in correct classification for events (-34.2%)
but improved classification for non-events (67.3%). DCA
indicated a slight improvement in net benefit for both
outcomes when adding IG, suggesting limited clinical
utility, especially in resource-constrained settings.

Our CBC panel model compares favorably with estab-
lished and emerging pediatric sepsis prognostic tools,
particularly in LMIC contexts where resource con-
straints limit advanced diagnostics. For instance, the
Pediatric Sepsis Biomarker Risk Model (PERSEVERE-
II), which integrates five plasma biomarkers with clini-
cal phenotypes, yields AUCs of 0.80-0.88 for mortality
in septic shock cohorts [7, 11]. Similarly, the pSOFA and
PELOD-2 scores—validated in LMIC meta-analyses-
demonstrate pooled AUCs of 0.86 and 0.83 for mortality,
respectively, but require organ dysfunction assessments

B Mortality: CBC (AUC=0.784) vs CBC+IG (AUC=0.807)

Sensitivity

Sensitivity

T T T T T T T
12 10 08 06 04 02 00 -02

Specificity

Specificity

Fig. 2 Receiver Operating Characteristic (ROC) Curves for Weighted Models in the IG Subgroup. A ROC curves for predicting septic shock using CBC
(black) and CBC+IG (blue). B ROC curves for predicting mortality using CBC (black) and CBC+IG (blue). Models weighted using inverse probability

weights in the IG subgroup (n=52)
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Fig. 3 Decision Curve Analysis (DCA) for Weighted Models in the IG Subgroup.A Septic Shock: Net benefit of the weighted CBC model (black) and
CBC+1G model (blue) compared to treating all (gray dashed) or none (horizontal line at 0) across risk thresholds. B Mortality: Net benefit of the weighted
CBC model (black) and CBC+I1G model (blue) compared to treating all (gray dashed) or none (horizontal line at 0). Higher net benefit indicates better
clinical utility at a given risk threshold. CBC includes Hemoglobin, Lymphocyte, and Platelet counts; IG denotes Immature Granulocytes. Data were derived
from the IG subgroup with inverse probability weighting to adjust for baseline imbalances

that may not be feasible at initial presentation [4]. Recent
machine learning (ML) models leveraging electronic
health records and Phoenix Sepsis Score criteria achieve
AUROC:s of 0.85-0.96 for early detection in emergency
or PICU settings [1, 5].

The CBC parameters (Hb, lymphocyte count, PLT)
were selected for the predictive model based on their
consistent significance in univariate analyses for both
septic shock and mortality, aligning with prior studies
that highlight their relevance to prior sepsis pathophysi-
ology. Low Hb reflects anemia, which may exacerbate
tissue hypoxia in sepsis, while lymphopenia indicates

immune suppression, and thrombocytopenia is linked to
coagulation dysfunction [12, 13]. Notably, WBC was not
included in the multivariate model due to its lack of sig-
nificance in multiple regression analyses, suggesting that
its predictive value is diminished when adjusted for other
CBC parameters. This finding is consistent with stud-
ies indicating that WBC alone is a less specific marker
for sepsis severity compared to lymphocyte or platelet
counts [14, 15].

Traditional inflammatory indices derived from CBC,
such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and systemic
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Table 4 Incremental predictive value of adding IG to CBC model
in weighted IG subgroup

Index Outcome
Septic Shock Mortality
A AUC Value 0.059 0.024
95% Cl —0.009-0.155 -0.04-0.1
p-value 0.140 0.503
NRI Value 0.600 0.339
95% Cl 0.030-1.128 —-0.151-0.826
IDI Value 0.108 0.059
95% Cl 0.013-0.228 —-0.003-0.134

A AUC Change in area under the curve, NRI Net reclassification improvement
(category-free), IDI Integrated discrimination improvement, /G Immature
granulocyte, CBC Complete blood count

Category-free NRI for Events and Non-Events

Type M Events Non-Events
67.3% 68.1%
50
S
4
z
i __
-8.7%
-34.2%
Mortality Septic Shock

Fig.4 Net Reclassification Improvement (NRI) for adding IG to CBC model.
Bar chart showing the percentage of events and non-events reclassified
after adding IG to the CBC model for septic shock and mortality in the
|G subgroup (n = 52). Models were weighted using inverse probability
weights

immune-inflammation index (SII), have been extensively
investigated as prognostic markers in sepsis, particularly
in adults, where elevated NLR and PLR are associated
with increased mortality and disease severity [16—18]. In
pediatric populations, these indices have shown promise
in some studies; for example, a rise in NLR and PLR has
been linked to higher mortality in pediatric sepsis, and
PLR has been identified as a risk factor for sepsis mortal-
ity in children [7, 19]. Similarly, SII, which incorporates
neutrophil, platelet, and lymphocyte counts, has been
associated with pediatric sepsis outcomes in critical care
settings [20]. NLR and PLR have also demonstrated diag-
nostic utility in neonatal sepsis, with comparable perfor-
mance for identifying severe cases [21]. However, results
in children are inconsistent, potentially due to physiolog-
ical variations [11, 22].

In our study, we evaluated NLR, PLR, and SII using the
available data. NLR and PLR were not significantly asso-
ciated with either septic shock or mortality (p >0.05),
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while SII showed a slight association with mortality
(OR = 0.979, 95% CI: 0.961-0.998, p = 0.033) but not
with septic shock. These indices were not selected for
the final model due to their limited independent predic-
tive value. This lack of significance may be attributed to
specific physiological features in children, where neutro-
phil and lymphocyte counts vary markedly with age. For
instance, neonates exhibit relative lymphocytosis, with
NLR increasing progressively from infancy to adoles-
cence due to rising neutrophil counts and declining lym-
phocyte proportions. Such age-related changes can lead
to wide variability in NLR, PLR, and SII across pediatric
age groups, potentially reducing their prognostic reli-
ability in heterogeneous cohorts like ours (age 1 month
to 16 years) [11, 22]. In contrast, absolute values of Hb,
lymphocyte, and PLT may be more directly reflective of
sepsis-induced alterations (e.g., anemia, lymphopenia,
thrombocytopenia) and less influenced by developmental
physiology, enabling the construction of a novel predic-
tive model tailored to pediatric sepsis. This model rep-
resents a simple, cost-effective alternative to ratio-based
indices, particularly in LMICs where advanced diagnos-
tics are limited [3, 4].

The modest improvement observed with IG addition
aligns with prior research suggesting that IG percent-
age is a promising early marker of bacterial infection and
sepsis severity [8, 9]. For instance, Giingor et al. (2021)
found that IG percentage outperformed traditional
markers like WBC and CRP in predicting serious bacte-
rial infections in children [9]. However, our study found
that IG’s incremental value was limited, particularly for
septic shock, where the category-free NRI showed a
negative reclassification for events (-8.7%) but a positive
reclassification for non-events (68.1%). For mortality, the
NRI was also modest (-34.2% for events, 67.3% for non-
events), indicating improved specificity but reduced sen-
sitivity when IG was added. This pattern arises because
IG reflects early granulopoietic activation, which is prog-
nostically informative in patients with adequate physi-
ological reserve (correctly reclassified as non-events) but
becomes non-discriminatory in advanced, irreversible
organ dysfunction (events). In a high-mortality cohort
like ours (>20%), the narrow therapeutic window limits
IG’s ability to predict imminent shock or death, despite
its biological relevance. Thus, IG enhances the model’s
ability to “rule out” progression but adds little to “rule
in” risk among the sickest children. The non-significant
p-values and wide confidence intervals for NRI and IDI
further confirm the limited clinical impact of adding IG,
consistent with the modest AUC gains.

The DCA results, showing a slight increase in net ben-
efit for both outcomes, suggest that adding IG may offer
marginal clinical utility in specific contexts, such as set-
tings with access to automated hematology analyzers
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capable of measuring IG. However, the high cost and
limited availability of such analyzers in low- and middle-
income countries (LMICs), where pediatric sepsis bur-
den is greatest [3, 4], reduce the practicality of routine
IG measurement. This is particularly relevant given the
modest incremental benefit observed, which may not
justify the additional resource burden in resource-con-
strained settings [4].

This study’s strengths include its prospective design,
robust statistical methods, and focus on CBC, a widely
accessible test suitable for LMICs [1, 2]. Limitations
include the small IG subgroup (# = 52), potential selec-
tion bias from testing only suspected severe cases,
incomplete laboratory data for some confounders, and
the single-center design in Vietnam, which may limit
generalizability [5]. Future research should validate these
findings in larger, multicenter LMIC cohorts to clarify
the incremental value of IG and confirm the utility of
the CBC model (Hb, lymphocyte, PLT) [6]. Combining
CBC indices with clinical scores or exploring other low-
cost biomarkers may further improve prediction, while
cost-effectiveness and age-stratified analyses could guide
implementation in resource-limited settings.

Conclusion

This study, the first in an LMIC setting, shows that stan-
dard CBC parameters provide moderate-to-good accu-
racy for predicting septic shock and mortality in pediatric
sepsis, outperforming common indices and remaining
feasible in resource-limited environments. Adding IG
modestly improved AUCs but offered limited clinical
value due to cost and availability. Thus, standard CBC
remains a practical, cost-effective tool for risk stratifica-
tion, with further validation needed to strengthen pediat-
ric sepsis care in LMICs.
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AST Aspartate aminotransferase

CBC Complete blood count

cl Confidence interval

CRP C-reactive protein

DCA Decision curve analysis
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Hb Hemoglobin
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OR Odds ratio

PICU Pediatric intensive care unit
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