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EDITORIAL
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INTRODUCTION

In this issue of the Pediatric Respiratory Journal, Bellanti introduces a practical
framework — Transduction, Transcription, and Translation (‘the Three T’s”) — to
assist the pediatric pulmonary specialist in better understanding, classifying, diag-
nosing, and treating the inborn errors of immunity (IEls) (1).

This Editorial uses the literary and cultural perspective, and the interpretive frame-
work, of the Sicilian writer Martoglio as a conceptual lens through which to exam-
ine biologic signaling and the “Three T’s” paradigm. By integrating narrative anal-
ogy with contemporary molecular immunology, the Editorial seeks to clarify how
signaling specificity, timing, and transmission contribute to the understanding of
Inborn Errors of Immunity (IEls) and related pediatric respiratory disorders. The
purpose is not to substitute metaphor for science, but rather to employ an inter-
disciplinary narrative structure as an educational tool that may enhance under-
standing of complex biologic communication systems for clinicians, trainees, and
researchers.

This framework does not propose a new molecular pathway. Rather, it offers a
synthesis — a way of understanding biologic signaling — not as a series of isolated
steps, but as a coherent flow of information. In its simplest form, the concept is
intuitive: cells capture signals, encode them, and execute them.

Cells perform three fundamental operations. They capture signals (transduction),
encode those signals into an interpretable form (transcription), and execute them
as functional outcomes (translation). A ligand binds to a receptor, initiating intra-
cellular signaling; the signal is rewritten in the nucleus from DNA into messen-
ger RNA; and finally, that message is translated into protein, producing a mea-
surable biologic effect.

Clinical examples from inborn errors of immunity further illustrate the practical rel-
evance of the ‘Three T's’ framework.’ For example, autosomal recessive IFNAR1
deficiency (OMIM #618162) represents a defect in interferon receptor-mediated
signaling in which impaired type | interferon signal transduction predisposes pedi-
atric patients to severe viral respiratory infections despite otherwise intact cytokine
production. In contrast, STAT1 loss-of-function mutations associated with Mende-
lian Susceptibility to Mycobacterial Disease (MSMD; OMIM #614889) may per-
mit normal receptor engagement but impair downstream transcriptional activa-
tion required for interferon-y-mediated host defense, resulting in increased sus-
ceptibility to mycobacterial and other intracellular infections.

50 | © 2026 Pediatric Respiratory Journal - PRJ. Published by Edra Media S.r.I. All rights reserved.
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A FAMILIAR ANALOGY AT THE BEDSIDE
CLARIFIES THIS PROCESS

Biologic signaling is often taught as molecular detail
rather than as underlying logic. The Three-T frame-
work restores that logic by emphasizing how cells con-
vert signals into action.

Modern voice-activated systems follow the same
sequence. When a spoken command turns on a bed-
side light, the system captures sound, encodes mean-
ing, and executes an action. This parallel allows clini-
cians to reinterpret molecular biology as information
flow rather than disconnected steps.

One might test this idea directly:

“ALEXA, turn on the light’.

A bedside device receives the voice. The acoustic sig-
nal is captured, digitized, and interpreted; moments later,
across the room, a light turns on, without any visible wire.
The correspondence is exact:

» Signal capture — Transduction

« Signal encoding — Transcription

* Physical action — Translation

Different substrates (molecules versus circuits), but
identical logic.

WHY THIS MATTERS FOR PHYSICIANS

This analogy highlights several practical insights for

the physician:

» Cells do not decide; they execute encoded instructions.

« Al-enabled systems similarly transform inputs into
predefined outputs.

» Clinical reasoning itself follows this structure: signals
are observed, interpreted, and acted upon.

Viewing biology through this lens strengthens both con-

ceptual clarity and clinical reasoning.

Shown in Figure 1 is a comparison of a bedside voice

Al assisted communication system device that receives

a voice. The acoustic signal is captured, digitized, and

interpreted; moments later, across the room, a light is

turned on, without any visible wire connecting the two.

The system had received a signal, encoded its mean-

ing, and executed an action.

The parallel was immediate:

« Signal capture — Transduction

» Signal encoding — Transcription

* Physical action — Translation
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The Three Ts: How Cells and Al Turn Signals into Action

Biological Cell Al Bedside System
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Different substrates. Same logic. Meaning flows from signal to action.

Figure 1. Schematic comparison of the ‘Three Ts’ in biological and
Al systems.

Both biological cells and Al-enabled devices process signals through
three stages: transduction (signal capture), transcription (signal-asso-
ciated genetic encoding) and translation (execution of action). Although
the substrates differ, both systems share a common logic of informa-
tion flow from signal to functional outcome.

Distinct substrates (molecules versus circuits), but a
shared architecture of signal-to-action processing.

THE SICILIAN COUNTERPOINT

Atfirst, the analogy appears straightforward. Yet its clar-
ity invites scrutiny — particularly through the perspective

of Nino Martoglio (1870-1921).

Martoglio, a Sicilian playwright and humorist, captured

how ordinary people confront unfamiliar ideas. His char-
acters are not naive; they are rigorously practical. Faced

with abstraction — wireless communication, invisible

forces — they test it against lived experience.

Their reasoning is direct:

“Senti, caro cumpari...”

(“Listen, my friend...”)

THE MARTOGLIO CONTRIBUTION

Martoglio captured the tension between scientific abstrac-
tion and everyday intuition in his satirical dialect poem //
Telefrico Senza Fili (“the wireless telegraph”) (2). Con-
fronted with the idea that a message could travel invis-
ibly through space, the listener asks:

“If it rains, does the message not get wet?”

The humor reflects a deeper conceptual challenge famil-
iar to modern biology: signals transmit information with-
out the physical transfer of substance. In biologic sys-
tems, as in wireless communication, information is cap-
tured, encoded, and translated into action through orga-
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nized processes rather than visible material movement.
As Martoglio concludes, the message arrives:
“Agghica asciuttu comu n’ossu e senza fili”

(“Dry as a bone and without a wire”)

RECONCILING INTUITION AND
ABSTRACTION

The humor is immediate, but the question is precise.
It reflects an intuitive expectation: that anything which
travels must behave like matter — must have weight,
occupy space, and be subject to the environment. Sci-
entific systems operate differently. Signals are not sub-
stances: they are transformations of state.

In both biologic and engineered systems:

* Asignal is captured

* Meaning is encoded

» Action is executed

Nothing travels as an object. Instead, information prop-
agates through structured processes.

The Three-T framework makes this explicit, shifting
attention from movement of matter to transformation
of meaning.

IMPLICATIONS FOR MEDICINE AND
TECHNOLOGY

For clinicians, this perspective reframes molecular biol-
ogy as an information-processing system rather than a
collection of pathways. Hormone signaling, immune acti-
vation, and neurotransmission all follow this logic (3-7).
Modern Al-enabled systems — voice interfaces, smart
devices, and cyber-physical systems — operate in the
same way (8). The analogy is therefore more than rhe-
torical; both systems process information through staged
transformations from signal detection to functional out-
put. Understanding this parallel enhances both clinical
reasoning and technological literacy.

CONCLUSIONS

Martoglio’s character, confronted with these explana-
tions, remains unconvinced.
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The conclusion, for him, is inevitable:

“If there’s no wire... it must be magic”.

Yet this skepticism serves an important purpose. It
exposes the persistent gap between formal explana-
tion and human intuition.

We describe processes that defy expectation:

Signals without mass,
instructions without substance,
messages that travel —

and somehow —

Agghicanu asciuttu comu n’ossu
(they arrive dry as bones)

The Three-T framework offers one way to understand
this logic.

Martoglio reminds us why such understanding is still
necessary.
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ABSTRACT

The expanding number of recognized inborn errors of immunity (IEls), together
with rapid advances in biologic, gene, and RNA-based therapies, has increased
the diagnostic and conceptual complexity faced by practicing pediatric pulmo-
nary specialists.

This article introduces a practical, biologically grounded framework — Transduc-
tion, Transcription, and Translation (“the Three T’s”) — to aid clinicians in under-
standing, classifying, and diagnosing IEls.

The work is a conceptual synthesis of classic and contemporary IEls based on
the stage at which immune communication fails.

IEls can be categorized as disorders of signal reception (Transduction), immune
program selection (Transcription), or protein execution (Translation). Mapping dis-
orders to this framework clarifies diagnostic reasoning and therapeutic implications.
In conclusion, the Three-T framework offers a clinically intuitive model for inter-
preting immune dysfunction and may facilitate the integration of emerging tar-
geted therapies.

IMPACT STATEMENT

The “Three-T” framework provides pediatric pulmonary specialists with a practical
conceptual model for localizing immune dysfunction in inborn errors of immunity.
The model facilitates diagnostic reasoning and helps clinicians integrate emerg-
ing biologic, gene, and RNA-based therapies into clinical practice.

INTRODUCTION

In recent years, the field of clinical immunology has undergone a remarkable
expansion. New inborn errors of immunity are described annually, and therapeu-
tic options now include targeted biologics, small-molecule inhibitors, gene ther-
apy, and RNA-based approaches (1-3). While these advances have transformed
patient care, they have also created a growing challenge for the practicing pedi-
atric pulmonary specialist: how to integrate molecular mechanism, clinical pheno-
type, and therapeutic strategy into a coherent diagnostic framework (4).

Traditional classifications of |IEls — based on affected cell lineages or immune path-
ways —remain valuable; however, they do not always provide clinicians with an
intuitive way to localize where immune function fails. To address this need, | pro-

54 | © 2026 Pediatric Respiratory Journal - PRJ. Published by Edra Media S.r.I. All rights reserved.
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pose a simple pedagogical model based on the funda-
mental flow of biological information.

Transduction — Transcription — Translation

The conceptual basis of the Three-T framework was

introduced in earlier textbook work (5); however, it is not
intended as a rigid or exhaustive classification system,
but rather as a practical guide to aid clinical reasoning.
This “Three-T” framework conceptualizes immunity as a

process of communication, allowing the pediatric pulmo-
nary specialist to ask a sequence of practical questions:
“Can the immune system hear the signal? Can it choose
the correct response? Can it execute that response?’.

WHY A LANGUAGE-BASED MODEL MATTERS
NOw

Advances in immunology increasingly manipulate infor-
mation rather than cells or organs (6). Gene therapy edits

PEDIATR RESPIR J

genetic instructions, mRNA therapeutics deliver execut-
able messages, and biologics block or amplify specific
signals. In this context, |Els are best understood not
simply as missing components, but as failures in how
immune information is received, interpreted, or executed.
The Three-T framework aligns naturally with these devel-
opments by framing immunity as a communicative pro-
cess, allowing the clinician to reason mechanistically

while remaining grounded in clinical phenotype.

THE THREE T'S: THE GRAMMAR OF THE
IMMUNE SYSTEM

All immune responses, whether innate or adaptive, fol-
low a common informational pathway (Figure 1):
1) Transduction: extracellular signals are received by

surface or intracellular receptors.

Promoter

Endoplasmic
reticulum

Cytokine

Translation

Figure 1. Schematic representations of the “Three Ts” of molecular signaling.

Transduction: from the Latin transducere, meaning “to lead across”. It is the process by which a signal is conveyed from outside the cell to its interior,
initiating a cascade of molecular events. Transcription: from the Latin transcribere, “to write across”. It occurs within the cell nucleus, where that signal
is converted from DNA into a written molecular message: mRNA. Translation: from the Latin transferre, “to carry across”. It interprets that message
to produce the proteins that sustain every heartbeat, inmune response, and act of cellular repair. (Reproduced with permission from Reference 5).
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2) Transcription: intracellular signaling pathways acti-
vate nuclear programs that determine immune cell
fate and function.

3) Translation: genetic instructions are converted into
functional proteins that execute immune responses.

Failure at any of these stages produces characteristic

clinical patterns. Framing |Els within this sequence allows

clinicians to localize immune dysfunction conceptually
before identifying specific genetic defects.

TRANSDUCTION DEFECTS: WHEN THE
IMMUNE SYSTEM CANNOT HEAR

Representative example: IFNAR2 deficiency

In disorders of transduction, immune signals are gener-
ated normally but cannot be received. IFNAR2 deficiency
exemplifies this category. Despite normal production of
type | interferons during viral infection, defective interferon
receptor signaling prevents activation of antiviral programs.
Clinically, this manifests as severe viral infections and
intolerance to live viral vaccines. Conceptually, this rep-
resents immune deafness: the message exists, but the
receiver is broken.

TRANSCRIPTION DEFECTS: WHEN THE
WRONG IMMUNE PROGRAM IS WRITTEN

Representative examples: Activated PI3K-5
syndrome (APDS) and common variable
immunodeficiency (CVID)

Transcription defects occur when immune signals are
received but interpreted incorrectly. In APDS, gain-of-func-
tion mutations in PI3K signaling lead to constitutive path-
way activation, resulting in immune dysregulation, lymph-
oproliferation, and allergic disease. The immune system
repeatedly selects inappropriate transcriptional programs.
Similarly, CVID often reflects impaired B-cell differentia-
tion and class-switch recombination rather than absence
of immune signals or proteins. These disorders repre-
sent immune misinterpretation: the signal is heard, but
the wrong instructions are written.

TRANSLATION DEFECTS: WHEN IMMUNE
EXECUTION FAILS

Translation defects are particularly familiar to aller-
gist-immunologists and account for many classic IEls.
Examples include:

Vol. 4(2), 54-58, 2026

» Severe combined immunodeficiency (SCID): absence
of functional immune cell output.

» X-linked agammaglobulinemia (XLA): failure to pro-
duce functional BTK protein, resulting in absent anti-
body production.

* Chronic granulomatous disease (CGD): nonfunc-
tional NADPH oxidase despite intact transcription.

»  Wiskott-Aldrich syndrome: defective cytoskeletal pro-
tein leading to impaired immune synapse formation.

» DOCKS deficiency: failure to generate effective pro-
tein output from a large, complex gene.

In these disorders, immune intent exists, but execution

fails — representing a loss of immune fluency.

THE THREE T'S AS A DIAGNOSTIC FRAMEWORK

Clinically, the Three-T model serves as a practical diag-
nostic framework rather than a rigid classification sys-
tem. When faced with a patient with recurrent infection,
immune dysregulation or allergy, the clinician may first ask:
» Transduction: are immune signals being received at all?
* Transcription: is immune decision-making biased or
inappropriate?
« Translation: is the immune system capable of exe-
cuting its intended response?
This approach localizes immune failure conceptually
before molecular confirmation, guiding both diagnostic
testing and therapeutic expectations.

THERAPIES MAP TO THE THREE T’S

The Three T’s have relevance not only to diagnosis but
also to therapy. Modern immunologic treatments act
at distinct stages of immune communication, reinforc-
ing the practical value of this framework for treatment
selection (Table 1).

Integrating the framework: classic IEls mapped to
the Three-T hypothesis

Table 2 illustrates how selected classic and contempo-
rary IEls align naturally within the Three-T framework,
providing a unifying visual model for diagnostic reason-
ing and teaching.

WHY TRANSLATION DEFECTS DOMINATE
CLASSIC IEIS

Many of the IEls most familiar to pediatric pulmonary spe-
cialist — SCID, X-linked agammaglobulinemia, chronic
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Table 1. Alignment of major immunologic therapies with the Three-T framework.

Therapeutic Class

Example

Dominant T*

Biologics
Small-molecule inhibitors
Gene therapy

Anti-cytokines, receptor blockade
Tyrosine kinase inhibitors
mRNA, protein replacement

Transduction
Transcription
Translation

*Dominant T” refers to the primary molecular stage of the ‘Three T’s’ targeted by the respective therapeutic class.

Table 2. Classic inborn errors of immunity mapped to the Three-T framework.

IEI Dominant T Core Failure Conceptual Label
IFNAR?2 deficiency Transduction Signal not received Immune deafness
APDS Transcription Constitutive signaling bias Misinterpretation

CVID Transcription
SCID Translation
XLA Translation
CGD Translation
WAS Translation
DOCKS deficiency Translation

Faulty B-cell differentiation
No immune output
Absent BTK protein
Nonfunctional enzyme
Cytoskeletal defect
Protein instability

Miswritten script
Global loss of fluency
Failed antibody translation
Silent execution
Broken grammar
Incomplete sentencing

granulomatous disease, and Wiskott-Aldrich syndrome —
are disorders of translation. In these conditions, immune
intent exists, but protein execution fails. In contrast, newly
recognized IEls increasingly affect immune sensing
and transcriptional logic, reflecting advances in molec-
ular diagnostics and population genetics. The Three-T
framework naturally accommodates both, bridging clas-
sic teaching with contemporary discovery.

CLINICAL IMPLICATIONS FOR THE
PRACTICING PEDIATRIC PULMONARY
SPECIALIST

The Three-T framework offers practical advantages:

» Guides diagnostic thinking before genetic testing.

» Clarifies why targeted therapies succeed or fail.

» Facilitates communication with patients and trainees.

» Bridges classic IEls with modern gene and RNA
therapies.

CONCLUSIONS

Inborn errors of immunity are not random failures of the
immune system; they are failures of communication. By
framing immune dysfunction as breakdowns in trans-
duction, transcription, or translation, clinicians gain a
practical and intuitive tool for diagnosis and education.
As immunology advances, restoring immune meaning

— rather than simply correcting components — may be
the central therapeutic goal.
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ABSTRACT

Over-the-counter cough and cold medications are widely used in children despite
insufficient evidence of efficacy and well-documented safety concerns. This nar-
rative review summarizes current evidence on pharmacological and non-phar-
macological treatments for both acute and chronic cough in pediatric populations.
Most over-the-counter medications, including antitussives, antihistamines, expec-
torants, and mucolytics, have not demonstrated superiority over placebo. In con-
trast, selected non-pharmacological interventions, such as honey and vapor rub,
may provide modest symptomatic relief in specific age groups.

In chronic wet cough, cough suppression may be inappropriate, as it can delay
the diagnosis and treatment of underlying conditions such as protracted bacterial
bronchitis and bronchiectasis. Management should therefore prioritize etiological
evaluation, caregiver education, and evidence-based interventions.

IMPACT STATEMENT

Over-the-counter cough medications in children lack consistent evidence of efficacy,
with most pharmacologic agents performing no better than placebo while expos-
ing children to potentially significant adverse effects. Chronic wet cough should
not be suppressed, as it may represent an important clinical marker of underlying
airway disease. At present, honey remains the only consistently supported symp-
tomatic therapy for acute cough in children older than one year.

INTRODUCTION

Cough remains one of the most common reasons for pediatric consultation and a
central challenge in everyday clinical practice. It accounts for approximately 4.7-
23.3% of all pediatric primary care visits, particularly in younger children, empha-
sizing its substantial healthcare burden. A key distinction in pediatric cough is
between acute and chronic presentations, as management strategies and clin-
ical implications differ substantially. Acute cough is most commonly associated
with upper respiratory tract infections, whereas chronic cough may reflect a broad
spectrum of underlying conditions, including asthma, pertussis, and protracted
bacterial bronchitis (PBB) (1).

The economic impact of over-the-counter (OTC) cough and cold medications is
considerable, with annual revenue in the United States estimated at $10.3 billion
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despite limited supporting evidence (2). This discrepancy
highlights a persistent gap between clinical evidence
and real-world practice. Clinicians are frequently pres-
sured to recommend symptomatic treatments, particu-
larly by caregivers seeking rapid relief. Previous stud-
ies have shown that such expectations, combined with
the lack of effective alternatives, contribute to contin-
ued prescribing practices despite guideline recommen-
dations to the contrary (3).

This narrative review is based on a non-systematic litera-
ture search conducted using PubMed, Cochrane Library,
and guideline databases (e.g., CHEST, GINA). Relevant
studies, systematic reviews, and guidelines published
in English were selected based on clinical relevance to
pediatric cough and over-the-counter treatments. Prior-
ity was given to high-quality evidence sources, including
randomized controlled trials, meta-analyses, and inter-
national guideline recommendations.

ACUTE COUGH IN CHILDREN:
EVIDENCE-PRACTICE GAP AND SAFETY
CONSIDERATIONS

Available evidence consistently demonstrates a substan-
tial discrepancy between the widespread use of OTC
medications and their actual clinical efficacy. Although
recent data suggest a modest reduction in acute cough
frequency with dextromethorphan (4) these findings are
not consistent with earlier pediatric studies. Paul ef al.
demonstrated that neither dextromethorphan nor diphen-
hydramine improved nocturnal cough frequency, severity,
or sleep quality compared with placebo (5). The CHEST
Expert Panel further concluded that no pediatric stud-
ies have demonstrated clinically relevant superiority of
antitussives, antihistamines, decongestants or combi-
nation products over placebo (6).

Evidence supporting opioid antitussives is particularly
limited. A Cochrane review identified no randomized
controlled trials evaluating codeine in children, high-
lighting the absence of high-quality evidence for its
use (7). Overall, systematic reviews consistently show
that codeine, dextromethorphan, and hydrocodone do
not provide clinically meaningful benefit compared with
placebo (6, 8). In line with these findings, the American
College of Emergency Physicians recommends prior-
itizing caregiver education rather than pharmacologic
treatment (2).
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Beyond the lack of efficacy, safety concerns are con-
siderable. Dosing errors are common, particularly when
household spoons are used, as these vary significantly
in volume. The American Academy of Pediatrics reports
increased error rates with such practices, compounded
by caregiver misunderstanding of medication labels (9).
Multi-symptom formulations further increase the risk of
unintentional overdose, while dosing cups have been
associated with higher error rates compared with oral
syringes (9, 10).

Pharmacogenetic variability introduces additional risk,
particularly with codeine. As a prodrug metabolized pre-
dominantly through CYP2D6, ultra-rapid metabolizers
may develop life-threatening respiratory depression. This
has led to strict regulatory restrictions, including con-
traindication in children under 12 years and in adoles-
cents following tonsillectomy or adenoidectomy (11, 12).
Dextromethorphan also carries risk, acting as N-Meth-
yl-D-Aspartate (NMDA) receptor antagonist and poten-
tially causing neuropsychiatric and neurological toxicity
at high doses, including hallucinations, ataxia, and sei-
zures (2, 13). Rare but severe cases of cerebellar tox-
icity (DANCE syndrome) have also been reported (14).
Other OTC categories, including expectorants, mucol-
ytics, and antihistamines, similarly lack convincing evi-
dence of benefit. The CHEST Expert Panel found no
evidence supporting their use in pediatric acute cough
(5). A Cochrane review suggests minimal clinical ben-
efit and potential harm, including paradoxical bronchor-
rhea in infants (15). Antihistamines have consistently
failed to demonstrate superiority over placebo in ran-
domized trials (2, 4, 16).

Given the combination of limited efficacy and poten-
tial harm, regulatory authorities have imposed restric-
tions. The FDA advises against use in children under
2 years, extended to under 4 years by manufacturers,
while Health Ministry of Canada and the Medicines and
Healthcare products Regulatory Agency in United King-
dom recommend avoidance in children under 6 years
(2,9, 17, 18). Professional bodies, including the Amer-
ican Academy of Pediatrics, similarly discourage use in
young children (19).

NON-PHARMACOLOGICAL THERAPIES

In contrast to pharmacologic agents, certain non-pre-
scription interventions appear to provide modest symp-
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tomatic benefit, likely through non-specific soothing
mechanisms. The perceived effectiveness of many syr-
ups may relate to their demulcent properties, as vis-
cous solutions provide a protective coating of the pha-
ryngeal mucosa and reduce cough receptor sensitivity
(20). Sensory modulation also plays a role, with men-
thol activating Transient Receptor Potential Melastatin
8 (TRPMS8) receptors to produce a cooling sensation
that reduces cough perception (21, 22).

Among available options, honey has the most consis-
tent evidence base. It has been shown to reduce cough
frequency and improve sleep quality compared with pla-
cebo or no treatment (23, 24). Multiple subsequent stud-
ies have supported these findings (25, 26). From a prac-
tical perspective, administration of 2.5-5 mL of honey
before bedtime may be beneficial in children older than
one year; however, it is contraindicated in infants due
to the risk of botulism (23).

Vapor rub preparations represent another intervention
with evidence of benefit. In a randomized trial. Paul et
al. demonstrated significant improvements in cough fre-
quency, nasal congestion, and sleep quality compared
with placebo and no treatment (27). However, the evi-
dence is based on a single study with methodological
limitations, including incomplete blinding (6). The pro-
posed mechanism involves sensory counter-irritation,
altering the perception of airflow and cough (2, 28).

CHRONIC WET COUGH

The clinical implications of cough extend beyond symp-
tom control in chronic presentations, particularly in chil-
dren with chronic wet cough. This condition, defined as
a daily productive cough lasting more than 4 weeks,
is a key clinical marker of underlying airway disease
rather than a benign, self-limiting symptom. It is most
commonly associated with protracted bacterial bron-
chitis and bronchiectasis and reflects ongoing lower
airway infection (29). Importantly, wet cough serves
a physiological role in airway clearance. SSuppres-
sion with antitussive agents may therefore be harmful,
leading to retention of infected secretions and perpet-
uation of inflammation (18). CHEST guidelines explic-
itly advise against the use of cough suppressants in
this context (30).

Increasing evidence supports a continuum from PBB
to chronic suppurative lung disease and bronchiectasis
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when appropriate treatment is delayed (32). Prospec-
tive studies show that a proportion of children with PBB
progress to bronchiectasis, particularly in the presence
of recurrent episodes or persistent infection (33). The
duration of wet cough correlates with disease severity,
including radiological and inflammatory markers (31, 33).
A critical but often overlooked concept is the “opportunity
cost” of symptomatic treatment. The use of OTC medi-
cations may create false reassurance, delaying appro-
priate investigation and treatment while the underlying
disease progresses (18). Given that a significant propor-
tion of children with chronic cough have serious under-
lying conditions, such delays may have long-term con-
sequences (34).

Current guidelines emphasize an etiology-based
approach. Initial antibiotic therapy is recommended,
with escalation to further investigation if symptoms
persist (29, 31). This approach is supported by ran-
domized evidence demonstrating significant treatment
benefit (35).

CHRONIC DRY COUGH

Chronic dry cough represents a heterogeneous clinical
entity. Asthma and asthma-like conditions are among
the most common causes (36). The Global Initiative for
Asthma (GINA) 2025 guidelines highlight that cough-vari-
ant asthma may present with isolated cough, often with
normal spirometry (37). However, asthma is also fre-
quently overdiagnosed in this context, particularly in
the absence of typical symptoms (38).

Somatic cough syndrome is another important consid-
eration, characterized by suppressibility and variability.
Management is primarily behavioral, and pharmacologic
therapy is generally ineffective (39). The use of cough
syrups in this setting may reinforce illness behavior and
hinder effective treatment (26, 36).

Across chronic dry cough, OTC medications have con-
sistently failed to demonstrate meaningful benefit (6).
Current guidelines therefore recommend against their
routine use, emphasizing instead a structured, diagnos-
tic approach (29, 30).

CONCLUSIONS

The continued use of OTC cough medications in chil-
dren reflects a persistent disconnect between clini-
cal practice and evidence-based medicine. While cer-
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Table 1. Over-the-Counter cough medications in children: efficacy, risks, and recommendations.
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Risks

Recommendation

Category Examples Efficacy
Antitussives Dextromethorphan, No clinically
Codeine meaningful benefit
compared with
placebo
Antihistamines Diphenhydramine No benefit
compared with
placebo
Mucolytics / Acetylcysteine, Minimal or uncertain
Expectorants Guaifenesin benefit
Combination Multi-symptom cough ~ No proven efficacy

OTC products

Honey

Topical vapor

and cold syrups

Natural product

Menthol, camphor,

Moderate evidence
of symptom relief
(nocturnal cough)

Symptomatic relief

rubs eucalyptus (improved sleep)
Chronic wet - Cough suppression
cough may be detrimental
Chronic dry - OTC medications
cough ineffective

CNS toxicity, respiratory
depression (especially
with codeine)

Sedation, paradoxical
excitation, dosing errors

Worsening airway
secretions in infants

Increased risk
of overdose
(acetaminophen toxicity),
polypharmacy

Risk of botulism in
infants <1 year

Skin irritation, accidental
ingestion toxicity

Risk of disease
progression (e.g. PBB,
bronchiectasis)

May reinforce cough
hypersensitivity

Not recommended

Not recommended

Not recommended

Avoid

Recommended in
children >1 year

May be considered with
caution

Treat underlying cause
(e.g. antibiotics)

Etiology-based
diagnostic and

therapeutic approach

OTC: over the counter; CNS: central nervous system; PBB: protracted bacterial bronchitis.

tain non-pharmacological interventions may provide
modest symptomatic relief, most pharmacologic treat-
ments offer no meaningful benefit and carry potential
risks (Table 1).

More importantly, in chronic cough — particularly wet
cough — symptom suppression may delay diagnosis
and contribute to disease progression. Effective man-
agement requires a shift in focus from symptom control
to identification and treatment of the underlying cause.
Clinicians must balance caregiver expectations with
evidence-based practice, adopting a strategy that vali-
dates concerns while redirecting care toward appropri-
ate evaluation.

Ultimately, pediatric cough should not be viewed as a
symptom to be suppressed, but as a clinical signal to
be interpreted. Aligning clinical practice with this prin-
ciple is essential to prevent avoidable long-term respi-
ratory morbidity.

Future research should focus on age-specific, mech-
anism-based therapies targeting specific cough path-
ways, rather than non-specific symptomatic suppression.
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ABSTRACT

Cough is one of the main causes of seeking medical care worldwide. Cough that
persists for more than a few weeks is very tasking to the patient and family, both
financially and psychosocially. The latter is particularly notable when cough is
chronic (> 8 weeks) and the patient is a child.

Whereas acute cough in children is mostly caused by an infection, chronic cough
can have numerous respiratory tract and extra-respiratory causes and mecha-
nisms. An early recognition of the underlying cause would lead to early and pre-
cise treatment that, in some cases, may require multiple medical consults. Towards
such an objective, this article is designed to provide a practical, easy-to-follow
guideline for evaluating chronic cough in children.

A skillful medical history-taking of the present iliness, past history, family history,
and environmental history, followed with a comprehensive physical examination
can provide very valuable clues for selecting supportive, cost-effective investigative
tests. In addition to the currently available standard evaluation tests, technological
advances are leading to the recent development of practical devices for objective
assessment of cough characteristics which in turn enhance precise evaluation.

IMPACT STATEMENT

This article provides an easy-to-follow practical approach for evaluation of chronic
cough in children. It should facilitate early identification of the underlying cause,
prescribing the appropriate management, and limiting the illness’ negative impact.

INTRODUCTION

Cough is basically an innate reflex that acts as a defense mechanism — primarily
to clear the respiratory tract of excessive mucus or to expel a foreign body. Healthy
children normally cough several times a day with an average of 11 times a day;
more in cold weather than on warm days (1). However, cough can be a symptom
of illness and a potent method of spreading respiratory infections. It is one of the
most common reasons for seeking medical care worldwide and contributes sub-
stantially to the healthcare costs. It accounts for 4.7% to 23.3% of all reasons for
pediatric primary care visits (2). Apart from the financial burden, the psychoso-
cial effects of chronic cough in children, compared to adult patients, impact fam-
ily dynamics and peer relationships differently.
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DEFINITION AND CLASSIFICATION

Cough from acute respiratory infection usually resolves
within a few weeks. Chronic cough in children is gen-
erally defined as a cough persisting for more than 4
weeks (3, 4). According to these guidelines, the pedi-
atric population is generally defined as pre-pubertal
children younger than 14 years. In contrast, the British
Thoracic Society defines chronic cough in children as a
cough lasting for more than 8 weeks (5), which is sim-
ilar to adults, but this cut-off is considered too long in
children (6, 7). The etiologies and clinical characteris-
tics of cough in children differ substantially from those
in adults (4, 8, 9). The differential diagnosis of cough in
young children is distinct from older children and adults.
Cough may be classified in different ways, i.e., accord-
ing to its mechanisms, characteristics, causes, or as
non-specific vs specific. Non-specific cough is typically
dry with a normal chest X-ray (CXR) and spirometry; it
mostly follows a respiratory viral infection and resolves
spontaneously without serious sequelae. Specific cough
may be wet or dry and is associted with abnormal find-
ings by lung auscultation and/or CXR, along with other
symptoms such as dyspnea, hemoptysis, recurrent
pneumonia, swallowing problems, or failure to thrive.

The objective of this review is to provide a practical
approach for evaluating chronic cough in children. Aware-
ness of the various causes is crucial for conducting an
appropriate evaluation, including medical history-tak-
ing, physical examination, and selection of diagnostic
procedures and laboratory tests. To enhance the use-
fulness of this article in clinical practice, more informa-
tion is presented in simplified tables in lieu of long texts.

Table 1. Causes of chronic cough.
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CAUSES OF CHRONIC COUGH

The underlying causes of chronic cough can be simply
divided into respiratory and extra-respiratory (Table 1)
— a broad spectrum reflecting the marked heterogene-
ity of cough phenotypes. Furthermore, cough can be
stimulated or provoked by a large number of mechan-
ical, thermal, chemical, and inflammatory mediators
(Table 2). Such agents act through different complex
pathophysiological mechanisms and pathways (10, 11).
According to a review by Rubin (12), chronic cough in
children is often preceded by viral respiratory infection.
Protracted bacterial bronchitis is one of the most com-
mon causes of persistent wet cough in young children.
Gastroesophageal reflux rarely causes chronic cough
in children. Also, isolated-cough-variant asthma with-
out objective airway findings appears to be rare in chil-
dren. Chronic purulent cough should prompt evaluation
for bronchiectasis, immune deficiency, aspiration, cys-
tic fibrosis, or ciliary dyskinesia. Functional cough dis-
orders include psychogenic cough, habit cough, and
cough associated with secondary gain — which can be
hard to differentiate from each other; psychologic con-
sult would help in diagnosis and management.

EVALUATION OF CHRONIC COUGH IN
CHILDREN

Multiple guidelines and diagnostic algorithms for the
evaluation of chronic cough have been published (1, 3,
9, 13-18). We present a simplified yet comprehensive
guideline that is easy to follow and applicable in clini-
cal practice.

Respiratory tract Extra-respiratory

Upper: disorders of nose, sinuses,
pharynx, larynx, ear canal

Lower: trachea, bronchi, lungs,
pleura

Cardiovascular: heart failure, vascular rings, anomalies of large blood vessels
Neuromuscular: swallowing disorders

Gastroesophageal: gastroesophageal reflux, diaphragmatic hernia
Medications: angiotensin-converting enzyme inhibitors; cytotoxic drugs
Functional: Psychogenic, habitual, secondary gain

Table 2. Cough stimuli.

Mechanical Thermal Chemical Mediators
Mucus Cold air Capsaicin Histamine
Foreign body Hot air Citric acid Bradykinin

Instrumentation
Inflation/deflation

Cold water ingestion

Osmotic agents
Tobacco smoke

Prostglandin-F2a
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Appropriate evaluation starts with a thorough skillful
medical history-taking followed by a comprehensive
physical examination with emphasis on, but not limited
to, the respiratory tract. According to the information
gathered from these two procedures, a differential diag-
nosis that guides the selection of appropriate diagnos-
tic procedures and laboratory tests can be formulated.

MEDICAL HISTORY

It cannot be overemphasized that a skillful history-tak-
ing plays a pivotal role in the assessment of chronic
cough in children (9, 19, 20). Medical history should
include the present iliness history, past history, family
history, and environmental history. Since in most cases
the information is obtained through the parents, a spe-
cial skill is required on the part of the health provider,
parents may not volunteer important information unless
specifically prompted.

Present illness history

Information-gathering should begin with the cough’s
onset and its circumstances. Onset during early infancy
may be related to prematurity, congenital malformations,
neonatal iliness, interventions, conditions predisposing
to aspiration, or chronic pulmonary disease such as
bronchopulmonary dysplasia (BPD) or cystic fibrosis.
A sudden onset of cough while playing with small toys
or eating should raise suspicion of foreign body aspira-
tion or a tracheoesophageal fistula. The cough should
be assessed in terms of its initial characteristics, course
over time, triggers, exacerbating factors, and associ-
ated symptoms such as fever, night sweats, dysphagia,

Table 3. Cough characteristics may point to the underlying cause.
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and weight loss. Hemoptysis may suggest foreign body
aspiration, bronchiectasis, tuberculosis, lung abscess,
hemosiderosis, heart failure, neoplasm, vascular lesions,
endobronchial lesions, and clotting disorders. Obtaining
information on current or past medication can be valu-
able in knowing the response to past therapies or as
potential cause — a dry cough may develop after pro-
longed asymptomatic use of angiotensin-converting
enzyme (ACE) inhibitors. Information on the character-
istics of cough can provide valuable clues to the under-
lying etiology (21) (Table 3).

Past medical history and comorbidities

Past medical history should be evaluated for perinatal
history, including prematurity, neonatal ilinesses, inter-
ventions, and BPD. In addition, a history of severe respi-
ratory infections like pertussis and adenoviral bronchiolitis
should be taken into consideration. A recent case-con-
trol study (22) revealed that children with chronic cough
exhibited higher rates of allergic diseases compared to
controls: allergic rhinitis was present in about 75% vs
24%, food allergy in 60% vs 28%, and eczema in 55%
vs 31%.

Family history

Information should be obtained regarding a family history
of illness, particularly chronic cough and atopy, espe-
cially asthma. A family history of allergy was noted in
72% of children with chronic cough vs 28% in children
without cough (22). Chronic cough in a family member
may lead to the development of habit cough in a child.
Tobacco smoking by household members can be a pri-

Cough Characteristic

Possible Underlying Condition

Honking, not during sleep,
stops upon request

Nocturnal

Post-exercise

Environmental exposure
Associated with stridor
Spasmodic, inspiratory whoop
Staccato

Brassy, barking

Productive, purulent sputum,
worse in morning

Psychogenic, habit, secondary gain

Postnasal drip (Upper airway cough syndrome), asthma, allergens in bed
Asthma, cough-dominant asthma

Respiratory allergy

Laryngeal obstruction, foreign body, pertussis

Pertussis

Chlamydia pneumonia

Croup, laryngitis, tracheitis, tracheomalacia

Immunodeficiency, foreign body, cystic fibrosis, bronchiectasis,
ciliary dyskinesia

Modified from (21).
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mary or a major contributory factor. The family dynam-
ics may not only contribute to exacerbation of the child’s
cough but can also be the cause of psychogenic cough.

Environmental history

Environmental exposures should be explored, including
indoor, outdoor, and geographic factors (23-26). Indoor
exposures include allergens such as pets, mold, and
dust mites, as well as irritants such as tobacco smoke,
wood burning stoves, fumes, and cleaning chemicals.
Outdoor exposures may include pollens, mold, and
nearby industrial pollution. Geographical and endemic
factors should also be considered, particularly expo-
sure to parasitic and fungal infections. Compared with
children without cough, children with chronic cough had
higher exposure to household smoking (55% vs 21%)
and mold (29% vs 7%) (22).

PHYSICAL EXAMINATION

Children with chronic cough should undergo a compre-
hensive physical examination, starting with the general
appearance, vital signs, and main body systems, par-
ticularly the respiratory and the cardiovascular systems

Table 4. Physical examination in chronic cough.
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(Table 4). Physical findings can point to possible under-
lying causes of cough (Table 5). External ear examina-
tion may reveal a foreign body which may be as small

as a tiny piece of paper or a hair lodged against the tym-
panic membrane, inducing reflex cough through stimula-
tion of the auricular branch of the vagus nerve (27). Fail-
ure to thrive may point to cystic fibrosis or other chronic

pulmonary diseases. Dyspnea, tachypnea, cyanosis, or
finger clubbing typically indicate chronic airway obstruc-
tion, substantial pulmonary parenchymal disease, or car-
diac disease. On lung auscultation, crepitations suggest

alveolar secretion whereas localized decreased breath

sounds indicate consolidation or atelectasis. Skillful

chest percussion may reveal areas of lung consolida-
tion, cavitation, or pleural effusion.

LABORATORY INVESTIGATIONS

A vast array of laboratory tests is available for a com-
prehensive evaluation of chronic cough. Multiple factors
should be taken into consideration including availabil-
ity, the child’s age, and cost. They can be broadly clas-
sified into two main groups: initial basic tests and addi-
tional selected tests (Table 6).

Vital signs: temp, respiratory rate, heart rate, blood pressure, weight, height.
General: halitosis, obesity, cyanosis, digital clubbing, lymphadenopathy.

Cough: characteristics (Table 3).

ENT: deformities, nasal obstruction, rhinorrhea, tonsillar/adenoid hypertrophy, postnasal drip, foreign body in ear canal.
Chest: deformity, tachypnea, retractions, accessory muscle use, hyperinflation, lung auscultation, chest percussion.
Heart: murmurs, cardiomegaly, situs inversus.

Neuromuscular: swallowing disorders.

Table 5. Significance of physical findings in subjects with chronic cough.

Physical finding

Possible underlying condition

Failure to thrive
Tachypnea or dyspnea
Cyanosis

Digital clubbing
Lymphadenopathy
Chest wall deformity
Lung auscultation
Chest percussion
Cardiac abnormalities
Neuromuscular disease

Cystic fibrosis, other chronic pulmonary disease
Substantial airway or pulmonary parenchymal disease
Chronic airway or parenchyma disease, cardiac disease
Suppurative lung disease, cyanotic heart disease
Neoplastic disease, tuberculosis

Any chronic airway or parenchymal disease

Wheeze, rhonchi, crepitations, decreased breath sounds
Consolidation, cavitation, pleural effusion

Associated airway abnormalities, cardiac failure
Aspiration lung disease

Adapted from (1); (9); (13); (21).
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Table 6. Tests for evaluation of chronic cough.
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Initial basic tests

Additional selected tests

Complete blood count with differential
Chest radiograph (CXR)
Sinus X-ray or computed tomography (CT)
Spirometry:

Flow-volume loop

Pre- / post-bronchodilator

Pre- / post-exercise

Chest radiograph (CXR) specific views
Chest high resolution computed
tomography (HRCT)

PPD or QuantiFERON

Cystic fibrosis (sweat/genetic)

Allergy evaluation

Immunodeficiency evaluation

Nasal brush biopsy
Bronchial challenge
Rhinolaryngoscopy
Bronchoscopy

Bronchial or lung biopsy
Esophageal pH monitoring

Initial basic tests

A routine complete blood count (CBC) may suggest
infection or reveal anemia, eosinophilia or cytopenia
that warrant further investigation. Radiologic imaging
of lungs and paranasal sinuses can reveal important
findings. Common chest radiograph (CXR) abnormal
findings and their potential clinical significance are pre-
sented in Table 7.

Spirometry (with flow-volume loop), including pre- and
post-bronchodilator or exercise testing can help assess
airway obstruction and reversibility. A concave expiratory
flow-volume curve is suggestive of asthma, whereas a
flat inspiratory loop would indicate an extra-thoracic air-
way obstruction such as inducible laryngeal obstruction
(vocal cord dysfunction). It is important to note that nor-
mal CXR and/or spirometry findings do not exclude the
need for further pulmonary investigation. A study showed
that the use of CXR and spirometry in initial evaluation
of children with chronic cough showed specificities of
93% and 94% respectively, but their sensitivities were
only 19% and 17% (28).

Table 7. Clinical significance of chest X-ray abnormal findings.

Radiologic imaging of the paranasal sinuses may include
a Waters’ view X-ray, but CT scan, if feasible, has bet-
ter sensitivity and specificity for revealing abnormali-
ties. Expertise is needed in interpreting sinus imaging
because some findings may be transient or not clini-
cally relevant (3). Initial signs of sinus pneumatization
are noted at birth for the maxillary and ethmoid, at 9
months for the sphenoid, and after the age of 5 years
for the frontal (29). For practical purposes, the maxillary
and ethmoid sinuses can be radiologically visualized in
young infants, the sphenoids become apparent at 3-5
years, and the frontals at 7-12 years (30-32).

Additional selected tests

Additional diagnostic tests should be individualized and
judiciously selected (Table 6). In some cases, certain
CXR views may be needed such as decubitus for pleu-
ral effusion or films during inspiration versus expiration
for localized airway obstruction. In screening for tuber-
culosis, to differentiate between infection and immunity,
interferon-gamma release assays, such as QuantiFER-

Abnormal finding

Possible clinical significance

Peribronchial accentuation

Peribronchial accentuation with macro-nodularity or railroad

sign

Asymmetry in aeration or vascular markings
Right middle lobe infiltrate

Pleural effusion or pneumothorax

Hilar lymphadenopathy

Large heart or pulmonary artery

Shifted cardiac shadow

Right-sided heart

Multiple lung infiltrates

Chronic asthma, cystic fibrosis, chronic bronchitis
Bronchiectasis

Partial airway obstruction

Atelectasis from mucus plugging or foreign body
Parenchymal lung disease

Tuberculosis, fungal infection, sarcoidosis, neoplasm
Heart failure, pulmonary hypertension

Substantial atelectasis

Situs inversus, ciliary dyskinesia

Milk-induced pulmonary disease (Heiner syndrome)
(Table 8)

Modified from (21).
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Table 8. Milk-induced chronic pulmonary disease (Heiner syndrome).

Chronic or recurrent lower respiratory symptoms, often associated with upper respiratory and Gl symptoms and failure
to thrive. Cow’s milk is the most common, but not the only, causative food.

CXR may show patchy infiltrates, localized atelectasis, consolidation, peribronchial infiltrate, hilar ymphadenopathy,

pleural thickening, or reticular density.

CBC may show eosinophilia and/or iron deficiency anemia.

High titers of serum IgG antibodies (precipitins) to multiple cow’s milk protein fractions.

Pulmonary hemosiderosis in severe cases.

Symptoms begin to improve within several days after dietary elimination, but radiologic improvement may take several weeks.

Figure 1. Iron-laden macrophages (Prussian blue stain) in bronchoalveolar lavage (A) and in lung biopsy (B) from 2 children with Heiner syndrome

with pulmonary hemosiderosis.

ON-TB or T-SPOT.TB, are preferred over the tubercu-
lin Mantoux skin test (33).

Suspicion of pertussis requires confirmation with PCR
testing. In screening for cystic fibrosis, genetic testing
for CFTR gene mutations is superior to sweat chloride
testing (34). Screening for primary ciliary dyskinesia can
be by electron microscopy examination of respiratory
tract brush biopsy or by genotyping for mutations in the
PCD gene, but normal finding does not exclude the dis-
ease (35). For bronchial hyperresponsiveness, mannitol
challenge is preferred over methacholine (36). A suspi-
cion of Heiner syndrome (Table 8) would be supported
by a high serum titer of IgG antibodies to cow milk pro-
teins (37, 38); the presence of iron-laden macrophages
in bronchoalveolar lavage or lung biopsy would indicate
pulmonary hemosiderosis (Figure 1).

ADVANCED TOOLS FOR ASSESSING COUGH
CHARACTERISTICS

Recent years have witnessed the development of many
new methods and devices for objective assessment of

cough frequency, intensity, and reflex sensitivity (Table
9). They were initially developed primarily for research
studies. Most of these tools are expensive and require
specific expertise for administration and interpretation,
and so far, have shown varying degrees of correlation
with subjective assessment. Several devices have been
adapted for easy clinical use. Selected devices will be
briefly mentioned here; details are available in other
publications (39-43).

Several ambulatory cough frequency monitors are avail-
able; the most commonly used are VitaloJAK and Leices-
ter Cough Monitor. Others are Hull Automatic Cough
Counter, LifeShirt, Cayetano Cough Monitor, LR102,
and PulmoTrack-CC. Cough intensity can be assessed
with measuring the expiratory flow rate, electromyo-
gram activity of respiratory muscles, and cough sound
amplitudes. For assessing the cough reflex sensitiv-
ity, capsaicin and citric acid have been used for con-
trolled inhalation challenge tests. More recently, there
has been an increased focus on advanced technology
to develop wearable, low-cost, real-time, and patient-
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Table 9. Advanced tools for assessing cough characteristics (40-48).
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Device

Use

VitaloJAK and Leicester Cough Monitor; Hull Automatic Cough
Counter; LifeShirt; Caytano Cough Monitor; Pulmo Track-CC

Expiratory flow rate, electromyogram activity of respiratory
muscles, and cough sound amplitude

Capsaicin and citric acid inhalation challenge

Hyfe Cough Monitor

Smartphone-based cough detection systems

LEOSound system

Wearable collar cough counter

Ambulatory monitors for objective cough frequency
assessment

Objective assessment of cough intensity

Controlled inhalation challenge tests for assessing cough
reflex sensitivity

Al-powered smartwatch device for passive, continuous,
real-world cough monitoring

Smartphone sound recording, detect and classify cough in
noisy environments, can distinguish dry from wet cough

Automated lung sound monitor using ambient microphone
and bio-acoustic sensors attached to the trachea and back

Compact wearable microphone paired with a Bluetooth-
enabled tablet app for real-time, long-term cough counting

friendly devices for the acquisition and automatic assess-
ment of cough sounds.

The Hyfe Cough Monitor is a smartwatch-based system,
which is connected to its software application. It is an
artificial intelligence-powered cough detection system
designed to passively and continuously monitor cough
in real-world conditions. In a multicenter observational
study, the results of the Hyfe Cough Monitor wrist-worn
device were compared with manually counted coughs;
it demonstrated high sensitivity (90.4%), a low false
positive rate (~1.03/hour), and a very strong correla-
tion (r = 0.99) between its automated counts and man-
ual count (44).

Hoyos-Barcelo et al. (45) proposed a smartphone-based
cough detection system which can classify cough in a
noisy environment with 88.94% sensitivity and 98.64%
specificity. Similarly, Kvapilova et al. (46) used continuous
smartphone sound recordings combined with machine
learning algorithms to measure cough frequency and
distinguish between dry and wet cough, with reported
sensitivity and specificity of 88% and 86% respectively.
The LEOSound-system is an automated lung sound
monitor, functioning as a “long-term stethoscope”. It
can continuously record lung sounds using an ambi-
ent microphone and three small bio-acoustical sensors.
One of the sensors is attached to the patient’s trachea
and the other two to the back (47). In children, the sen-
sitivity of cough detection was 89% and its specificity

was 99%, with a strong correlation (r = 0.85) with sub-
jective measures (48).

Another wearable portable automatic cough counting
device containing acquisition and reception software
has been recently developed (43). It includes a small
microphone connected to a controller, Bluetooth mod-
ule, and software that enables real-time cough count-
ing. The cough sensor is designed to be worn on the
body (e.g. on the collar near the mouth) and paired with
a host tablet app for long-term monitoring. It has the
advantages of denoising and high degrees of accuracy,
sensitivity, and specificity at 93.24%, 97.58%, 86.97%,
respectively. In comparison to other devices which are
often larger, stationary and require offline processing,
this system is compact, wearable, and suitable for daily
long-term use. With the continued advances in technol-
ogy, more advanced devices for objective cough mon-
itoring are expected in the coming years.
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ABSTRACT

E-cigarette use among adolescents is rising rapidly, yet heterogeneity in pediatri-
cians’ knowledge, risk perception, and counselling practices remains poorly charac-
terized. This study aimed to identify distinct attitudinal profiles among Italian pedi-
atricians and to determine the variables that most strongly discriminate between

them. A cross-sectional anonymous online survey was distributed between April and

October 2025 via the Italian Pediatric Respiratory Society (IPRS/SIMRI) national

newsletter. The questionnaire covered demographic characteristics, smoking hab-
its, knowledge of e-cigarettes, risk perception, clinical practices, and counselling

behaviors. Latent class analysis (LCA) with an expectation-maximization algo-
rithm was applied to 250 completed responses. Models with two to six classes

were compared using AIC, BIC, entropy, and the Lo-Mendell-Rubin likelihood ratio

test. The three-class solution provided the best balance between fit and parsimony

(lowest BIC); however, entropy values were uniformly low (<0.05), indicating lim-
ited separation between classes, so the resulting profiles should be interpreted as

broad, partially overlapping tendencies rather than sharply distinct groups. Class

1 (=25%) tended to include senior pediatricians (mean age >60 years), with a pat-
tern of more conservative attitudes and lower engagement in e-cigarette counsel-
ling. Class 2 (*39%) showed tendencies toward mid-career practitioners reporting

greater confidence and openness in discussing e-cigarettes with patients. Class 3

(=36%) was more frequently composed of early-career pediatricians who tended

to underestimate e-cigarette risks and reported lower counselling self-efficacy.
Years of practice (importance = 1.00) and age (0.86) were the strongest class dis-
criminators, followed by communication behaviors and risk perception variables.
Italian pediatricians appear to cluster along three career-stage-related attitudinal

tendencies regarding e-cigarettes, though the low entropy indicates these group-
ings are partially overlapping rather than rigid categories. These findings support
the development of differentiated, career-stage-tailored educational interventions

to strengthen counselling capacity across the pediatric workforce.
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What is already known about this topic? E-cigarette use among adolescents is

rising rapidly; pediatricians are expected to counsel on this issue, but their knowl-
edge and attitudes vary substantially by professional setting and career stage.
What does this article add to our knowledge? Applying latent class analysis

to a national survey of 250 Italian pediatricians, this study identifies three career-

stage-defined attitudinal profiles; professional experience and age are the stron-

gest discriminators of e-cigarette knowledge and counselling behavior. How does

this study impact current management guidelines? The three-class structure

suggests a single educational intervention is insufficient; differentiated, career-

stage-tailored training is needed to align all pediatricians with AAP, EAP, and SIMRI

counselling recommendations on e-cigarettes.

INTRODUCTION

The use of electronic cigarettes (e-cigarettes) among
adolescents has grown sharply over the past decade,
raising serious concerns for public health. Global esti-
mates counted approximately 68 million e-cigarette users
in 2020 and around 80 million by 2023, with higher prev-
alence in high-income countries (1). In ltaly, the propor-
tion of adolescents aged 11-17 who reported e-cigarette
use more than doubled between 2014 and 2018, rising
from 9.1% to 18.3% (2, 3). E-cigarettes are increasingly
used alongside conventional cigarettes (CC) and heated
tobacco products (HTP), with many adolescent users
reporting concurrent use of two or more products (2).
Risk perception is a key driver of this trend. Studies
conducted in Europe, North America, and India consis-
tently show that a substantial proportion of adolescents
consider e-cigarettes safer than CC, perceive the aero-
sol as harmless water vapor, and underestimate the
addictive potential of nicotine (4-6). This distorted risk
perception is reinforced by targeted marketing, social
media exposure, and the wide availability of flavored
products designed to appeal to young users (7). Avail-
able evidence documents associations between e-cig-
arette use and respiratory symptoms, airway inflamma-
tion, nicotine dependence, and, via the gateway effect,
subsequent initiation of conventional smoking (4, 8-15).
In 2018, the Forum of International Respiratory Societ-
ies issued a position statement specifically addressing
electronic cigarette use in youths, recommending that
these products be regulated as tobacco products and
their sale barred to minors worldwide (16).

Pediatricians are well positioned to address this issue.
They maintain regular contact with children, adolescents,
and their families, and are expected to screen for tobacco
and nicotine use, provide counselling, and promote risk
awareness (17-19). The American Academy of Pediatrics
recommends universal screening and preventive coun-
selling on e-cigarette use for both patients and parents
(17); the European Academy of Pediatrics has similarly
issued specific guidance for clinical practice (18). More
recently, the Italian Pediatric Respiratory Society (SIMRI)
published a comprehensive position statement outlin-
ing ten recommendations to protect children from vap-
ing exposure (19), whose relevance for clinical practice
has been underlined in an accompanying editorial (20).
Yet the international literature documents considerable
heterogeneity in pediatricians’ knowledge and attitudes
towards e-cigarettes. Surveys conducted in Jordan,
Poland, Turkey, and the United States report that many
physicians lack adequate training on e-cigarettes during
their undergraduate education, source information pri-
marily from non-scientific channels, and show ambiv-
alence about whether to recommend e-cigarettes as a
harm-reduction strategy (21-23). These knowledge gaps
may limit the quality of counselling provided and reduce
practitioners’ confidence in discussing e-cigarettes with
patients (21-23). E-cigarettes are not currently recog-
nized by the FDA or WHO as smoking cessation tools,
given insufficient evidence (24-26), and this ambiguity
appears to compound clinical uncertainty.

Against this background, characterizing the heteroge-
neity within the Italian pediatrician workforce is a nec-
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essary step towards designing targeted educational
interventions. A previous Italian study by Cilluffo et al.
applied latent class analysis to a nationally distributed
survey of pediatricians within the GARD-Italy Demonstra-
tion Project, identifying three distinct profiles of barriers
and incentives for smoking cessation counselling (27).
Building on this methodological approach, the present
study used latent class analysis (LCA) to identify dis-
tinct knowledge and attitudinal profiles among lItalian
pediatricians, and to determine which variables most
strongly discriminate between groups.

MATERIALS AND METHODS

Study design and objectives

This cross-sectional observational study was conducted

via an anonymous online survey to investigate the aware-
ness among ltalian pediatricians of the respiratory health

risks associated with electronic cigarettes. The primary

objective was to identify distinct profiles based on knowl-
edge of e-cigarettes. The secondary objective was to

identify the variables that best discriminate between

the identified groups.

Survey development and distribution

A 27-item questionnaire was designed and distributed
via the SIMRI national newsletter. The questionnaire
was organized into three sections. The first collected the
pediatrician’s professional profile. The second addressed
personal smoking habits. The third investigated knowl-
edge, risk perception, awareness of key concepts (e.g.,
the “gateway” effect), opinions on regulatory policies,
perceived training, and how pediatricians discuss e-cig-
arettes with children, adolescents, and families. The
survey was administered on Google Forms from April
to October 2025. Participation was voluntary and took
about 5 minutes. All responses were collected anony-
mously and stored securely for analysis.

Data analysis and statistical methods

We used descriptive statistics to summarize the par-
ticipants’ demographic and clinical characteristics. We
reported the frequencies and percentages for cate-
gorical variables and mean + standard deviation (SD)
for continuous variables. Before the latent class anal-
ysis, respondents with more than 30% missing values
across the indicator set were excluded from the mod-
elling sample; for the remaining respondents, resid-
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ual missing values were imputed using the median for
ordinal and continuous variables and the mode for cat-
egorical variables.

Overview of latent class analysis

Latent class analysis is a form of finite mixture model-
ling that identifies unobserved subgroups within a pop-
ulation based on patterns of responses to categorical
indicators (4). The underlying assumption is that the
observed distribution of responses arises from a mix-
ture of a finite number of latent classes, each charac-
terized by distinct conditional response probabilities (4).
Unlike traditional cluster analysis, which relies on dis-
tance metrics, LCA is model-based and provides sta-
tistical fit indices for determining the optimal number of
classes (4). Once the model is fitted, posterior proba-
bilities quantify each respondent’s likelihood of belong-
ing to each class. Individuals are usually assigned to
the class with the highest posterior probability, although
membership remains probabilistic (4).

Estimation via the expectation-maximization
algorithm
Parameter estimation in LCA was conducted using the
Expectation-Maximization (EM) algorithm. The EM algo-
rithm is an iterative procedure designed to find maxi-
mum likelihood estimates in models with unobserved
variables (5). Starting from random initial values for the
class proportions and item-response probabilities, the
algorithm alternates between two steps:

1) E-step: Given current parameter estimates, the pos-
terior probability that each respondent belongs to
each latent class is computed.

2) M-step: Parameters are updated by maximizing the
expected complete-data log-likelihood with respect
to the class membership probabilities computed in
the E-step (5).

Each iteration increases the likelihood, guaranteeing

convergence to a local maximum (5). In this study, the

EM algorithm was implemented in Python 3.11 using

the numpy and scipy.stats libraries (custom code, avail-

able from the corresponding author upon reasonable
request). For each candidate model, initial class pro-
portions and class-specific item-response probabili-
ties were drawn at random from a Dirichlet distribution
with uniform concentration parameters (a = 1). The
EM updates continued until the absolute change in the
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log-likelihood between successive iterations fell below
a tolerance of 1 x 10 or a maximum of 200 iterations
was reached, whichever occurred first. Each candidate
K-class model (K = 2-6) was fitted with a single Dir-
ichlet-based random initialization and its log-likelihood,
AIC, BIC, entropy and LMR-LRT p-value were stored
for subsequent model comparison.

Model specification

Let J be the number of indicators and K the number of
latent classes. For individual /, the joint probability of
responses x; and class membership ¢; is

P(Xit,- s Xi € = K) = T, |_|,,-,1pjk(xly)

where m, is the prior probability of belonging to class k
(with ka m, = 1) and pu(-) is the class-specific proba-
bility distribution for indicator J. During the E-step, the
posterior membership probability for class k is computed
via Bayes' rule using current parameters. In the M-step,
updated 1, values are obtained by averaging the pos-
terior membership probabilities across individuals, and
pi(x) are updated by the expected relative frequencies
of response categories within each class.

Determining the number of latent classes

Models with two to six latent classes were fitted. Model

fit and parsimony were compared using several criteria:

1) Bayesian Information Criterion (BIC): as outlined by
Nylund-Gibson et al., the BIC is one of several infor-
mation criteria used to evaluate LCA models; it penal-
izes model complexity and recommends selecting the
model with the lowest BIC (28). In practice, research-
ers may plot BIC values across different class solu-
tions and look for an “elbow” where adding further
classes yields diminishing reductions in BIC (28).

2) Entropy: it measures the certainty of classification;
values near zero indicate that individuals have sim-
ilar posterior probabilities across classes, whereas
values approaching one denote clear separation.
Low entropy across all models suggests overlap-
ping response patterns.

3) Lo-Mendell-Rubin adjusted likelihood-ratio test
(LMR-LRT): this test compares a model with K classes
to a model with K-1 classes; a significant P-value
suggests that the K-class model provides a signifi-
cantly better fit. Nylund-Gibson et al. noted that if
the P-value is non-significant, the simpler model is
preferred (28).

PEDIATR RESPIR J

4) Akaike Information Criterion (AIC): although not explic-
itly discussed in the document, AIC is another infor-
mation criterion computed as -2x/og likelihood+ x d,
where d is the number of estimated parameters.
Lower AIC values indicate better trade-off between
fit and complexity. Both AIC and BIC were used to
rank models.

The BIC indicated that the three-class solution achieved
the best balance between fit and parsimony, despite the
five-class model having a slightly lower AIC. Entropy
values were uniformly low (<0.05), indicating that the
classes are not sharply distinct; however, the three-class
model still offered interpretable groupings.

Variable importance

To assess the discriminative power of each indicator, a
variable importance metric was computed. For each vari-
able j, the analysis calculated the maximum difference
between the highest and lowest conditional response
probabilities across classes. Formally,

Importance(j) = max, (max,p;(x) — min,p,(x))
where p,(x) denotes the probability of responding x to
indicator j given class k. Variables with larger importance
values exhibit greater variability in response probabili-
ties across classes and thus better discriminate between
latent groups. For example, the discretized years of prac-
tice variable showed the highest importance (1.00), while
age and several items related to discussing electronic
cigarette use with patients also ranked highly.

RESULTS

Study population

The survey was completed by 250 Italian pediatricians.
The majority of respondents were over 40 years of age
(55.2%) and female (80.4%). Most of the sample had
been practicing for over 10 years (57.2%), 20.0% had
been practicing for 5-10 years, 18.8% had been practic-
ing for less than 5 years, and 4.0% prefer not to answer.
Participants were geographically located throughout
Italy, with 67.2% working in the North, 19.6% in the
South, and 13.2% in Central Italy. Work contexts ranged
widely: most of the sample worked as Primary Care
Pediatricians (42.0%) or in Pediatric Specialty Hospi-
tals (42.0%), while the remainder worked as Local Pedi-
atricians (2.8%) or in General Hospitals (13.2%), con-
sistent with Table 1. In the Italian National Health Ser-
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Table 1. Demographic characteristics and lifestyle of the pediatricians.

Total (n = 250)

Age, mean (+ SD)
Gender
Female, n (%)
Male, n (%)
Years of professional experience
<5 years, n (%)
5-10 years, n (%)
10 - 15 years, n (%)
15 - 20 years, n (%)
> 20 years, n (%)
Prefer not to answer, n (%)
Region of work
North of Italy, n (%)
Center of Italy, n (%)
South of Italy, n (%)
Work setting
Primary care pediatricians, n (%)
Local pediatricians, n (%)
General hospital, n (%)
Pediatric specialty hospital, n (%)
Conventional cigarette smoker
Yes, n (%)
No, n (%)
Ex-smoker, n (%)
E-cigarette smoker
Yes, n (%)
No, n (%)
Ex-smoker, n (%)
Both smoker
Yes, n (%)
No, n (%)
Ex-smoker, n (%)

45.42 (+ 12.32)

201 (80.4%)
49 (19.6%)

47 (18.8%)
50 (20.0%)
27 (10.8%)
22 (8.8%)
94 (37.6%)
10 (4.0%)

168 (67.2%)
33 (13.2%)
49 (19.6%)

105 (42.0%)
7 (2.8%)
33 (13.2%)
105 (42.0%)

6 (2.4%)
217 (86.8%)
27 (10.8%)

9 (3.6%)
239 (95.6%)
2 (0.8%)

0 (0.0%)
247 (98.8%)
3 (1.2%)

vice, Primary Care Pediatricians (Pediatri di Famiglia)
are individually assigned to children aged 0-14 years
and serve as their principal healthcare provider, deliv-
ering routine care, preventive visits, and first-line man-
agement of acute and chronic conditions. Local Pedia-
tricians (Pediatri Territoriali), by contrast, are employed
by the Local Health Authority (ASL) and operate within
community health services, where they focus on devel-
opmental screening, vaccination programmes, school
health activities, and public health interventions rather
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than individual patient follow-up. The demographic char-
acteristics and smoking lifestyle of the pediatricians are
shown in Table 1 and Table 2.

Model selection and fit criteria

The latent class analysis was executed using an expecta-
tion-maximization (EM) algorithm that alternated between
estimating posterior class membership probabilities for
each individual and updating the class-specific item-re-
sponse probabilities until convergence. Models with two
to six latent classes were fitted, and their relative ade-
quacy was assessed using Akaike’s Information Criterion
(AIC), Bayesian Information Criterion (BIC), entropy, and
the Lo-Mendell-Rubin likelihood ratio test (LMR-LRT).
These fit statistics balance model complexity against
goodness of fit and can suggest the most plausible num-
ber of classes when interpreted jointly.

Table 3 summarizes the model fit indices reported
in the document. The BIC reached its minimum with
the three-class model, whereas the AIC continued to
decrease slightly until the five-class solution. Entropy
values were uniformly low (<0.05), signaling that the
separation between latent classes was modest. The
LMR-LRT P-values were significant for transitions from
two to three classes and from four to five classes but
not for the other comparisons. Taken together, these cri-
teria led the authors to select the three-class solution,
prioritizing parsimony and interpretability over marginal
improvements in AIC.

Figure 1 visualizes the AIC and BIC trajectories across
the models. The plot shows a pronounced decrease in
AIC up to five classes but a sharp inflection in BIC at three
classes. The low entropies across all solutions caution
that even the selected model likely features overlapping
response patterns, and class assignments should be
interpreted probabilistically rather than deterministically.

Class proportions and profiles

The chosen three-class model yielded the following
class membership proportions: Class 1 — 63 respon-
dents (=25%), Class 2 — 97 respondents (=39%) and
Class 3 — 90 respondents (=36 %). These proportions
indicate that no single latent class dominates the sam-
ple; instead, the distribution is relatively balanced, allow-
ing meaningful comparison across groups. Posterior
probabilities of class membership were used to assign
individuals to classes for descriptive purposes, though
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Table 2. Demographic characteristics by smoke habits [n (%)].

Conventional cigarette smoker E-cigarette smoker Both smoker
Years of professional experience
<5 years 1(16.7%) 1(11.1%) 0 (0%)
5-10 years 1(16.7%) 2 (22.2%) 0 (0%)
10 - 15 years 0 (0%) 3 (33.3%) 0 (0%)
15 - 20 years 0 (0%) 0 (0%) 0 (0%)
> 20 years 4 (66.7%) 2 (22.2%) 0 (0%)
Prefer not to answer 0 (0%) 1(11.11%) 0 (0%)
Work Setting
Primary care pediatricians 1(16.7%) 0 (0%) 0 (0%)
Local pediatricians 0 (0%) 0 (0%) 0 (0%)
General hospital 2 (33.3%) 3(33.3%) 0 (0%)
Pediatric specialty hospital 3 (50%) 6 (66.7%) 0 (0%)
Region of Work
North of Italy 4 (66.7%) 4 (44.4%) 0 (0%)
Center of Italy 0 (0%) 0 (0%) 0 (0%)
South of Italy 2 (33.3%) 5 (55.6%) 0 (0%)
Gender
Female 4 (66.7%) 5 (55.6%) 0 (0%)
Male 2 (33.3%) 4 (44.4%) 0 (0%)
Table 3. Model fit statistics for latent class solutions.
Numbers of classes AIC BIC Entropy P-value LMR-LRT
2 9,968.31 10,556.39 0.0360 -

3 9,613.39 10,497.28 0.0373 0.0000

4 10,010.63 11,190.32 0.0021 1.0000

5 9,466.36 10,941.85 0.0356 0.0000

6 9,580.17 11,351.47 0.0436 0.9953

The numbers in bold represent the AIC, BIC, and entropy values used to determine the correct number of classes identified by the model. For AIC

and BIC, the lowest value returned by the model should be used; for entropy, the highest value should be used.

AIC and BIC for classes' number

—e— AIC
11250 1 —m— BIC

11000 A

10750 A

10500 +

Value

10250 A

10000 +

9750 A

9500 A

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Number of classes

Figure 1. AIC and BIC values plotted against the number of latent classes.

While AIC suggests improved fit up to five classes, BIC reaches its minimum at three classes, favoring parsimony.
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the low entropy implies that some individuals had sim-
ilar probabilities across multiple classes.

Class 1 tended to include the most senior and experi-
enced pediatricians, with class-conditional probabilities
that most strongly distinguished this group from the oth-
ers on seniority-related indicators. On average, respon-
dents assigned to this class had a mean age exceed-
ing 60 years and had worked in the profession for over
three decades. On indicators related to cigarette smok-
ing, the class-conditional probabilities showed a rela-
tive concentration of the few respondents who smoked
traditional cigarettes. Respondents in this class had a
lower probability of reporting exposure to educational
material on electronic cigarettes and showed a higher
class-conditional probability of being less inclined to
initiate discussions about e-cigarette use with adoles-
cent patients. Taken together, the response pattern of
this class is consistent with a generally more conser-
vative stance towards reduced-risk nicotine products
and potentially more limited exposure to contemporary
cessation strategies, though individual members may
depart from this overall pattern.

Class 2 was more frequently composed of mid-career
pediatricians around their early forties, with approximately
13.5 years of professional experience. On the counsel-
ling-related indicators, their class-conditional response
probabilities were consistent with greater confidence
in discussing electronic cigarettes with patients and
reported more frequent engagement in conversations
about e-cigarette use during adolescent consultations.
On risk-perception items, class-conditional probabilities
showed a relatively higher likelihood of viewing elec-
tronic cigarettes as potentially useful for smoking cessa-
tion, while still acknowledging their risks. This mixed pat-
tern of openness and caution is suggestive, rather than
definitive, of more nuanced attitudes within this group
and should be read in light of the overall low entropy.
Class 3, the youngest group, showed a relative con-
centration of early-career pediatricians with a mean
age under 40 years and less than a decade of practice.
Although they were closer in age to many adolescent
patients, they reported lower confidence in discussing
electronic cigarette issues and tended to perceive these
devices as less harmful than traditional cigarettes. Over-
all, the response pattern in this class is consistent with
a combination of youth, limited experience and lower
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perceived risk, and points to a possible gap in training
rather than to a sharply bounded subgroup; it neverthe-
less supports the potential value of targeted educational
interventions for early-career pediatricians.

The narrative profiles above provide qualitative interpre-
tation of the quantitative findings. They should, however,
be viewed in light of the overall low entropy, which sig-
nifies that class differences are subtle rather than stark.
Individual pediatricians may share characteristics of
more than one class, and the classes should be consid-
ered as conceptual guides rather than rigid categories.

Model fit indices

Beyond the AIC and BIC, we obtained entropy and
LMR-LRT P-values for each model. Entropy measures
the certainty with which individuals can be assigned to
latent classes, with values close to one indicating clear
separation. In this analysis, entropy ranged between
0.0021 and 0.0436 across models with two to six classes
(Table 2). Such low values suggest that the posterior
membership probabilities were diffuse: respondents often
had comparable probabilities of belonging to multiple
classes. This result emphasizes that the latent structure
explains only a small portion of the variability in response
patterns and underscores the importance of reporting
uncertainty when classifying individuals.

The Lo-Mendell-Rubin (LMR) likelihood ratio test com-
pares models with k and k - 1 classes to determine
whether adding another class significantly improves fit.
According to Table 3, the P-value for the transition from
two to three classes was 0.0000, indicating a significant
improvement in fit. Conversely, the P-value for the tran-
sition from three to four classes was 1.0000, suggesting
no meaningful improvement; for the transition from four
to five classes the P-value was 0.0000, but the subse-
quent comparison to six classes yielded 0.9953, indicat-
ing again no significant improvement. These alternating
results align with the contradictory signals from AIC and
BIC, highlighting how the choice of model requires bal-
ancing statistical criteria with interpretability. Ultimately,
the three-class solution provided a parsimonious rep-
resentation that captured the major differences in the
sample without overfitting.

Variable importance and discriminative power
To identify which variables most strongly differentiated
between latent classes, the authors calculated, for the
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selected three-class model, the maximum difference
in conditional response probabilities across classes
for each variable. This statistic indicates how much
the probability of a given response differs between
the class with the highest probability and the class
with the lowest probability for that response. Vari-
ables with larger differences possess greater discrim-

Table 4. Top nine discriminative variables in the three-class model.
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inative power and thus contribute more to defining the
latent structure.

Table 4 lists the nine variables with the highest discrim-
inative importance. The duration of professional prac-
tice variable (“How long have you been doing your pro-
fession?”) achieved the maximum possible importance
value (1.00), confirming that seniority is the principal

Variable

Importance

How long have you been doing your profession?
Age

During conversations with patients, discuss the topic of e-cigarette smoking?
As a healthcare professional, do you feel confident discussing issues related to e-cigarettes with patients?

E-cigarettes are less dangerous than traditional cigarettes?

In your clinical practice, have you ever encountered and/or confirmed adverse events related to active

smoking of e-cigarettes?

Have you ever asked your patients and/or their families if they smoke e-cigarettes?
The risk of chronic lung disease is lower for e-cigarettes than for traditional cigarettes?

What kind of structure do you work in?

1.00
0.86
0.70
0.64
0.53
0.50

0.50
0.45
0.44

Most discriminating variables

How long have you been

doing your profession?

Age

During conversations with

patients, discuss the topic of
e-cigarette smoking?

As a healthcare professional,
do you feel confident discussing

issues related to e-cigarettes
with patients?

E-cigarettes are less dangerous

than traditional cigarettes?

In your clinical practice, have you
ever encountered and/or confirmed

adverse events related to active
smoking of e-cigarettes?

Have you ever asked your

patients and/or their families if
they smoke e-cigarettes?

The risk of chronic lung

disease is lower for e-cigarettes
than for traditional cigarettes?

What kind of structure

do you work in?

0.0 02

Figure 2. Plot of the top nine variables contributing to class discrimination.

04 06 08 10
Discriminatory capacity

The horizontal axis displays the discriminative importance, defined as the maximal difference in conditional response probabilities across classes.

Larger values indicate greater separation.



PEDIATR RESPIR J

driver of class separation. Age was also highly discrim-
inative (importance = 0.86), consistent with the strong
correlation between age and years in practice. Vari-
ables related to discussing electronic cigarette use with
adolescents and confidence in addressing e-cigarette
issues with patients ranked prominently, indicating that
communication behaviors and self-efficacy contribute
to class differences beyond mere demographics. Per-
ceptions of the relative safety of electronic versus tradi-
tional cigarettes and experiences with adverse events
also appeared among the top discriminators. Conversely,
variables relating to the clinical setting (“What kind of
structure do you work in?”) had lower, though still mean-
ingful, discriminative values.

These results, visualized in Figure 2, show that both
demographic variables (age and years of practice) and
attitudinal variables (perception of harm and commu-
nication practices) shape the latent grouping of pedi-
atricians. The high importance of professional experi-
ence underscores how exposure to clinical practice and
continuing education shapes practitioners’ confidence
and behavior regarding electronic cigarette counselling.

DISCUSSION

Before interpreting the three-class solution, it is import-
ant to emphasize that entropy values across all mod-
els were uniformly low (<0.05). Posterior membership
probabilities were therefore diffuse, many respondents
had comparable probabilities of belonging to more
than one class, and the three classes should be read
as broad, partially overlapping attitudinal tendencies
rather than as sharply bounded, mutually exclusive
subgroups. The class-specific profiles described below
and their discussion in terms of age, experience, coun-
selling behavior and risk perception thus refer to differ-
ences in class-conditional response probabilities, not
to deterministic descriptions of individual pediatricians.
The combined evidence from model fit statistics, class
profiles and variable importance analysis suggests
that latent heterogeneity among the surveyed pediatri-
cians is driven primarily by age and professional expe-
rience, with attitudinal and behavioral variables play-
ing secondary but still meaningful roles. The relatively
balanced class sizes mean that interventions aimed at
improving knowledge and counselling practices could
be tailored to specific career stages. For instance, senior
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pediatricians (Class 1) may benefit from updated train-
ing materials and guidance on the evolving evidence
around electronic cigarettes to overcome conservative
biases. Mid-career practitioners (Class 2) already dis-
play a proactive stance but could be supported with for-
malized communication strategies to ensure consistent
messaging. Early-career pediatricians (Class 3) may
require foundational education that addresses both the
risks and potential cessation benefits of electronic cig-
arettes and builds confidence in discussing these top-
ics with patients and families.

The low entropy values across all models highlight an
important methodological caveat: the latent classes iden-
tified are not sharply delineated. This could reflect genu-
ine complexity in pediatricians’ attitudes, with many hold-
ings nuanced or ambivalent positions that do not align
neatly with distinct categories. It may also indicate that
additional variables not captured in the questionnaire
(e.g. exposure to specific training modules, institutional
policies, or personal experiences with nicotine cessa-
tion) play a role in shaping attitudes. Future research
could incorporate more granular measures of education
and training, as well as longitudinal designs, to exam-
ine how attitudes towards emerging nicotine products
evolve over time.

The findings of the present study align with and extend
those reported in the international literature on health-
care providers’ knowledge and attitudes towards elec-
tronic cigarettes. Surveys conducted in Jordan, Poland,
and Turkey consistently documented substantial gaps
in physicians’ training on e-cigarettes, with many prac-
titioners relying on non-scientific sources of information
and holding ambivalent views on the role of these prod-
ucts in smoking cessation (21-23). The profile of Class 1
in our sample, characterized by greater clinical experi-
ence, lower engagement in e-cigarette counselling, and
a more conservative stance towards reduced-risk nico-
tine products, is consistent with the pattern observed by
Mohammad et al. among Jordanian physicians, where
longer time since graduation was associated with lower
confidence in discussing e-cigarettes with patients (21).
Similarly, the ambivalence towards harm-reduction strat-
egies observed in Class 2 mirrors findings by Tanriover
et al. among Turkish family physicians, approximately
half of whom considered e-cigarettes a viable cessation
tool despite limited supporting evidence (23). The rel-
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atively higher engagement of mid-career practitioners
in e-cigarette counselling in our sample is also broadly
consistent with the pattern reported by Zgliczynski et al.
in Poland, where younger physicians showed greater
familiarity with e-cigarettes and greater willingness to
discuss them with patients (22). Compared with these
international surveys, the present study adds method-
ological value by applying latent class analysis rather
than descriptive comparisons, enabling the identifica-
tion of distinct attitudinal subgroups rather than aggre-
gate means. This approach reveals heterogeneity that
univariate analyses might obscure and provides a basis
for profiling physicians in need of targeted educational
intervention. The observation that Class 3, the young-
est practitioners, reported lower perceived risk from
e-cigarettes is consistent with evidence that younger
cohorts have greater exposure to industry marketing
and social-media content promoting e-cigarettes as
safe alternatives (4, 7), and underscores the importance
of integrating evidence-based e-cigarette content into
undergraduate and postgraduate medical training. The
current position statements from the American Academy
of Pediatrics, the European Academy of Pediatrics, and
the Italian Pediatric Respiratory Society all recommend
systematic screening and counselling on tobacco and
nicotine use (17-19); our results suggest that achiev-
ing this standard will require differentiated educational
strategies across career stages.

Limitations

Like any study, this one has limitations worth acknowl-
edging. Distribution through the IPRS/SIMRI newslet-
ter may have introduced self-selection bias, potentially
overestimating engagement with e-cigarette issues.
The cross-sectional design prevents causal inference
between career stage, knowledge, and counselling
behavior; longitudinal studies would be needed to assess
how attitudes evolve over time. Self-reported data carry
an inherent risk of social desirability bias, particularly
for items on clinical practice and perceived competence.
Low entropy values in the latent class analysis suggest
the findings reflect broad tendencies rather than mutually
exclusive categories. The overrepresentation of north-
ern ltaly (67.2%) limits generalizability across different
healthcare contexts. Future research should include
general practitioners, adolescent medicine specialists,
and school health professionals.
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CONCLUSIONS

This study provides a novel characterization of Ital-
ian pediatricians’ knowledge, attitudes, and counsel-
ling practices regarding electronic cigarettes. Apply-
ing LCA to a nationally distributed survey of 250 practi-
tioners, we partially overlapping profiles structured pri-
marily along the dimension of professional experience:

senior pediatricians with conservative and less engaged

stances (Class 1), mid-career practitioners exhibiting

greater openness and counselling confidence (Class

2), and early-career pediatricians with lower perceived

risk and reduced self-efficacy in discussing e-cigarettes

with patients (Class 3). Years of practice and age were

the strongest discriminators between classes, followed

by communication behaviors and risk perceptions, con-
firming that career stage is a central axis of heteroge-
neity in this professional group.

These findings may carry direct implications for the design

of continuing medical education programmes. The three-
class structure suggests that a single, undifferentiated

educational intervention is unlikely to be adequate. Senior
pediatricians may require targeted updates on emerging

evidence regarding e-cigarette harms and the current

regulatory and clinical guidance issued by the American

Academy of Pediatrics, the European Academy of Pedi-
atrics, and the Italian Pediatric Respiratory Society (17-
19). Early-career practitioners, despite their proximity in

age to the adolescent populations they serve, appear
to underestimate e-cigarette risks and lack confidence

in counselling, a gap that should be addressed through

dedicated content in undergraduate and postgraduate

medical curricula. Mid-career pediatricians, while more

proactive, would benefit from structured communication

tools to ensure that the information conveyed to patients

and families is consistent, evidence-based, and aligned

with current clinical recommendations. Given the contin-
ued rise in e-cigarette use among ltalian adolescents (2,
6), strengthening the capacity of pediatricians across all

career stages to screen, counsel, and refer is an urgent

public health priority.

Future research should replicate this profiling approach

in larger and more geographically representative sam-
ples, incorporate objective measures of knowledge along-
side self-reported attitudes, and examine the extent to

which targeted educational interventions shift practi-
tioners between attitudinal classes over time. Extending
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the analysis to general practitioners, school health pro-
fessionals, and adolescent medicine specialists would
broaden the evidence base and support the develop-
ment of coordinated, multi-professional strategies for
reducing youth e-cigarette initiation in Italy.
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ABSTRACT

Aerosol therapy represents a cornerstone in the management of respiratory dis-
eases in pediatric patients. By enabling the direct delivery of medications to the
airways, this modality ensures a rapid onset of action while minimizing systemic
side effects. It is particularly valuable in the treatment of conditions commonly
affecting children, such as recurrent wheezing, asthma, and croup, as well as
orphan or complex diseases including cystic fibrosis, primary ciliary dyskinesia
(PCD), and post-infectious bronchiectasis.

In pediatric practice, aerosol therapy offers several advantages, including improved
therapeutic efficacy at lower doses and superior tolerability compared with sys-
temic administration. However, the clinical effectiveness of this intervention is con-
tingent upon multiple factors, such as the patient’s age and degree of cooperation,
respiratory pattern, and the appropriate selection and correct utilization of inha-
lation devices. Consequently, comprehensive education for both caregivers and
healthcare professionals is essential to optimize therapeutic delivery and clinical
outcomes. Overall, aerosol therapy is a safe, effective, and widely used strategy
in pediatric respiratory management, contributing significantly to symptom con-
trol and quality of life in both acute and chronic conditions.

This statement summarizes current evidence and presents the official recom-
mendations of the Italian Pediatric Respiratory Society (Societa ltaliana per le
Malattie Respiratorie Infantili — SIMRI) to guide best practices for aerosol ther-
apy throughout childhood.

IMPACT STATEMENT

This statement optimizes pediatric aerosol therapy by promoting evidence-based
indications and appropriate delivery devices, thereby enhancing clinical efficacy,
reducing unnecessary healthcare costs, and minimizing caregiver burden in respi-
ratory disease management.

INTRODUCTION

Aerosol therapy constitutes a cornerstone of pediatric respiratory medicine, provid-
ing an efficient route for the targeted delivery of pharmacological agents to the air-
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ways while limiting systemic exposure. It plays a pivotal
role in the management of conditions such as recurrent
wheezing, asthma, croup, cystic fibrosis (CF), and other
obstructive airway diseases in the pediatric population.
However, despite decades of clinical application, the
practice of aerosol therapy in childhood remains highly
variable. Discrepancies in device selection, inhalation
techniques, and clinical protocols continue to impact
therapeutic outcomes across different age groups and
healthcare settings (1).

Pediatric patients exhibit unique physiological and devel-
opmental characteristics that influence aerosol delivery
and lung deposition. Compared with adults, children pos-
sess smaller airway calibers, higher respiratory rates,
and variable inspiratory flow patterns, all of which affect
the distribution and deposition efficiency of inhaled par-
ticles (2). In infants and preschool-aged children, lim-
ited cooperation and suboptimal inhalation coordination
often necessitate caregiver intervention and the use of
dedicated interfaces, such as valved holding chambers
(VHCs) with face masks (3). Consequently, age-specific
strategies are essential to ensure optimal drug deliv-
ery, treatment adherence, and therapeutic efficacy (4).
Technological advancements have broadened the range
of delivery systems available for pediatric aerosol therapy
(5). These include pressurized metered-dose inhalers
(pMDils), dry powder inhalers (DPIs), and various nebu-
lizer platforms. Each device has distinct aerosol-gener-
ation mechanisms, output rates, and performance pro-
files that dictate its suitability for specific patient cohorts
and clinical scenarios. Nevertheless, current evidence
documents frequent inconsistencies in device utilization,
cleaning, and maintenance, which may lead to subopti-
mal drug deposition and an increased risk of infection (1).
Education and practical training remain fundamental
determinants of successful aerosol therapy. Research
consistently demonstrates that the implementation of
correct techniques and regular reinforcement can sig-
nificantly enhance pulmonary deposition, symptom
control, and overall disease management (6, 7). How-
ever, a substantial proportion of healthcare profession-
als responsible for prescribing inhalation devices may
lack adequate training in device-specific administration
techniques (8).

Structured and consistent educational programs are
equally vital for caregivers. Regular competency assess-
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ments, practical demonstrations, and feedback sessions
are instrumental in maintaining correct inhalation prac-
tices, thereby mitigating the long-term variability observed
in clinical outcomes and maximizing treatment efficacy.
Despite the existence of various national and international
guidelines, a single, universally accepted protocol for
aerosol therapy across all pediatric age groups remains
elusive. Disparities in recommendations concerning

device selection, pharmacological agents, and deliv-
ery techniques contribute to clinical uncertainty and het-
erogeneous care (9). This lack of harmonization under-
scores the imperative for an updated, evidence-based

consensus that integrates contemporary research find-
ings with practical, age-appropriate guidance.

The objective of this position paper is to establish a sci-
entifically grounded and clinically coherent framework for
the use of aerosol therapy in childhood. By synthesizing

current evidence on aerosol delivery systems, pharma-
cological principles, and patient-specific determinants of
response, this document seeks to define unified stan-
dards to enhance the effectiveness, safety, and appro-
priateness of treatment. The standardization of pedi-
atric aerosol therapy practices is expected to improve

individual clinical outcomes, facilitate equitable access

to high-quality respiratory care, and promote cost-effec-
tive management strategies on an international scale.

METHODOLOGY

Panel composition and scope

This position paper was commissioned by the Italian Pedi-
atric Respiratory Society (Societa ltaliana per le Malat-
tie Respiratorie Infantili — SIMRI). A panel of experts,
comprising pediatric pulmonologists and researchers
with extensive clinical and academic expertise, was
convened during the XXIX SIMRI National Congress
(Verona, September 2025). The primary objective was
to establish evidence-based recommendations to stan-
dardize aerosol therapy practices in the pediatric pop-
ulation, thereby addressing the current lack of national
guidelines and the heterogeneity of clinical approaches
within Italy.

Literature search strategy and evidence selection

The panel identified three core thematic areas: 1) patho-
physiology of pulmonary deposition; 2) device char-
acteristics and common technical mistakes; and 3)
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disease-specific pharmacological applications and
patient-related factors. A comprehensive, non-system-
atic literature review was performed by pairs of experts
for each thematic area. Electronic searches were con-
ducted across PubMed, EMBASE, the Cochrane Data-
base of Systematic Reviews, and Web of Science for
articles published between January 2005 and Decem-
ber 2025. Search strings included combinations of the
terms “aerosol therapy”, “nebulizer”, “pMDI”, “spacer”,
“dry powder inhaler”, and “pediatrics”, with filters applied
for English and ltalian languages. Priority was given to
meta-analyses, systematic reviews, and international
guidelines (e.g., GINA, GOLD, ERS).

Consensus process and development of

recommendations

Following the literature review, a series of preliminary

statements was drafted. In January 2026, a consen-

sus-building process was facilitated through structured

teleconferences. Any discrepancies were resolved

through collegial discussion until a 100% consensus

was achieved for each recommendation. The strength

of each recommendation was graded based on a sim-

plified Evidence-Based Medicine (EBM) framework, cat-

egorized as follows:

» Grade A: supported by high-quality evidence
(meta-analyses or randomized controlled trials).

» Grade B: supported by moderate-quality evidence
(observational studies or non-randomized trials).

» Grade C: expert opinion (based on panel consensus
in the absence of high-level evidence).

Review and approval

The final draft underwent a two-stage internal peer-re-
view process, conducted by the SIMRI Executive Com-
mittee and the SIMRI Advocacy Committee in March
2026. The final manuscript received formal approval
on March 26, 2026.

THREE THEMATIC AREAS

Pathophysiology of pulmonary deposition

An “aerosol” is defined as a system composed of liquid
droplets or solid particles small enough to remain sus-
pended in the air (10).

In the context of aerosol therapy, these particles serve
as carriers for pharmacological agents delivered locally
to the respiratory tract, with the primary objective of tar-
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geting bronchial and pulmonary diseases. This route of
administration facilitates targeted drug delivery, ensures
a rapid onset of action, enhances therapeutic efficacy,
and reduces systemic adverse effects due to localized
deposition and lower systemic absorption.

However, the overall effectiveness of aerosol therapy
is contingent upon several determinants, including: 1)
the physical and chemical characteristics of the aero-
solized drug; 2) patient-specific respiratory parameters
(such as inspiratory flow, inspiratory volume, end-inspi-
ratory breath-holding, and coordination between inhala-
tion and drug delivery); 3) the anatomical features of the
airways, including mucociliary clearance, airway geom-
etry, and pathological conditions; and 4) the adequacy
of the administration technique (10).

Drug delivery by inhalation is primarily achieved via
nasal or oral routes, with oral inhalation providing supe-
rior efficiency for particles around 5 uym in diameter (11).
The therapeutic outcome depends not only on the phar-
macological properties of the drug but also on the pro-
portion and location of particle deposition within the air-
ways. The principal factors influencing deposition include:
1) aerosol properties such as size, shape, density, elec-
trical charge, and hygroscopicity; 2) inhalation dynam-
ics, including inspiratory flow rate, tidal volume, and
breath-holding; and 3) physiological conditions such as
mucociliary clearance and airway geometry, which vary
with age, sex, and disease state (12-14).

Three predominant mechanisms govern particle depo-
sition within the respiratory tract: 1) inertial impaction;
2) gravitational sedimentation; and 3) Brownian diffu-
sion (15, 16).

Inertial impaction occurs predominantly for particles
=5 uym that are unable to follow airflow changes at high
velocity, resulting in deposition within the oropharyn-
geal and upper bronchial regions. This phenomenon
provides the rationale for using VHCs or spacers with
pMDls, which allow for the deceleration of the aerosol
plume. It should be noted that aerosol particles and drop-
lets acquire an electrostatic charge through contact or
friction for solids, and through spraying for liquids when
the device is activated. In addition, most spacers are
manufactured from plastic materials and can accumu-
late electrostatic charge on their surface during use. The
resulting effect is a reduction of available drug aerosol
for inhalation and a shorter aerosol half-life within the
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spacer (17). Although measures exist to reduce elec-
trostatic charge, the development and use of antistatic

devices is highly advantageous.

Gravitational sedimentation affects particles between 0.5
pm and 5 um that reach the distal bronchi and alveoli,
where reduced airflow allows deposition under the influ-
ence of gravity. The efficiency of this process increases

with particle size and residence time and is enhanced

by an end-inspiratory breath-hold. This principle under-
lines the use of pMDlIs and DPIs. With pMDls, the gen-
eration of a fine aerosol independent of inspiratory effort,
combined with slow and deep inhalation followed by
breath-holding, maximizes the time for sedimentation of
fine particles in the peripheral lung. In DPIs, gravitational

sedimentation plays a less significant role during the ini-
tial aerosolization phase, as rapid and forceful inhala-
tion promotes the impaction of particles in the orophar-
ynx. However, it becomes important for the deposition

of respirable particles (2-5 ym), particularly during the

breath-holding phase after inhalation (18).

Brownian diffusion dominates for particles < 0.5 um and

results from random molecular collisions that drive par-
ticles to deposit diffusively along bronchiolar and alve-
olar surfaces (15).

Akey determinant of particle behavior is the aerodynamic

diameter (19). In this regard, the mass median aerody-
namic diameter (MMAD) in aerosol therapy is defined

as the aerodynamic diameter at which 50% of the total

mass of aerosol particles consists of particles smaller
than this diameter, and 50% consists of particles larger
than this diameter (20). By combining geometric diame-
ter and density, the MMAD represents a crucial parame-
ter determining the inhalability of a particle. Particles with

lower density exhibit smaller aerodynamic diameters and

can therefore penetrate deeply into the lung regions (21).
Consequently, the selection of MMAD should be tailored

Table 1. Main technical characteristics of delivery devices.
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to the disease, target site, and therapeutic goal. Parti-
cles with an MMAD of 1-3 um achieve optimal deposi-
tion in both central and peripheral airways, while parti-
cles with an MMAD of 3-5 um are more suitable for tar-
geting central airways, and those with an MMAD < 1 ym
may reach the alveoli and are therefore useful for sys-
temic drug delivery. Accordingly, larger MMADs are uti-
lized with traditional nebulizers to treat the upper airways,
whereas medium-to-small MMADs, such as those pro-
duced by pMDls, are preferred for the lower airways (20).
Despite technological advances in inhaler design, only
approximately 20% of the delivered dose typically
reaches the lungs, while the remaining fraction depos-
its in the oropharyngeal cavity and is swallowed (22).
The fraction absorbed systemically may induce extrapul-
monary side effects; however, these effects are often
mitigated by extensive first-pass hepatic metabolism, as
observed with inhaled corticosteroids (22).

Device characteristics and common mistakes
Technological advancements in aerosol delivery sys-
tems have progressively enhanced the efficiency, pre-
cision, and clinical applicability of inhaled therapies in
pediatric respiratory care (23). Currently, most guide-
lines recommend pMDI as the first-line topical treat-
ment for lower airways diseases in childhood (Table 1).
These portable, multi-dose, manually operated devices
generate aerosolized medication using a high-pressure
propellant that forces a mixture through an atomizing
nozzle, independently of the patient’s inspiratory effort.
pMDls are characterized by reproducibility of the deliv-
ered dose but should be used with a spacer or valved
holding chamber to increase the fraction of the dose
reaching the lungs, since the particles are released at
very high speed (approximately 130 km/h) and may oth-
erwise impact the pharyngeal walls (24).

Device type Mechanism

Target Age group

Key technical feature

pMDI + Spacer Pressurized All ages

metered-doseinhaler (gold standard < 5 years)

DPI Patient’s
inspiratory flow

Jet nebulizer Compressed Neonates / Severe
air/oxygen distress
Vibrating mesh High-frequency Chronic

vibration

Children > 5-6 years

patients / Neonates

Portable, high lung deposition,
no coordination needed with spacer

No propellants; required high peak inspiratory flow

Can deliver high doses: commonly used for upper
airway treatment; noisy and requires a power source

Silent, minimal residual volume,
preserves drug integrity
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DPIs do not require spacers and are therefore often
preferred by adolescents. However, their clinical effec-
tiveness may be limited by high aerosol deposition in
the upper airways due to the relatively large aerody-
namic diameter of emitted particles; consequently, rins-
ing the mouth after the inhalation is recommended (25,
26) (Table 1).

Soft mist inhalers deliver medication as a fine mist form,
allowing a reduction in drug deposition in the upper air-
ways. However, these devices are currently available
only for tiotropium with or without olodaterol, and their
use in children remains limited (27).

As for traditional nebulizers, which may also be used
to treat upper airways conditions, jet nebulizers are the
most widely used (Table 1).

These devices nebulize both solutions and suspensions
through the Venturi effect. Ultrasonic nebulizers, in con-
trast, aerosolize only solutions via vibration of piezoelec-
tric crystals. Although relatively quiet and efficient, they
are unsuitable for many inhaled medications that are for-
mulated as suspensions. Mesh nebulizers, employing
a vibrating mesh containing thousands of microscopic
openings, provide improved efficiency and are widely
used for aerosolized antibiotics, however, they remain
costly (28) (Table 1).

Breath-actuated nebulizers are aerosol delivery devices
designed to release medication only during inhalation,
rather than continuously generating aerosol. This mech-
anism reduces drug waste and limits dispersion of medi-
cation into the surrounding environment: however, these
devices are not widely available worldwide.

Table 2. Common mistakes in pediatric aerosol therapy.
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Considering the differences between aerosol therapy
devices, physicians should select the most appropri-
ate device for each patient. Moreover, inhaled treat-
ments are effective only when medications reach the
intended target site; therefore, families and patients
should receive adequate training in the correct use of
these devices. Unfortunately, poor inhaler technique is
common among children and adolescents. Younger chil-
dren may be unable to inhale deeply or hold their breath
for several seconds without exhaling. In addition, some
parents administer aerosol therapy when their children
are sleeping or crying, despite the fact that both situa-
tions markedly reduce the dose of medication reaching
the lower airways (29) (Table 2).

Itis also important to remember that many mistakes are
commonly made while using aerosol therapy devices:
as an example, most pMDlIs contain suspensions and
need to be shacked just before every single actuation,
but many patients forget to do so (30). Moreover, even
if spacers with a facemask reduce the dose at the tar-
get, they should be used for pMDlIs in younger children
who cannot use a mouthpiece, and a good seal of the
mask on the face should be warranted (31) (Table 2).
Notably, DPIs can be used without a spacer, but require
the patient to prepare the dose and exhale completely
before inspiration, which should be deep and forceful
enough to produce a turbulent flow capable of disag-
gregating the drug when meeting the resistance of the
device’s internal structure, thus producing an aerosol
(Table 1). Therefore, most children are unable to use
such devices.

Type of Mistake

Description

Clinical impact

The “Crying and/or
sleeping child”

Failure to shake the pMDI

Administering aerosol therapy
while the child is crying and/or is sleeping

Administering aerosol therapy with pMDI

Massive reduction in lung deposition
(most drug remains in the throat)

Variability in delivered dose

containing drugs in suspension without shaking
the pMDI well before every single actuation

Poor mask seal

“Blow-by” technique

Inadequate cleaning

Gap between the mask and the child’s face

Holding the mask / tube near the face
without contact

Failing to wash / dry the nebulizer kit after use

Up to 50-80% of the medication is lost
to the environment

Ineffective delivery; negligible drug
reaches the lower airways

Risk of bacterial colonization
and respiratory infections
(e.g., Pseudomonas)

Nasal breathing

Using a mask for older children
who should use a mouthpiece

The nose acts as a filter, trapping most
of the drug before it reaches the lungs
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Another significant mistake is failing to maintain proper
hygiene and cleanliness of the devices used. This can
lead to bacterial colonization of the airways, such as
Pseudomonas aeruginosa, a germ that is difficult to
eradicate (31) (Table 2).

The environmental impact of inhaler devices has become
a significant consideration in respiratory medicine. pMDlIs
utilize hydrofluoroalkane (HFA) propellants, which are
potent greenhouse gases. In contrast, DPIs have a sig-
nificantly lower carbon footprint (32).

However, in pediatric populations — particularly infants
and young children — clinical efficacy must remain the
priority. Since many children under the age of 6 cannot
achieve the inspiratory flow required for DPIs, pMDlIs with
spacers remain the first-line recommendation for this age
group. We advocate for a “clinically-led” approach where
the most sustainable device is chosen only if it is appro-
priate for the child’s age, coordination, and clinical status.

Disease-specific pharmacological applications
and patient-related factors

Aerosol therapy in children encompasses a broad range
of pharmacological agents selected according to the
underlying respiratory conditions and individual patient
needs. It is indicated in numerous pediatric respiratory
disorders (Table 3).

Among its primary applications is the management of
asthma, particularly during acute exacerbations, in which
inhaled short-acting f2-agonists (SABA), such as sal-
butamol constitutes the cornerstone of rapid bronchodi-
lation (33, 34) and are therefore considered as the first-
line therapy for acute asthma attacks. When adminis-
tered in combination with anticholinergic bronchodilators,
most notably ipratropium bromide, SABA demonstrate
enhanced efficacy, especially in mild to moderate or mod-
erate to severe asthma attacks, reducing symptom bur-
den and hospital admission rates (33). For maintenance

Table 3. Examples of indications and pharmacological inhaled treatments.
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therapy in children older than 4 years of age, long-act-
ing B2-agonists (LABA) may be delivered via inhalation
in combination with inhaled corticosteroids (ICS), such
as fluticasone and budesonide. ICS represent the most
effective maintenance therapy for persistent asthma in
children owing to their potent anti-inflammatory activity
on airway mucosa. In case of poor control despite opti-
mized ICS-LABA therapy, the addition of a long-acting
muscarinic antagonist (LAMA), such as tiotropium bro-
mide, may provide further improvement in symptoms
and lung function in children older than 6 years.
Additionally, aerosol therapy plays a role in recurrent
wheezing: the clinical response to inhaled salbutamol
therapy at home during the acute episode together with
the response to a therapeutic trial of ICS, constitutes
one of the three diagnostic criteria used to support early
asthma diagnosis in children under 6 years of age (33).
In bronchiolitis, the use of aerosolized hypertonic saline
has been investigated for its potential to reduce the dura-
tion of hospitalization; however, the most recent guide-
line updates conclude that current evidence does not
support its routine use (35). In contrast, aerosol ther-
apy remains a cornerstone of treatment for croup. Neb-
ulized budesonide, used as a second line after sys-
temic corticosteroids or as an alternative when the lat-
ter are not available or are difficult to administer, and
nebulized epinephrine, a non-selective adrenergic ago-
nist with potent vasoconstrictive activity, provide rapid
but temporary relief from upper airway obstruction and
represent well-established approach for moderate to
severe cases (36, 37).

Nebulized epinephrine is often used in the manage-
ment of acute laryngospasm or post-extubation stridor,
to reduce airway edema (38).

Aerosolized hypertonic saline (3-7%) is widely used in
conditions associated with impaired mucociliary clear-

Condition / disease Main drug class

Specific examples Therapeutic goal

Asthma / wheezing

Acute exacerbations

Croup Sympathomimetics

Inhaled corticosteroids

Cystic fibrosis / PCD/post-
infectious bronchiectasis

Inhaled corticosteroids (ICS)

Short-Acting Beta-Agonists (SABA)

Mucolytics / antibiotics

Fluticasone, Budesonide Reduce airway

inflammation
Salbutamol (Albuterol)

Nebulized Epinephrine
Nebulized Budesonide

Rapid bronchodilation

Reduce subglottic edema
reduce airways inflammation

Clear mucus
and treat infection

Dornase alfa / tobramycin
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ance (39). In CF, it is often combined with dornase alfa,
a recombinant DNase that decreases mucus viscosity by
cleaving extracellular DNA from neutrophils. Dornase alfa
remains a mainstay of airway-clearance therapy, consis-
tently demonstrating improvements in lung function and
reductions in exacerbation frequency (40, 41). Inhaled
antibiotics, such as tobramycin, aztreonam lysine, and
colistin, are central to the management of chronic Pseu-
domonas aeruginosa infection in CF, allowing the delivery
of high local concentrations while minimizing systemic
toxicity. Although primarily indicated for CF, these agents
may also be considered for selected multidrug-resistant
respiratory infections in non-CF patients under special-
ized supervision (40, 41). Similar therapeutic principles
apply to children with PCD and in those with post-in-
fectious bronchiectasis, in whom aerosolized mucol-
ytics and saline solutions support airway clearance. In
conditions shared by CF and PCD, namely bronchiec-
tasis and chronic Pseudomonas aeruginosa coloniza-
tion, emerging evidence, largely derived from adult tri-
als, supports the use of inhaled antibiotics (42).
Regarding preterm infants with a history of broncho-
dysplasia, there are no robust data on the chronic use
of bronchodilators, nor on the efficacy of other aerosol
therapy modalities for airway clearance in this population
(43). Overall, the selection of aerosolized medication is
informed by disease mechanism, guidelines-based rec-
ommendations, and patient-specific factors such as age,
coordination abilities, and comorbidities. In certain infec-
tious conditions such as bacterial pneumonia, aerosolized
antibiotics are not considered first-line treatments, but
may be used selectively for infections caused by multi-
drug-resistant pathogens under specialist supervision (44).
Finally, aerosol therapy is routinely used for airway
humidification and secretion management in children
with tracheostomies or neuromuscular diseases asso-
ciated with ineffective cough, thereby supporting airway
hygiene and reducing respiratory morbidity (22).

Study limitations

This position paper has several limitations that should
be acknowledged. First, while the literature review was
comprehensive and covered major international data-
bases, it was not conducted as a formal systematic
review (PRISMA). Therefore, selection bias cannot be
entirely excluded. Second, many recommendations are
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based on a consensus of experts (Grade C evidence)
or extrapolated from international guidelines, due to the
relative scarcity of high-quality randomized controlled
trials specifically conducted on the Italian pediatric pop-
ulation. In Table 4, we report only recommendations
with level A or B. Lastly, while we provide a standard-
ized framework, the choice of aerosol device remains
highly dependent on individual patient adherence and
local availability of medications.

SIMRI RECOMMENDATIONS (TABLE 4)

Aerosol therapy represents a fundamental component in
the management of selected pediatric respiratory diseases;
however, its use must be grounded in evidence-based
indications and delivered using appropriate techniques to
ensure clinical effectiveness. Current recommendations
consistently support the use of aerosol therapy primarily
for conditions characterized by lower airway obstruction,
most notably asthma and recurrent wheezing, while dis-
couraging its routine use in upper respiratory tract infec-
tions or uncomplicated viral iliness, for which no meaning-
ful clinical benefit has been demonstrated, with the excep-
tion of croup (36, 37). In infants and young children with
bronchiolitis, both international and national intersociety
recommendations, including those endorsed by the Ital-
ian Pediatric Respiratory Society (SIMRI/IPRS), strongly
advise against the routine use of nebulized bronchodi-
lators, corticosteroids, or other aerosolized medications.
These interventions have not demonstrated improve-
ments in clinically relevant outcomes and may contribute
to unnecessary healthcare costs and caregiver burden
(45, 46). Supportive care therefore remains the standard
management in this population (12). For asthma manage-
ment, aerosol therapy is recommended as the preferred
route for the administration of bronchodilators and ICS,
owing to its rapid onset of action and favorable safety pro-
file. pMDlIs used in combination with VHCs or spacers
are recommended as first-line delivery systems in chil-
dren of all ages, including preschoolers, as they provide
drug deposition comparable to or superior to nebulizers
while reducing treatment time and systemic exposure (33,
47). Nebulizers should be reserved for severe exacerba-
tions or for children who are unable to effectively use an
pMDI with spacer. The choice of interface is critical for
effective aerosol delivery. A well-fitting face mask is rec-
ommended in infants and toddlers, whereas a mouth-
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Table 4. SIMRI recommendations in pediatric aerosol therapy.
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SIMRI Recommendations LoE*
1 Target lower airway obstruction, such as asthma or recurrent wheezing, A
rather than routine upper respiratory infections (except for croup).
2 Avoid routine aerosol use for bronchiolitis, A
as bronchodilators and corticosteroids do not improve clinical outcomes in these cases.
3 Prioritize pMDlIs with spacers/holding chambers for all ages when treating the lower airways, A
as they are as effective as nebulizers but faster and with fewer side effects.
4 Reserve nebulizers for severe exacerbations, B
for children who cannot effectively use a pMDI with a spacer, or when treating croup.
5 Ensure a well-fitting face mask for infants and toddlers to maximize drug delivery B
and minimize ocular/skin deposition.
6 Transition to a mouthpiece in older children (usually > 5 years) B
to minimize drug loss and deposition on the face.
7 Strictly avoid the “blow-by” technique, as it results in negligible medication reaching the lungs. A
8 Avoid DPIs (Dry Powder Inhalers) under age 5-6, B
as young children often lack the inspiratory flow required to use them effectively.
9 Do not use saline or mucolytics routinely, as there is a lack of robust evidence A
regarding their clinical efficacy, with the exception of specific conditions such as CF and PCD.
10 Provide regular education and reassessment of the inhalation technique to caregivers and patients A

to ensure therapeutic success.

*LoE (Level of Evidence): A: High-quality evidence (RCTs/Meta-analyses); B: Moderate-quality evidence; C: Expert Opinion/Consensus.

piece is preferred in older children to minimize drug loss
and facial deposition. The use of “blow-by” techniques
is strongly discouraged, as it results in negligible pulmo-
nary drug deposition (47). DPIs are generally not recom-
mended in children under 5-6 years of age because of
inadequate inspiratory flow generation. However, DPIs
are less polluting; therefore, we prefer HFA pMDIs with a
lower environmental impact (32). Regarding pharmaco-
logical agents, intersociety consensus documents involv-
ing SIMRV/IPRS support the use of ICS as maintenance
therapy in children with persistent asthma and selected
wheezing phenotypes, with dosing tailored to age and
disease severity (48). In children with croup, the use of
budesonide, particularly when delivered via jet nebuliz-
ers rather than ultrasonic nebulizers, is recommended as
a second line to the administration of systemic steroids
or as an alternative in case of unavailability of the first
(37). Conversely, the routine use of nebulized saline or
mucolytics lacks robust evidence of clinical efficacy and
should not be considered standard care outside specific
well-defined indications (47, 48).

CONCLUSIONS

The selection of an appropriate aerosol delivery device
is a critical determinant of therapeutic effectiveness in
pediatric respiratory care. When used correctly, all major

aerosol delivery devices demonstrate comparable effi-
cacy; however, their real-world performance varies sub-
stantially according to patient- and context-specific fac-
tors (Table 1 and Table 2). Device choice should there-
fore be individualized, taking into account the child’s
age, physical and cognitive abilities, coordination skills,
availability of the prescribed medication in specific for-
mulations, ease of use of the aerosol therapy device,
the required administration time and the environmental
setting in which the therapy is delivered.

Across all guidelines, structured caregiver and patient
education is emphasized as an essential component of
effective aerosol therapy. Proper instruction on device
assembly and use, regular reassessment of inhalation
technique, and systematic monitoring of adherence are
essential to optimizing drug delivery, minimizing treat-
ment failure and ensuring sustained clinical benefit (33).
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Henry Levison (“Henry” for his pupils), one of the universally recognized Fathers
of Pediatric Respiratory Medicine, died on June 6, 2025, in Toronto, Canada, at
the age of 94.

He graduated at the Royal College of Surgeons, Dublin. After working as a phy-
sician in a kibbutz in the north of Israel for a few years, he came to appreciate his
lack of knowledge in pediatrics and moved first to complete a residency in general

pediatrics at the Michael Reese Hospital, Chicago, and then to Boston Children’s
Hospital where he was introduced to respiratory physiology by Dr. Clement Smith.
In the early 1960’s, he was a Fellow at Sick Children Hospital, Toronto. His intel-
lectual talent soon became apparent, resulting in pioneering work in mechanical

ventilation of premature newborns with respiratory distress syndrome along with

Maria Delivoria-Papadopoulos, under the supervision of neonatologist Dr. Paul

Swyer. Together with Blair Fearon, Otolaryngologist, they were among the first to
intubate and ventilate premature infants. Henry’s interest in respiratory physiol-
ogy prompted him to spend a training period in one of the greatest centers of this
specialty, Winnipeg, Manitoba, under Dr. Rubin Cherniak.

When he returned to SickKids, in 1966, he joined Dr. Charlie Bryan, an authority
in the field of physiology, to create a leading center for studying respiratory phys-
iology in childhood. The role of precision in measurements of respiratory func-
tion and gas exchange was of paramount importance to improve understanding

of how the lung works in normal children and in those with respiratory diseases.

Soon after, he was inspired to establish one of the first Pulmonary Function Lab-
oratories for children. Recognizing the importance of precise reference values,
he performed pulmonary function tests on thousands of children, producing the
widely used “Weng and Levison” normal standards. During the 1970s and 80s,
under his direction, the laboratory at SickKids became an internationally rec-
ognized research and training center for many young pediatric pulmonologists;
among ltalians, Alberto Andreoli, Attilio Boner, Fernando Maria de Benedictis,
Giovanna De Castro, and Luigi Mappa. New pulmonary techniques and funda-
mental studies on airway reactivity were developed, resulting in numerous publi-
cations. Henry also emphasized robust study design, aiming for at least 100 sub-
jects per trial — a standard humorously dubbed the “Levison Unit” before power
calculations became common practice.

In 1978, he became Director of the Cystic Fibrosis Clinic at SickKids, a role he
held until 1995. He pioneered a multidisciplinary approach, assembling pulmon-
ologists, physiotherapists, gastroenterologists, nutritionists, psychologists, nurses,
and family counselors, and along with Dr. Douglas Crozier revolutionized CF care,
including high-fat, high-calorie diets, achieving the world’s best CF survival rates
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in Toronto. He also initiated the Toronto CF database
with biostatistician Mary Corey, a landmark resource
that enabled longitudinal studies, genotype-pheno-
type correlations, and contributed to the cloning of the
CF gene. Recognizing the need for adult care, he laid
the foundation for adult CF clinic transition programs
in North America.

From 1984 to 1994, he led the Division of Chest Dis-
eases at SickKids, which became a global reference
center for pediatric respiratory research. Clinical stud-
ies on asthma, cystic fibrosis, bronchiolitis, croup, pneu-
monia, and primary ciliary dyskinesia established the
role of pharmacologic therapies. His landmark work on
asthma pathology first identified inflammation as a cen-
tral feature, paving the way for anti-inflammatory treat-
ments that transformed asthma care. During this period,
he published extensively in top international journals
and had an unparalleled influence on pediatric respira-
tory medicine worldwide. Collaborating with other Cana-
dian leaders, he also secured recognition of Pediatric
Respiratory Medicine as a Royal College subspecialty.
In 1989-1990 he spent his sabbatical year at University
of Perugia, Italy. During this period, he was able to cre-
ate a new scientific consciousness between pediatric
respirologists by transferring enthusiasm, passion and
desire for scientific evidence, and was invited to give
lectures at the main national universities.

Throughout his career, Henry brought a paradigm shift
that guided his research and defined the field of pediat-
ric pulmonology. His studies advanced our understand-
ing of childhood respiratory diseases, often challenging
dogma with his legendary principle “Make things simple!”.
His leadership, team building, foresight, and contagious
enthusiasm inspired a generation of young researchers.
Henry was tireless, often arriving early in the morning
and studying the latest scientific literature before his aca-
demic activities. Renowned for his incredible memory,
clarity of thought, and insistence on evidence — earning
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him the nickname “guru of skepticism” — he demanded
data before accepting new ideas. This rigor instilled con-
fidence in his collaborators while teaching them to recog-
nize when evidence was lacking. Despite his strictness,
he was deeply respectful, warm, and humble, valuing
contributions from everyone, from chief executives to
the greenest medical students. Behind his occasional
outspokenness, he radiated kindness and integrity.

At meetings, he was a respected speaker. He had an
extraordinary ability when presenting data, even the
most complex ones, and was unique in openly answer-
ing questions to which he did not know the answer (“/
don’t know!”). Such intellectual honesty was an expres-
sion of knowledge, not of ignorance, and this is patri-
mony of great minds only.

Henry was a man of eclectic tastes. He loved classical
music, arts and reading. Those who visited his apart-
ment were able to appreciate thousands of books, vinyl
albums and CD, and an extensive collection of drawings
including works by Matisse and Picasso. In sports, he
supported the Toronto Blue Jays baseball team.
Henry’s legacy lies in the number of trainees who grad-
uated under his leadership and mentorship over the
years. They are now spread across the globe, many in
academical positions or successful careers themselves
continuing the work he helped to inspire. Between them,
Gerard Canny, Fernando Maria de Benedictis, Khou-
lood Fakhoury, Dennis Gurwitz, Meyer Kattan, Alan
Isles, Thomas Keens, Eitan Kerem, Thomas Kovesi, lan
McLusky, Christopher Newth, Hugh O’Brodovich, Linda
Pedder, Constantine Petrou, Joe Reisman, Joseph Rivlin,
Colin Robertson, Renato Stein, and Elvan Tabachnik.
Apart from respiratory diseases, many of those who had
the privilege of working with him learned so much out-
side of medicine from his personality. An episode may
characterize the essence of his human value. Once,
when asked about his greatest professional satisfac-
tion, he said: “All my pupils did well”. That was Henry.
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