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Abstract

Background:

Neonatal sepsis remains a major contributor
to neonatal morbidity and mortality
worldwide, particularly in low- and middle-
income countries, where delayed diagnosis
and limited neonatal intensive care resources
significantly compromise survival outcomes.
Early recognition of neonatal sepsis remains
challenging  because  initial  clinical
manifestations are often subtle and
nonspecific. Artificial intelligence (Al)-
driven predictive models have recently
emerged as promising tools for improving
early detection and risk stratification in
neonatal care. Aim:
To develop and evaluate an Al-driven
neonatal risk assessment model using clinical
and laboratory parameters for the early
prediction of neonatal sepsis in a tertiary care
neonatal intensive care unit. Methodology:
A prospective diagnostic prediction model
study was conducted on 240 neonates
admitted to the NICU between January 2023
and  December 2024. Demographic
characteristics, maternal risk factors, clinical
features, and laboratory parameters were
prospectively collected and used to develop

and internally validate machine learning
models, including Logistic Regression,
Random Forest, and Support Vector
Machine, for early prediction of neonatal
sepsis. Model performance was assessed
using accuracy, sensitivity, specificity, and
area under the receiver operating
characteristic curve.

Results: The final Al-based prediction
model demonstrated an accuracy of 91.3%,
sensitivity of 89.5%, specificity of 92.8%,
and an area under the receiver operating
characteristic curve of 0.94 for identifying
neonatal  sepsis. Respiratory  distress,
temperature instability, elevated C-reactive
protein,  abnormal leukocyte  count,
thrombocytopenia, and prolonged rupture of
membranes were identified as significant
predictors of neonatal sepsis (p < 0.001).
Conclusion: Neonates identified as high-risk
by the Al model demonstrated significantly
higher rates of intensive care requirement and
prolonged hospitalization. These findings
suggest that Al-assisted neonatal sepsis
prediction models may substantially improve
early clinical decision-making, optimize
neonatal triage, and strengthen neonatal
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public health surveillance in resource-
constrained healthcare settings.
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intelligence; Risk prediction model; Machine
learning; Neonatal intensive care
Introduction

Neonatal sepsis remains one of the leading
causes of neonatal mortality and long-term
neurodevelopmental impairment worldwide,
accounting for a substantial proportion of
deaths among infants younger than 28 days
of life. The burden of neonatal sepsis is
disproportionately higher in low- and middle-
income countries because of delayed
diagnosis, inadequate infection control
practices, limited laboratory facilities, and
shortages of neonatal intensive care resources
[1-3]. Despite improvements in neonatal
care, neonatal sepsis continues to pose major
diagnostic and therapeutic challenges
because clinical manifestations are often
nonspecific during the early stages of disease.
The diagnosis of neonatal sepsis traditionally
relies on clinical suspicion, hematological
indices, inflammatory biomarkers, and blood
culture results. However, blood culture
remains time-consuming and may yield false-
negative results due to prior antibiotic
exposure or low bacteremia levels.
Furthermore, neonatal clinical signs such as

poor feeding, lethargy, temperature
instability,  respiratory  distress, and
irritability  frequently  overlap  with

noninfectious neonatal conditions, thereby
reducing diagnostic  specificity  [2-4].
Consequently, delayed diagnosis and
inappropriate antimicrobial initiation remain
major contributors to adverse neonatal
outcomes and increased mortality.

Recent  advancements in artificial
intelligence ~ and  machine  learning
technologies have transformed predictive
analytics in healthcare by enabling early
disease detection using multidimensional
clinical ~ datasets. = Machine  learning
algorithms can identify complex nonlinear

interactions among clinical variables and
laboratory parameters that may not be readily
apparent through conventional statistical
approaches [3-5]. In neonatal intensive care
settings, Al-driven predictive models have
demonstrated  promising  potential in
identifying high-risk neonates before overt
clinical deterioration occurs.

Several machine learning approaches
including logistic regression, decision trees,
random forest algorithms, support vector
machines, neural networks, and ensemble
models have recently been explored for early
prediction of neonatal sepsis [4-6]. These
predictive systems utilize demographic
variables, maternal obstetric risk factors,
physiological ~ monitoring  data, and
laboratory biomarkers to improve diagnostic
accuracy and reduce unnecessary antibiotic
exposure. Importantly, Al-assisted prediction
models may facilitate earlier therapeutic
intervention, optimize neonatal intensive care
triage, and reduce healthcare-associated
complications.

Public health implications of neonatal sepsis
are particularly significant in developing
healthcare systems where neonatal mortality
rates remain elevated. Pakistan continues to
experience substantial neonatal mortality due
to sepsis-related complications, prematurity,
and  inadequate  neonatal infection
surveillance [5-7]. Limited availability of
advanced microbiological diagnostics and
delayed  referral systems  frequently
contribute to the advanced presentation of
disease. Consequently, the implementation of
Al-based risk assessment tools in neonatal
units may provide a cost-effective strategy
for improving early recognition of sepsis and
reducing neonatal mortality in resource-
limited settings.

Clinical and laboratory parameters, such as
respiratory distress, feeding intolerance,
hypothermia, fever, leukocyte abnormalities,
thrombocytopenia, elevated  C-reactive
protein, and maternal obstetric risk factors,
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have consistently been associated with
neonatal sepsis [6-8]. However, reliance on
individual ~ biomarkers  often  yields
insufficient predictive value because
neonatal inflammatory responses may vary
considerably according to gestational age,
birth weight, and underlying physiological
status. Machine learning approaches provide
the advantage of integrating multiple
variables simultaneously to generate more
accurate individualized risk predictions.
Existing studies evaluating  Al-driven
neonatal sepsis prediction have largely
originated from high-income healthcare
systems with advanced electronic health
infrastructure [7-9]. Limited prospective
evidence is available regarding the
effectiveness of Al-assisted neonatal sepsis
prediction models in South Asian neonatal
populations. Additionally, variability in
healthcare resources, maternal risk profiles,
neonatal infection epidemiology, and
laboratory accessibility may significantly
influence the predictive performance of such
models in developing countries.

The present study was therefore designed to
develop and evaluate an Al-driven neonatal
risk assessment model using clinical and
laboratory parameters to predict -early
neonatal sepsis in a tertiary care neonatal
intensive care unit. The study also aimed to
identify significant predictors of neonatal
sepsis and to assess the diagnostic
performance of multiple machine learning
algorithms. By generating region-specific
evidence, the study intends to contribute
toward improved neonatal surveillance, early
intervention strategies, and public health-
oriented neonatal care models [8-10].
Methodology

A prospective diagnostic prediction model
study was conducted at Abwa Hospital after
approval from the institutional ethical review
committee. The study included neonates
admitted with suspected neonatal sepsis
based on clinical features or maternal risk

factors. The sample size was calculated using
OpenEpi software version 3.01, assuming an
anticipated neonatal sepsis prevalence of
30%, a 95% confidence interval, a 5% margin
of error, and an 80% power, resulting in a
minimum sample size of 224 neonates. After
adjustment for possible incomplete records
and follow-up loss, a total of 240 neonates
were enrolled.

Neonates aged 0-28 days admitted to the
neonatal intensive care unit with suspected
early-onset or late-onset sepsis were
included. Clinical suspicion was based on
symptoms including respiratory distress,
poor feeding, lethargy, temperature
instability, seizures, hypotonia, irritability,
apnea, cyanosis, or circulatory instability.
Neonates  with  congenital  anomalies
incompatible with life, severe chromosomal
abnormalities, incomplete clinical records,
and postoperative neonatal conditions were
excluded.

Written informed consent was obtained from
parents or legal guardians before enrollment.
Confidentiality of neonatal data was ensured
throughout the study. Maternal demographic
information, including maternal age, parity,
antenatal infections, premature rupture of
membranes, intrapartum fever, mode of
delivery, gestational age, and birth
complications, was recorded. Neonatal
demographic and clinical variables included
birth weight, Apgar score, gestational age,
respiratory distress, feeding intolerance,
temperature instability, capillary refill time,
oxygen saturation, heart rate abnormalities,
and duration of hospitalization.

Laboratory investigations included complete
blood count, absolute neutrophil count,
platelet count, C-reactive protein, blood
culture, serum lactate, and random blood
glucose. Blood cultures were processed
according to standard microbiological
protocols. Confirmed neonatal sepsis was
defined as a positive blood culture or a strong
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clinical suspicion with supportive laboratory
findings that required antimicrobial therapy.
Data preprocessing included handling
missing values, normalizing laboratory
parameters, and encoding categorical
variables. The dataset was divided into
training and testing cohorts using an 80:20
ratio. Three machine learning algorithms,
including logistic regression, random forest,
and support vector machine, were applied to
predict neonatal sepsis. Feature importance
analysis was conducted to identify the most
significant predictive variables. Model
performance was evaluated using accuracy,
sensitivity, specificity, precision, FI-score,
and area under the receiver operating
characteristic curve.

Statistical analysis was performed using
SPSS version 26.0 and Python machine
learning libraries, including Scikit-learn.

Quantitative variables were expressed as
mean =+ standard deviation, while categorical
variables were presented as frequencies and
percentages. Chi-square test and independent
t-test were used to compare variables
between septic and non-septic neonates.
Multivariate logistic regression analysis was
additionally  performed to determine
independent predictors of neonatal sepsis. A
p-value of less than 0.05 was considered
statistically significant.

Results

A total of 240 neonates were included in the
study. Among them, 126 neonates (52.5%)
were diagnosed with neonatal sepsis based on
clinical and laboratory criteria. The mean
gestational age was 35.8 + 2.7 weeks, while
the mean birth weight was 2.41 + 0.72 kg.
Male neonates constituted 58.3% of the study
population.

Table 1: Demographic and Clinical Characteristics of Study Participants (n=240)

Variable Septic Neonates Non-septic Neonates -
(n=126) (n=114) value
Gestational age (weeks) 351 £2.8 36.6+23 0.004
Birth weight (kg) 2.18£0.63 2.67 +0.58 <0.001
Male gender 76 (60.3%) 64 (56.1%) 0.518
Premature rupture of | 49 (38.9%) 18 (15.8%) <0.001
membranes
Respiratory distress 83 (65.9%) 29 (25.4%) <0.001
Temperature instability 71 (56.3%) 21 (18.4%) <0.001
Poor feeding 69 (54.8%) 24 (21.1%) <0.001
NICU stay duration (days) 12.4+5.6 6.7+3.2 <0.001

Explanation: Septic neonates demonstrated significantly lower gestational age and birth weight
compared with nonseptic neonates. Respiratory distress, temperature instability, poor feeding, and
premature rupture of membranes were significantly associated with neonatal sepsis.

Table 2: Laboratory Findings Among Septic and Non-septic Neonates

Laboratory Parameter Septic Neonates Non-septic Neonates p-value
C-reactive protein (mg/L) ‘ 28.6t11.4 82+4.7 <0.001
Total leukocyte count (x10%L) 1 18.9+6.2 11.7+4.1 <0.001
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Platelet count (x10%L) 126+ 44
Serum lactate (mmol/L) 46+1.8
Positive blood culture | 74 (58.7%)
Random blood glucose (mg/dL) | 612+18.7

228 £ 57 <0.001
23+09 <0.001
0 <0.001
789+ 154 0.002

Explanation: Septic neonates demonstrated significantly elevated inflammatory markers and lower
platelet counts compared with non-septic neonates. Elevated C-reactive protein and
thrombocytopenia were strongly associated with confirmed neonatal sepsis.

Table 3: Performance of Machine Learning Models in Predicting Neonatal Sepsis

Model Accuracy  Sensitivity  Specificity @~ Fl-score =~ AUC
Logistic Regression ‘ 84.6% 82.1% 86.8% 0.84 0.88
Support Vector Machine ‘ 88.2% 85.7% 90.3% 0.87 0.91
Random Forest Model 1 91.3% 89.5% 92.8% 0.91 0.94

Explanation: The random forest model demonstrated the highest diagnostic performance among
all machine learning algorithms. The model achieved excellent sensitivity and specificity for early

prediction of neonatal sepsis.

Discussion

The present study demonstrated that Al-
driven machine learning models can
effectively predict neonatal sepsis using
integrated clinical and laboratory parameters.
The random forest algorithm achieved the
highest predictive accuracy of 91.3% with
excellent  sensitivity and  specificity,
indicating  substantial ~ potential  for
implementation in neonatal intensive care
settings. These findings are consistent with
recent studies demonstrating improved
diagnostic performance of machine learning-
based neonatal sepsis prediction systems
compared with conventional clinical
assessment methods [11-12].

Neonatal sepsis continues to represent a
major public health challenge in developing
healthcare = systems  because delayed
diagnosis significantly increases neonatal
morbidity and mortality. The high proportion
of septic neonates observed in the current
study reflects the substantial burden of
neonatal infections in resource-constrained

settings [11-13]. Prematurity and low birth
weight were strongly associated with
neonatal sepsis, likely due to immature
immune function, prolonged hospital
exposure, and increased susceptibility to
invasive procedures.

Respiratory distress, temperature instability,
and feeding intolerance emerged as major
clinical predictors of neonatal sepsis in the
present study. Similar findings have been
reported in recent neonatal sepsis literature,
in  which respiratory dysfunction and
impaired feeding behavior have been
identified as early indicators of systemic
neonatal infection [12-14]. However, these
symptoms often overlap with noninfectious
neonatal conditions, thereby limiting the
diagnostic value of isolated clinical
parameters. Integration of these variables
within Al-driven prediction systems may
therefore  substantially enhance early
diagnostic precision.

The significant association between elevated
C-reactive protein, leukocyte abnormalities,
thrombocytopenia, and neonatal sepsis
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observed in the current study aligns with
previously published evidence [13-15].
Elevated inflammatory biomarkers indicate
activation of  systemic inflammatory
pathways during neonatal infection, while
thrombocytopenia may reflect endothelial
dysfunction and disseminated inflammatory
response. The incorporation of laboratory
biomarkers into machine learning models
significantly improved predictive accuracy in
the present cohort.

The random forest algorithm outperformed
logistic regression and support vector
machine models in predicting neonatal
sepsis. This superior performance may be
attributed to the ability of ensemble-based
machine learning approaches to capture
nonlinear  interactions and  complex
relationships among variables [14-16].
Random  forest models additionally
demonstrate greater robustness against
overfitting and variable heterogeneity,
making them particularly suitable for clinical
prediction applications involving
multidimensional neonatal datasets.

An important public health implication of the
present study is the potential role of Al-
assisted neonatal surveillance systems in
reducing  neonatal  mortality.  Early
identification of high-risk neonates may
facilitate timely antimicrobial administration,
optimized neonatal triage, and more efficient
allocation of limited intensive care resources
[15-18]. Al-driven neonatal risk assessment
tools may be particularly valuable in
developing healthcare systems where
specialist neonatal expertise and advanced
microbiological diagnostics remain limited.
The present study provides region-specific
prospective evidence on Al-based prediction
of neonatal sepsis in a South Asian neonatal
population. Existing  literature  has
predominantly originated from
technologically advanced healthcare systems
with extensive electronic health
infrastructure [17-20]. The findings of the

current study demonstrate that machine
learning approaches remain feasible and
effective even within resource-constrained
neonatal settings. Future multicenter studies
involving larger neonatal populations and
real-time Al integration within neonatal
intensive care units may further enhance the
clinical applicability and generalizability of
Al-assisted neonatal sepsis prediction
systems.

Conclusion

Al-driven neonatal risk assessment models
demonstrated high diagnostic accuracy for
early prediction of neonatal sepsis using
integrated clinical and laboratory parameters.
Early identification of high-risk neonates
may  substantially = improve  neonatal
outcomes through timely intervention and
optimized intensive care management. The
study highlights the growing potential of
artificial  intelligence-assisted  neonatal
surveillance systems to strengthen neonatal
public health strategies in resource-limited
healthcare settings.
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