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Abstract. Background: Refractory and severe evolution complicate pediatric Mycoplasma
pneumoniae pneumonia (MPP), yet early risk stratification still relies largely on single-time
admission biomarkers. We tested whether a prespecified 48-hour pre-admission fever-burden
index (FBI48) predicts in-hospital outcomes and improves model performance beyond
guideline-consistent clinical and laboratory predictors.

Methods: We conducted a retrospective single-center cohort study of hospitalized children <14
years with laboratory-confirmed MPP. FB148 was defined as the area under the temperature—
time curve above 38.0 °C over —48 to 0 h (°C-h). Thresholds of 38.5 °C and 39.0 °C were evaluated
in sensitivity analyses. Prespecified covariates, chosen based on prior RMPP/SMPP studies and
pediatric CAP/MPP guidelines, included age, illness days, SpO2, imaging severity, prior macrolide
exposure, antipyretic and steroid use, LDH, log2-transformed NLR, CRP, and PCT. Penalized
logistic regression generated predicted risks, while unpenalized models provided adjusted odds
ratios. Model performance (AUC, Brier score, calibration) and decision-curve analysis (DCA) net
benefit were assessed for base (clinical + laboratory) and augmented (base + FB148) models across
10-30% risk thresholds.

Results: Of 720 eligible hospitalizations, 648 were analyzed. The composite endpoint (RMPP
and/or incident SMPP) occurred in 176/648 (27.2%; RMPP 24.7%; SMPP 8.0%). FB148 was
independently associated with the composite endpoint (adjusted odds ratio [aOR] 1.45, 95% CI
1.25-1.68 per 1 SD =22 °C-h) and with SMPP alone (aOR 1.58, 95% CI 1.21-2.06). Adding FB148
to the base model improved AUC from 0.78 to 0.83 (AAUC 0.05, p<0.001), reduced the Brier score
(0.176 to 0.164, p=0.006), and increased net benefit compared with the base model and a treat-
none strategy across 10-30% thresholds. Alternative fever thresholds (38.5°C/39.0 °C) yielded
similar effect sizes.

Conclusions: A simple 48-hour pre-admission fever-burden metric provides independent and
incremental prognostic information on the risk of refractory or severe evolution in pediatric MPP,
complementing guideline-based clinical and laboratory predictors and supporting admission-time
risk stratification. External validation and prospective evaluation of dynamic, in-hospital
updating are warranted.
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Introduction. Mycoplasma pneumoniae pneumonia
(MPP) in children can progress to refractory (RMPP) or
severe (SMPP) forms. Traditional reliance on single-
time biomarkers such as C-reactive protein (CRP) and
procalcitonin (PCT) may not fully capture the disease's
dynamic nature before hospital admission. Recent
studies have identified several biomarkers and clinical
indicators that can aid in early prediction and
management of RMPP and SMPP. Elevated levels of
CRP, lactate dehydrogenase (LDH), and D-dimer have
been consistently associated with RMPP.1* Additionally,
inflammatory cytokines such as interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-a) have been linked to
severe MPP.2 Logistic regression models have further
highlighted the importance of factors such as prolonged
fever duration, high peak body temperature, and specific
radiological features, such as large lobar consolidation,
in predicting RMPP.2®> Moreover, the presence of
macrolide-resistant Mycoplasma pneumoniae strains and
excessive host immune responses are significant
contributors to the refractory nature of the disease.® A
dynamic nomogram incorporating multiple risk factors,
including age, neutrophil-to-lymphocyte ratio, and
pleural effusion, has been developed to enhance the
accuracy of SMPP predictions.” Existing prognostic
models for pediatric MPP typically rely on admission-
time snapshots (e.g., LDH, CRP, NLR) and simple fever
descriptors (e.g., duration or peak temperature), but
rarely quantify the cumulative pre-admission fever
trajectory, integrating intensity and duration into a
standardized dynamic measure.>>” Accordingly, an
unresolved gap is whether a prespecified 48-hour fever-
burden metric provides incremental prognostic value
beyond routine admission predictors and imaging
severity.

The pre-admission 48-hour fever-burden index
(FBI48) is a comprehensive metric that quantifies the
intensity and duration of fever prior to hospital
admission. This index is particularly relevant as fever is
a critical component of the host's immune response,
enhancing the efficacy of immune cells and exerting
stress on pathogens.® Observational studies have shown
that fever trajectories correlate with distinct immune
profiles and clinical outcomes.® Moreover, the concept
of a fever index, which integrates both the height and
duration of fever, has been previously validated in
clinical settings.'® Thus, the FBI48 could provide a more
nuanced understanding of febrile responses, aiding in
clinical decision-making and management strategies.*2

The question of whether the FB148 model predicts
RMPP/SMPP independently and adds value to routine
admission predictors is underscored by the evolving
landscape of predictive analytics in healthcare. Current
models emphasize integrating multiple risk factors to

improve predictive accuracy. More broadly, routine
admission laboratory tests can add prognostic
information in acute illness prediction models.” In
pediatric MPP, multivariable tools increasingly integrate

routine admission laboratories with clinical and
radiographic  features to support early risk
stratification.?”'*  Furthermore, machine learning

techniques are increasingly utilized to analyze extensive
patient datasets. Thus, while the FBI48 model's
independent predictive capability remains to be fully
established, integrating diverse predictors, including
those from routine admissions, is crucial for improving
overall prediction accuracy in clinical settings.

We hypothesize that dynamic pre-admission fever
patterns encode clinically relevant information about
host—pathogen inflammatory activity and that a 48-hour
fever-burden index (FBI48) would identify children at
heightened risk for complicated courses of MPP. Our
primary objective was to test the association between
FBI48 and a composite endpoint comprising RMPP
and/or SMPP occurring during hospitalization.
Secondary objectives were to evaluate the association of
FBI148 with SMPP alone and to determine whether
FBI48 provides incremental prognostic value beyond a
prespecified base model that includes guideline-
consistent clinical features and routine admission
laboratory values.

Methods

Study design and setting. We conducted a retrospective,
single-center observational cohort study at The Second
Affiliated Hospital of Guangdong Medical University
from October 2021 through August 2025, using routinely
collected data on consecutive hospitalizations of children
aged <lI4 years with laboratory-confirmed MPP.
Admission was the index time. All exposures and
covariates were defined at or prior to admission, and
outcomes were ascertained during the index
hospitalization. This study was conducted in accordance
with the Declaration of Helsinki. The protocol was
reviewed and approved by the Ethics Committee of The
Second Affiliated Hospital of Guangdong Medical
University, which waived the requirement for informed
consent because the study was a retrospective analysis of
de-identified, routinely collected data and posed no more
than minimal risk to participants. All data were
anonymized prior to analysis.

Participants and cohort assembly. We screened
consecutive admissions for suspected community-
acquired pneumonia with testing for M. pneumoniae.
Inclusion  required  laboratory-confirmed  MPP,
analyzable pre-admission temperature data spanning —48
to 0 hours, and a complete admission laboratory panel.
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To preserve an incident assessment of in-hospital
progression, children who met SMPP criteria at
presentation were excluded from endpoint evaluation.

Diagnostic  criteria and respiratory  sampling.
Diagnostic criteria for MPP were aligned with the 2023
evidence-based guideline for pediatric MPP and
pediatric CAP guidance. MPP required compatible
clinical and radiographic findings plus either a positive
respiratory nucleic-acid amplification test (NAAT/PCR)
for M. pneumoniae from throat or nasopharyngeal swab,
or a >4-fold rise in M. pneumoniae-specific antibody
titer between acute and convalescent sera when NAAT
was unavailable. Genotypic macrolide resistance testing
for M. pneumoniae was not routinely performed during
the study period; therefore, isolate-level resistance rates
were unavailable for analysis.

48-hour pre-admission fever-burden index (FBI48). The
primary exposure was FBI48, defined as the area under
the temperature—time curve above a prespecified fever
threshold TO over the 48 h before admission, where T(t)
is the recorded body temperature at time t (hours) relative
to admission (t=0), with T0=38.0 °C as primary and
38.5°C/39.0 °C in sensitivity analyses. An analyzable
pre-admission temperature window required >4
timestamped temperature measurements between -48
and 0 h (including >1 within -6 h) and no single gap
between adjacent measurements >18 h; windows not
meeting these criteria were classified as non-analyzable
and excluded.

Temperatures were abstracted from outpatient and
emergency department records and caregiver logs,
converted to degrees Celsius, time-aligned to admission
(t = 0), and deduplicated. Because sampling times were
irregular, we linearly interpolated between successive
observations and applied the trapezoidal rule within the
observed time span. We did not extrapolate beyond the
earliest or latest measurements in the —48 to 0 h window.
When the measurement site/device was documented, we
retained the recorded value without applying site-
specific offsets; robustness to potential misclassification
was partly assessed by repeating FBI148 computations at
higher fever thresholds (38.5°C and 39.0°C). When
multiple measurements occurred within £15 minutes, we
deduplicated by retaining the highest value and the
earliest timestamp. When outpatient/ED records and
caregiver logs overlapped within +30 minutes, we
prioritized the clinical record.

Outcomes and clinical definitions. The primary endpoint
was a composite of RMPP and/or incident SMPP during
the index hospitalization among children who were not
SMPP at presentation. RMPP was defined in accordance
with contemporary guidelines as persistent fever with
non-improving or worsening lung imaging despite >7

days of appropriate macrolide therapy. SMPP was
defined for MPP cases that met recognized severe
pediatric CAP criteria, operationalized as any of the
following developing after admission: hypoxemia (SpO2
<92% on room air at sea level or need for supplemental
oxygen to maintain SpO2 >92%), need for advanced
respiratory  support  (high-flow nasal cannula,
noninvasive ventilation, or invasive mechanical
ventilation), multilobar consolidation and/or moderate-
to-large pleural effusion, ICU/HDU transfer for
respiratory  support, or clinically  significant
extrapulmonary involvement as documented by the
treating team (e.g., neurologic, cardiovascular, hepatic,
or dermatologic complications). Only SMPP developing
after admission contributed to endpoints. SMPP was
present at the presentation. SMPP alone served as a
secondary endpoint. All outcomes were adjudicated
using prespecified definitions prior to model fitting.

Covariates, imaging, and laboratory preprocessing.
Prespecified covariates at admission included age (years),
iliness days (days since symptom onset), peripheral
oxygen saturation by pulse oximetry (SpO2, %), chest
radiograph severity (mild vs moderate/severe by
standardized reading of the admission film), prior
macrolide exposure before admission (yes/no),
antipyretic exposure during —48 to 0 h (yes/no), and pre-
admission systemic steroid exposure (yes/no). These
variables were chosen a priori based on prior
RMPP/SMPP  prognostic  studies and pediatric
MPP/CAP qguidelines, rather than by data-driven
selection. Radiograph severity was categorized as mild
versus moderate/severe based on prespecified criteria
(extent of consolidation, multilobar involvement, and/or
pleural effusion) abstracted from the admission
radiology report; ambiguous cases were adjudicated by a
second reviewer.

Admission laboratory values were obtained within 6
hours of arrival: LDH (U/L), NLR, CRP (mg/L), and
PCT (ng/mL). For modeling, LDH was scaled to 100 U/L,
NLR was log2-transformed, CRP was modeled per
10 mg/L, and PCT was modeled per 0.1 ng/mL. As noted,
continuous covariates were centered and standardized to
aid interpretation. Other potential biomarkers were not
included as predictors because they were not routinely
measured at admission or exhibited >30% missingness,
which would compromise model stability. Chest
computed tomography was not routinely performed and
was reserved for suspected complications. Modeling
used the admission radiograph category to preserve
general applicability.

Missing data and imputation. We examined missingness
patterns after exclusions and used multiple imputation by
chained equations (MICE) under a Missing-at-Random
assumption, including all model variables and the
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outcome to preserve associations. Because a complete
admission laboratory panel was required for inclusion,
LDH, NLR, CRP, and PCT were not imputed. The
remaining missingness was confined to a small fraction
of the clinical covariates. We imputed continuous
variables using predictive mean matching (age, illness
days, SpO2) and binary variables using logistic
regression (imaging severity, prior macrolide exposure,
antipyretic exposure, and pre-admission systemic steroid
exposure). Twenty imputations were generated with
convergence checks, and Rubin’s rules were used to
combine estimates. Variables with  substantial
missingness (>30%) were not included in the model.
Children with no usable —48 to 0 h temperature data or
without a complete admission laboratory panel were
excluded a priori

Statistical analysis. Baseline characteristics were
summarized overall and by the composite endpoint using
means with standard deviations or medians with
interquartile ranges, and compared using Wilcoxon rank-
sum tests for continuous variables and y2 (or Fisher’s
exact) tests for categorical variables. Benjamini—
Hochberg false-discovery-rate (FDR) g-values were
reported. These baseline comparisons were descriptive;
primary inference regarding prognostic associations
relied on prespecified multivariable models.

Prediction used penalized logistic regression
(ridge/elastic-net tuned by cross-validation) to mitigate
overfitting and collinearity, while unpenalized logistic
models on the imputed datasets provided adjusted odds
ratios (aORs) with 95% Cls and p-values for clinical
interpretability. For the composite endpoint and the
SMPP endpoint, model complexity was deliberately
limited to maintain a reasonable events-per-variable ratio,
with penalization further constraining overfitting. For
penalized models, we used 10-fold cross-validation to
tune the elastic-net mixing parameter o (grid 0.0-1.0 in
0.1 increments) and the penalty A, selecting A by the 1-
SE rule. For primary inferential and prediction models,
FBI148 was entered as a standardized linear term.
Restricted cubic splines were used in a prespecified
secondary analysis to assess nonlinearity. With 176
composite events and 12 prespecified predictors, the
events-per-predictor (EPV) was 14.7. The SMPP model
used 6 predictors for 52 events (EPV 8.7) and therefore
relied on penalization and bootstrap internal validation.
Other continuous covariates used linear or log-linear
forms as specified.

Penalized models were used to generate predicted
probabilities in each imputed dataset. Discrimination
(AUC with 95% CI by Delong), calibration (intercept
and slope), and overall accuracy (Brier score) were
calculated from these predictions and pooled across
imputations. Bootstrap optimism-correction was applied
for internal validation. Decision-curve analysis (DCA)

quantified net benefit over 10-30% risk thresholds
chosen a priori for forward escalation decisions,
comparing a base model (clinical features + routine
laboratories) against an augmented model (base +
FBI48) and a treat-none strategy. Two-sided a = 0.05
defined statistical significance. For incremental
performance metrics, 95% Cls for AAUC were obtained
using DeLong’s method, and 95% CIs for ABrier were
obtained by bootstrap resampling.

Sensitivity analyses. To assess the robustness of the
FBI148 exposure definition, we recomputed the integral
using fever thresholds of 38.5 °C and 39.0 °C, with the
same prespecified covariate set, and refit the models. We
summarized the FBI48 aOR per 1 SD for each threshold
and qualitatively compared model performance with the
primary specification, without re-tuning variable
selection to avoid overfitting to any single definition.
FBI148 tertiles were used solely for descriptive event-rate
summaries and not for model fitting.

Results.

Cohort assembly and event rates. Of 720 eligible
hospitalizations during October 2021 to August 2025,
648 children met inclusion criteria (available —48 to 0 h
temperatures and admission laboratories) and comprised
the analysis cohort after excluding 30 with missing pre-
admission temperatures, 17 with missing admission
laboratories, and 25 with SMPP at presentation (Figure
1). Within the analysis cohort, the composite endpoint of
RMPP and/or incident SMPP occurred in 176/648
(27.2%, 95% CI 23.8-30.6), including RMPP in 160
(24.7%, 95% CI 21.4-28.0) and SMPP in 52 (8.0%, 95%
Cl 6.0-10.1); 36 children met both outcomes (Table 1,
Figure 1).

At admission, the cohort had a mean age of 6.8 + 2.9
years, median illness days 4.8 [3.0-6.0], and median
FBI48 46 [33-58] °C-h (Table 1). In the -48 to 0 h
window, children had a median of 7 [5-10] temperature
measurements; the median maximum inter-measurement
gap was 7.0 [4.5-10.5] h. Overall, 59.0% of temperature
readings were sourced from outpatient/ED records and
41.0% from caregiver logs (Supplementary Table S1).

Included (n=648) and excluded eligible
hospitalizations (n=72) showed similar distributions of
age, sex, illness days, admission SpO2, and imaging
severity, supporting limited selection bias from the
analyzable-temperature and laboratory-panel
requirements (Supplementary Table S2).

Baseline characteristics by outcome. Compared with
children without events, those with the composite
endpoint were older (7.6+2.9 vs 6.5+29 years;
p=0.004, g=0.012) and presented later in their illness (5.2
[4.0-6.5] vs 4.6 [3.0-6.0] days; p=0.010, g=0.018). They
had lower admission SpO2 (95.1 +2.6% vs 97.0 +2.1%;
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Eligible hospitalizations with suspected MPP

n="720

4

| Excluded: missing —48-0 h temperatures (n = 30) |

I Excluded: missing admission laboratories (n = 17) |

| Excluded: SMPP present at admission (n = 25) |

Included in primary analysis cohort

n = 648

[

Composite endpoint (RMPP and/or incident SMPP)
n=176 No composite endpoint
* RMPP: n= 160 n=472

« SMPP (incident): n = 52
« Overlap (both): n =36

Figure 1. Study flow diagram. Flow of cohort assembly for hospitalized children <14 years with laboratory-confirmed MPP.

Table 1. Baseline characteristics overall and by composite endpoint.

Variable Overall No COEF;T?'S event Com(p?lozsi;eﬁt)avent p g (FDR)
Age, y (mean £ SD) 6.8+2.9 6.5+29 7.6+2.9 0.004 0.012
Male, n (%) 337 (52.0%) 240 (50.8%) 97 (55.1%) 0.24 0.32
Iliness days at admission

(median [IORY]) 4.8 [3.0-6.0] 4.6 [3.0-6.0] 5.2 [4.0-6.5] 0.010 0.018
SpO: at admission, % 96.4+2.4 97.0+2.1 95.1+2.6 <0.001 <0.001
(mean + SD)

Imaging severity o o o

(moderate/severe), n (%) 241 (37.2%) 144 (30.5%) 97 (55.1%) <0.001 <0.001
Er('(f’/:)macm“de exposure, 155 (23.9%) 104 (22.0%) 51 (29.0%) 0.060 0.100
Antipyretic exposure 0 o o

(48 0 0 by, 1 (%) 423 (65.3%) 298 (63.1%) 125 (71.0%) 0.058 0.098
Steroid exposure o o o

(pre-admission), n (%) 40 (6.2%) 24 (5.1%) 16 (9.1%) 0.080 0.110
LDH, U/L (median [IQR]) 345 [288-420] 318 [266-384] 412 [351-476] <0.001 <0.001
NLR (median [IQR]) 4.1[2.8-6.1] 3.6 [2.5-5.1] 5.1[3.7-7.2] <0.001 <0.001
CRP, mg/L (median [IQRY]) 21 [11-36] 18 [9-31] 26 [14-47] <0.001 <0.001
PCT, ng/mL (median [IQR]) | 0.14[0.07-0.28] | 0.12[0.06-0.24] 0.20 [0.09-0.36] 0.002 0.006
FBI148, °C-h (median [IQR]) 46 [33-58] 43 [30-55] 57 [44-74] <0.001 <0.001

p<0.001, g<0.001) and more frequent moderate/severe
radiographic involvement (55.1% vs 30.5%; p<0.001,
0<0.001), and showed higher inflammatory/injury
markers, including LDH (412 [351-476] vs 318 [266—
384] U/L; p<0.001, g<0.001), NLR (5.1 [3.7-7.2] vs 3.6
[2.5-5.1]; p<0.001, g<0.001), CRP (26 [14-47] vs 18 [9—
31] mg/L; p<0.001, g<0.001), and PCT (0.20 [0.09—
0.36] vs 0.12 [0.06-0.24] ng/mL; p=0.002, g=0.006).
FBI148 was higher among event cases (57 [44—74] vs 43
[30-55] °C-h; p<0.001, g<0.001). Event rates rose
stepwise across FBI48 tertiles from 16.7% and 3.7% in

the lowest tertile (<32 °C-h) to 40.3% and 13.9% in the
highest (>56 °C-h) for the composite endpoint and SMPP,
respectively (Supplementary Table S3 and Figure 2).

Primary multivariable analysis (composite endpoint). In
multivariable logistic models on multiply imputed data,
higher FBI48 remained independently associated with
the composite endpoint with an aOR of 1.45 (95% ClI
1.25-1.68) per 1 SD (~22 °C-h) increase (Table 2).
Additional predictors of higher odds included older age
(aOR 1.06 per 1 year, 95% CI 1.02-1.10), more illness
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Figure 2. FB148 construct and distribution. (A) Schematic showing the FBI48 as the area under the temperature curve above a prespecified
threshold of 38.0 °C over —48 to 0 hours (shaded). (B) Distribution of FBI48 in the analysis cohort (n=648) with tertile cut-points marked at

<32°C-h (T1), 33-55 °C-h (T2), and >56 °C-h (T3).

Table 2. Composite endpoint for Multivariable models.

Predictor (scaling) Adjusted OR (95% CI) p g (FDR)
FBI48 (per 1 SD =22 °C-h) 1.45 (1.25-1.68) <0.001 <0.001
Age (per 1y) 1.06 (1.02-1.10) 0.004 0.012
lliness days (per 1d) 1.08 (1.02-1.15) 0.008 0.018
SpO2 (per 1% lower) 1.12 (1.07-1.18) <0.001 <0.001
Imaging severity (mod/severe vs mild) 1.92 (1.31-2.80) 0.001 0.005
LDH (per 100 U/L higher) 1.11 (1.05-1.18) <0.001 0.002
NLR (log-transformed, per 1 unit) 1.28 (1.12-1.47) <0.001 0.003
CRP (per 10 mg/L) 1.08 (1.03-1.13) 0.002 0.009
PCT (per 0.1 ng/mL) 1.04 (1.00-1.08) 0.048 0.072
Prior macrolide (yes vs no) 1.23 (0.87-1.73) 0.24 0.30
Antipyretic exposure (yes vs no) 1.19 (0.86-1.64) 0.29 0.34
Steroid exposure (yes vs no) 1.46 (0.76-2.76) 0.25 0.31

o
©
)

Adjusted risk
95% CI

o 9 9
nw o N
.

Predicted risk of composite endpoint
o
H

0.3

0.2

0.1

0.0 50 30 20 50 60 70 80
FBI48 (°Ch)

Figure 3. Adjusted association of FB148 with risk of the composite
endpoint. Adjusted predicted risk of RMPP and/or incident SMPP
across FBI48 values from a multivariable logistic model including
FBI148 (restricted cubic splines) and prespecified covariates (age,
iliness days, SpO2, imaging severity, prior macrolide,
antipyretic/steroid exposure, LDH, log>-NLR, CRP, and PCT). The
solid line shows the point estimate and the shaded band the 95% CI.
(Spline specification: restricted cubic spline with 4 knots at the 5th,
35th, 65th, and 95th percentiles of FBI48; shown for nonlinearity
assessment and visualization).

days at admission (aOR 1.08 per 1 day, 95% CI 1.02—
1.15), lower SpO2 (aOR 1.12 per 1% lower, 95% CI
1.07-1.18), moderate/severe imaging (aOR 1.92, 95% ClI
1.31-2.80), LDH (aOR 1.11 per 100 U/L, 95% CI 1.05—
1.18), NLR (aOR 1.28 per log2 unit, 95% CI 1.12-1.47),

and CRP (aOR 1.08 per 10 mg/L, 95% CI 1.03-1.13),
whereas PCT showed a borderline association (aOR 1.04
per 0.1 ng/mL, 95% CI 1.00-1.08). After Benjamini—
Hochberg adjustment, FBI48, SpO2, imaging severity,
LDH, NLR, and CRP remained significant (q<0.01),
while prior macrolide, antipyretic, and pre-admission
steroid exposure were not independently associated
(4=0.30).

In a prespecified secondary analysis, restricted cubic
spline  modeling supported a monotonic, mildly
nonlinear FBI48-risk relationship (likelihood-ratio test
for nonlinearity p=0.028), with adjusted risks of
approximately 18% (95% CI 14-23), 24% (21-28), 35%
(29-41), and 45% (36-53) at FB148 values of 30, 46, 60,
and 75 °C-h, respectively (Figure 3).

Incremental value and internal validation (composite
endpoint). Adding FBI48 to the clinical + laboratory base
model improved discrimination from an AUC of 0.78
(95% CI1 0.74-0.81) to 0.83 (95% CI 0.80-0.86), AAUC
= 0.05 (DeLong p<0.001), with optimism-corrected
AUCs of 0.77 and 0.82, respectively (Figure 4A and
Table 3). Calibration improved concurrently (slope 0.94
[95% CI 0.82-1.06] to 1.02 [0.91-1.13]; intercept —0.04
to —0.01), and overall accuracy improved, as reflected by
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Figure 4. Model performance for the composite endpoint. (A) ROC curves comparing a base model (clinical features + routine laboratories)
with the base model plus FBI48. (B) Calibration plots showing the ideal line (y = x) and the apparent calibration for each model. Calibration
in panel B uses 10 equal-frequency bins of predicted risk with a smoother loss.

Table 3. Model performance.

Metric Base (clinical + labs) Base + FBI48 A (Base — +FBI48)
AUC (95% CI) 0.78 (0.74-0.81) 0.83 (0.80-0.86) +0.05, p<0.001 (DeLong)
AUC, optimism-corrected 0.77 0.82 +0.05
Calibration slope (95% CI) 0.94 (0.82-1.06) 1.02 (0.91-1.13) +0.08
Calibration intercept (95% CI) —0.04 (-0.12 to 0.05) —0.01 (=0.09 to 0.08) +0.03

Brier score 0.176 0.164 —0.012, p=0.006

Net benefit at 10% threshold 0199 0.215 +0.016

Net benefit at 20% threshold 0.145 0.168 +0.023

Net benefit at 30% threshold 0.099 0.129 +0.030
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Figure 5. Decision-curve analysis (DCA) for clinical utility. Net
benefit across prespecified risk thresholds of 10-30% comparing the
base model with the base model plus FB148. The treat-none and treat-

all strategies are shown for reference.

0.0 0.1

a lower Brier score (0.176 to 0.164; A —0.012, p=0.006)
(Figure 4B and Table 3). The 95% CI for AAUC was
0.03-0.07 (DeLong), and the bootstrap 95% CI for the
ABrier score was —0.019 to —0.005.

Decision-curve analysis showed higher net clinical
benefit for the augmented model than for the base model
across prespecified triage thresholds, with net-benefit
gains of +0.016, +0.023, and +0.030 at 10%, 20%, and
30% risk, respectively, and consistently better
performance than a treat-none strategy throughout the
10-30% range (Figure 5 and Table 3).

Secondary outcome (SMPP alone). FBI148 also predicted
incident SMPP (aOR 1.58 per 1 SD, 95% CI 1.21-2.06),
alongside lower SpO2 (aOR 1.22 per 1% lower, 95% ClI
1.12-1.34) and moderate/severe imaging (aOR 2.34,
95% CI 1.24-4.40). LDH showed a borderline
association (aOR 1.09 per 100 U/L, 95% CI 1.00-1.19),
whereas NLR and age were not statistically significant
(p=>0.09) (Supplementary Table S4). The SMPP model
exhibited strong apparent discrimination (AUC 0.85,
95% C1 0.80-0.90), with an optimism-corrected AUC of
0.84, near-ideal calibration (slope 1.01), and a Brier
score of 0.090. Bootstrap internal validation used 1000
resamples for the SMPP model.

Sensitivity analyses. Redefining FBI48 using fever
thresholds of 38.5°C and 39.0°C yielded similar
associations with the composite endpoint (aOR per 1 SD
1.37, 95% CI 1.18-1.61; and 1.31, 95% CI 1.12-1.53,
respectively), supporting robustness of the FB148 signal.
Tertile summaries were used for description only and not
for model fitting (Supplementary Table S3 and Figure
2).

Discussion. Our study found that a higher FBI48 was
independently associated with a greater risk of refractory
and/or severe evolution of MPP. FBI48 captured risk in
a monotonic, mildly nonlinear fashion on restricted cubic
splines and added clinically meaningful prognostic
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information beyond guideline-consistent admission
predictors. These results support FBI48 as a simple pre-
admission dynamic metric that complements existing
risk markers.

In our cohort of hospitalized children with laboratory-
confirmed MPP, a higher FBI48 at admission was
independently associated with a greater risk of refractory
and/or severe evolution, with parallel gradients in injury
and inflammatory biomarkers (LDH, NLR, CRP, PCT).
These observations are biologically coherent with
pediatric  MPP  pathophysiology.  Contemporary
guidelines operationalize RMPP as persistent fever with
non-improving/worsening radiology despite >7 days of
macrolide therapy and define SMPP within pediatric
CAP severity criteria, emphasizing a host-inflammatory
phenotype.t” LDH reflects parenchymal injury and
consistently tracks the risk of RMPP, including in meta-
analytic evidence and early admission cohorts.!81°
Hematologic and acute-phase markers, higher NLR,
CRP, and PCT, associate with worse courses or
prolonged fever in pediatric MPP, situating FBI48 as a
dynamic summary of sustained inflammatory drive that
aligns with these static markers.#2%2! Rising macrolide
resistance can prolong fever and amplify inflammatory
burden in children even when radiographic trajectories
vary, further supporting the biological plausibility of a
pre-admission fever-derived metric as an early risk
signal.?2 Because cytokines (e.g., IL-6, TNF-a) were not
routinely measured in this retrospective cohort, the
proposed biological link between FBI48 and sustained
inflammatory drive is based on prior studies and is not
directly demonstrated here.

At the bedside, adding FBI48 to a base model of
clinical features and routine laboratories improved
discrimination, calibration, and overall accuracy, and
yielded higher net benefit across prespecified action
thresholds of 10-30%, the range clinicians use to
consider escalation on general wards. These thresholds
map to guideline-anchored decisions already used in
pediatric CAP/MPP—pulse oximetry to guide
site-of-care and the routine use of an admission chest
radiograph in hospitalized children, reserving CT for
complications or non-response.?*?* DCA is the
appropriate lens for translating these gains into practice,
and current methodological standards support judging
clinical usefulness by net benefit across plausible
thresholds. MPP-adjacent work using LDH illustrates
such added value with DCA in pneumonia phenotypes.?
2" For children flagged by higher FBI48 within the 10—
30% bands, our results justify earlier imaging review,
closer respiratory monitoring, and timely consideration
of adjunctive anti-inflammatory therapies. Meta-
analyses suggest glucocorticoids shorten fever and
hospitalization in macrolide-refractory pediatric MPP,
and IVIG plus macrolide may benefit selected refractory

presentations, 2930

FBI48 is readily computable from routine
ED/outpatient temperatures and caregiver logs using a
standard pediatric fever threshold of >38.0 °C, with
transparent sensitivity checks at 38.5°C and 39.0 °C.
This is consistent with national guidance on fever
assessment in children and with pediatric practice
reviews.31:32 Because measurement site and device affect
recorded values, harmonization is essential: peripheral
methods (tympanic/temporal/axillary) are widely used
and can support screening, but they show predictable
bias and wider limits of agreement versus rectal/core
measures, reinforcing our analytic choice to align units,
time-stamp readings, perform linear interpolation only
between observed points, and avoid extrapolation
beyond the observed window when computing
FBI48.333 These steps allow teams to operationalize
FBI148 with minimal workflow burden and to embed the
metric into admission-time risk calculators or
EHR-based triage prompts for pediatric MPP.

Limitations of our study include a retrospective
design, possible measurement error in caregiver-
recorded temperatures, mixed thermometer sites, and a
single-center case mix, which may limit generalizability.
Requiring analyzable —48 to 0 h temperature data and a
complete admission laboratory panel may introduce
selection bias by preferentially including children with
more complete monitoring and diagnostic workup.
Residual confounding cannot be excluded, and
operational definitions of SMPP may vary across
institutions despite our prespecification, potentially
leading to outcome misclassification. Testing for non-
mycoplasma respiratory pathogens was not systematic,
so unrecognized viral or bacterial coinfection could
partially confound fever trajectories and outcomes.
Macrolide-resistance testing was not routinely available;
therefore, we could not quantify local resistance rates or
evaluate effect modification by resistance status, and
generalizability to settings with different resistance
epidemiology remains uncertain. Although included and
excluded eligible hospitalizations were similar on
available baseline variables, selection bias from
documentation requirements cannot be fully excluded.
Radiographic severity was abstracted from routine
radiology reports, and we did not perform a formal inter-
rater reliability study. Our models were internally, not
externally, validated, and the SMPP model, while
penalized, still has a modest number of events. Future
work should prioritize external validation across diverse
centers and epidemic periods. Prospective capture of
high-frequency, time-stamped digital temperature
streams to reduce measurement noise and enable
standardized integration rules; and formal evaluation of
time-varying fever-burden indices to test whether
dynamic re-estimation further improves early triage

cases, though not for routine use in all SMPP decisions and patient-centered outcomes when
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embedded in EHR workflows.

In our study, FBI48 provided independent and
incremental prognostic information beyond routine
admission predictors. Because this was a retrospective
single-center analysis without external validation, FBI48
should be viewed as a promising candidate feature for
admission-time risk stratification. External validation
and prospective impact studies are needed before routine
clinical deployment, including heat-to-head comparison
with existing pediatric MPP prognostic models and
evaluation of whether FBI48 can safely support
escalation decisions (e.g., intensified monitoring or
consideration of adjunctive anti-inflammatory therapy).

Ethics approval and consent to participate. This study
was conducted in accordance with the Declaration of
Helsinki. The protocol was reviewed and approved by
the Ethics Committee of The Second Affiliated Hospital
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