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Abstract

Copyright ©ERS 2025 Childhood interstitial lung diseases (chILDs) are rare and heterogeneous disorders associated with
) significant morbidity and mortality. The clinical presentation of chILD typically includes chronic or
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comprehensive care for children and families affected by these complex conditions. On behalf of the
Received: 13 Jan 2025 European Respiratory Society Clinical Research Collaboration for chILD (ERS CRC chILD-EU), this
Accepted: 5 March 2025 review provides an updated overview of the diagnostic approach and management strategies for chILDs.

Educational aims

»  To update knowledge on clinical presentation and diagnostic approach of childhood interstitial lung diseases.

+ To increase healthcare providers’ awareness of current and emerging therapeutic options, emphasising the
importance of multidisciplinary collaboration in the management of these complex disorders.

Introduction
a Childhood interstitial lung diseases (chILDs) are rare and heterogeneous disorders associated with
5r_nC significant morbidity and mortality [1-4]. The spectrum of interstitial lung disease (ILD) in children differs
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substantially compared to adults, with certain conditions unique to the paediatric population [5]. Over the
past two decades, awareness of these conditions has steadily increased, highlighted by reports of rising
prevalence and the growing recognition of rare diseases [6-9]. Since the initial distinction between
paediatric and adult ILDs, classification systems have continued to evolve with the growing understanding
of chILDs [5, 10-13]. Each year, identification of new underlying disease mechanisms provides
opportunities for targeted therapies. However, treatments for chILDs remain largely nonspecific and
suboptimal, highlighting the urgent need for novel therapeutic options that can be validated through
randomised clinical trials.

Given the continuous progress in this field, regular updates are essential. On behalf of the European
Respiratory Society Clinical Research Collaboration for chILD (ERS CRC chILD-EU), this review
provides an updated overview of the diagnostic and management strategies for chILDs, reflecting the latest
advancements in the field.

Incidence and prevalence

Increased clinical awareness of chILDs has likely contributed to a rise in the reporting of these diseases.
Recent epidemiological studies from France and Spain estimated the incidence of chILDs at 4.4 to 8.2
cases per million per year and the prevalence at 44 to 46.4 cases per million respectively, which was
substantially higher compared to earlier reports [6, 7, 14, 15].

To date, more than 10 large national and international cohorts have been described, offering valuable insights
into the spectrum and characteristics of chILDs (table 1) [6-8, 14, 16-24]. Many of these data originate from
national and international registries. Notable examples include the ChILDRN registry established in the
United States in 2004, RespiRare in France (2008), the pan-European chILD-EU registry (2013), and
national registries such as chIL.D-Spain, ARNOLD in Australia and chILD-TR in Turkey [6, 7, 12, 16, 21].

chILD definition and classification

The general diagnostic criteria for chILD remains unchanged since the American Thoracic Society task
force in 2013 and include the presence of at least three of the following: 1) respiratory symptoms (cough,
rapid and/or difficult breathing, exercise intolerance); 2) respiratory signs (tachypnoea, adventitious sounds,
retractions, digital clubbing, failure to thrive, respiratory failure); 3) hypoxaemia; 4) evidence of diffuse
parenchymal lung disease on chest radiography or thoracic computed tomography (CT) [3, 25]. A broad
differential diagnosis workup is often necessary to exclude lower respiratory tract infections, asthma,
recurrent aspiration, congenital heart disease, immunodeficiencies, cystic fibrosis, primary ciliary
dyskinesia and bronchopulmonary dysplasia [3, 13, 25, 26].

Respiratory symptoms and clinical signs of chILDs are often nonspecific, varying in severity and
presentation across age groups [26]. Neonates and infants typically present with tachypnoea, chest
retractions, failure to thrive and hypoxaemia [27, 28]. In older children, in addition to these symptoms, dry

TABLE 1 Childhood interstitial lung disease cohorts with over 50 children, listed in alphabetical order

Country/area Patients (n) Period of time Incidence/prevalence Reference
Australia and New Zealand 71 2009-2014 NA CasamenTo et al. [16]

115 2003-2013 NA/1.5 Saooi et al. [15]
China 133 2013-2018 NA Tane et al. [17]
Denmark 884 1995-2005 NA Kornum et al. [18]
Europe 575 2013-2016 NA Griese et al. [19]
France 205 2008-2012 NA NatHan et al. [20]

790 2000-2022 4.4/44 FLETCHER et al. [6]
Germany 56 2005-2006 1.32/NA Griese et al. [14]
Spain 381 2018-2019 8.18/46.53 TorReNT-VERNETTA et al. [7]
Turkey 416 2021-2023 NA Navir-BUvUksaHIN et al. [21]
USA 93 1994-2011 NA Soares et al. [22]

256 2016 NA Youne et al. [23]

683 2016-2022 NA NeveL et al. [8]

306 2019-2021 NA Fewp et al. [24]

Incidence: number per million per year; prevalence: number per million. NA: not available. Reproduced and
modified from [6] with permission.
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cough, haemoptysis, chest pain and exercise intolerance may be more common [17, 29]. On auscultation,
crackles, or, less commonly, wheeze may be present, although up to a third of children might have normal
findings on auscultation [13]. In advanced stages, with hypoxaemia, digital clubbing may develop.
Episodes of desaturation can occur during sleep, feeding or physical activity [25, 26].

Extrapulmonary symptoms may occur or may even be a presenting symptom. These additional symptoms
may provide clues to the underlying aetiology of chILDs (figure 1).

Since the European Respiratory Society (ERS) Task Force’s initial classification of chILD in 2004,
diagnostic and classification systems have undergone significant evolution [3, 10, 12, 13]. Recently, based
on experiences from the chILD-EU register, a European paediatric rare lung disease register and biobank,
an age-overarching etiologic classification of diffuse lung diseases was proposed [30]. This classification
focuses on four main categories: 1) lung-only, native parenchymal, disorders (e.g. alveolar capillary
dysplasia, surfactant metabolism disorders); 2) systemic disease-related disorders (e.g. connective
tissue-related disorders, autoinflammatory disorders); 3) exposure-related disorders (e.g. hypersensitivity
pneumonitis), and 4) vascular disorders (e.g. vasculitis, lymphangiomatosis).

Diagnostic workup

The diagnostic approach for chILDs involve a combination of medical history, family screening, clinical
examination, evaluation of hypoxaemia and chest imaging, which form the cornerstone of the diagnosis.
Additional diagnostic tools include pulmonary lung function tests, specific laboratory tests, bronchoscopy,
echocardiography, genetic testing and, if needed, as a final step, lung biopsy (figure 2). The selection and
sequence of additional tests cannot be standardised across the entire chILD group but must be tailored to
the specific clinical characteristics of each case and the availability of investigative resources [1].

Medical history, family screening and clinical examination

The onset and characteristics of symptoms can sometimes provide valuable clues that point toward a
specific diagnosis. A detailed family history is equally important, as familial penetrance and patterns of
ILD, autoinflammatory symptoms, or recurrent unusual symptoms within a family may suggest syndromic
ILD [1]. Recessive disorders (e.g., ABCA3, SFTPB) are more commonly observed in cases of
consanguinity, whereas dominant disorders (e.g., SFTPC, NKX2.1, COPA, STING1) may manifest across
generations with variable penetrance and expressivity. Notably, the absence of consanguinity or a family
history does not exclude genetic aetiology, as de novo variants that are frequent in dominant diseases,
compound heterozygosity, or paucisymptomatic/asymptomatic family members can still be implicated.
Recently, the high risk of lung cancer in adults with surfactant metabolism disorders — especially those
related to SFTPA1 and SFTPA2 variants — has been observed and a family history of adenocarcinoma of
the lung may also be an important family history to be searched for [31]. Additionally, environmental
factors such as viral infections, pollution and agricultural exposure (animals, organic dusts) and smoking
habits are of interest (exposure-related chILD) [32, 33].

Imaging

Recent improvements in chILD imaging include existing imaging technologies and the adaptation of new
techniques [34, 35]. A chest radiograph is commonly performed to evaluate persistent respiratory
symptoms. However, its sensitivity and specificity for ILD are limited, and a normal chest radiograph
cannot exclude the presence of ILD [25, 34]. Chest computed tomography (CT) remains the cornerstone
for ILD evaluation and should be performed in expert centres. The older term “high-resolution CT”
(HRCT) is now outdated, with improved spatial resolution with slice thicknesses as thin as 0.25-0.6 mm
and reduced radiation dose [36].

Special techniques may be required in selected cases — both inspiratory and expiratory scans for detection
of air trapping (bronchiolitis obliterans), intravenous contrast for evaluating lymphadenopathies or vascular
abnormalities [34], etc. Alternatives for sedation for the examination in small children are also being
developed (milky coma, free-breathing CT techniques) [33].

The most common CT findings associated with chILD include ground-glass opacities (GGOs), nodules
and micronodules, consolidations, septal thickening, bronchovascular interstitium thickening, hyperinflation,
air trapping, (traction) bronchiectasis and mosaic perfusion. In the majority of cases, radiographic findings
are nonspecific; however, in some diseases, imaging findings combined with an appropriate clinical history
can confirm the diagnosis. Certain patterns may point to specific diagnoses, such as GGO in the middle
lobe, lingula, and parahilar/paramediastinal regions, characteristic of persistent tachypnoea of infancy/
neuroendocrine cell hyperplasia of infancy (NEHI), or the crazy paving pattern (GGO with septal
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FIGURE 1 Extrapulmonary symptoms suggestive of specific aetiology (involved gene). The intensity of the colour corresponds to the percentage of
symptom occurrence as reported in the literature, with darker shades representing higher frequencies. MRI: magnetic resonance imaging; SFTP
-A1/-A2/-B-/C: surfactant protein A1/A2/B/C; ABCA3: ATP binding cassette subfamily A member 3; NKX2.1: thyroid transcription factor; FOXP1:
forkhead box P1; FOXF1: forkhead box protein F1; TBX4: T-box transcription factor 4; COPA: coatomer protein complex, subunit alpha; STING-1:
stimulator of interferon response cGAMP interactor 1; ARSs: aminoacyl-tRNA synthetases; OAS1: oligoadenylate synthetase 1; ZNFX1: zinc finger
nfx1l-type domain-containing protein 1; FGF10: fibroblast growth factor 10; NHLRC2: NHL repeat-containing protein 2; FLNA: filamin A; RAB5B:
RAS-associated protein; ITGA3: integrin alpha-3; SMDP1: sphingomyelin phosphodiesterase 1; SLC7AT: lysinuric protein intolerance; CTD: connective
tissue diseases.
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FIGURE 2 Investigations in the diagnostic approach to childhood interstitial lung disease.

thickening) associated with pulmonary alveolar proteinosis (PAP) [1, 37, 38]. Fibrosis is defined by
reticular opacities, traction bronchiectasis, architectural distortion, honeycombing and cystic lucency [39].

Lung ultrasound has emerged as a valuable modality for diagnosing and monitoring various pulmonary
diseases due to its portability and absence of ionising radiation [40]. While most paediatric studies have
focused on common conditions like pulmonary oedema, bronchopulmonary dysplasia and pneumonia, its
application in chILD is gaining attention. There have been reports of lung ultrasound being used for screening
for ILD in patients with connective tissue diseases, such as systemic sclerosis [41, 42]. URBANKOWSKA et al.
[43] demonstrated a significant correlation between lung ultrasound abnormalities in patients with persistent
tachypnoea of infancy/neuroendocrine cell hyperplasia of infancy with CT features. The technique is sensitive
in assessing interstitial changes and is a valuable tool for monitoring the condition and treatment efficacy.

Magnetic resonance imaging (MRI) also provides a promising, non-ionising modality for lung imaging.
Recent technical advancements and refined pulse sequences have significantly improved the diagnostic
quality of lung MRI [34]. Compared to CT, 3T lung MRI using standard protocols and sequences can
effectively detect abnormalities such as consolidation, parenchymal bands, and fissural thickening in
children with ILD. However, its ability to evaluate key features like septal thickening, ground-glass
opacities, nodules, and cysts remains limited [44]. Specific MRI techniques may be promising in selected
chILD situations, but their use remains restricted to research protocols so far [45, 46].

Pulmonary function tests

Pulmonary function tests (PFTs) are an important component of the diagnostic and follow-up process. The
specific tests performed depend on the patient’s age and ability to cooperate. In preschool and older
children, spirometry, lung volume measurements, and diffusing capacity may be used [47]. Certain forms
of chILD are associated with characteristic PFT patterns, such as irreversible obstruction with air trapping
in bronchiolitis obliterans, peripheral airway obstruction with air trapping in NEHI, or a restrictive pattern
seen in connective tissue disease-associated ILD or surfactant disorders [45—49].

Given that most chILD conditions manifest in age groups where volitional respiratory function testing is
challenging, some centres offer infant pulmonary function tests. Infant pulmonary function tests have been
shown to provide clinically relevant information in conditions like NEHI and surfactant disorders [50-52].
However, they require specialised equipment and trained personnel, as well as the need for sedation to
ensure regular breathing and toleration of a face mask [47, 53, 54].

A 6-min walking test may be a useful additional exploration, especially in chILD follow-up of school-age
children.

https://doi.org/10.1183/20734735.0004-2025 5
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Genetic tests

Genetic analysis may yield a specific diagnosis and provide information about both prognosis and
treatment, as well as family recurrence risk [55-57]. Notably, early identification of a genetic cause may
eliminate the need for a lung biopsy. The growing significance of genetic testing is highlighted by recent
epidemiological studies. They were performed in up to 58% and 76.9% of cases in the US and the French
cohorts respectively, while lung biopsy was conducted in only 39% and 24.4% cases, respectively [6, 8].

Over time, the cost of genetic testing has decreased significantly, and its diagnostic yield has increased (up
to 41.8% in the French cohort) [56]. For those who remain inconclusive, it is advisable to preserve DNA
for future analysis. Registries and biobanks have an important role in supporting these efforts [19, 58].
There are reports of children whose diagnoses were revisited and revised years after the initial assessment,
aided by genetic testing [59, 60].

Since the publication of the initial American Thoracic Society and ERS guidelines, numerous new
monogenic causes of lung disease have been identified, significantly expanding the list of ILD genes
(table 2) [3, 25]. New forms of chILD continue to be discovered and further described. Recently, BRADFORD
et al. [61] reported three patients with Rubinstein—Taybi syndrome who demonstrated radiographic and
histopathologic findings consistent with ILD. Furthermore, two children with chILD who were positive for
CHOPS syndrome variations (AFF4 gene) were described [24]. CHOPS is an abbreviation for a list of
features of a shared phenotype, including cognitive impairment, coarse facial features, heart defects, obesity,
lung involvement, short stature and skeletal abnormalities [62]. BENSLIMANE et al. [63] reported a 10-year-old
boy with chILD associated with vascular changes due to severe pulmonary arterial hypertension secondary to
chronic thromboembolic disease. Genetic analysis confirmed variations in KDM3B and SIN3A, associated
with Diets—Jongmans syndrome and Witteveen—Kolk syndrome, respectively.

In addition to this, heterozygous OAS1 gain-of-function (GOF) variants were further evaluated as causing
polymorphic autoinflammatory immunodeficiency with recurrent fever, dermatitis, inflammatory bowel
disease, PAP and hypogammaglobulinemia [64]. Another rare cause of PAP with progressive polycystic
lung disease and recurrent infections is associated with an autosomal recessive complete deficiency of the
monocyte chemokine receptor, C-C motif chemokine receptor 2 (CCR2) [65]. Moreover, recent
descriptions of the phenotypic spectrum of FINCA (fibrosis, neurodegeneration and cerebral angiomatosis)
syndrome (NHLRC2 gene) have revealed that individuals across all age groups may present with a history
of chILD, some of whom show improvement over time [60]. The syndrome was first described in 2018
and has been primarily associated with severe lung disease, often leading to early infant death due to
respiratory failure caused by progressive ILD.

In addition, age barriers tend to be challenged. As an example, the role of telomere-related genes in
paediatric ILD has recently been debated. Two patients with undefined chILD who tested positive for
telomere-related variants were studied. These variants include telomerase reverse transcriptase (TERT),
regulator of telomere length 1 (RTEL1), poly(A)-specific ribonuclease (PARN), and telomerase RNA
component (TERC) [66]. Another example is the recent report of a correlation between specific SP-B
mutations and symptom severity, with rare cases of hypomorphic SP-B variants allowing a preserved SP-B
function and survival [57]. All the aforementioned studies demonstrate how rapidly knowledge about the
genetic basis of chILDs is advancing.

Specific laboratory tests

Laboratory investigations include complete blood count, serum markers for renal, hepatic, and thyroid
function, inflammatory markers, and immunologic testing [1]. Serological studies for autoantibodies are
particularly important in older children and those with evidence of pulmonary haemorrhage, renal
involvement and articular, cutaneous or systemic disease. Similarly, IgG precipitin testing for antigens has
a role in those with suspected hypersensitivity pneumonitis.

Specific biomarkers are actively being investigated in chILDs. For example, Krebs von den Lungen-6
(KL-6) protein, a marker associated with the destruction of the alveolar-capillary membrane, has been
found to be elevated in children with ILD but not in those with NEHI [67, 68]. This made KL-6 a
potential tool for distinguishing NEHI from other ILD [69]. KL-6 levels have also been shown to be
elevated in children with connective tissue disease-associated ILD compared to healthy controls [70, 71].
Additionally, OtsuBo et al. [72] reported a case of chILD due to a damaging SFTPC variant with elevated
serum thymus and activation-regulated chemokine/C-C motif chemokine ligand 17 (TARC/CCL17) levels
that decreased after clinical improvement. Despite these promising findings, these biomarkers remain in the
research stage and have not yet been integrated into routine clinical practice.

https://doi.org/10.1183/20734735.0004-2025 6
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Protein (gene) Inheritance Characteristics
Inherited surfactant-metabolism disorders
ATP binding cassette subfamily A member 3 (ABCA3) AR NRDS with eventual PHT
Infant, childhood or adult ILD
Surfactant protein A (SFTPA1, SFTPA2) AD Very rarely chILD (most often an adult ILD with lung
adenocarcinoma)
Surfactant protein B (SFTPB) AR NRDS+PHT
Some reports of later-onset ILD
Surfactant protein C (SFTPC) AD NRDS+PHT
Infant, childhood or adult ILD
Thyroid transcription factor (TTF1 also called AD Brain lung thyroid syndrome (neonatal, childhood or adult

NKX2-1)
Diffuse abnormalities of lung development
Forkhead box protein F1 (FOXFI)

T-box transcription factor 4 (TBX4)

Eukaryotic translation initiation factor 2-alpha
kinase 4 (EIF2AK4)

Autoinflammatory or immune dysregulation
Coatomer protein complex, subunit alpha (COPA)

SAVI: STING-associated vasculopathy of infancy

(STING1 also called TMEM173)
Oligoadenylate synthetase 1 (OASI)

Zinc finger nfx1-type domain-containing protein 1
(ZNFX1)
Signal transducer and activator of transcription3
(STAT3)

Pulmonary alveolar proteinosis
Methionyl-tRNA synthetase (MARSI)

Colony stimulating factor 2 receptor o (CSF2RA)

Colony stimulating factor 2 receptor B (CSF2RB)
Lysinuric protein intolerance (SLC7A7)

Chemokine, CC motif, receptor 2 (CCR2) deficiency
GATA-binding protein 2 (GATA2)

Other chiLD
Fibroblast growth factor 10 (FGF10)

NHL repeat-containing protein 2 (NHLRC2)

Filamin A (FLNA)
Integrin alpha-3 (/ITGA3)

Phenylalanine-tRNA synthetase (FARSA, FARSB)
Tyrosine-tRNA synthetase (YARSI)

Isoleucine-tRNA synthetase (IARSI)

AD usually with parental
imprinting

AD and AR

AR

AD
AD

AD

AR

AD

AR

Pseudoautosomal
recessive

AR

AR

AR

AD

AD

AR

X-linked recessive
AR

AR
AR

AR

ILD; peripheral hypothyroidism; hypotonia and/or
benign chorea)

Alveolar capillary dysplasia with (or without) misalignment
of pulmonary veins (usually fatal NRDS+PHT; few
survivals in probable non-diffuse forms)

Acinar dysplasia (usually fatal NRDS+PHT)

Small patella syndrome

Later-onset PHT with patellar aplasia or hypoplasia

Pulmonary haemangiomatosis

Veno-occlusive disease

COPA syndrome: DAH or fibrosing chlILD; destructive joint
disease, kidney disease

Fibrosing chILD or DAH; systemic inflammation;
necrotising skin vasculitis; kidney disease

chILD or PAP

Hypogammaglobulinaemia

Splenomegaly

chILD with severe viral infections

Neurological symptoms

Thrombotic microangiopathy

Early-onset, severe interstitial lung and multisystem
autoimmunity

Severe PAP; failure to thrive; hypotonia; psychomotor
delay; cholestasis and cirrhosis
Primary PAP

Primary PAP

Secondary PAP

Short stature; hepatosplenomegaly; recurrent infection

PAP, progressive polycystic lung disease and recurrent
infections

Late onset PAP, early onset adult ILD, immunodeficiency

Lacrimo-auriculo-dento-digital (LADD) syndrome and
aplasia of lacrimal and salivary glands, progressive
interstitial lung fibrosis and PHT

FINCA syndrome (fibrosis, neurodegeneration and cerebral
angiomatosis)

Infant chILD, moderate developmental delay

Interstitial lung disease, nephrotic syndrome and
epidermolysis bullosa (ILNEB) syndrome

chILD, cerebral aneurism, brain calcifications, facial
dysmorphism, developmental delay, failure to thrive

chILD, hypotonia, facial dysmorphism, neurosensorial
defect, failure to thrive

chILD, growth retardation, impaired intellectual
development, hypotonia and hepatopathy

https://doi.org/10.1183/20734735.0004-2025
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TABLE 2 Continued

Protein (gene) Inheritance Characteristics
Leucyl-tRNA synthetase (LARSI) AR chILD, growth retardation, hypotonia, encephalopathy,
facial dysmorphism, hepatopathy, kidney failure
Alanyl-tRNA synthetase (AARS1) AR chILD, growth retardation, hypotonia, encephalopathy
Sphingomyelin phosphodiesterase 1 (SMDP1I) AR Niemann-Pick disease: progressive chlILD,

Forkhead box P1 (FOXP1)

hepatosplenomegaly, neurologic progressive regression
and hypotonia

Hermansky—Pudlak syndrome (HPS1-10) AR Fibrosing ILD, oculocutaneous albinism, platelet storage
deficiency, neutropenia, granulomatous colitis
AD chILD, intellectual developmental disorder with language
impairment with or without autistic features
AD Progressive chiLD, global developmental delay,

RAS-associated protein (RAB5B)

dysmorphic features

AD: autosomal dominant; AR: autosomal recessive; NRDS: neonatal respiratory distress syndrome; PHT: pulmonary hypertension; DAH: diffuse
alveolar haemorrhage; PAP: pulmonary alveolar proteinosis.

Interferon type I signalling system hyperactivation plays a pivotal role in the pathogenesis of
STING-associated vasculopathy with onset in infancy (SAVI) where STING is activated, coatomer protein
complex, subunit alpha (COPA) syndrome, and certain connective tissue disorders. Testing for an
interferon signature has emerged as a reliable screening tool for these conditions [73]. As therapies
targeting interferon signalling pathways are developed and introduced into clinical practice, this diagnostic
approach is likely to become increasingly significant [74, 75].

Bronchoscopy with bronchoalveolar lavage

Flexible bronchoscopy with bronchoalveolar lavage (BAL) is a valuable tool for assessing airway anatomy
and eliminate concurrent infections. The cellular profile of BAL fluid (BALF) can provide insights into
characteristic disease patterns, aiding in the diagnostic process as it happens in pulmonary haemorrhage
syndromes, PAP, eosinophilic lung disease and hypersensitivity pneumonitis [1, 3, 25]. However, BALF
findings are not definitive, as BALF alone is neither sensitive nor specific for diagnosing chILD. Instead,
it serves as a complementary diagnostic tool that guides but does not confirm the final diagnosis [76].

Lung biopsy

Advances in genetic studies have significantly reduced the importance of lung biopsy for diagnosing
chILD [1]. Nonspecific features are alveolar epithelial cells hyperplasia, thickened alveolar walls, lung
fibrosis, cholesterol clefts and various degrees of alveolar proteinosis [28, 38]. Various diseases may be
associated with diffuse developmental disorders of the lung (FOXF1, TBX4, FGF10, but also surfactant
disorders), and a same genetic variant may lead to varying biopsy abnormalities among individuals and
across the time [28, 77-79]. Finally, abnormal findings may be heterogeneous, and, as illustrated by NEHI,
a normal biopsy does not exclude the disease [80, 81].

The current view is that lung biopsy could be reserved for those children with negative or inconclusive
genetic studies. However, in critically ill patients who require urgent decisions, lung biopsy may still play a
critical role [28, 79, 82]. Unlike genetic testing, it can provide a diagnosis within a few days and in
selected age-groups, such as neonates, it can achieve a diagnostic rate in up to 95%, which exceeded that
of genetic testing [82]. DeutscH et al. [79] also suggested that lung biopsy could characterise pathological
disease processes in patients with known disease with a better definition of the nature and extent of
abnormalities, including key processes like inflammation or fibrosis, which can guide therapeutic
strategies. This is particularly important as experience with antifibrotic agents and other targeted therapies
continues to grow.

The procedure is typically performed using video-assisted thoracoscopy or a mini-thoracotomy [79]. When
considering a surgical lung biopsy, it is crucial to weigh its associated risks. A recently-published large
population-based study highlighted that postsurgical mortality rates were not negligible, particularly in
nonelective procedures [83]. In some centres, transbronchial and cryobiopsy techniques are increasingly
being utilised with positive outcomes for specific indications [84-86]. While these methods are valuable in
assessing infection or graft rejection in paediatric lung transplant patients, the small biopsy size and
susceptibility to crush artifacts significantly limit their diagnostic yield for most chILD disorders [87].
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Cryobiopsy, which employs a cryoprobe to freeze and extract a larger tissue sample with minimal crush
artifact compared to conventional forceps-based transbronchial lung biopsy, offers a less invasive
alternative to surgical lung biopsy while providing valuable diagnostic insights [88, 89, 90]. However,
standardised training and further research are needed before it can be routinely used [91].

Treatments

chILD is often a severe condition that highly impairs the child’s health-related quality of life as well as the
quality of life of their family. The rarity of each chILD entity makes it a real challenge to build clinical
trials and requires organised international networking and collaborations together with systematic registries.
To date, the majority of chILDs are managed with unspecific treatments, with variable efficacy and
non-neglectable side-effects (table 3). Personalised treatments have emerged in the past decade, and their
development represents a major goal for the coming years [92, 93].

TABLE 3 Main nonspecific and specific treatments in childhood interstitial lung diseases (chILDs)

Treatment

Indication

Specific/nonspecific

Currently used (Curr); clinical
trial (CT); research protocol or
compassionate use (R);
Prospective (P)

Glucocorticoids: methylprednisolone
i.v. pulses; oral prednisolone

Long-term azithromycin

Hydroxychloroquine

Immunosuppressive drugs:
mycophenolate mofetil, ciclosporin,
azathioprine, rituximab,
cyclophosphamide, methotrexate

Antifibrosing therapies: pirfenidone,
nintedanib

Janus kinase inhibitors: ruxolitinib,
baricitinib, tofacitinib

CFTR modulators
Cyclosporine A
Methionine

Amino acids: phenylalanine, isoleucine,
tyrosine, leucine, alanine

Inhaled sargramostim (recombinant
human GM-CSF)

Inhaled sargramostim (recombinant
human GM-CSF)

Whole lung lavages

Lung transplantation
Gene transfer therapy

Mesenchymal stromal cell therapy

Almost all chILDs

NEHI

Surfactant metabolism disorders

Surfactant metabolism disorders
and other chILDs

Auto-immune and
auto-inflammatory disorders;
disorders related to
systemic disease processes;
sarcoidosis

Fibrosing surfactant metabolism
disorders; undefined fibrosing
ILD

Auto-inflammatory disorders (SAVI,
COPA);

Undefined chILD with elevated IFN
signature, FARSA, STAT1 GOF,
STAT3 GOF

ABCA3 deficiency

ABCA3 deficiency

MARS1-related PAP

FARSA, FARSB, YARS1, LARS1,
IARS1, AARS
Autoimmune PAP

CSF2RA and CSF2RB-related PAP

PAP

End-stage irreversible chILD
SP-B deficiency

CSF2RA-related PAP

Potentially all monogenic chILDs
CSF2RA-related PAP

Nonspecific
Nonspecific
Nonspecific
Nonspecific

Nonspecific

Nonspecific

Specific
Nonspecific
Specific
Nonspecific
Specific
Specific
Specific
Specific
Nonspecific

Nonspecific
Specific

Curr

CT: NCT06471556

Curr

Curr/CT: NCT02615938

Curr

CT: NCT05285982 (nintedanib);
NCT04093024 (nintedanib)

R (pirfenidone)

Curr/CT: NCT04517253

R

R

R

Curr

CT: NCT03887169
R

CT: NCT01511068

R

CT: NCT01511068 (interrupted,
insufficient recruitment)

CT: NCT02835742

Curr

Curr

P

CT: NCT01828957

NEHI: neuroendocrine cell hyperplasia of infancy; SAVI: STING-associated vasculopathy of infancy; COPA: coatomer protein complex, subunit alpha;
IFN: interferon; FARSA: phenylalanine-tRNA synthetase A; STAT: signal transducer and activator of transcription; GOF: gain of function; CFTR: cystic
fibrosis transmembrane conductance regulator; ABCA3: ATP binding cassette subfamily A member 3; MARS: methionine-tRNA synthetase; PAP:
pulmonary alveolar proteinosis; FARSB: phenylalanine-tRNA synthetase B; YARS1: tyrosyl tRNA synthetase 1; LARS1: leucyl tRNA synthetase 1; IARS1:
isoleucyl-tRNA synthetase 1; AARS: alanyl tRNA synthetase; GM-CSF: granulocyte-macrophage colony stimulating factor; CSF2R: colony stimulating

factor 2 receptor; SP-B: surfactant protein B.
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Because each chILD entity is rare, and, in most cases the disease-causing pathophysiology remains poorly
understood, nonspecific treatment options based on expert advice rather than clinical trials are commonly
used [25, 94].

Glucocorticoids represent the most-utilised drugs, with different treatment regimens. While widely
prescribed, they have never been evaluated in a controlled trial for use in chILDs. While glucocorticoids
can be effective, they display substantial side-effects that need to be closely monitored [95-97]. Currently,
its efficacy is being tested in a phase 2 trial in France. In a number of diseases, glucocorticoids are
associated with oral hydroxychloroquine and azithromycin. Hydroxychloroquine at a 6-10 mg-kg™* per day
dosage is believed to act as a drug that could eventually allow tapering corticosteroids [98, 99]. The 2015
European recommendations even cite it as a potential first-line treatment in mild and stable forms of chIL.D
[25]. More recently, hydroxychloroquine (6.5 mg-kg™ per day) effect has been evaluated through a
prospective start and stop double-blind, placebo-controlled, multinational clinical trial. The limited number
(n=35) and the heterogeneity of the included patients made it difficult to provide definitive answers, but the
authors concluded that hydroxychloroquine in this population seems to be well-tolerated and would benefit
from further evaluation [100, 101]. The same team focused on the effect of hydroxychloroquine on ABCA3
variants using in vitro cell models, with promising results regarding the evaluation of differential efficacy of
the treatments depending on the variants [102]. Conversely, another in vitro model of using patient-specific
induced pluripotent stem cells expressing the frequent SFTPC 173T showed that hydroxychloroquine
treatment increased proSP-C misfolding, misprocessing, mistrafficking and cell homeostasis [103].

Azithromycin is also largely used in chILDs, especially in surfactant metabolism disorders, despite there
being only few case reports upholding its efficacy, supposedly related to a local immunomodulatory
response and antimicrobial effects [104]. Not without humour, A. Busa [105] discussed the wide use of
azithromycin in a large number of paediatric lung diseases despite a very low degree of scientific evidence
and possible side-effects, especially in selecting resistant microorganisms. Immunosuppressive drugs are
another therapeutic family in chILDs. They are mostly used in case of systemic-related disease. Their use
in chILDs is not protocolised and often adopted from adult diseases. As an example, this is the case for
diffuse alveolar haemorrhage, that is also believed to be related to a dysimmune process with the use of
mofetil mycophenolate, rituximab or cyclophosphamide, or paediatric sarcoidosis with the use of
methotrexate [106, 107]. Using large molecule screening technics, cyclosporine has also emerged as a
potential treatment in ABCA3 disorders, with an efficacy that has to be counterbalanced by its potential
side-effects [108, 109].

Nonspecific treatments of chILDs have recently been enriched by anti-fibrosing therapies. In a phase 2
clinical trial, nintedanib has shown a good tolerability and an acceptable profile of adverse effects in
children aged 6 to 17 years [110, 111]. Adverse events were similar as in adults (mainly diarrhoea) but
less frequent and there was a not significant trend toward a stabilisation of forced vital capacity and
oxygen saturation. In particular, attention needs to be paid to weight-loss or failure to thrive in children.

Specific treatments are rare in chILDs but their number is increasing and represent very promising
perspectives for the involved patients. Janus kinase inhibitors (JAK-I) have recently emerged in chILD
with elevated interferon signature [112, 113]. A JAK-1/2-I, baricitinib, was shown to have a beneficial
effect in a 52-week phase 2-3 multicentre open-label study in Japanese patients with autoinflammatory
disorders that included SAVI (n=9) [114]. It was also reported to be effective in COPA syndrome [115].
Ruxolitinib was also effective in SAVI and COPA syndrome [116, 117]. In a limited number of other
chILDs with elevated interferon signature (undefined chILD; FARSA: phenylalanine-tRNA synthetase A
variants; STAT1; signal transducer and activator of transcription 1 GOF variants; STAT3 GOF variants),
JAK-I were also tested and various degrees of improvement in lung diseases was reported in some of the
patients [118-120]. However, these treatments have to be given cautiously and monitored because of
potential opportunistic infections. In methionine-tRNA synthetase-related PAP, methionine supplementation
has drastically changed the prognosis of the disease [121-123]. Whereas whole lung lavages were the only
option in PAP, with significant burden for the patients, this new therapeutic option allows a disease control
and regression of lung lesions, with a generally good tolerance profile [124]. In hereditary PAP, an
exceptional disease in children, inhaled recombinant granulocyte macrophage colony stimulating factor
(GM-CSF) was tried with no success (NCT01511068), whereas anecdotally the statin atorvastatin was
helpful, in addition to treatment with whole lung lavages [125, 126].

Inhaled GM-CSF was primarily used successfully in auto-immune PAP in adults, but also in teenagers
with significant efficacy [38, 127, 128]. Recently, cystic fibrosis transmembrane conductance regulator
(CFTR) modulators in patients with ABCA3 deficiency have been extensively investigated, based on
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protein homology between the two proteins [92, 129-131]. In vitro investigations using lumacaftor, and
even more so ivacaftor, showed promising results and paved the way for testing this treatment in patients
[132]. This was recently initiated in a pilot study including three adults who received the triple therapy
elexacaftor-tezacaftor-ivacaftor, with an improvement in lung status in all of them.

Gene transfer therapy and mesenchymal stromal cell therapy

In monogenic chILD, gene therapy represents an important hope for curing the patients [133]. Challenges
to address are finding a safe and efficient vector, able to target alveolar epithelial cells, ensuring a
sufficient level of expression of the corrected gene and providing a long-term efficacy. SP-B deficiency
was first targeted because of its loss of function mechanism induced by bi-allelic variants [134-136]. Viral
vectors, especially adeno-associated viral vectors have shown promising results in vitro and in mice with a
restoration of surfactant production and increased survival. Viral vectors (lentiviral) have also been studied
for hereditary PAP related to CSF2RA variants in cell models of macrophages, with functional restoration
of GM-CSF signalling [137]. More applications of gene transfer therapy are expected in the coming years,
together with the launch of clinical trials in humans.

Mesenchymal stromal cell therapy, delivered intravenously or by intra-tracheal instillation, is another
interesting perspective in chILDs owing to the accessibility (they can be isolated from amniotic fluid, bone
marrow and various tissues) and plasticity (ability to differentiate in various cells) of mesenchymal stromal
cells, along with their longevity and self-renewal potential [138]. Similarly, pulmonary macrophages
derived from induced pluripotent stem cells were used in mice models of colony stimulating factor 2
receptor subunit b (CSF2RB)-related PAP with encouraging results [139]. In human paediatric lung
disease, they were first tested in bronchopulmonary dysplasia, with a good tolerance but disappointing
results, highlighting that this technology requires further evaluation [140].

Lung transplant

Lung transplant remains a limited treatment option for infants and children with incurable severe forms of
ILD. The decision to pursue lung transplantation is inherently complex, requiring careful consideration of
numerous individual factors. Families require extensive guidance and education before making a decision
about whether a lung transplant is appropriate for their child and family. The surgical approach to
transplant in ILD is similar to that in other lung transplant candidates, although the limited organ supply in
infants can result in prolonged wait times [141].

In the recent study by Carcens et al. [142], the most common chILD diagnoses leading to lung transplant
were disorders of the immunocompromised host in children after stem cell transplantation/chemotherapy/
radiation followed by growth abnormalities reflecting deficient alveolarisation disorders related to systemic
disease processes. Outcomes in chILD patients following lung transplant are comparable to cystic fibrosis
and pulmonary hypertension transplanted patients despite a higher mechanical ventilation requirement prior
to lung transplant and a longer intensive care unit and overall hospital stay [143]. The median survival rate
after lung transplant in children with chILD is comparable to that observed in children with other causes of
respiratory failure, approximately 5 years [141, 144].

Supporting care

Oxygen support

Long-term oxygen therapy and, rarely, non-invasive or invasive ventilation may be required in chILDs
with respiratory failure. As for other indications, a mean oxygen saturation of 92% with more than 5% of
the time below 90% is essential. If chILD is complicated by pulmonary hypertension, the indication for
long-term oxygen therapy is even broader (especially if oxygen reactivity of pulmonary hypertension has
been confirmed) [145, 146].

Nutrition

Respiratory insufficiency occurs in chILDs in up to 80% of the cases and results in increased energy
consumption, which has to be compensated by increased energy intake (around 120% of age-appropriate
daily dose). However, patients with chILD also experience oral feeding difficulties and/or gastro-enteral
reflux and vomiting that make this goal hard to achieve [147]. Additionally, chILD treatments, especially
glucocorticoids, require regimen adaptation and eventual increase in nutrition difficulties [148]. Taking into
consideration these aspects while optimising nutrition in chILD is a major part of the management of these
children. While most patients will be managed with enriched oral feeding, more invasive management may
be needed for others with enteral nutrition via nasogastric tube or gastrostomy [149].
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Immunisations

Immunisations schedule should be adapted in chILD patients with respect to possible immunosuppressive
treatment and increased risk of respiratory infection. In patients with glucocorticoid pulses or long-term
oral corticosteroids, live vaccines should be avoided (or given at least two weeks before starting these
treatments). Chickenpox vaccine may be discussed before introducing selective immunosuppressive
therapeutics. Additional immunisations include influenza, Streptococcus pneumoniae and respiratory
syncytial virus [3, 150].

Adapted physical activity

Respiratory insufficiency and eventual oxygen or ventilatory support impair exercise tolerance. However,
maintaining physical activity is essential in chILD management and a personalised programme with an
adapted physical activity instructor may be of benefit to the patient’s physical and mental health.

Patients’ groups and social support

Patients’ groups are critical in improving patients care. General chILD groups as well as disease-specific
groups are increasingly being formed and the information should be systematically delivered to the patients.
In line with the needs highlighted by parents and teenagers, optimal information at each step of the disease is
still insufficiently provided, despite the increase in specific booklets and websites in many languages.

Social support is also an important part of the management that may notably improve daily life. Depending
on local social offers, patients may benefit from various helps (e.g., financial, human, scholarly). A
systematic consultation with a social worker may allow optimising these needs, when available.

Monitoring

Once a chILD diagnosis is established and therapies are initiated, ongoing monitoring is essential. This
includes evaluating disease progression, assessing treatment efficacy and side-effects, tracking growth and
development, detecting the emergence of comorbidities and monitoring health-related quality of life
[149, 151, 152]. Regular follow-ups are important to ensure that care remains adapted to the child’s
changing clinical needs, though no consensus exists on the optimal frequency or standardised
investigations for these visits.

To enhance the characterisation of disease progression in chILD, recent efforts have focused on defining
exacerbation criteria specific to this population [153, 154]. Moreover, for the first time, minimal important
differences have been determined for vital signs and health-related quality of life scores in a large cohort of
children with chILDs [155]. These developments offer critical benchmarks for evaluating disease trajectory
and the effectiveness of interventions, facilitating improved clinical management and research precision.

Beyond disease monitoring, attention must also focus on the side-effects of therapies. Long-term data on
systemic glucocorticoid treatment in chILD patients suggest that the effects on growth, bone mineral
density, and body composition are generally within acceptable limits, highlighting the importance of
balancing treatment benefits against potential risks [148].

Transition

chILD survivors are frequently managed in adult ILD centres, with only a minority continuing follow-up in
paediatric settings [102, 156]. These survivors often experience significant loss of lung function. The multiple
aetiologies and diverse therapeutic needs of this population present significant challenges for adult ILD centres
[157, 158]. In early 2024, the ERS published a statement highlighting the challenges in transitioning care for
children with ILD as they reach adulthood [159]. The authors highlighted the limited availability of healthcare
transition programmes specific to this population and called for enhanced efforts to include chILD patients in
registries for long-term monitoring, starting in childhood and extending into adulthood.

Multidisciplinary networks

The development of expert networks is crucial in advancing knowledge in rare diseases such as chILD.
Multidisciplinary team meetings are valuable in improving diagnosis, treatment and outcomes for these
patients. Notable examples include the RespiRare meetings in France, the pan-European chILD-EU
collaboration centred in Munich, and the Children’s Interstitial Lung Disease Respiratory Network of
Australia and New Zealand (chILDRANZ) [19, 160, 161]. Recently, CassiBa et al. [160] highlighted the
impact of the RespiRare network meetings in optimising the management of chILD patients. These
collaborative forums have been instrumental in refining the understanding of the aetiology of chILDs,
tailoring treatment strategies — whether through escalation or de-escalation — and increasing clinician
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confidence in managing these complex conditions. In addition, they provide unique platforms for
conducting research studies that will drive further advances in this challenging field.

Conclusions

In recent years, significant progress has been made in the understanding and management of chILDs.
Increased clinical awareness has contributed to a rise in reported prevalence and incidence of these
diseases. Genetic testing has become one of the most important tools in the diagnostic approach to chILDs,
eliminating the need for lung biopsy in many cases. However, despite a better understanding of disease
mechanisms, therapeutic options for chILDs remain largely nonspecific and suboptimal, highlighting the
urgent need for novel treatments to be validated through randomised clinical trials.

Key points

»  Childhood interstitial lung diseases (chILDs) are rare, heterogeneous disorders requiring a structured,
multi-step diagnostic approach.

»  Genetic testing is becoming one of the most important steps in the diagnostic approach to chiLDs,
replacing the need for a lung biopsy in several cases.

»  Despite progress, treatments for chiLDs remain largely nonspecific and suboptimal, underscoring the
urgent need for novel therapeutic options validated through randomised clinical trials.

»  Multidisciplinary collaboration and regular updates in the field are essential for optimising patient care.

Self-evaluation questions
1. What are the key clinical features that should prompt suspicion of chILD in a paediatric patient?
a) Cough, rapid and/or difficult breathing
b) Tachypnoea, adventitious sounds, retractions
c) Hypoxaemia
d) Diffuse parenchymal lung disease on chest radiography or thoracic computed tomography
e) All of the above
2. Which gene is most probably involved in a child presenting with progressive ILD, hypothyroidism and
choreoathetoid movements?
a) FOXP1
b) FOXF1
c) NKX2.1
d) TBX4
e) ZNFX1
3. Which of the following statements about the chILD diagnostic approach is accurate?
a) Lung biopsy remains the gold standard for diagnosing chiLDs.
b) Genetic analysis plays a fundamental role in establishing a precise diagnosis in many cases of chILD
and can offer key insights into prognosis and guide targeted treatment options.
c) Inspiratory and expiratory chest CT imaging are essential for diagnosing all cases of chlILD.
d) Lung MRI can reliably detect key features of chiILD, such as septal thickening, ground-glass opacities,
nodules and cysts.
e) Bronchoscopy is always a critical diagnostic tool for all cases of chiLD.
4. What elements should be included in the supportive care of a chILD patient?
Oxygen monitoring and supplementation when oxygen drops are noticed
Nutritional monitoring and supplementation if failure to thrive is present
Up-to-date vaccinations
Adapted physical activity
All of the above
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