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Abstract

Laboratory tests play a crucial role in the diagnostic process for both adults and children.
Indeed, they are essential for evaluating health status and formulating effective treatment
strategies in the presence of disease. However, in the case of pediatrics, distinct physiologi-
cal and developmental features of children should be taken into account when compared
to adults. Consequently, it is necessary to consider some factors, such as reference inter-
vals that vary significantly at different stages of development due to sexual development,
cerebral maturation, and biological and environmental influences; furthermore, it must
be considered that extremely small volumes of biological samples are often necessary to
obtain accurate laboratory results. Finally, timely test results are critical, especially for
pediatric conditions that are treatable when diagnosed early. This review article provides
a comprehensive overview of advanced diagnostic technologies, including rapid next-
generation sequencing and complex point-of-care testing, within the context of pediatric
laboratory medicine. Special attention is given to diagnostic tools that support neonatal
and pediatric intensive care units, with a focus on how innovative technologies, particularly
those utilizing artificial intelligence algorithms, can accelerate diagnostic workflows.

Keywords: pediatrics; children; diagnostics; POCT, NICU; PICU; rapid NGS;

artificial intelligence

1. Introduction

Children are the adults of tomorrow, and safeguarding their health is critically impor-
tant not only since they are a vulnerable group, but also because early disease detection and
intervention can significantly reduce the burden on public health and improve overall soci-
etal well-being. To achieve this goal, newborn screening programs have been implemented
worldwide, targeting over fifty distinct conditions [1,2]. These initiatives enable the early
identification of potential health issues to start life-saving therapies on time. Children and
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newborns have peculiar physiological and developmental traits that require specialized
approaches of diagnosis, treatment, and laboratory testing. This is especially true for
neonates, whose unique pathophysiological profile requires special attention [3]. The use of
invasive methods to collect vital clinical data is a major problem in neonatal and pediatric
diagnostics; in this context, there is an increasing focus on the creation of non-invasive
or minimally invasive laboratory tests. Another key challenge lies in the need for rapid
turnaround times to ensure timely diagnosis and treatment in neonates and infants. To this
aim, developments in laboratory medicine have enabled practical methods called Point of
Care Testing (POCT) to measure vital indicators such as blood gases and metabolic markers
more quickly and with less discomfort for the child. Also, dried blood spot (DBS) testing,
usually collected via heel prick, has significantly improved rapid diagnosis in newborns.
As a result, high-throughput technologies have been introduced, allowing laboratories
to process large numbers of DBS samples quickly and less invasively. DBS testing is of-
ten used in newborn screening programs to identify metabolic or inherited conditions
such as biotinidase deficiency (BD), congenital hypothyroidism (CH), galactosemia (GAL),
and phenylketonuria (PKU) using mass spectrometry. By simultaneously detecting 40 to
50 metabolic abnormalities from a single blood sample, this technology has transformed
the industry and enabled a more thorough assessment of a newborn’s health status [4].
Although there is growing consensus that screening programs should be expanded, the
use of such technologies is still limited to a relatively small number of diseases [2]. Fur-
thermore, the scope and coverage of newborn screening programs vary significantly across
countries [5,6], influenced by differences in disease prevalence, financial resources, and
national healthcare policies. The increasingly low cost of Next-Generation Sequencing
(NGS) technology and the expansion of rapid NGS (rNGS) offer promising opportunities
to overcome these limitations; indeed, broader implementation of rNGS could enhance
diagnostic yield, facilitate earlier interventions, and extend access to diagnostic testing for
a wider range of diseases. The sensitivity and specificity of these tests limit DBS screening
to a predetermined range of conditions based on biochemical indicators; the identification
of a broader spectrum of genetic abnormalities, including rare and ultra-rare conditions not
covered by standard panels, is made possible by rNGS, which allows for comprehensive
genomic analysis. Furthermore, in emergency settings such as neonatal intensive care units,
where early intervention can significantly improve outcomes, the ability of INGS to provide
molecular diagnoses in an exceptionally rapid timeframe is crucial. Furthermore, beyond
the binary results of conventional screening, the rapid genetic data also expedite family
counseling and personalized treatment plans.

The novel concept of molecular diagnostic POCT by NGS has allowed the introduc-
tion for diseases such as sickle cell disease (SCD) and other hemoglobinopathies [7,8],
group B Streptococcus [9] and cytomegalovirus [10]. Furthermore, the implementation of
NGS in newborn screening programs improves diagnostic performance for cystic fibrosis
(CF) [11], severe combined immunodeficiency (SCID) [12] and spinal muscular atrophy
(SMA) [13]. In this context, INGS allows for swift analysis of an individual’s DNA, thus
enabling clinicians to make more accurate diagnoses and to implement tailored treatment
strategies promptly. Moreover, data obtained from rapid laboratory tests, when analyzed
using artificial intelligence (Al)-based diagnostic algorithms, can significantly enhance
their clinical utility. The introduction of Al in medicine is revolutionizing healthcare, espe-
cially with the creation of diagnostic and prognostic models based on machine learning
(ML). These models improve diagnostic accuracy, cost-effectiveness, and speed in clinical
laboratories by mining, analyzing, and integrating huge clinical datasets [14], even in the
absence of highly trained personnel, as commonly required for traditional bioinformatic
analyses [15]. This method improves diagnostic accuracy by enabling deeper analysis of
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laboratory test results, including new layers of data that would otherwise go undiscovered.
Therefore, both INGS and POCT help broaden the therapeutic window for interventions
on genetic and non-genetic diseases, facilitating the rapid identification of life-threatening
conditions [16,17]. An additional tool for the treatment of pediatric patients is provided
by the integration of Al-based methods into the analysis of molecular and non-molecular
POCT data. Indeed, the combination of clinical and epidemiological data provides faster
and more accurate diagnoses, as well as better prediction of outcomes. The combined capa-
bilities and synergistic application of INGS, POCT, and Al would further accelerate clinical
interventions and decision-making, which could enhance current screening programs and
significantly improve outcomes for critically ill newborns. However, implementing these
cutting-edge methods into current clinical practice still presents several challenges. In light
of these considerations, the primary objectives of this review are to evaluate the use of
rNGS, POCT, and Al, with a particular emphasis on the neonatal and pediatric populations.
We will investigate the applications, advantages, limitations, and ethical issues of these
technologies, highlighting differences in clinical implementation, challenges, and outcomes
between neonatal and general pediatric care.

2. Rapid Genome Sequencing for Children’s Diseases

Congenital anomalies due to chromosomal or molecular genetic aberrations are the
leading cause of infant mortality in the United States and are present in approximately
15% of neonates admitted to neonatal or pediatric intensive care units (NICUs/PICUs) [17].
Despite advances in the genetic field, a proportion of children with suspected genetic
disorders do not receive a definitive diagnosis [18]. NGS has significantly improved clini-
cal management by promoting more accurate therapeutic decisions and contributing to
favorable psychological outcomes for families [19-22]. However, standard NGS requires
up to 6-8 weeks to yield results, increasing the risk of mortality and poor clinical outcomes;
a rapid diagnosis is therefore essential to guide timely interventions that can reduce mor-
bidity and mortality [17]. In this context, a rapid genomic technology can deliver faster
diagnostic results, enabling precision treatments, avoiding unnecessary interventions, and
reducing overall healthcare costs. Prioritizing rNGS is crucial for time-sensitive condi-
tions, especially in neonatal and pediatric intensive care settings. Rapid (r) and ultra-rapid
(ur) whole-genome or exome sequencing (WGS/WES), defined by turnaround times of
6-15 days (r) and 1-3 days (ur), enable fast sequencing of a patient’s genome [23]. Recent
technological advances allow whole-genome sequencing and analysis in less than 48 h,
speeding up clinical decision-making in critically ill newborns [24]. These rapid diagnoses
can influence critical healthcare decisions, including possible changes in therapy or sur-
gical interventions. However, the diagnostic yield of NGS varies with disease type; for
instance, metabolic and neurologic conditions show higher diagnostic rates than cardiac
disorders [25,26]. The fastest reported diagnostic workflow yielded a result in just 7 h
and 18 min, with genome sequencing completed in 5 h and 2 min [27]. Thus, the utility
of rWGS in critically ill pediatric patients and its integration into routine clinical care
have been demonstrated in several studies [28-36]. Table 1 summarizes the most relevant
studies on the use of rNGS in pediatric emergency care units. In particular, Project Baby
Bear was the first state-funded program in the United States to implement rWGS as a
first-line diagnostic test for critically ill newborns with suspected rare genetic diseases [37].
To quantify the clinical and financial effects of FWGS, the project enrolled 178 newborns
who were admitted to intensive care hospitals and were covered by California’s Medicaid
program (MediCal). The results showed a 43% diagnostic yield and changes in clinical
management in 31% of diagnosed cases, resulting in an estimated $2.5 million in healthcare
cost savings. Another project, named the Newborn Sequencing In Genomic medicine and
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public HealTh (NSIGHT) investigates the clinical, ethical, legal, and social implications
of rapid genomic sequencing compared to standard genetic testing in newborns [38]. The
NSIGHT1 sub-study (NCT02225522), which included n = 65 infants under 4 months of age
from NICUs and PICUs, showed that rtWGS increased diagnostic rates and significantly
reduced time to diagnosis; indeed, within 28 days, rWGS demonstrated a diagnostic sen-
sitivity of 31%, compared to 3% for standard testing. The NSIGHT?2 trial (NCT03211039)
further assessed the clinical utility of rapid and ultra-rapid sequencing in n = 1248 ICU
infants lacking etiologic diagnoses [39]. This was the first randomized trial to systematically
evaluate both rtWGS and urWGS in this population. Among the participants, 37% were
enrolled within 96 h of ICU admission, and 11% received urWGS. The remaining infants
were randomized to FWGS or rtWES. UrWGS provided the highest diagnostic yield (46%)
and the fastest median turnaround time (4.6 days), while rWGS showed superior analytical
performance compared to rWES. The findings support the use of urWGS as an effective
first-line diagnostic tool in critically ill neonates [16]. Additional studies report comparable
outcomes using rNGS in infants with suspected monogenic disorders. One study reported
a 51% diagnostic yield with a median time to referral of 3.3 days [40]; another reported a
39% yield, with most diagnoses influencing clinical management [41]; a third study found
a 50% yield, with 33% of patients receiving definitive molecular diagnoses that directly
affected care [42]. Clinician survey data support the perceived clinical utility of tWES,
rWGS, and urWGS, regardless of result positivity (77%).

Table 1. Summary of the major studies assessing the clinical utility of rapid genomic sequencing
in critically ill neonates and infants, including study populations, sequencing methods, and main
outcomes related to diagnostic yield, turnaround time, clinical impact, and cost-effectiveness.

Study/Project Population Intervention/Method Main Results References
_ . . 43% diagnostic yield, changes
n = 178 critically ill rWGS as a first-line  in clinical management in 31%
Baby Bear newborns covered by . . . s [37]
Medicaid diagnostic test of diagnosed cases, $2.5 million
healthcare cost savings
NSIGHTI n = 65 infants under FWGCS vs. standard 31% diagnostic yield wolthm
(NCT02225522) 4 months from enetic testin 28 days for rtWGS vs. 3% for [38]
NICU/PICU & & standard testing
urWGS had the highest
NSIGHT2 n=1248 critically ill  Randomized fWGs, 12BNOStc yield (36%) and the 1
(NCT03211039) ICU infants urWGS, and rWES time (4.6 days); 'WGS
outperformed rWES
. . n =450 infants with o s L .
Australian Genomics suspected FWGS or TWES 51% dlagnosFlc yield, median [40]
Acute Care program monogenic disorders referral time 3.3 days
n =75 infants with 39% diagnostic yield, most
NIHMS1870862 suspected rNGS diagnoses influenced clinical [41]
monogenic disorders management
. Pilot study 1 = 10 infants with 50 /o' dlagnost.lc yield, .3?? (o of
(Acibadem Mehmet patients received definitive
. . suspected rNGS : . [42]
Ali Aydinlar . molecular diagnoses directly
L monogenic disorders . :
University) impacting care

In conclusion, integrating rNGS technologies into the diagnostic process of pediatric
and neonatal illnesses provides a number of advantages, such as:
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e  Faster diagnosis: rNGS enables timely identification of genetic causes, essential for
life-saving interventions [29,43,44].

e  Personalized treatment: rNGS facilitates individualized therapy by avoiding ineffec-
tive interventions [45].

e Higher diagnostic precision with trio analysis: inclusion of parental DNA increases
the ability to detect de novo mutations, distinguish pathogenic from benign variants,
and clarify inheritance patterns—essential for genetic counseling [46].

e  Genetic counseling support: INGS in NICUs and PICUs often includes genetic coun-
seling for families, thus helping families understand the genetic basis of disease and
the potential implications for future pregnancies [44,47].

e  Research benefits: INGS provides valuable genomic data for rare disease studies, po-
tentially leading to the identification of new molecular targets and to the development
of novel therapies [48].

o  Cost-efficiency: while initial costs are high, the use of INGS as a second-tier diagnostic
step following standard tests can reduce overall expenses, including shorter ICU
stays [44,49,50].

However, several issues limit the wider adoption of rNGS, despite its clinical benefits.
One major challenge is the inter-laboratory variability in turnaround times (TATs), which
can delay diagnosis and treatment, particularly in urgent contexts such as oncology or
rare diseases. This aspect arises from differences in sequencing platforms, automation
levels, sample processing workflows, and bioinformatic pipelines, with TATs ranging from
a few days to several weeks [48,51]; the lack of standardized performance benchmarks
further compromises results reproducibility and comparability across institutions [52].
While centralized testing and external quality assessment (EQA) programs may improve
consistency, they introduce concerns around scalability and equitable access, especially
in under-resourced settings [44]. Another key limitation is the shortage of specialized,
multidisciplinary personnel capable of managing the technical, computational, and clinical
demands of rNGS. Indeed, an effective implementation requires collaboration among
highly specialized figures like molecular biologists, bioinformaticians, clinical geneticists,
and genetic counselors and expertise that is not uniformly available across healthcare
systems. Furthermore, the rapid evolution of NGS technologies necessitates continuous
training, but structured educational and accreditation pathways remain limited, leading
to variability in service quality and data interpretation capacity [53]. Finally, variant
interpretation remains a major bottleneck; while the ability to detect genomic variants
has greatly improved, assigning clinical meaning remains complex, especially for variants
of uncertain significance (VUS). Current interpretation often relies on databases such as
ClinVar and gnomAD, which are incomplete and underrepresent diverse populations [54].
The identification of incidental findings and the implications for patient care require careful
management. A study in Italy involving n = 4067 newborns found that 13% had actionable
genetic conditions identified through whole-exome sequencing, emphasizing the need for
robust genetic counseling and informed consent processes [55].

The dynamic evolution of variant classification introduces additional ethical and
operational challenges, especially given the lack of standardized policies for communicating
revised results [56]. Collectively, these barriers, together with the high costs, highlight the
need for standardized, scalable frameworks for TATs management, workforce development,
and data interpretation to ensure the effective and equitable integration of rNGS into clinical
practice. Moreover, ethical and legal issues regarding informed consent, data confidentiality
and potential genetic discrimination must also be addressed. In this context, a key concern
is genomic privacy, as sequencing data generated in early life is not only deeply personal
but also potentially sensitive over a lifetime. The long-term storage and potential sharing
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of such data introduce risks of data breaches, re-identification, and misuse by third parties.
Robust data governance policies and strict access controls are essential to protect the privacy
and rights of the individual throughout the lifespan. Another complex area involves consent
procedures for newborns, who cannot provide informed consent themselves. In most cases,
parents or legal guardians act as decision-makers, but this raises questions about how
much risk and future uncertainty they can ethically consent to on behalf of the child,
especially when dealing with findings of uncertain significance or predictive results for
adult-onset conditions. Models of tiered or dynamic consent [57], as well as frameworks
that prioritize the child’s future autonomy, are increasingly being recommended to address
these challenges. Finally, the use of advanced genomic diagnostics highlights pressing
issues of equitable access. These technologies are often limited to well-resourced hospitals
and research centers, creating disparities in access based on geography, socioeconomic
status, or healthcare system infrastructure.

3. Laboratory POCT: An Important Opportunity for Pediatric Patients

POCT refers to diagnostic tests performed near the patient, aimed at delivering rapid
results to support timely clinical decision-making [58]. The National Academy of Clinical
Biochemistry (NACB) has established guidelines concerning their use [59] and is endorsed
by the World Health Organization (WHO). According to standard definitions, POCTs
should comply with the ASSURED criteria: Affordable, Sensitive, Specific, User-friendly,
Rapid and robust, Equipment-free, and Delivered to end-users [58]. In accordance with
these criteria, POCTs offer faster diagnoses, better outcomes, shorter hospital stays, and
reduced blood sample volumes, particularly in critical care settings such as PICUs and
NICUs. Their primary goal is to reduce TAT, length of hospital stays (LOS), and healthcare
costs while maintaining diagnostic accuracy; they often provide results within minutes
or hours, enabling immediate treatment decisions. Furthermore, POCTs reduce reliance
on centralized laboratories and trained personnel, making them particularly useful in
resource-limited settings [58]. Their integration supports rapid diagnostic decisions across
a spectrum of diseases, especially where rapid intervention is essential. With the shift
toward more patient-centered care, POCT has evolved into multiplex POCT (mPOCT),
which enables the simultaneous detection of multiple analytes from a single sample. These
tests combine high sensitivity and specificity using advanced detection technologies such
as fluorescent or electrochemical sensors (e.g., microfluidics, lateral flow assays, PCR-based
systems) [60]. The principal innovation of mPOCT lies in its high-throughput capability,
facilitating rapid and comprehensive diagnostic insights while maintaining ease of use,
even by non-laboratory personnel. Also, mPOCT devices span various clinical domains
such as infectious diseases, oncology, autoimmune disorders, and metabolic conditions
requiring smaller sample volumes. This improves child comfort and compliance, allowing
timely and cost-effective clinical management. In the pediatric field, respiratory pathogen
panels simultaneously detect viruses such as influenza, respiratory syncytial virus (RSV),
and rhinovirus from nasopharyngeal swabs, aiding in the management of respiratory
infections [61,62]. Gastrointestinal panels identify bacterial, viral, and parasitic agents
from stool samples, supporting rapid diagnosis in acute pediatric gastroenteritis [63];
also, sepsis panels allow an early detection of multiple bacterial and fungal pathogens
in blood samples, essential for timely intervention in pediatric sepsis [64,65]. Recent
studies highlight promising applications of POCT in neonatal care, particularly in the
early detection and management of sepsis. In 2024 Goyal et al. conducted a prospective
observational study in a level-III NICU involving n = 82 neonates, demonstrating that point-
of-care testing of CRP, IL-6, and procalcitonin showed good diagnostic accuracy compared
to standard laboratory methods [66]. Similarly, recently Wang et al. evaluated the combined
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use of monocyte distribution width and procalcitonin, reporting improved sensitivity and
specificity for the diagnosis and prognosis of neonatal sepsis [67]. Also, Siraj Nabi et al.
compared serum procalcitonin with blood culture results in #n = 61 neonates, finding high
sensitivity (92%) and specificity (83%) for early sepsis detection [68]. Additionally, mPOCTs
are available for sexually transmitted infections [69], allergy screening via specific IgE
levels [70], and detection of meningitis and encephalitis pathogens from cerebrospinal
fluid [71]. Table 2 summarizes several studies on the use and advantages of POCT in the
pediatric population.

Table 2. Summary of studies on POCT applications in pediatric and neonatal diagnostics.

Authors Target Population  Intervention/Method Main Results References
Dona D et al., Respirator Pediatric Multiplex POCT Facilitates
2025, Bellini T atho pen ar}:els atients detecting influenza, management of [61,62]
et al., 2024 p senp p RSV, rhinovirus respiratory infections
Multiplex POCT Rapid diagnosis of
Kanwar N etal.,, Gastrointestinal Pediatric detecting bacterial, p gnost
. ) i acute pediatric [63]
2023 panels patients viral, parasitic s
gastroenteritis
agents
Tamelyté E et al,,
2019, Teggert A Multiplex POCT .
et al., 2020, L. . Early detection of
. Pediatric detecting . .
Goyal M et al,, Sepsis panels . . sepsis crucial for [64-68]
patients bacterial / fungal . . .
2024, Wang W ) timely intervention
etal,, 2025, Nabi pathogens in blood
Setal., 2025
sexually Pediatric Supports rapid
Aedtaarilsggzl(’)c transmitted /adolescent Multiplex POCT diagnosis of sexual [69]
Y disease panels patients illnesses
Demuru Setal, Pediatric POCT measuring Useful for allergy
2024 Allergy panels patients specific IgE levels diagnostics 701
Tsao YT et al., Merunglt.ls./ Pediatric POCT detect.lng Raplc.l .dlagnosm
encephalitis . pathogens in critical for [71]
2020 patients . .
panels cerebrospinal fluid management

In addition, another study showed that point-of-care blood culture volume verification,
combined with serial clinical observation, significantly reduced unnecessary antibiotic
exposure in newborns > 35 weeks of gestation during the first days of life [72].

However, POCTs and mPOCTs display limitations despite their benefits. Compared
to traditional laboratory techniques, analytical sensitivity and specificity may be reduced,
increasing the risk of false positives or negatives. Furthermore, the reference intervals for
POCTs in children are not well established and children’s physiological changes, especially
in neonates, together with the dynamic fluctuation of analyte levels during growth, exac-
erbate the issue. For analytes like C-Reactive Protein (CRP), hemoglobin, and bilirubin,
concordance with central laboratory methods is high [73-75], whereas discrepancies are
more common with electrolytes [73,76,77] and glucose in neonates. A key challenge is the
lack of standardization across devices and testing protocols, which can lead to inconsistent
and sometimes inaccurate measurements. Neonatal physiology, including small blood
volumes and unique biochemical ranges, requires highly sensitive and precise assays, but
many POCT devices are calibrated primarily for adult populations, compromising reliabil-
ity in neonates. Moreover, the absence of universally accepted quality control guidelines
and reference standards for neonatal electrolyte and glucose testing exacerbates these issues,
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leading to potential risks in clinical management [78]. Thus, combining POCTs with analyt-
ical laboratory tests can improve diagnostic accuracy and clinical outcomes. Furthermore,
other issues arise from the limited diagnostic scope; in fact, such devices often target a
narrow range of biomarkers, excluding other equally important biomarkers. Another major
challenge is the control of pre-analytical and analytical variables. Considerable variability
exists among device manufacturers in terms of analytical methods, acceptable sample
types (i.e., whole blood vs. plasma), and calibration standards, which further complicates
result comparability. Such inter-device variability can significantly affect clinical interpre-
tation, particularly when patients are transferred between units utilizing different POCT
platforms. Other aspects to consider include the storage conditions of the device such as
temperature and humidity levels, which can affect reagent stability and the accuracy of
results, especially in pediatric settings [3]. Also, pediatric samples may be inadequate or
contaminated, compromising the reliability of the test, especially when the sample volume
is limited; furthermore, the variability due to differences between clinical settings and
operator skills remains crucial. Finally, the lack of standardization can compromise the
reliability of results in non-laboratory settings, making training of dedicated personnel
essential to minimize errors. In this context, routine audits are essential to monitor compli-
ance, reduce risks, and ensure quality. Addressing these gaps through the harmonization of
testing standards, device validation tailored to neonatal populations, and implementation
of quality assurance programs is essential to enhance the accuracy and reliability of POCT
in neonatal care. Although POCTs can reduce healthcare costs by streamlining diagnostics
and minimizing unnecessary testing, their initial implementation costs may limit accessibil-
ity in resource-constrained settings. Additionally, regulatory heterogeneity at both national
and international levels can affect the standardization, approval, and clinical reliability of
POCTs. In conclusion, while the integration of POCTs into clinical practice, particularly
in emergency and intensive care settings, offers considerable advantages over centralized
testing, their inherent limitations underscore the need for a hybrid diagnostic approach
that combines POCTs with conventional laboratory testing to ensure accuracy, reliability,
and optimal patient outcomes.

4. Artificial Intelligence for Diagnosis of Children’s Diseases

Advances in Al are bringing about significant changes in the field of medical diagnos-
tics, which is currently undergoing a major revolution; Al is introducing innovative tools
and solutions that have the potential to improve the accuracy, speed, and effectiveness of
diagnostic processes. To this aim, Al algorithms effectively exploit meaningful associa-
tions within medical datasets to diagnose, treat, and predict outcomes in different clinical
scenarios [79,80]. The workflow automation associated with the management of pediatric
biospecimens not only speeds up laboratory operations but also reduces the occurrence of
human error, thereby increasing the reliability of results. In this context, Al-based diagnos-
tic algorithms have the potential to transform the way healthcare professionals interpret
and use huge amounts of medical data. Medical algorithms can quickly and accurately
analyze complex clinical information, facilitating early recognition of disorders, facilitating
more accurate diagnoses, and personalizing treatment plans [81]. This increased sensitiv-
ity leads to earlier diagnoses, ensuring timely management and better patient outcomes.
Table 3 illustrates some of the ways in which Al can improve the diagnosis of pediatric
diseases. Furthermore, Figures 1 and 2 provide an overview of the anticipated impact of Al
on laboratory improvement and the implementation of rapid NGS in clinical practice.
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Table 3. How Al can improve diagnosis of pediatric diseases.

Application Description Benefits Pathologies Doi
Al algorithms analyze
Diagnostic Support n.1ed1ca1. data to ?S.SISt m Faster an.d more Asthma [82] 10.21037 /atm-20-2501a
diagnosing conditions in accurate diagnoses.
children.
- . Predlcts potential hgalth Early intervention and . [83]
Predictive Analytics issues based on patient : . Obesity . ;
data and trends. prevention strategies. 10.4103/jfmpc.jfmpc_469_23
Tailors treatment plans
Personalized based on genetic, More effective and Cancer, Chronic [84]
Treatment Plans environmental, and individualized care. Conditions 10.37349/ etat.2023.00127
lifestyle factors.
Al enhances remote Improved access to
Telemedicine and consultations and cal;) o especially in ADHD [85] 10.3389/ fp-
Virtual Care monitoring through virtual , €SP Y syt.2023.1164433
platforms, rural areas.
. Automates the analysis of =~ Reduced workload for
hﬁjdifbg:fl (siis pediatric imaging, such as  radiologists and faster Tumors [0 1018(1)13/,;_181 604-023-
s y X-rays and MRIs. results.
AT helps in optimizing .
Medication medication dosages and 55?;;21?2?1}1?;;22 Epilens [87] 10.1001 /jamaneu-
Management schedules for pediatric safet prepsy rol.2023.1645
patients. ¥
Continuous monitoring of Early detection of
Patient Monitoring vital signs and health data potential Heart Conditions [88] 10.3390/jcm11237072
through Al algorithms. complications.

Mental Health
Support

Al-driven chatbots and
applications provide
mental health resources for
children.

Increases access to
mental health support.

Depression,
Anxiety Disorders

[89] 10.1186/513034-023-
00586-y

Al algorithms could play a fundamental role in the elaboration and interpretation

of INGS and POCTs results [90]. First of all, standard diagnostic pipelines are complex
and time-consuming, with turnaround times ranging from days to weeks. Especially in
rNGS, Al can assist in the swift interpretation of genetic data obtained through sequencing,
potentially overcoming the necessity of extensive genetics and bioinformatics expertise
required by standard diagnostic pipelines for the diagnosis of genetic diseases, although
to date many Al programs have been developed for use by bio-informaticists and geneti-
cists, rather than the clinicians overseeing patient care [91]. By analyzing medical patient
records, Al automatically extracts his/her phenotypic information that, in combination
with a patient’s genetic data, may reduce the amount of time between DNA sequencing
and diagnosis [92,93]. By generating a prioritized list of genetic diseases potentially associ-
ated with a patient’s clinical presentation, Al can rapidly provide critical clinical insights.
When combined with the speed of rNGS, this approach holds substantial clinical value in
neonatal and pediatric intensive care units (NICUs and PICUs), in addition to promoting
broader use of exome and genome sequencing. Building on these principles, emerging
platforms that integrate CRISPR/RPA-based amplification, deep learning algorithms, and
smartphone-assisted analysis have achieved highly sensitive, multiplexed molecular testing
in home settings, reaching attomolar detection limits and complete diagnostic concordance
across multiple viral targets [94]. When Al is applied to rNGS, the integrated approach
could enormously enhance the diagnostic power and the clinical value of the obtained
results. In fact, a faster data analysis in succession of a faster laboratory medicine test is
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the best goal when an urgent medical decision must be taken. In this context, a recent
study explored the ability of an open-source Al tool designed for use by non-expert users
to analyze data from rNGS on infant admitted to the intensive-care units for suspected
Mendelian disorders. Results clearly show how the specific Al tool required less than 1h
for the fully automated analysis, from data upload to generation of the final differential
diagnosis, helping clinicians to quickly identify a manageable list of potential diagnoses
among genetic diseases [15]. Al has innovative and useful capability in several pre- and
post-analytical variables, automating clinical laboratories, enhancing quality control, im-
proving testing efficiency, and playing a generally critical role in streamlining laboratory
workflows [95] by continuously monitoring POCT device performance, ensuring that tests
remain reliable, and that maintenance is performed promptly. This proactive approach to
quality control reduces the risks associated with test errors. Such Al features could power
POCT devices and the entire pipeline from sample collection to results [96]. Furthermore,
Al facilitates the interpretation of data generated by mPOCTs by identifying correlations
and anomalies that may be overlooked by human analysis leading to a more accurate and
timely diagnosis. In the case of visual investigations, such as immunoassays or microscopy,
Al-based image detection technologies can automate the analysis, improving the sensitivity
and reducing human bias. Recent progress in Al-driven microfluidics is revolutionizing
point-of-care diagnostics and decentralized molecular testing by combining automation,
miniaturization, and intelligent data processing. The integration of Al with microfluidic
systems, which are transforming the landscape of POCT, allows the creation of fully auto-
mated “sample-in, answer-out” diagnostic workflows for rapid diagnosis by enhancing
chip design and streamlining sample handling, by improving signal interpretation and
enabling real-time feedback control [97]. Other Al-powered systems integrate machine
vision with multicolor lateral flow assays, providing quantitative and accessible results for
pathogens such as Escherichia coli and SARS-CoV-2 directly through mobile interfaces [98].
In parallel, encoded microsphere biosensors decoded through deep-learning algorithms
enable multiplex biochemical analysis of proteins, bacteria, viruses, and antibiotics with
exceptional precision and portability [99]. Further innovations include Al-enhanced Lab-
on-a-Disc devices for rapid and multiplex identification of biological thiols, capable of
distinguishing structurally similar compounds with 100% accuracy from minimal blood
samples within minutes [100]. Deep-learning-assisted microfluidic immunoassays have
also been developed for simultaneous detection of respiratory viruses and antibiotics,
combining microsphere-based encoding—decoding strategies with smartphone imaging for
rapid quantification [101].

Collectively, these advances demonstrate how the convergence of Al, microfluidics,
and mobile technologies is transforming modern diagnostics—offering fast, accurate, and
affordable testing that supports personalized medicine, continuous epidemic surveillance,
and enhanced global public health resilience.

Another advantage of Al is its ability to provide predictive analyses by integrating
data with a patient’s medical history and identifying patients at risk, thereby optimizing
treatment strategies. This aspect also connects to tailored medicine, where mPOCT data can
be combined with genetic, environmental, and lifestyle factors to develop highly personalized
treatment plans, which are particularly valuable in pediatric care. Furthermore, Al can
improve efficiency by automating tasks, thus freeing up time for healthcare professionals
to focus on patient care. Despite their potential, the integration of Al in pediatrics presents
several challenges. One of the most pressing needs in the implementation of Al in pediatric
settings is the establishment of robust clinical validation frameworks. While many Al
models demonstrate high performance in retrospective datasets, prospective validation,
particularly in multicenter pediatric populations, is often lacking. Pediatric patients differ
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significantly from adults in physiology, disease progression, and treatment response, making
age-specific validation essential. Furthermore, for pediatric applications validation studies
must also account for age stratification (e.g., neonates vs. adolescents), differences in clinical
presentation, and developmental variability. For the safe inclusion of pediatric data in
AI and machine learning, it is crucial to protect children’s health data and address the
fundamental parameters of age, consent, communication, and equity. Robust data encryption
and compliance with privacy regulations are necessary. Furthermore, Al algorithms present
several biases that could make healthcare outcomes not equitable, especially in the pediatric
population, and must undergo rigorous clinical validation to demonstrate their safety, efficacy,
and reliability in the context of age-specific populations. In this regard, a well-documented
issue is the underrepresentation of pediatric and neonatal data in many clinical datasets,
especially from diverse ethnic, socioeconomic, and geographic populations. This leads to
algorithmic bias, where model predictions may be less accurate for subgroups not adequately
represented in the training data [102]. At the same time, the underrepresentation of children,
especially from diverse backgrounds, in training datasets can introduce bias and compromise
the fairness and accuracy of Al-supported decisions. Finally, regulatory frameworks must
ensure the safety, transparency, and adaptability of these tools, with specific requirements for
pediatric use and mechanisms for ongoing performance monitoring.

TECHNICAL ADVANTAGES ANALYTICAL ADVANTAGES
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Figure 1. Al in the optimization of INGS workflow in NICU and PICU settings.

It is crucial to address ethical, privacy, and regulatory considerations to ensure Al in
line with advocacy and safeguarding children [103]. The regulatory landscape for Al in
healthcare is still developing, with specific challenges for pediatric applications. Agencies like
the FDA and EMA have begun addressing Al-specific issues through frameworks such as
the FDA'’s Action Plan for AI/ML-based Software as a Medical Device, which promotes a
lifecycle approach to regulation. For pediatric Al tools, it is essential to ensure evidence of
safety and efficacy in children not extrapolated from adult data, along with mechanisms for
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model adaptability, revalidation, and transparency in design and use. Regulatory oversight
must also balance innovation with patient safety, particularly in critical settings like NICUs,
where Al may assist in detecting medical conditions. Overall, the integration of Al into
pediatrics, especially in the domains of rNGS and POCTs, holds the potential to revolutionize
pediatric healthcare by enabling faster and more accurate diagnoses, personalized treatment
approaches, and improved overall care for children [104]. However, current evidence remains
insufficient to demonstrate that Al has substantially improved health outcomes in pediatric
critical care. To accurately assess Al’s clinical impact, additional prospective and experimental
studies are required, employing validated outcome measures, standardized performance
metrics, and well-defined implementation frameworks [105]. Most Al models developed
for NICU and PICU remain at the testing or prototyping stage and are characterized by a
high risk of bias. Bridging the gap between model design and clinical implementation is
essential to ensure the development of safe, reliable, and clinically meaningful Al tools. The
establishment of specific guidelines and methodological approaches may further support the
integration of Al into clinical practice, ultimately improving patient outcomes [106].

TECHNICAL ADVANTAGES ANALYTICAL ADVANTAGES
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Figure 2. Al in the optimization of laboratory POCT workflow in NICU and PICU settings.

Furthermore, ethical, juridical and technical aspects need to be more defined for the
introduction of Al into the clinical practice of pediatrics.

5. Challenges, Strategies, and Stakeholder Roles in the Implementation
of rNGS, POCT, and Al in NICU and PICU

The use of INGS, POCT and Al in pediatric care, particularly neonatal care, presents both
near-term and long-term challenges. Near-term challenges include technical and organizational
complexities such as balancing speed and accuracy in rNGS for time-sensitive neonatal care,
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limited clinical capacity to interpret complex genomic data, ongoing concerns about the reliability
and integration of POCT in routine workflows, and persistent issues in Al related to data quality,
algorithmic bias, limited transparency, and evolving regulatory guidance. Long-term challenges
involve the sustainability and scalability of INGS in routine care, ethical considerations around
data privacy and consent, standardization and quality control for POCT devices, ongoing
training requirements, the need for continual updates and learning in Al systems, legal and
liability questions, and balancing Al automation with human oversight. To overcome these
challenges, potential strategies include fostering cross-disciplinary collaboration, developing
standardized protocols and guidelines, investing in comprehensive training and education,
establishing clear ethical frameworks and regulatory pathways tailored to pediatrics, and
enhancing healthcare infrastructure for seamless integration of these technologies. Different
stakeholders play critical roles in addressing these issues: academia leads in research, validation,
and education; industry drives innovation, product refinement, and regulatory collaboration;
regulators provide guidelines, approvals, and oversight on safety and ethics; and healthcare
providers implement these technologies within clinical practice while advocating for patient-
centered, equitable care. Together, these efforts aim to optimize the benefits of INGS, POCT,
and Al in pediatric and neonatal care, ensuring safe, effective, and ethical application. Figure 3
summarizes challenges, strategies, and stakeholder roles.

Near-term challenges Long-term challenges

- Technical and organizational Sustainability and scalability
complexities balancing speed of rNGS routine care

and accuracy in rNGS *  Ethical considerations

around data privacy

+ Limited capacity to interpret consent
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Figure 3. Schematic overview summarizing near-term and long-term limitations, operational frame-

works, and principal stakeholders involved in the integration of rNGS, POCT, and Al technologies
within pediatric and neonatal diagnostics.

6. Discussion

The combination of cutting-edge technological tools, such as rapid NGS, with Al-
driven POCT devices and diagnostic software represents a major advancement in modern
laboratory medicine. Indeed, in ICU settings, the integration of POCT with Al-driven
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deep learning models has markedly improved sepsis prediction, enabling earlier admin-
istration of antibiotics and reducing mortality by up to 18% [107]. Al-powered POCT
systems have also enhanced emergency triage by merging rapid antigen test results with
real-time patient vital signs, achieving an AUC-ROC of 0.89 for high-risk patient stratifica-
tion and decreasing time-to-isolation by 40%, ultimately improving clinical outcomes [108].
These examples highlight the ability of Al to integrate heterogeneous data, from molecular
biomarkers to clinical records, and transform them into actionable insights that support
diagnostic accuracy and clinical decision-making, as recently emphasized by T.S. Pillay
et al. [109]. Specifically, the implementation of POCT in emergency units such as NICUs
and PICUs holds significant promise for improving the quality of care and patient sur-
vival by streamlining diagnostic workflows, shortening time to intervention, reducing
hospital stays, and lowering healthcare costs [110]. Furthermore, when supported by
appropriate staff training and education, POCT adoption has been linked to improved
workflow efficiency, greater staff satisfaction, and further administrative and economic
benefits. However, the majority of available evidence on POCT performance derives from
adult populations, and its clinical utility may differ substantially in children. For instance,
pediatric hyperglycemia associated with metabolic acidosis is more frequently a mani-
festation of systemic inflammation rather than diabetic complications, which are more
common in adults. These differences underscore the need to tailor diagnostic algorithms
and clinical decision-making frameworks specifically to the pediatric patients [111]. In
recent years, advances in lab-on-a-chip technologies and Al-driven analytical systems have
shown a great potential to enhance the precision, reliability, and operational efficiency
of POCT in critical care settings. Nonetheless, current POCT devices still face important
limitations. Some assays exhibit high specificity but limited sensitivity, which can result in
false-positive findings, as occasionally seen with nasal swab tests for respiratory pathogens
such as influenza [112]. To address these shortcomings, the integration of POCT with rNGS
has emerged as an effective complementary strategy.

The combined use of POCT and rNGS can substantially improve diagnostic accu-
racy, thereby enabling more informed clinical decision-making and optimized patient
management. Notably, rapid NGS has now reached a level of technological maturity that
supports routine clinical deployment within critical care services in several countries, in-
cluding the United Kingdom, Australia, and the United States. In England, for instance, the
National Health Service (NHS) provides government-funded genomic testing programs
that incorporate rapid NGS into clinical workflows. Since October 2019, the NHS has
specifically adopted rWES for critically ill pediatric patients. This strategy has significantly
shortened diagnostic turnaround times, enabling the identification of genetic disorders
within hours to a few days instead of several weeks, with reported diagnostic yields of
approximately 36% in critically ill neonates [27,40,48]. However, given the high level of
specialization required, it is essential that healthcare professionals possess a comprehen-
sive understanding of the testing strategies employed, the range of detectable variants,
and the associated ethical implications. Knowledge gaps among non-genetics healthcare
providers remain evident [113]; therefore, structured training programs are critical to sup-
port appropriate test selection and effective clinical management from sample acquisition
to result interpretation. In the United Kingdom, genomic education is now incorporated
into medical school curricula and coordinated by the Genomic Education Programme of
Health Education England [114]. Furthermore, the clinical implementation of rNGS still
requires streamlined logistics, standardized bioinformatics pipelines, and rapid variant
interpretation frameworks, which can be strengthened using Al-assisted annotation tools
that prioritize pathogenic variants while maintaining transparency and reliability [15,80].
Nevertheless, some NGS providers like [llumina (San Diego, CA, USA) endeavored to miti-
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gate this limitation through the development of DRAGEN, Al-enabled variant-calling and
interpretation platform widely used for clinical prioritization. Its computational approach
integrates called variants, pathogenicity predictions, and Human Phenotype Ontology
(HPO)-based annotations to generate a curated list of candidate variants most likely to
explain the observed phenotype [115]. Furthermore, when variants are novel or not rep-
resented in established databases, Al-based predictive modeling can assist in assessing
their potential effects on protein structure, function, or RNA splicing, thereby improving
diagnostic accuracy in complex or previously uncharacterized cases [116,117].

Modern healthcare technologies achieve their greatest clinical impact when used in
combination, generating synergistic improvements in patient management—particularly
in neonatal and pediatric critical care. When rapid genetic testing is combined with POCT
platforms, clinicians can perform genetic analyses directly at the patient’s side, drastically
shortening turnaround times and bringing a critical advantage in neonatal and pediatric
intensive care. This combined approach facilitates accelerated differential diagnosis by
merging laboratory and clinical data through Al-based analytical systems. As illustrated
in Figure 4, such integration establishes a comprehensive diagnostic ecosystem in which
patient information, POCT findings, and rNGS results are continuously aggregated and
processed using Al infrastructure. This supports multiple healthcare stakeholders, in-
cluding clinicians, nurses, geneticists, and researchers, and enhances coordinated clinical
decision-making. A major paradigm shift is driven by this convergence of data streams:
rapid NGS contributes genomic profiling, POCT provides real-time biochemical and physi-
ological data, and Al performs multidimensional interpretation, ultimately transforming
heterogeneous inputs into actionable diagnostic insights [90,108].

INTEGRATED DIAGNOTIC ECOSYSTEM COMBINING POCT, rNGS and Al FOR
PRECISION PEDIATRIC CRITICAL CARE
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Within this integrated framework, Al not only accelerates variant prioritization but
also contextualizes genomic discoveries alongside phenotypic and clinical information,
thereby generating more actionable insights; this supports hybrid diagnostic workflows
that enable earlier disease recognition, optimize therapeutic timing, and reduce unnecessary
interventions in NICU and PICU environments [118]. Additionally, Al-driven analytics
can process POCT results in real time to improve diagnostic accuracy, minimize human
error, and deliver immediate decision support at the bedside without dependence on
centralized laboratory infrastructure. At the same time, Al facilitates rapid interpretation
of large-scale genetic data, advancing precision therapy for critically ill pediatric patients
requiring urgent intervention.

Despite these technological advances, significant ethical, regulatory, and infrastruc-
tural challenges remain. Pediatric data management requires age-appropriate consent
processes, rigorous anonymization strategies, and safeguards to preserve the child’s fu-
ture autonomy [119]; additionally, many Al systems are trained predominantly on adult
datasets, raising concerns of algorithmic bias and variable performance across pediatric
subgroups [102]. Regulatory agencies such as the EMA and FDA have begun establishing
pediatric-specific validation frameworks to ensure model safety, fairness, and explainabil-
ity [120,121].

Economic considerations are also critical; although rapid genetic testing and Al-based
POCT entail considerable upfront investment, these costs may be counterbalanced by
reductions in ICU stays, avoidance of unnecessary procedures, and more precise, timely
treatments yielding measurable benefits for families and healthcare systems [122]. Broader
adoption is further hindered by limited funding, infrastructural disparities, and the short-
age of interdisciplinary professionals capable of integrating genomic, laboratory, and
computational data. Looking ahead, to fully realize the potential of INGS, POCT, and
Al in pediatric critical care, will require coordinated action at institutional, national, and
international levels. Key priorities include sustained investments in healthcare infrastruc-
ture to support acquisition, maintenance, and seamless integration of advanced diagnostic
technologies within clinical workflows. Such investments must prioritize equitable ac-
cess, ensuring that resource-limited settings are not left behind in the genomic and digital
medicine revolution. Equally critical is the development of interdisciplinary training pro-
grams that bridge clinical, laboratory, and computational expertise. Empowering healthcare
professionals, including neonatologists, nurses, geneticists, bioinformaticians, and data
scientists, with the knowledge and skills needed to interpret and act on complex diagnostic
data will enhance the accuracy, efficiency, and clinical utility of these technologies. Further-
more, scalable implementation strategies should emphasize harmonization of standards
and protocols, robust clinical validation, and regulatory frameworks tailored to pediatric
populations. Leveraging telemedicine and cloud-based platforms can facilitate remote
support and data sharing, fostering collaboration across institutions and geographic re-
gions. By adopting these comprehensive approaches, healthcare systems worldwide can
accelerate the safe and effective integration of POCT, rNGS, and Al, ultimately improving
diagnostic precision, patient outcomes, and personalized care in NICU and PICU settings.

7. Conclusions and Future Outlook

Moving forward, we believe that for achieving a full integration of rNGS, POCT, and
Al in pediatric critical care will depend on several key elements:

s Cross-disciplinary education, fostering novel professional roles such as hybrid
clinician—data scientists who can bridge medical expertise with computational and
analytical proficiency.
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= Explainable Al tools designed for non-specialists, enabling clinicians without ad-
vanced data science training to interpret Al-generated insights, critically evaluate
algorithmic outputs, and incorporate them into real-time clinical decision-making.

= Dynamic ethical governance that evolves in parallel with technological progress,
ensuring that frameworks for consent, data sharing, algorithmic accountability, and
patient privacy remain adaptive, transparent, and responsive to rapid developments
in genomic and Al-driven diagnostics.

= Global harmonization of diagnostic standards and neonatal/pediatric data frame-
works, promoting interoperability across institutions and countries, improving data
quality and reproducibility, and ensuring equitable access to high-quality genomic
and clinical resources for all pediatric populations.

When implemented under responsible governance, Al-driven clinical data interpreta-
tion has the potential to be a transformative resource for healthcare professionals, acceler-
ating treatment initiation in urgent cases and simultaneously advancing the continuous
knowledge of childhood diseases. In this scenario, national healthcare systems needs to
make strategic investment in digital and laboratory infrastructures, especially in the case of
pediatric populations where reference value are often missing or derived from adult popu-
lation. Only through such coordinated and ethically guided efforts can the full potential
of technological innovation be realized, translating precision diagnostics into meaningful
clinical benefit for critically ill children.

Author Contributions: A.C. conceived the study and wrote the manuscript. L.C. contributed to
the writing and performed the literature study. P.P., GM., EM., R.P. and M.A.D.P. conducted the
bibliometric analysis and participated in paper revision. D.O. and P.M. conceived the study with
A.C. and gave the final approval. All authors have read and agreed to the published version of
the manuscript.

Funding: This paper was financed by AORN Santobono Pausilipon “Fondo Aziendale Per Il Finanzia-
mento Della Ricerca Clinica E Traslazionale (Dg N.215_20/3/2024)” and by Life Science Hub Project—
Advanced Therapy (LSH-TA) PNC-E3-2022-23683269—Cup: H63C22000650001 “Health Ecosystem”.

Institutional Review Board Statement: Not Applicable.
Informed Consent Statement: Not Applicable.
Data Availability Statement: Data sharing is not applicable.

Acknowledgments: We would like to acknowledge the Fondazione Santobono Pausilipon for their
support in aiding the AORN Santobono-Pausilipon Hospital in the care of children.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Kelly, N.; Makarem, D.C.; Wasserstein, M.P. Screening of Newborns for Disorders with High Benefit-Risk Ratios Should Be
Mandatory. |. Law Med. Ethics 2016, 44, 231-240. [CrossRef] [PubMed]

2. Therrell, B.L.; Padilla, C.D.; Loeber, ].G.; Kneisser, I.; Saadallah, A.; Borrajo, G.J.C.; Adams, J. Current status of newborn screening
worldwide: 2015. Semin. Perinatol. 2015, 39, 171-187. [CrossRef] [PubMed]

3. Cianflone, A.; Savoia, F.; Parasole, R.; Mirabelli, P. Pediatric biobanks to enhance clinical and translational research for children.
Eur. ]. Pediatr. 2023, 182, 1459-1468. [CrossRef]

4. Van Wijk, ].].; Weber, E; Stolker, R.J.; Staals, L.M. Current state of noninvasive, continuous monitoring modalities in pediatric
anesthesiology. Curr. Opin. Anaesthesiol. 2020, 33, 781-787. [CrossRef]

5. Loeber, ].G.; Platis, D.; Zetterstrom, R.H.; Almashanu, S.; Boemer, F.; Bonham, ]J.R.; Borde, P.; Brincat, I.; Cheillan, D.; Dekkers, E.;
et al. Neonatal Screening in Europe Revisited: An ISNS Perspective on the Current State and Developments Since 2010. Int. .
Neonatal Screen. 2021, 7, 15. [CrossRef]

6.  Aktuglu Zeybek, A.C. Newborn Screening: From the Past to the Future. Turk. Arch. Pediatr. 2022, 57, 473-475. [CrossRef]

[PubMed]


https://doi.org/10.1177/1073110516654133
https://www.ncbi.nlm.nih.gov/pubmed/27338599
https://doi.org/10.1053/j.semperi.2015.03.002
https://www.ncbi.nlm.nih.gov/pubmed/25979780
https://doi.org/10.1007/s00431-023-04818-3
https://doi.org/10.1097/ACO.0000000000000927
https://doi.org/10.3390/ijns7010015
https://doi.org/10.5152/TurkArchPediatr.2022.16082022
https://www.ncbi.nlm.nih.gov/pubmed/36062438

Pharmaceuticals 2025, 18, 1721 18 of 23

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dexter, D.; McGann, P.T. Saving lives through early diagnosis: The promise and role of point of care testing for sickle cell disease.
Br. ]. Haematol. 2022, 196, 63—-69. [CrossRef] [PubMed]

Christopher, H.; Burns, A.; Josephat, E.; Makani, J.; Schuh, A.; Nkya, S. Using DNA testing for the precise, definite, and low-cost
diagnosis of sickle cell disease and other Haemoglobinopathies: Findings from Tanzania. BMC Genom. 2021, 22, 902. [CrossRef]
El Helali, N.; Habibi, E; Azria, E.; Giovangrandi, Y.; Autret, F.; Durand-Zaleski, I.; Le Monnier, A. Point-of-Care Intrapartum
Group B Streptococcus Molecular Screening: Effectiveness and Costs. Obstet. Gynecol. 2019, 133, 276-281. [CrossRef]

Monk, C.H.; Youngquist, B.M.; Brady, A.D.; Shaffer, ].G.; Hu, T.Y.; Ning, B.; Zwezdaryk, K.J. Development of a CRISPR-Cas12a
rapid diagnostic for human cytomegalovirus. Antivir. Res. 2023, 215, 105624. [CrossRef]

Steinberg, R.; Mostacci, N.; Kieninger, E.; Frauchiger, B.; Casaulta, C.; Usemann, J.; Moeller, A.; Trachsel, D.; Rochat, I.; Blanchon,
S.; et al. Early nasal microbiota and subsequent respiratory tract infections in infants with cystic fibrosis. Commun. Med. 2024, 4,
246. [CrossRef]

Strand, J.; Gul, K.A,; Erichsen, H.C.; Lundman, E.; Berge, M.C.; Tremborg, A K,; Sergjerd, L.K,; Ytre-Arne, M.; Hogner, S.; Halsne,
R.; et al. Second-Tier Next Generation Sequencing Integrated in Nationwide Newborn Screening Provides Rapid Molecular
Diagnostics of Severe Combined Immunodeficiency. Front. Immunol. 2020, 11, 1417. [CrossRef] [PubMed]

Hohenfellner, K.; Bergmann, C.; Fleige, T.; Janzen, N.; Burggraf, S.; Olgemdller, B.; Gahl, W.A.; Czibere, L.; Froschauer, S,;
Roschinger, W.; et al. Molecular based newborn screening in Germany: Follow-up for cystinosis. Mol. Genet. Metab. Rep. 2019, 21,
100514. [CrossRef]

Yu, M.K.; Ma, J.; Fisher, J.; Kreisberg, J.F.; Raphael, B.J.; Ideker, T. Visible Machine Learning for Biomedicine. Cell 2018, 173,
1562-1565. [CrossRef] [PubMed]

Reiley, J.; Botas, P.; Miller, C.E.; Zhao, J.; Malone Jenkins, S.; Best, H.; Grubb, PH.; Mao, R;; Isla, J.; Brunelli, L. Open-Source
Artificial Intelligence System Supports Diagnosis of Mendelian Diseases in Acutely Ill Infants. Children 2023, 10, 991. [CrossRef]
[PubMed]

Dimmock, D.P.,; Clark, M.M.; Gaughran, M.; Cakici, ].A.; Caylor, S.A.; Clarke, C.; Feddock, M.; Chowdhury, S.; Salz, L.; Cheung, C.;
et al. An RCT of Rapid Genomic Sequencing among Seriously Ill Infants Results in High Clinical Utility, Changes in Management,
and Low Perceived Harm. Am. |. Hum. Genet. 2020, 107, 942-952. [CrossRef]

Berry, M.A.; Shah, PS.; Brouillette, R.T.; Hellmann, J. Predictors of mortality and length of stay for neonates admitted to children’s
hospital neonatal intensive care units. J. Perinatol. 2008, 28, 297-302. [CrossRef]

Shashi, V.; McConkie-Rosell, A.; Rosell, B.; Schoch, K.; Vellore, K.; McDonald, M.; Jiang, Y.-H.; Xie, P.; Need, A.; Goldstein, D.B.
The utility of the traditional medical genetics diagnostic evaluation in the context of next-generation sequencing for undiagnosed
genetic disorders. Genet. Med. 2014, 16, 176-182. [CrossRef]

Malam, F; Hartley, T.; Gillespie, M.K.; Armour, C.M,; Bariciak, E.; Graham, G.E.; Nikkel, S.M.; Richer, J.; Sawyer, S.L.; Boycott,
K.M.; et al. Benchmarking outcomes in the Neonatal Intensive Care Unit: Cytogenetic and molecular diagnostic rates in a
retrospective cohort. Am. J. Med. Genet. Part A 2017, 173, 1839-1847. [CrossRef]

Petrikin, J.E.; Willig, L.K.; Smith, L.D.; Kingsmore, S.F. Rapid whole genome sequencing and precision neonatology. Semin.
Perinatol. 2015, 39, 623-631. [CrossRef]

Richer, J.; Daoud, H.; Geier, P; Jarinova, O.; Carson, N.; Feberova, J.; Nadya, B.F,; Unrau, J.; Bareke, E.; Khatchadourian, K ; et al.
Resolution of refractory hypotension and anuria in a premature newborn with loss-of-function of ACE. Am. ]. Med. Genet. Part A
2015, 167, 1654-1658. [CrossRef]

McGowan, M.L,; Glinka, A.; Highland, J.; Asaad, G.; Sharp, R.R. Genetics Patients’ Perspectives on Clinical Genomic Testing.
Pers. Med. 2013, 10, 339-347. [CrossRef]

Hill, M.; Hammond, J.; Lewis, C.; Mellis, R.; Clement, E.; Chitty, L.S. Delivering genome sequencing for rapid genetic diagnosis
in critically ill children: Parent and professional views, experiences and challenges. Eur. J. Hum. Genet. 2020, 28, 1529-1540.
[CrossRef]

Stark, R.; Grzelak, M.; Hadfield, J. RNA sequencing: The teenage years. Nat. Rev. Genet. 2019, 20, 631-656. [CrossRef] [PubMed]
Schofield, D.; Alam, K.; Douglas, L.; Shrestha, R.; MacArthur, D.G.; Davis, M.; Laing, N.G.; Clarke, N.E,; Burns, J.; Cooper, S.T.;
et al. Cost-effectiveness of massively parallel sequencing for diagnosis of paediatric muscle diseases. NP] Genom. Med. 2017, 2, 4.
[CrossRef]

Wright, C.F; FitzPatrick, D.R,; Firth, H.V. Paediatric genomics: Diagnosing rare disease in children. Nat. Rev. Genet. 2018, 19,
253-268. [CrossRef]

Gorzynski, J.E.; Goenka, S.D.; Shafin, K.; Jensen, T.D; Fisk, D.G.; Grove, M.E; Spiteri, E.; Pesout, T.; Monlong, J.; Baid, G.; et al.
Ultrarapid Nanopore Genome Sequencing in a Critical Care Setting. N. Engl. . Med. 2022, 386, 700-702. [CrossRef] [PubMed]
Meng, L.; Pammi, M.; Saronwala, A.; Magoulas, P.; Ghazi, A.R.; Vetrini, F,; Zhang, J.; He, W.; Dharmadhikari, A.V.; Qu, C.; et al.
Use of Exome Sequencing for Infants in Intensive Care Units: Ascertainment of Severe Single-Gene Disorders and Effect on
Medical Management. JAMA Pediatr. 2017, 171, €173438. [CrossRef]


https://doi.org/10.1111/bjh.17678
https://www.ncbi.nlm.nih.gov/pubmed/34340260
https://doi.org/10.1186/s12864-021-08220-x
https://doi.org/10.1097/AOG.0000000000003057
https://doi.org/10.1016/j.antiviral.2023.105624
https://doi.org/10.1038/s43856-024-00616-6
https://doi.org/10.3389/fimmu.2020.01417
https://www.ncbi.nlm.nih.gov/pubmed/32754152
https://doi.org/10.1016/j.ymgmr.2019.100514
https://doi.org/10.1016/j.cell.2018.05.056
https://www.ncbi.nlm.nih.gov/pubmed/29906441
https://doi.org/10.3390/children10060991
https://www.ncbi.nlm.nih.gov/pubmed/37371223
https://doi.org/10.1016/j.ajhg.2020.10.003
https://doi.org/10.1038/sj.jp.7211904
https://doi.org/10.1038/gim.2013.99
https://doi.org/10.1002/ajmg.a.38250
https://doi.org/10.1053/j.semperi.2015.09.009
https://doi.org/10.1002/ajmg.a.37067
https://doi.org/10.2217/pme.13.32
https://doi.org/10.1038/s41431-020-0667-z
https://doi.org/10.1038/s41576-019-0150-2
https://www.ncbi.nlm.nih.gov/pubmed/31341269
https://doi.org/10.1038/s41525-017-0006-7
https://doi.org/10.1038/nrg.2017.116
https://doi.org/10.1056/NEJMc2112090
https://www.ncbi.nlm.nih.gov/pubmed/35020984
https://doi.org/10.1001/jamapediatrics.2017.3438

Pharmaceuticals 2025, 18, 1721 19 of 23

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Saunders, C.J.; Miller, N.A.; Soden, S.E.; Dinwiddie, D.L.; Noll, A.; Alnadi, N.A.; Andraws, N.; Patterson, M.L.; Krivohlavek, L.A.;
Fellis, ].; et al. Rapid Whole-Genome Sequencing for Genetic Disease Diagnosis in Neonatal Intensive Care Units. Sci. Transl. Med.
2012, 4, 154ral135. [CrossRef] [PubMed]

Soden, S.E.; Saunders, C.J.; Willig, L.K.; Farrow, E.G.; Smith, L.D.; Petrikin, J.E.; LePichon, J.-B.; Miller, N.A.; Thiffault, I.; Dinwid-
die, D.L.; et al. Effectiveness of exome and genome sequencing guided by acuity of illness for diagnosis of neurodevelopmental
disorders. Sci. Transl. Med. 2014, 6, 265ral68. [CrossRef]

Willig, L.K.; Petrikin, ].E.; Smith, L.D.; Saunders, C.J.; Thiffault, I.; Miller, N.A.; Soden, S.E.; Cakici, ].A.; Herd, S.M.; Twist, G.; et al.
Whole-genome sequencing for identification of Mendelian disorders in critically ill infants: A retrospective analysis of diagnostic
and clinical findings. Lancet Respir. Med. 2015, 3, 377-387. [CrossRef] [PubMed]

Priest, J.R.; Ceresnak, S.R.; Dewey, EE.; Malloy-Walton, L.E.; Dunn, K.; Grove, M.E.; Perez, M.V.; Maeda, K.; Dubin, A.M.; Ashley,
E.A. Molecular diagnosis of long QT syndrome at 10 days of life by rapid whole genome sequencing. Heart Rhythm 2014, 11,
1707-1713. [CrossRef]

Farnaes, L.; Nahas, S.A.; Chowdhury, S.; Nelson, J.; Batalov, S.; Dimmock, D.M.; Kingsmore, S.F.; RCIGM Investigators. Rapid
whole-genome sequencing identifies a novel GABRA1 variant associated with West syndrome. Cold Spring Harb. Mol. Case Stud.
2017, 3, a001776. [CrossRef]

Hildreth, A.; Wigby, K.; Chowdhury, S.; Nahas, S.; Barea, J.; Ordonez, P.; Batalov, S.; Dimmock, D.; Kingsmore, S.; RCIGM
Investigators. Rapid whole-genome sequencing identifies a novel homozygous NPC1 variant associated with Niemann-Pick type
C1 disease in a 7-week-old male with cholestasis. Cold Spring Harb. Mol. Case Stud. 2017, 3, a001966. [CrossRef]

Miller, N.A; Farrow, E.G.; Gibson, M.; Willig, L.K,; Twist, G.; Yoo, B.; Marrs, T.; Corder, S.; Krivohlavek, L.; Walter, A.; etal. A
26-hour system of highly sensitive whole genome sequencing for emergency management of genetic diseases. Genome Med. 2015,
7,100. [CrossRef] [PubMed]

Australian Genomics Health Alliance Acute Care Flagship; Lunke, S.; Eggers, S.; Wilson, M.; Patel, C.; Barnett, C.P,; Pinner, J.;
Sandaradura, S.A.; Buckley, M.F.; Krzesinski, E.I; et al. Feasibility of Ultra-Rapid Exome Sequencing in Critically Ill Infants
and Children With Suspected Monogenic Conditions in the Australian Public Health Care System. JAMA 2020, 323, 2503-2511.
[CrossRef]

Owen, M.].; Lefebvre, S.; Hansen, C.; Kunard, C.M.; Dimmock, D.P.; Smith, L.D.; Scharer, G.; Mardach, R.; Willis, M.].; Feigenbaum,
A.; et al. An automated 13.5hour system for scalable diagnosis and acute management guidance for genetic diseases. Nat.
Commun. 2022, 13, 4057. [CrossRef]

Berg, ].S.; Agrawal, P.B.; Bailey, D.B.; Beggs, A.H.; Brenner, S.E.; Brower, A.M.; Cakici, J.A.; Ceyhan-Birsoy, O.; Chan, K.; Chen, F;
et al. Newborn Sequencing in Genomic Medicine and Public Health. Pediatrics 2017, 139, €20162252. [CrossRef]

Cakici, J.A.; Dimmock, D.P; Caylor, S.A.; Gaughran, M.; Clarke, C.; Triplett, C.; Clark, M.M.; Kingsmore, S.E; Bloss, C.S. A
Prospective Study of Parental Perceptions of Rapid Whole-Genome and -Exome Sequencing among Seriously Ill Infants. Am. |.
Hum. Genet. 2020, 107, 953-962. [CrossRef]

Best, S.; Brown, H.; Lunke, S.; Patel, C.; Pinner, J.; Barnett, C.P.; Wilson, M.; Sandaradura, S.A.; McClaren, B.; Brett, G.R.; et al.
Learning from scaling up ultra-rapid genomic testing for critically ill children to a national level. NP] Genom. Med. 2021, 6, 5.
[CrossRef] [PubMed]

Palmquist, R.; Jenkins, S.M.; Bentley, D.; Miller, C.; Mao, R.; Meibos, B.; Bayrak-Toydemir, P.; Tvrdik, T.; Nadauld, L.D.; Bleyl,
S.B.; et al. Evaluating use of changing technologies for rapid next-generation sequencing in pediatrics. Pediatr. Res. 2022, 92,
1364-1369. [CrossRef]

Guner Yilmaz, B.; Akgun-Dogan, O.; Ozdemir, O.; Yuksel, B.; Hatirnaz Ng, O.; Bilguvar, K.; Ay, B.; Ozkose, G.S.; Aydin, E.; Yigit,
A_; et al. Rapid genome sequencing for critically ill infants: An inaugural pilot study from Turkey. Front. Pediatr. 2024, 12, 1412880.
[CrossRef]

Jezkova, J.; Shaw, S.; Taverner, N.V.; Williams, H.J. Rapid genome sequencing for pediatrics. Hum. Mutat. 2022, 43, 1507-1518.
[CrossRef]

Manickam, K.; McClain, M.R.; Demmer, L.A.; Biswas, S.; Kearney, H.M.; Malinowski, J.; Massingham, L.J.; Miller, D.; Yu, TW.,;
Hisama, EM.; et al. Exome and genome sequencing for pediatric patients with congenital anomalies or intellectual disability: An
evidence-based clinical guideline of the American College of Medical Genetics and Genomics (ACMG). Genet. Med. 2021, 23,
2029-2037. [CrossRef]

Oates, ].T.; Lopez, D. Pharmacogenetics: An Important Part of Drug Development with A Focus on Its Application. Int. J. Biomed.
Investig. 2018, 1, 111. [CrossRef]

Acuna-Hidalgo, R.; Veltman, J.A.; Hoischen, A. New insights into the generation and role of de novo mutations in health and
disease. Genome Biol. 2016, 17, 241. [CrossRef]

Smith, E.E.; du Souich, C.; Dragojlovic, N.; CAUSES Study; RAPIDOMICS Study; Elliott, A.M. Genetic counseling considerations
with rapid genome-wide sequencing in a neonatal intensive care unit. J. Genet. Couns. 2019, 28, 263-272. [CrossRef] [PubMed]


https://doi.org/10.1126/scitranslmed.3004041
https://www.ncbi.nlm.nih.gov/pubmed/23035047
https://doi.org/10.1126/scitranslmed.3010076
https://doi.org/10.1016/S2213-2600(15)00139-3
https://www.ncbi.nlm.nih.gov/pubmed/25937001
https://doi.org/10.1016/j.hrthm.2014.06.030
https://doi.org/10.1101/mcs.a001776
https://doi.org/10.1101/mcs.a001966
https://doi.org/10.1186/s13073-015-0221-8
https://www.ncbi.nlm.nih.gov/pubmed/26419432
https://doi.org/10.1001/jama.2020.7671
https://doi.org/10.1038/s41467-022-31446-6
https://doi.org/10.1542/peds.2016-2252
https://doi.org/10.1016/j.ajhg.2020.10.004
https://doi.org/10.1038/s41525-020-00168-3
https://www.ncbi.nlm.nih.gov/pubmed/33510162
https://doi.org/10.1038/s41390-022-01965-5
https://doi.org/10.3389/fped.2024.1412880
https://doi.org/10.1002/humu.24466
https://doi.org/10.1038/s41436-021-01242-6
https://doi.org/10.31531/2581-4745.1000111
https://doi.org/10.1186/s13059-016-1110-1
https://doi.org/10.1002/jgc4.1074
https://www.ncbi.nlm.nih.gov/pubmed/30964583

Pharmaceuticals 2025, 18, 1721 20 of 23

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Stark, Z.; Dolman, L.; Manolio, T.A.; Ozenberger, B.; Hill, S.L.; Caulfied, M.].; Levy, Y.; Glazer, D.; Wilson, J.; Lawler, M.; et al.
Integrating Genomics into Healthcare: A Global Responsibility. Am. J. Hum. Genet. 2019, 104, 13-20. [CrossRef] [PubMed]
Ontario Health (Quality). Genome-Wide Sequencing for Unexplained Developmental Disabilities or Multiple Congenital
Anomalies: A Health Technology Assessment. Ont. Health Technol. Assess. Ser. 2020, 20, 1-178.

Pruneri, G.; De Braud, E; Sapino, A.; Aglietta, M.; Vecchione, A.; Giusti, R.; Marchio, C.; Scarpino, S.; Baggi, A.; Bonetti, G.;
et al. Next-Generation Sequencing in Clinical Practice: Is It a Cost-Saving Alternative to a Single-Gene Testing Approach?
PharmacoEconomics-Open 2021, 5, 285-298. [CrossRef] [PubMed]

Rehm, H.L.; Bale, S.J.; Bayrak-Toydemir, P; Berg, J.S.; Brown, K.K.; Deignan, J.L.; Friez, M.].; Funke, B.H.; Hegde, M.R.; Lyon, E.
ACMG clinical laboratory standards for next-generation sequencing. Genet. Med. 2013, 15, 733-747. [CrossRef]

for the EuroGentest Validation Group; Mattocks, C.J.; Morris, M.A.; Matthijs, G.; Swinnen, E.; Corveleyn, A.; Dequeker, E.; Miiller,
C.R;; Pratt, V.; Wallace, A. A standardized framework for the validation and verification of clinical molecular genetic tests. Eur. .
Hum. Genet. 2010, 18, 1276-1288. [CrossRef]

Karakoyun, HK.; Sayar, C.; Yararbas, K. Challenges in clinical interpretation of next-generation sequencing data: Advantages
and Pitfalls. Results Eng. 2023, 20, 101421. [CrossRef]

Manolio, T.A. Using the Data We Have: Improving Diversity in Genomic Research. Am. J. Hum. Genet. 2019, 105, 233-236.
[CrossRef]

Marom, D.; Mory, A.; Reytan-Miron, S.; Amir, Y.; Kurolap, A.; Cohen, ].G.; Morhi, Y.; Smolkin, T.; Cohen, L.; Zangen, S.; et al.
National Rapid Genome Sequencing in Neonatal Intensive Care. JAMA Netw. Open 2024, 7, €240146. [CrossRef]

Kalia, S.S.; Adelman, K;; Bale, S.J.; Chung, W.K,; Eng, C.; Evans, ].P; Herman, G.E.; Hufnagel, S.B.; Klein, T.E.; Korf, B.R; et al.
Recommendations for reporting of secondary findings in clinical exome and genome sequencing, 2016 update (ACMG SF v2.0):
A policy statement of the American College of Medical Genetics and Genomics. Genet. Med. 2017, 19, 249-255. [CrossRef]
Kaye, J.; Whitley, E.A.; Lund, D.; Morrison, M.; Teare, H.; Melham, K. Dynamic consent: A patient interface for twenty-first
century research networks. Eur. J. Hum. Genet. 2015, 23, 141-146. [CrossRef] [PubMed]

Larkins, M.C.; Thombare, A. Point-of-Care Testing. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025. Available
online: http://www.ncbinlm.nih.gov/books/NBK592387/ (accessed on 27 August 2025).

St John, A.; Price, C.P. Existing and Emerging Technologies for Point-of-Care Testing. Clin. Biochem. Rev. 2014, 35, 155-167.
Khan, A.R.; Hussain, W.L.; Shum, H.C.; Hassan, S.U. Point-of-care testing: A critical analysis of the market and future trends.
Front. Lab Chip Technol. 2024, 3, 1394752. [CrossRef]

Dona, D.; Barbieri, E.; Brigadoi, G.; Liberati, C.; Bosis, S.; Castagnola, E.; Colomba, C.; Galli, L.; Lancella, L.; Lo Vecchio, A.; et al.
State of the Art of Antimicrobial and Diagnostic Stewardship in Pediatric Setting. Antibiotics 2025, 14, 132. [CrossRef] [PubMed]
Bellini, T.; Fueri, E.; Formigoni, C.; Mariani, M.; Villa, G.; Finetti, M.; Marin, M.; De Chiara, E.; Bratta, A.; Vanorio, B.; et al.
Usefulness of Point-of-Care Testing for Respiratory Viruses in a Pediatric Emergency Department Setting. J. Clin. Med. 2024, 13,
7368. [CrossRef]

Kanwar, N.; Jackson, J.; Bardsley, T.; Pavia, A.; Bourzac, K.M.; Holmberg, K.; Selvarangan, R. Impact of Rapid Molecular Multiplex
Gastrointestinal Pathogen Testing in Management of Children during a Shigella Outbreak. J. Clin. Microbiol. 2023, 61, e01652-22.
[CrossRef]

Tamelyté, E.; Vai¢ekauskiené, G.; Dagys, A.; Lapinskas, T.; Jankauskaité, L. Early Blood Biomarkers to Improve Sepsis/Bacteremia
Diagnostics in Pediatric Emergency Settings. Medicina 2019, 55, 99. [CrossRef]

Teggert, A.; Datta, H.; Ali, Z. Biomarkers for Point-of-Care Diagnosis of Sepsis. Micromachines 2020, 11, 286. [CrossRef]

Goyal, M.; Mascarenhas, D.; Rr, P.; Haribalakrishna, A. Diagnostic Accuracy of Point-of-Care Testing of C-Reactive Protein,
Interleukin-6, and Procalcitonin in Neonates with Clinically Suspected Sepsis: A Prospective Observational Study. Med. Princ.
Pract. 2024, 33, 291-298. [CrossRef] [PubMed]

Wang, W.; Wang, Z.; Wang, L.; Li, S.; Liu, J.; Huang, Y; Liu, J.; Zhu, C.; Zhang, J.; Li, C,; et al. Early-onset neonatal sepsis in a
Chinese maternal and child healthcare centre, 2017-2023. Front. Pediatr. 2025, 13, 1521908. [CrossRef]

Nabi, S.; Igbal, M.A.; Masood, S.; Shami, S.S.; Ali, H.; Hamid, M. Diagnostic Accuracy of Serum Procalcitonin (PCT) as an Early
Biomarker of Neonatal Sepsis using Blood Culture as Gold Standard: A Prospective Study. J. Neonatal Surg. 2025, 13, 494-499.
[CrossRef]

Adamson, P.C.; Loeffelholz, M.].; Klausner, ].D. Point-of-Care Testing for Sexually Transmitted Infections: A Review of Recent
Developments. Arch. Pathol. Lab. Med. 2020, 144, 1344-1351. [CrossRef]

Demuru, S.; Chai-Gao, H.; Shynkarenko, Y.; Hermann, N.; Boia, P.-D.; Cristofolini, P.; Petkus, B.; Generelli, S.; Paoletti, S.; Cattaneo,
S.; et al. Point-of-Care Fluorescence Biosensing System for Rapid Multi-Allergen Screening. Sensors 2024, 24, 3280. [CrossRef]
Tsao, Y.-T.; Tsai, Y.-H.; Liao, W.-T.; Shen, C.-J.; Shen, C.-F,; Cheng, C.-M. Differential Markers of Bacterial and Viral Infections in
Children for Point-of-Care Testing. Trends Mol. Med. 2020, 26, 1118-1132. [CrossRef] [PubMed]


https://doi.org/10.1016/j.ajhg.2018.11.014
https://www.ncbi.nlm.nih.gov/pubmed/30609404
https://doi.org/10.1007/s41669-020-00249-0
https://www.ncbi.nlm.nih.gov/pubmed/33660227
https://doi.org/10.1038/gim.2013.92
https://doi.org/10.1038/ejhg.2010.101
https://doi.org/10.1016/j.rineng.2023.101421
https://doi.org/10.1016/j.ajhg.2019.07.008
https://doi.org/10.1001/jamanetworkopen.2024.0146
https://doi.org/10.1038/gim.2016.190
https://doi.org/10.1038/ejhg.2014.71
https://www.ncbi.nlm.nih.gov/pubmed/24801761
http://www.ncbi.nlm.nih.gov/books/NBK592387/
https://doi.org/10.3389/frlct.2024.1394752
https://doi.org/10.3390/antibiotics14020132
https://www.ncbi.nlm.nih.gov/pubmed/40001376
https://doi.org/10.3390/jcm13237368
https://doi.org/10.1128/jcm.01652-22
https://doi.org/10.3390/medicina55040099
https://doi.org/10.3390/mi11030286
https://doi.org/10.1159/000536678
https://www.ncbi.nlm.nih.gov/pubmed/38320541
https://doi.org/10.3389/fped.2025.1521908
https://doi.org/10.63682/jns.v13i1.8426
https://doi.org/10.5858/arpa.2020-0118-RA
https://doi.org/10.3390/s24113280
https://doi.org/10.1016/j.molmed.2020.09.004
https://www.ncbi.nlm.nih.gov/pubmed/33008730

Pharmaceuticals 2025, 18, 1721 21 of 23

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Grace, E.; Jayakumar, N.; Cooper, C.; Andersen, C.; Callander, E.; Gomersall, J.; Rumbold, A.; Keir, A. Reducing intravenous
antibiotics in neonates born >35 weeks’ gestation: A quality improvement study. J. Paediatr. Child Health 2024, 60, 139-146.
[CrossRef] [PubMed]

Choi, H.-Y.; Corder, W.; Tefera, E.; Abubakar, K.M. Comparison of Point-of-Care versus Central Laboratory Testing of Electrolytes,
Hemoglobin, and Bilirubin in Neonates. Am. J. Perinatol. 2022, 39, 1786-1791. [CrossRef]

Hernandez-Bou, S.; Trenchs, V.; Vanegas, M.I.; Valls, A.F,; Luaces, C. Evaluation of the bedside Quikread go® CRP test in the
management of febrile infants at the emergency department. Eur. J. Clin. Microbiol. Infect. Dis. 2017, 36, 1205-1211. [CrossRef]
Westenberg, L.E.H.; Been, ].V.; Willemsen, S.P; Vis, ].Y.; Tintu, A.N.; Bramer, W.M.; Dijk, PH.; Steegers, E.A.P,; Reiss, LK.M,;
Hulzebos, C.V. Diagnostic Accuracy of Portable, Handheld Point-of-Care Tests vs Laboratory-Based Bilirubin Quantification in
Neonates: A Systematic Review and Meta-analysis. JAMA Pediatr. 2023, 177, 479-488. [CrossRef]

Morimatsu, H.; Rocktaschel, J.; Bellomo, R.; Uchino, S.; Goldsmith, D.; Gutteridge, G. Comparison of point-of-care versus central
laboratory measurement of electrolyte concentrations on calculations of the anion gap and the strong ion difference. Anesthesiology
2003, 98, 1077-1084. [CrossRef]

Chhapola, V,; Kanwal, S.K.; Sharma, R.; Kumar, V. A comparative study on reliability of point of care sodium and potassium
estimation in a pediatric intensive care unit. Indian . Pediatr. 2013, 80, 731-735. [CrossRef]

Coppola, L.; Cianflone, A.; Grimaldi, A.M.; Incoronato, M.; Bevilacqua, P.; Messina, F.; Baselice, S.; Soricelli, A.; Mirabelli, P,;
Salvatore, M. Biobanking in health care: Evolution and future directions. J. Transl. Med. 2019, 17, 172. [CrossRef] [PubMed]
Davenport, T.; Kalakota, R. The potential for artificial intelligence in healthcare. Future Healthc. ]. 2019, 6, 94-98. [CrossRef]
Acosta, ].N.; Falcone, G.J.; Rajpurkar, P; Topol, E.J. Multimodal biomedical Al Nat. Med. 2022, 28, 1773-1784. [CrossRef]
Cadamuro, J. Rise of the Machines: The Inevitable Evolution of Medicine and Medical Laboratories Intertwining with Artificial
Intelligence—A Narrative Review. Diagnostics 2021, 11, 1399. [CrossRef] [PubMed]

Yu, G; Li, Z,;Li, S,; Liu, J.; Sun, M,; Liu, X; Sun, F; Zheng, ].; Li, Y.; Yu, Y,; et al. The role of artificial intelligence in identifying
asthma in pediatric inpatient setting. Ann. Transl. Med. 2020, 8, 1367. [CrossRef]

Alghalyini, B. Applications of artificial intelligence in the management of childhood obesity. J. Fam. Med. Prim. Care 2023, 12,
2558-2564. [CrossRef]

Yang, Y.; Zhang, Y,; Li, Y. Artificial intelligence applications in pediatric oncology diagnosis. Explor. Target Antitumor Ther. 2023, 4,
157-169. [CrossRef]

Chen, T.; Tachmazidis, I.; Batsakis, S.; Adamou, M.; Papadakis, E.; Antoniou, G. Diagnosing attention-deficit hyperactivity
disorder (ADHD) using artificial intelligence: A clinical study in the UK. Front. Psychiatry 2023, 14, 1164433. [CrossRef]

Tsang, B.; Gupta, A.; Takahashi, M.S.; Baffi, H.; Ola, T.; Doria, A.S. Applications of artificial intelligence in magnetic resonance
imaging of primary pediatric cancers: A scoping review and CLAIM score assessment. Jpn. |. Radiol. 2023, 41, 1127-1147.
[CrossRef] [PubMed]

Tveit, J.; Aurlien, H.; Plis, S.; Calhoun, V.D.; Tatum, W.O.; Schomer, D.L.; Arntsen, V.; Cox, F.; Fahoum, F.; Gallentine, W.B.;
et al. Automated Interpretation of Clinical Elec-troencephalograms Using Artificial Intelligence. JAMA Neurol. 2023, 80, 805-812.
[CrossRef]

Sethi, Y.; Patel, N.; Kaka, N.; Desai, A.; Kaiwan, O.; Sheth, M.; Sharma, R.; Huang, H.; Chopra, H.; Khandaker, M.U.; et al.
Artificial Intelligence in Pediatric Cardiology: A Scoping Review. |. Clin. Med. 2022, 11, 7072. [CrossRef]

Van Schalkwyk, G. Artificial intelligence in pediatric behavioral health. Child Adolesc. Psychiatry Ment. Health 2023, 17, 38.
[CrossRef] [PubMed]

De La Vega, EM.; Chowdhury, S.; Moore, B.; Frise, E.; McCarthy, J.; Hernandez, E.J.; Wong, T.; James, K.; Guidugli, L.; Agrawal,
P.B.; et al. Artificial intelligence enables comprehensive genome interpretation and nomination of candidate diagnoses for rare
genetic diseases. Genome Med. 2021, 13, 153. [CrossRef] [PubMed]

Chen, J.-W.,; Shrestha, L.; Green, G.; Leier, A.; Marquez-Lago, T.T. The hitchhikers” guide to RNA sequencing and functional
analysis. Brief. Bioinform. 2023, 24, bbac529. [CrossRef]

Amarasinghe, S.L.; Su, S.; Dong, X.; Zappia, L.; Ritchie, M.E.; Gouil, Q. Opportunities and challenges in long-read sequencing
data analysis. Genome Biol. 2020, 21, 30. [CrossRef] [PubMed]

Logsdon, G.A.; Vollger, M.R,; Eichler, E.E. Long-read human genome sequencing and its applications. Nat. Rev. Genet. 2020, 21,
597-614. [CrossRef] [PubMed]

Zhang, Y.; Chen, D.; Tang, X.; Xu, T.; Li, S.; Zhao, X.; Miao, Z.; Zhang, Y.; Zhou, H.; Li, Y.; et al. Deep Learning-Enhanced
Hand-Driven Spatial Encoding Microfluidics for Multiplexed Molecular Testing at Home. ACS Nano 2025, 19, 25793-25811.
[CrossRef] [PubMed]

Marescotti, D.; Narayanamoorthy, C.; Bonjour, F.; Kuwae, K.; Graber, L.; Calvino-Martin, F; Ghosh, S.; Hoeng, J. Al-driven
laboratory workflows enable operation in the age of social distancing. SLAS Technol. 2022, 27, 195-203. [CrossRef] [PubMed]
Khan, A.I; Khan, M.; Khan, R. Artificial Intelligence in Point-of-Care Testing. Ann. Lab. Med. 2023, 43, 401-407. [CrossRef]


https://doi.org/10.1111/jpc.16537
https://www.ncbi.nlm.nih.gov/pubmed/38695518
https://doi.org/10.1055/s-0041-1726125
https://doi.org/10.1007/s10096-017-2910-2
https://doi.org/10.1001/jamapediatrics.2023.0059
https://doi.org/10.1097/00000542-200305000-00009
https://doi.org/10.1007/s12098-013-0977-z
https://doi.org/10.1186/s12967-019-1922-3
https://www.ncbi.nlm.nih.gov/pubmed/31118074
https://doi.org/10.7861/futurehosp.6-2-94
https://doi.org/10.1038/s41591-022-01981-2
https://doi.org/10.3390/diagnostics11081399
https://www.ncbi.nlm.nih.gov/pubmed/34441333
https://doi.org/10.21037/atm-20-2501a
https://doi.org/10.4103/jfmpc.jfmpc_469_23
https://doi.org/10.37349/etat.2023.00127
https://doi.org/10.3389/fpsyt.2023.1164433
https://doi.org/10.1007/s11604-023-01437-8
https://www.ncbi.nlm.nih.gov/pubmed/37395982
https://doi.org/10.1001/jamaneurol.2023.1645
https://doi.org/10.3390/jcm11237072
https://doi.org/10.1186/s13034-023-00586-y
https://www.ncbi.nlm.nih.gov/pubmed/36907862
https://doi.org/10.1186/s13073-021-00965-0
https://www.ncbi.nlm.nih.gov/pubmed/34645491
https://doi.org/10.1093/bib/bbac529
https://doi.org/10.1186/s13059-020-1935-5
https://www.ncbi.nlm.nih.gov/pubmed/32033565
https://doi.org/10.1038/s41576-020-0236-x
https://www.ncbi.nlm.nih.gov/pubmed/32504078
https://doi.org/10.1021/acsnano.5c04309
https://www.ncbi.nlm.nih.gov/pubmed/40627810
https://doi.org/10.1016/j.slast.2021.12.001
https://www.ncbi.nlm.nih.gov/pubmed/35058197
https://doi.org/10.3343/alm.2023.43.5.401

Pharmaceuticals 2025, 18, 1721 22 of 23

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Zhang, D.; Lv, X,; Jiang, H.; Fan, Y.; Liu, K.; Wang, H.; Deng, Y. AI-Enabled Microfluidics for Respiratory Pathogen Detection.
Sensors 2025, 25, 5791. [CrossRef]

Papadopoulos, M.; Kokkinis, A.; Lamprou, E.; Kalligosfyri, PM.; Koustoumpardis, P.N.; Kalogianni, D.P. Smartphone-Powered
Automated Image Recognition Tool for Multianalyte Rapid Tests: Application to Infectious Diseases. Anal. Chem. 2025, 97,
13340-13349. [CrossRef]

Zhou, Y,; Lu, P; Chen, Y. Artificial Intelligence-Assisted Visualized Microspheres for Biochemical Analysis: From Encoding to
Decoding. Acc. Chem. Res. 2025, 58, 2627-2639. [CrossRef]

Gao, S.; Wang, J.; Miao, Z.; Zhao, X.; Zhang, Y.; Du, W.; Feng, X.; Li, Y.; Liu, J.; Chen, P; et al. Artificial intelligence enhanced
microfluidic system for multiplexed point-of-care-testing of biological thiols. Talanta 2025, 287, 127619. [CrossRef]

Lu, P; Zhou, Y.; Niu, X;; Zhan, C.; Lang, P,; Zhao, Y.; Chen, Y. Deep-Learning-Assisted Microfluidic Inmunoassay via Smartphone-
Based Imaging Transcoding System for On-Site and Multiplexed Biosensing. Nano Lett. 2025, 25, 6803—6812. [CrossRef]
Ghassemi, M.; Oakden-Rayner, L.; Beam, A.L. The false hope of current approaches to explainable artificial intelligence in health
care. Lancet Digit. Health 2021, 3, e745—€750. [CrossRef] [PubMed]

Muralidharan, V.; Burgart, A.; Daneshjou, R.; Rose, S. Recommendations for the use of pediatric data in artificial intelligence and
machine learning ACCEPT-AL NPJ Digit. Med. 2023, 6, 166. [CrossRef]

Malhotra, A.; Molloy, E.J.; Bearer, C.F.; Mulkey, S.B. Emerging role of artificial intelligence, big data analysis and precision
medicine in pediatrics. Pediatr. Res. 2023, 93, 281-283. [CrossRef]

Abdalwahab Abdallah, A.B.A.; Hafez Sadaka, S.1.; Ali, E.I.; Mustafa Bilal, S.A.; Abdelrahman, M.O.; Fakiali Mohammed, F.B.;
Nimir Ahmed, S.D.; Abdelrahim Saeed, N.E. The Role of Artificial Intelligence in Pediatric Intensive Care: A Systematic Review.
Cureus 2025, 17, e80142. [CrossRef]

Schouten, J.S.; Kalden, M.A.C.M.; Van Twist, E.; Reiss, LK.M.; Gommers, D.A.M.PJ.; Van Genderen, M.E.; Taal, H.R. From bytes
to bedside: A systematic review on the use and readiness of artificial intelligence in the neonatal and pediatric intensive care unit.
Intensive Care Med. 2024, 50, 1767-1777. [CrossRef]

Lee, S.; Park, J.S.; Woo, H.; Yoo, YK.; Lee, D.; Chung, S.; Yoon, D.S.; Lee, K.-B.; Lee, ].H. Rapid deep learning-assisted predictive
diagnostics for point-of-care testing. Nat. Commun. 2024, 15, 1695. [CrossRef]

Khan, A.L; Pratumvinit, B.; Jacobs, E.; Kost, G.J.; Kary, H.; Balla, J.; Shaw, J.; Milevoj Kopcinovic, L.; Vaubourdolle, M.; Oliver, P;
et al. Point-of-care testing performed by healthcare professionals outside the hospital setting: Consensus based recommendations
from the IFCC Committee on Point-of-Care Testing (IFCC C-POCT). Clin. Chem. Lab. Med. CCLM 2023, 61, 1572-1579. [CrossRef]
Pillay, T.S.; Khan, A.L; Yenice, S. Artificial intelligence (AI) in point-of-care testing. Clin. Chim. Acta 2025, 574, 120341. [CrossRef]
[PubMed]

Elrobaa, I.H.; Khan, K.; Mohamed, E. The Role of Point-of-Care Testing to Improve Acute Care and Health Care Services. Cureus
2024, 16, €55315. [CrossRef]

Rasti, R.; Brannstrom, J.; Martensson, A.; Zenk, I.; Gantelius, J.; Gaudenzi, G.; Alvesson, H.M.; Alfvén, T. Point-of-care testing in a
high-income country paediatric emergency department: A qualitative study in Sweden. BM] Open 2021, 11, e054234. [CrossRef]
[PubMed]

Hoste, M.E.; Colman, E.; Wanat, M.; Hayward, G.; Tissier, J.-L.; Postma, M.; Goossens, H.; Anthierens, S.; Tonkin-Crine, S. on
behalf of the VALUE-Dx study team Stakeholders’ views and experiences on implementing new diagnostics in primary care to
support management of community-acquired acute respiratory tract infections: A qualitative study. Front. Public Health 2023, 11,
1216940. [CrossRef]

Guttmacher, A.E.; Porteous, M.E.; McInerney, J.D. Educating health-care professionals about genetics and genomics. Nat. Rev.
Genet. 2007, 8, 151-157. [CrossRef]

Slade, I.; Subramanian, D.N.; Burton, H. Genomics education for medical professionals—The current UK landscape. Clin. Med.
2016, 16, 347-352. [CrossRef]

Behera, S.; Catreux, S.; Rossi, M.; Truong, S.; Huang, Z.; Ruehle, M.; Visvanath, A.; Parnaby, G.; Roddey, C.; Onuchic, V.; et al.
Comprehensive genome analysis and variant detection at scale using DRAGEN. Nat. Biotechnol. 2025, 43, 1177-1191. [CrossRef]
Canson, D.M.; Davidson, A.L.; De La Hoya, M.; Parsons, M.T.; Glubb, D.M.; Kondrashova, O.; Spurdle, A.B. SpliceAI-10k
calculator for the prediction of pseudoexonization, intron retention, and exon deletion. Bioinformatics 2023, 39, btad179. [CrossRef]
Cheng, J.; Novati, G.; Pan, J.; Bycroft, C.; Zemgulyté, A.; Applebaum, T.; Pritzel, A.; Wong, L.H.; Zielinski, M.; Sargeant, T.;
et al. Accurate proteome-wide missense variant effect prediction with AlphaMissense. Science 2023, 381, eadg7492. [CrossRef]
[PubMed]

Olatunji, G.; Kokori, E.; Aderinto, N.; Abdul, A.; Tsoi, V.; Mohamed, L.; Alsabri Hussein Alsabri, M. Challenges and Strategies
in Pediatric Critical Care: Insights From Low-Resource Settings. Glob. Pediatr. Health 2024, 11, 2333794X241285964. [CrossRef]
[PubMed]


https://doi.org/10.3390/s25185791
https://doi.org/10.1021/acs.analchem.5c01487
https://doi.org/10.1021/acs.accounts.5c00396
https://doi.org/10.1016/j.talanta.2025.127619
https://doi.org/10.1021/acs.nanolett.5c01435
https://doi.org/10.1016/S2589-7500(21)00208-9
https://www.ncbi.nlm.nih.gov/pubmed/34711379
https://doi.org/10.1038/s41746-023-00898-5
https://doi.org/10.1038/s41390-022-02422-z
https://doi.org/10.7759/cureus.80142
https://doi.org/10.1007/s00134-024-07629-8
https://doi.org/10.1038/s41467-024-46069-2
https://doi.org/10.1515/cclm-2023-0502
https://doi.org/10.1016/j.cca.2025.120341
https://www.ncbi.nlm.nih.gov/pubmed/40324611
https://doi.org/10.7759/cureus.55315
https://doi.org/10.1136/bmjopen-2021-054234
https://www.ncbi.nlm.nih.gov/pubmed/34824122
https://doi.org/10.3389/fpubh.2023.1216940
https://doi.org/10.1038/nrg2007
https://doi.org/10.7861/clinmedicine.16-4-347
https://doi.org/10.1038/s41587-024-02382-1
https://doi.org/10.1093/bioinformatics/btad179
https://doi.org/10.1126/science.adg7492
https://www.ncbi.nlm.nih.gov/pubmed/37733863
https://doi.org/10.1177/2333794X241285964
https://www.ncbi.nlm.nih.gov/pubmed/39351100

Pharmaceuticals 2025, 18, 1721 23 of 23

119.

120.

121.

122.

Hernéndez-Pefialoza, G.; Uribe, S.; Garcia, FM.; Graf, N.; Alvarez, F. General context and relevant public datasets available
for improving pathways in Paediatric Cancer applying Artificial Intelligence. A review. EJC Paediatr. Oncol. 2024, 4, 100196.
[CrossRef]

Rei Bolislis, W.; Bejeuhr, G.; Benzaghou, F.; Corriol-Rohou, S.; Herrero-Martinez, E.; Hildebrand, H.; Hill-Venning, C.; Hoogland,
H.; Johnson, C.; Joos, A.; et al. Optimizing Pediatric Medicine Developments in the European Union Through Pragmatic
Approaches. Clin. Pharmacol. Ther. 2021, 110, 871-879. [CrossRef]

Park, T.; Lee, I.-H.; Lee, S.W.; Kong, S.W. Artificial intelligence in pediatric healthcare: Current applications, potential, and
implementation considerations. Clin. Exp. Pediatr. 2025, 68, 641-651. [CrossRef] [PubMed]

Lingervelder, D.; Koffijberg, H.; Kusters, R.; IJzerman, M.]J. Health Economic Evidence of Point-of-Care Testing: A Systematic
Review. PharmacoEconomics-Open 2021, 5, 157-173. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ejcped.2024.100196
https://doi.org/10.1002/cpt.2152
https://doi.org/10.3345/cep.2025.00962
https://www.ncbi.nlm.nih.gov/pubmed/40776620
https://doi.org/10.1007/s41669-020-00248-1
https://www.ncbi.nlm.nih.gov/pubmed/33405188

	Introduction 
	Rapid Genome Sequencing for Children’s Diseases 
	Laboratory POCT: An Important Opportunity for Pediatric Patients 
	Artificial Intelligence for Diagnosis of Children’s Diseases 
	Challenges, Strategies, and Stakeholder Roles in the Implementation of rNGS, POCT, and AI in NICU and PICU 
	Discussion 
	Conclusions and Future Outlook 
	References

