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Abstract: The term children interstitial lung diseases (chILD) refers to a heterogeneous group of rare
diseases that diffusely affect the lung. ChILD specific to children younger than 2 years of age include
diffuse developmental disorders, growth abnormalities, specific conditions of undefined etiology
(neuroendocrine cell hyperplasia of infancy and pulmonary interstitial glycogenosis) and surfactant
protein disorders. Clinical manifestations are highly variable, ranging from the absence of relevant
symptoms to a severe onset. Most commonly, chILD presents with nonspecific respiratory signs and
symptoms, such as dyspnea, polypnea, dry cough, wheezing, recurrent respiratory infections and
exercise intolerance. In the diagnostic approach to a child with suspected ILD, chest high resolution
computed tomography and genetic tests play a central role. Then, if the diagnosis remains uncertain,
laryngotracheal-bronchoscopy and lung biopsy are needed. Pharmacological treatment is mostly
empiric and based on anti-inflammatory and immunomodulatory drugs including corticosteroids,
hydroxychloroquine and azithromycin. Despite chILD overall rarity, pediatric pulmonologists must
be familiar with these diseases in order to carry out a timely diagnosis and patient treatment.

Keywords: children interstitial lung disease (chILD); chest high resolution computed tomography
(HRCT); genetic tests

1. Introduction

ChILD (children interstitial lung disease, chILD) is a heterogeneous group of rare, chronic respiratory
diseases, with a prevalence variably reported (from 0.13 to 16.2 per 100,000 children per year) as a result
of a diagnosis which is often challenging [1]. In fact, standardized diagnostic criteria are lacking and the
presentation clinical and pathological is heterogeneous.

Even if the term of Children interstitial lung disease, chILD, is conventionally used in the
international scientific literature, the term Diffuse Lung Disease, DLD, would be more appropriate to
describe these conditions, since many of them do not show exclusive involvement of the interstitium
but also alveoli, distal small airways and/or terminal bronchioles [2]. In this manuscript, we use the
term chILD meaning diffuse lung disease in children.

2. Classification

Different classification systems for chILD have been proposed in the past decade [3]. In 2004
Clement et al. [4] proposed the first chILD classification, based on etiology and physiopathology.
This classification was extended by Deutsch et al. in 2007 [5] on the base of lung biopsies collected in
children less than 2 years of age. Later, a further sub-classification has been introduced, separating ILD
specific to infancy from other pediatric ILD, again on the base of etiologic and pathologic criteria [6–9].
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According to Rice et al. [7], chILD can be classified as detailed in Table 1. In our review we will focus
on chILD disorders more prevalent in infancy.

Table 1. chILD classification according to Rice et al. [7].

DISORDERS MORE PREVALENT IN INFANCY

Diffuse developmental disorders:

- acinar dysplasia
- alveolar capillary dysplasia
- congenital alveolar dysplasia

Growth abnormalities:

- alveolar hypoplasia
- chronic neonatal lung disease
- related to chromosomal disorders
- related to congenital heart disease

Specific conditions of undefined aetiology:

- neuroendocrine cell hyperplasia of infancy (NEHI)
- pulmonary interstitial glycogenosis (PIG)

Surfactant protein disorders

DISORDERS RELATED TO SYSTEMIC DISEASE PROCESSES

Disorders related to systemic disease:

- Langerhans cell histiocytosis
- related to acquired heart disease
- storage disease/endogenous lipid pneumonia

Disorders of the normal host (presumed immune intact):

- eosinophilic bronchiolitis/pneumoniae
- infection/post infectious processes
- hypersensitivity pneumonitis
- aspiration pneumonia

Host disorders (immunocompromised):

- opportunistic infection
- transplant-related

Disorders masquerading as ILD:

- pulmonary hypertension
- veno-occlusive disease
- lymphatic disorders
- capillary haemangiomatosis
- thromboembolic disease
- vasculitis

Lymphoproliferative disease:

- lymphoid interstitial pneumonia
- diffuse lymphoid hyperplasia
- lymphomatoid granulomatosis

Small airways disease:

- chronic bronchiolitis
- obliterative bronchiolitis
- follicular bronchiolitis

Interstitial pneumonias unrelated to surfactant protein disorder:

- organizing pneumonia
- diffuse alveolar damage>

- usual interstitial pneumonia

Other patterns of diffuse lung disease:

- hemosiderosis
- alveolar microlithiasis
- sarcoidosis
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3. Clinical Manifestation

The severity of chILD presentation is highly variable, ranging from mild nonspecific symptoms,
which my lead to a late diagnosis, to a very severe clinical picture. Usually the earlier is the onset of
the disease, the more severe are the presenting symptoms. Despite the heterogeneity that characterizes
chILD (age of presentation, genetic mutations, disease course), there is significant overlap in clinical
manifestations [10].

The earliest possible presentation of chILD is shortly after birth, with unexplained respiratory
distress in term neonates, who can rapidly require intubation and ventilation [11]. Less frequently,
chILD patients are born preterm; in this case they present with an acute respiratory distress which is
more severe than would be expected because of prematurity [11].

During the first two years of life [1,12], chILD clinical manifestations range from no symptoms to
severe respiratory distress usually triggered by viral infections. In most cases, children with chILD
have nonspecific respiratory signs and symptoms, such as dyspnea, polypnea, dry cough, wheezing,
recurrent respiratory infections and exercise intolerance [11].

Older children can show tachypnoea, hypoxia, digital clubbing, and/or cyanosis during exercise
or at rest [3,6,11].

In chILD auscultation typically reveals crackles, sometimes coupled with wheezes, but no
pathological chest sound can be heard in up to a third of affected children [11].

4. Diagnosis

The diagnostic approach to a term neonate with respiratory distress of unknown origin or to an
infant/child with persistent tachypnoea, cough, hypoxemia and diffuse pulmonary infiltrates, requires,
as a first step, the exclusion of less rare causes of diffuse lung diseases such as cystic fibrosis, congenital
cardiac diseases, primary ciliary dyskinesia, immunodeficiency, infections and recurrent aspiration [13].
Once major non-chILD disorders have been excluded, a “chILD syndrome” can be suspected in the
presence of at least 3 out of the following 4 criteria [1,8,11,13]:

- respiratory symptoms (cough, rapid breathing, or exercise intolerance);
- respiratory signs (resting tachypnoea, auscultation with pathological sounds even if child has no

acute infection, retractions, digital clubbing, respiratory failure, failure to thrive);
- hypoxemia;
- diffuse abnormalities on chest imaging.

Even if plain radiographs are usually performed in a child suspected of ILD, the information
provided is often limited. Thus, chest High Resolution Computed Tomography (HRCT) is the gold
standard to investigate lung damage in these children [6,11,13], enabling the visualization of the
parenchymal structure to the level of secondary pulmonary lobule. Furthermore, chest HRCT gives
accurate information about the pattern of parenchymal abnormalities as well as about their extension
and distribution. Common radiologic patterns in chILD are widespread ground-glass attenuation
sometimes coupled with intralobular lines, irregular interlobular septal thickening, honeycombing
and, less frequently, large subpleural air cysts (usually located in upper lobes adjacent to areas of
ground-glass opacities) [6,14–16]. HRCT has indeed very poor sensitivity and specificity for the
discrimination between chILDs, with the exception of neuroendocrine cell hyperplasia of infancy
(NEHI), for which HRCT has 78% specificity and 100% sensitivity [17]. NEHI shows in fact a typical
HRCT pattern characterized by ground-glass opacities located in middle lobe and lingula, as shown in
Figure 1. In children with surfactant protein disorders, chest HRCT shows diffuse ground-glass opacity
and reticulation, but no data are presently available on sensitivity and specificity of these aspects [1].
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ventilation leading to a wrong interpretation of lung images. 

Within the diagnostic workup in a child with suspected ILD, beside lung imaging, genetic tests 
are gaining more and more importance for the identification of a specific chILD, as showed in Table 
2 [18]. Each child with suspected ILD should perform genetic tests early in the diagnostic workup 
and the results should be promptly provided, since they can potentially clarify the diagnosis and 
guide the therapeutic approach. 

When both lung imaging and genetic tests cannot lead to the formulation of a specific diagnosis, 
more invasive procedures are needed, such as laryngotracheal bronchoscopy (LTBS) and/or lung 
biopsy. LTBS enables the assessment of airway anatomical structure and the collection of samples 
from the distal airways (bronchoalveolar lavage [BAL], bronchial brushing, bronchial biopsy) for 
pathological and microbiological examination [19,20]. Lung biopsy is the last step in the diagnostic 
approach to a child with suspected ILD, but sometimes it is the only test that leads to a definitive 
etiologic diagnosis [7]. Although, as discussed below, the histological evaluation does not modify the 
global approach to chILD, which is mostly empiric and based on clinical experience, recent data 
suggest that it can affect the patient management, justifying empiric therapy or narrowing treatment 
modality [21]. The site of biopsy should be established by a multidisciplinary team (including 
surgeon, pathologist and pediatric pulmonologist) and based on the analysis of lung abnormalities 
distribution on a recent chest HRCT [11,22]. Biopsy should be preferably performed from two sites 
by an experienced surgeon, in order to avoid diagnostic errors or not suitable samples [7]. 

Figure 2 shows diagnostic flow-chart in child with suspected ILD. 
  

Figure 1. ground-glass opacities located in middle lobe and lingula in a 10-month-old infant with NEHI.

The correct timing to perform chest HRCT in children with suspected ILD is nowadays still
debated. Even if radiation risk restricts the use of chest HRCT in pediatric population, this risk needs
to be balanced against the benefits of a prompt diagnosis, which could help clinician in this rare disease
management. Furthermore, we have to keep in mind that younger children, neonates and infants have
to be sedated during the acquisition of radiological images and this could impair lung ventilation
leading to a wrong interpretation of lung images.

Within the diagnostic workup in a child with suspected ILD, beside lung imaging, genetic tests are
gaining more and more importance for the identification of a specific chILD, as showed in Table 2 [18].
Each child with suspected ILD should perform genetic tests early in the diagnostic workup and the
results should be promptly provided, since they can potentially clarify the diagnosis and guide the
therapeutic approach.

When both lung imaging and genetic tests cannot lead to the formulation of a specific diagnosis,
more invasive procedures are needed, such as laryngotracheal bronchoscopy (LTBS) and/or lung biopsy.
LTBS enables the assessment of airway anatomical structure and the collection of samples from the
distal airways (bronchoalveolar lavage [BAL], bronchial brushing, bronchial biopsy) for pathological
and microbiological examination [19,20]. Lung biopsy is the last step in the diagnostic approach
to a child with suspected ILD, but sometimes it is the only test that leads to a definitive etiologic
diagnosis [7]. Although, as discussed below, the histological evaluation does not modify the global
approach to chILD, which is mostly empiric and based on clinical experience, recent data suggest that
it can affect the patient management, justifying empiric therapy or narrowing treatment modality [21].
The site of biopsy should be established by a multidisciplinary team (including surgeon, pathologist
and pediatric pulmonologist) and based on the analysis of lung abnormalities distribution on a recent
chest HRCT [11,22]. Biopsy should be preferably performed from two sites by an experienced surgeon,
in order to avoid diagnostic errors or not suitable samples [7].

Figure 2 shows diagnostic flow-chart in child with suspected ILD.
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Table 2. Genetic mutations associated with chILD.

Genetic Mutation Inheritance chILD

ABCA3 (ATP-binding cassette-family
A-member 3) Autosomal recessive Surfactant protein disorder

COPA (coatomer associated protein
subunit alpha) Autosomal dominant General disorder, involving lung, joint, kidney

CSF2RA (colony stimulating factor 2
receptor α) X-linked Pulmonary alveolar proteinosis

CSF2RB (colony stimulating factor 2
receptor β) Autosomal recessive Pulmonary alveolar proteinosis

FLNA (Filamin A) X-linked recessive General disorder, involving lung, cardiovascular
system, osteo-articular system, coagulation

FOXF1 (forkhead box F1) Autosomal dominant
Diffuse developmental disorders, such as alveolar
capillary dysplasia withmisalignment of the
pulmonary veins

GATA2 (GATA Binding Protein 2) Autosomal dominant Immunodeficiency 21 with pulmonary alveolar
proteinosis

MARS (metionil-transfer RNA sintetasi) Autosomal recessive Pulmonary alveolar proteinosis

NKX2-1 (NK2 homeobox 1) Autosomal dominant
Brain lung thyroid syndrome, characterized by
congenital hypothyroidism, hypotonia, chorea,
interstitial lung disease

NSMCE3 (Non-structural maintenance of
chromosomes element 3 homolog) Autosomal recessive Immunodeficiency

OAS1 (oligoadenylate synthetase 1) Autosomal dominant Pulmonary alveolar proteinosis with
hypogammaglobulinemia and splenomegaly

SFTPB (Surfactant protein B deficiency) Autosomal recessive Surfactant protein disorder

SFTPC (Surfactant protein C mutation) Autosomal dominant Surfactant protein disorder

SLC7A7 (solute carrier family 7 member 7) Autosomal recessive Pulmonary alveolar proteinosis with lysinuric
protein intolerance

TBX4 (T-box transcription factor 4) Autosomal dominant Acinar dysplasia

TMEM173 (transmembrane protein 173) Autosomal dominant Lung fibrosis with general inflammation
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Figure 2. chILD diagnostic flow-chart. * cystic fibrosis, congenital heart diseases, primary ciliary
dyskinesia, immunodeficit, infections, recurrent aspiration.

5. Follow-Up and Prognosis

A multidisciplinary approach is mandatory in chILD, not only for diagnosis but also for follow-up.
In this scenario the pediatric pulmonologist plays a key role, supported by the radiologist, the geneticist,
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the pathologist and the immunologist [1]. Also, the collaboration between pediatric pulmonologist
and adult ILD specialist is important in view of an optimal management of children with ILD who
survive beyond childhood. No standardized rules are nowadays available for follow-up in chILD,
mostly because it depends on the specific chILD etiology, on patient clinical conditions, on number
and severity of exacerbations.

The prognosis is heterogeneous (Table 3), ranging from complete recover in NEHI and pulmonary
interstitial glycogenosis to a mortality rate that approaches 100% in alveolar capillary dysplasia.
Cunningham et al., in a recent prospective cohort study including 127 children with chILD registered
in the chILD EU registry, reported the following factors as being associated with poor prognosis:
developmental/surfactant disorders, age at baseline (enrolment date) younger than 6 months, SpO2 at
baseline <94% [23].

Table 3. Clinical presentation and prognosis of chILD.

chILD Clinical Presentation and Prognosis

Diffuse developmental
disorders

Acinar dysplasia Cyanosis at birth, survival only for few hours [24]

Congenital alveolar dysplasia Variable clinical presentation and prognosis [24]

Alveolar capillary dysplasia
Onset in first 24 h of life, death within days/weeks after
presentation [25]. Less frequently onset during the first
months of life [24].

Growth abnormalities

Alveolar hypoplasia Variable clinical presentation and prognosis

Bronchodysplasia Variable clinical presentation and prognosis

Related to chromosomal
disorders

Variable clinical presentation and prognosis, related to the
specific chromosomopathy

Related to congenital heart
disease

Variable clinical presentation and prognosis, related to the
specific congenital heart disease

Specific conditions of
undefined aetiology

Neuroendocrine cell
hyperplasia of infancy

Onset during the first months of life, variable symptoms
thereafter; no deaths and no need of lung transplant
described [26,27]

Pulmonary interstitial
glycogenosis

Onset immediately after birth. Good prognosis without
severe comorbidities, but respiratory symptoms can persist
into adolescence [28]

Surfactant protein
disorder

SPFTB mutations Neonatal onset with poor prognosis, even if rarely patients
can survive longer [29]

SPFTC mutations Variable clinical presentation and prognosis [30]

ABCA3 mutations Neonatal onset with poor prognosis (or, less frequently,
presentation at an older age and longer survival) [31,32]

6. Therapeutic Approach

The treatment of patients with chILD is mainly supportive and based on oxygen supplementation
and/or ventilation, adequate caloric intake and respiratory physiotherapy [1,10,11]. Oxygen and/or
ventilation can be essential during the first days of life, then, depending on the course of the disease,
they may be reduced and/or interrupted.

Pharmacological treatment is mostly empiric [1,33] and based on anti-inflammatory and
immunomodulatory drugs including corticosteroids, hydroxychloroquine and azithromycin.
Furthermore, lung transplant is a possible therapeutic option for patients with terminal chronic
respiratory failure.

To go beyond an empiric approach and rely, instead, on an evidence-based approach, clinical
trials exploring the efficacy and safety of pharmacological treatments in children with ILD are
urgently needed.

Corticosteroids are effective in children with inflammatory lung damage, while they have limited
impact in chILD without inflammation, such as NEHI. In ventilated patients it is suggested to use
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intravenous pulse methylprednisolone (10 mg/kg, even though some centers use 30 mg/kg), while in
not ventilated patients oral prednisolone (2 mg/kg) can be an alternative [11].

Hydroxychloroquine is an immunosuppressant inhibiting T-cell function and, even if no
randomized controlled trials are available (11), a good response to hydroxychloroquine has been
reported in some cases of SFTPC and ABCA3 mutations [34–36]. Griese et al. have recently proposed an
exploratory, Phase 2a, randomized, double-blind, placebo-controlled, multinational study investigating
the impact of hydroxychloroquine in subjects with chILD [37].

Azithromycin has antibiotic, anti-inflammatory and immunomodulatory effect, but its own
therapeutic effect is difficult to analyze, because in chILD azithromycin is always used in combination
with corticosteroids and/or hydroxychloroquine [1].

Emerging therapeutic approaches for chILD include primary genetic correction and the use of
stem cells and anti-fibrotic agents [1]. Pre-clinical studies investigated gene correction in hereditary
pulmonary alveolar proteinosis with CSF2RA mutations [38] and in surfactant protein B deficiency [39],
while stem cells have been used to correct pulmonary alveolar proteinosis in CSF2RB deficient mice
models [40]. Antifibrotics (such as pirfenidone and nintedanib) are nowadays approved in adult
idiopathic pulmonary fibrosis, being able to slow the rate of decline in forced vital capacity [1]. Even if
pulmonary fibrosis is described only in a small proportion of chILD, it seems that, unlike in adults,
children have few fibrosis lesions with more cellular recruitment, less collagen deposition and less
parenchymal destruction, which allow for considering the significant beneficial effects of antifibrotic
therapies [41]. Studies to extend the use of these therapeutic agents in children are now ongoing, as
the first chILD clinical trial on Nintedanib for fibrotic diffuse lung disease in children [42].

7. Conclusions

ChILD is a heterogeneous group of rare, chronic respiratory diseases, affecting not only the
insterstitium but also alveoli, distal small airways and/or terminal bronchioles. The high variability of
chILD clinical manifestations, which range from mild symptoms to a severe onset, leads to a difficult
and often delayed diagnosis and treatment. Despite their overall rarity, pediatric pulmonologists must
be familiar with these diseases in order to carry out a timely diagnosis and patient management.

Author Contributions: Conceptualization, V.A.F., S.Z. and S.C.; methodology, V.A.F. and A.Z.; data curation, V.A.F.
and A.Z.; writing original draft preparation, V.A.F.; writing review and editing, A.Z., S.Z. and S.C.; supervision,
S.Z. and S.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

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

References

1. Cunningham, S.; Jaffe, A.; Young, L.R. Children’s interstitial and diffuse lung disease. Lancet Child
Adolesc. Health 2019, 3, 568–577. [CrossRef]

2. Nathan, N.; Berdah, L.; Borensztajn, K.; Clement, A. Chronic interstitial lung diseases in children: Diagnosis
approaches. Expert Rev. Respir. Med. 2018, 12, 1051–1060. [CrossRef] [PubMed]

3. Hime, N.J.; Zurynski, Y.; Fitzgerald, D.; Selvadurai, H.; Phu, A.; Deverell, M.; Elliott, E.J.; Jaffe, A. Childhood
interstitial lung disease: A systematic review. Pediatric Pulmonol. 2015, 50, 1383–1392. [CrossRef] [PubMed]

4. Clement, A.; ERS Task Force. Task force on chronic interstitial lung disease in immunocompetent children.
Eur. Respir. J. 2004, 24, 686–697. [CrossRef] [PubMed]

5. Deutsch, G.H.; Young, L.R.; Deterding, R.R.; Fan, L.L.; Dell, S.D.; Bean, J.A.; Brody, A.S.; Nogee, L.M.;
Trapnell, B.C.; Langston, C.; et al. Diffuse lung disease in young children: Application of a novel classification
scheme. Am. J. Respir. Crit. Care Med. 2007, 176, 1120–1128. [CrossRef] [PubMed]

6. Clement, A.; Nathan, N.; Epaud, R.; Fauroux, B.; Corvol, H. Interstitial lung diseases in children. Orphanet J.
Rare Dis. 2010, 5, 22. [CrossRef] [PubMed]

7. Rice, A.; Tran-Dang, M.-A.; Bush, A.; Nicholson, A.G. Diffuse lung disease in infancy and childhood:
Expanding the chILD classification. Histopathology 2013, 63, 743–755. [CrossRef]

http://dx.doi.org/10.1016/S2352-4642(19)30117-8
http://dx.doi.org/10.1080/17476348.2018.1538795
http://www.ncbi.nlm.nih.gov/pubmed/30345849
http://dx.doi.org/10.1002/ppul.23183
http://www.ncbi.nlm.nih.gov/pubmed/25931270
http://dx.doi.org/10.1183/09031936.04.00089803
http://www.ncbi.nlm.nih.gov/pubmed/15459150
http://dx.doi.org/10.1164/rccm.200703-393OC
http://www.ncbi.nlm.nih.gov/pubmed/17885266
http://dx.doi.org/10.1186/1750-1172-5-22
http://www.ncbi.nlm.nih.gov/pubmed/20727133
http://dx.doi.org/10.1111/his.12185


Children 2020, 7, 280 8 of 9

8. Kurland, G.; Deterding, R.R.; Hagood, J.S.; Young, L.R.; Brody, A.S.; Castile, R.G.; Dell, S.; Fan, L.L.;
Hamvas, A.; Hilman, B.C.; et al. An official American Thoracic Society clinical practice guideline:
Classification, evaluation, and management of childhood interstitial lung disease in infancy. Am. J.
Respir. Crit. Care Med. 2013, 188, 376–394. [CrossRef]

9. Griese, M.; Irnstetter, A.; Hengst, M.; Burmester, H.; Nagel, F.; Ripper, J.; Feilcke, M.; Pawlita, I.; Gothe, F.;
Kappler, M.; et al. Categorizing diffuse parenchymal lung disease in children. Orphanet J. Rare Dis. 2015,
10, 122. [CrossRef]

10. Casey, A.M.; Deterding, R.R.; Young, L.R.; Fishman, M.P.; Fiorino, E.K.; Liptzin, D.R. Overview of the ChILD
Research Network: A roadmap for progress and success in defining rare diseases. Pediatric Pulmonol. 2020,
55, 1819–1827. [CrossRef]

11. Bush, A.; Cunningham, S.; de Blic, J.; Barbato, A.; Clement, A.; Epaud, R.; Hengst, M.; Kiper, N.;
Nicholson, A.G.; Wetzke, M.; et al. European protocols for the diagnosis and initial treatment of interstitial
lung disease in children. Thorax 2015, 70, 1078–1084. [CrossRef] [PubMed]

12. Clement, A.; de Blic, J.; Epaud, R.; Galeron, L.; Nathan, N.; Hadchouel, A.; Barbato, A.; Snijders, D.; Kiper, N.;
Cunningham, S.; et al. Management of children with interstitial lung diseases: The difficult issue of acute
exacerbations. Eur. Respir. J. 2016, 48, 1559–1563. [CrossRef] [PubMed]

13. Spagnolo, P.; Bush, A. Interstitial Lung Disease in Children Younger Than 2 Years. Pediatrics 2016, 137.
[CrossRef]

14. Copley, S.J.; Bush, A. HRCT of paediatric lung disease. Paediatr. Respir. Rev. 2000, 1, 141–147. [PubMed]
15. Klusmann, M.; Owens, C. HRCT in paediatric diffuse interstitial lung disease—A review for 2009.

Pediatric Radiol. 2009, 39 (Suppl. 3), 471–481. [CrossRef] [PubMed]
16. Vrielynck, S.; Mamou-Mani, T.; Emond, S.; Scheinmann, P.; Brunelle, F.; de Blic, J. Diagnostic value of

high-resolution CT in the evaluation of chronic infiltrative lung disease in children. AJR Am. J. Roentgenol.
2008, 191, 914–920. [CrossRef] [PubMed]

17. Brody, A.S.; Guillerman, R.P.; Hay, T.C.; Wagner, B.D.; Young, L.R.; Deutsch, G.H.; Fan, L.L.; Deterding, R.R.
Neuroendocrine cell hyperplasia of infancy: Diagnosis with high-resolution CT. AJR Am. J. Roentgenol. 2010,
194, 238–244. [CrossRef]

18. Saddi, V.; Beggs, S.; Bennetts, B.; Harrison, J.; Hime, N.; Kapur, N.; Lipsett, J.; Nogee, L.M.; Phu, A.;
Suresh, S.; et al. Childhood interstitial lung diseases in immunocompetent children in Australia and New
Zealand: A decade’s experience. Orphanet J. Rare Dis. 2017, 12, 133. [CrossRef]

19. Midulla, F.; de Blic, J.; Barbato, A.; Bush, A.; Eber, E.; Kotecha, S.; Haxby, E.; Moretti, C.; Pohunek, P.;
Ratjen, F.E. Flexible endoscopy of paediatric airways. Eur. Respir. J. 2003, 22, 698–708. [CrossRef]

20. Faro, A.; Wood, R.E.; Schechter, M.S.; Leong, A.B.; Wittkugel, E.; Abode, K.; Chmiel, J.F.; Daines, C.; Davis, S.;
Eber, E.; et al. Official American Thoracic Society technical standards: Flexible airway endoscopy in children.
Am. J. Respir. Crit. Care Med. 2015, 191, 1066–1080. [CrossRef]

21. Hafezi, N.; Heimberger, M.A.; Lewellen, K.A.; Maatman, T.; Montgomery, G.S.; Markel, T.A. Lung biopsy
in children’s interstitial and diffuse lung disease: Does it alter management? Pediatric Pulmonol. 2020,
55, 1050–1060. [CrossRef] [PubMed]

22. Langston, C.; Patterson, K.; Dishop, M.K.; chILD Pathology Co-operative Group; Askin, F.; Baker, P.; Chou, P.;
Cool, C.; Coventry, S.; Cutz, E.; et al. A protocol for the handling of tissue obtained by operative lung
biopsy: Recommendations of the chILD pathology co-operative group. Pediatric Dev. Pathol. 2006, 9, 173–180.
[CrossRef] [PubMed]

23. Cunningham, S.; Graham, C.; MacLean, M.; Aurora, P.; Ashworth, M.; Barbato, A.; Calder, A.; Carlens, J.;
Clement, A.; Hengst, M.; et al. One-year outcomes in a multicentre cohort study of incident rare diffuse
parenchymal lung disease in children (ChILD). Thorax 2020, 75, 172–175. [CrossRef] [PubMed]

24. Bush, A.; Griese, M.; Seidl, E.; Kerem, E.; Reu, S.; Nicholson, A.G. Early onset children’s interstitial lung
diseases: Discrete entities or manifestations of pulmonary dysmaturity? Paediatr. Respir. Rev. 2019, 30, 65–71.
[CrossRef] [PubMed]

25. Slot, E.; Edel, G.; Cutz, E.; van Heijst, A.; Post, M.; Schnater, M.; Wijnen, R.; Tibboel, D.; Rottier, R.; de Klein, A.
Alveolar capillary dysplasia with misalignment of the pulmonary veins: Clinical, histological, and genetic
aspects. Pulm. Circ. 2018, 8. [CrossRef]

26. Nevel, R.J.; Garnett, E.T.; Schaudies, D.A.; Young, L.R. Growth trajectories and oxygen use in neuroendocrine
cell hyperplasia of infancy. Pediatric Pulmonol. 2018, 53, 656–663. [CrossRef]

http://dx.doi.org/10.1164/rccm.201305-0923ST
http://dx.doi.org/10.1186/s13023-015-0339-1
http://dx.doi.org/10.1002/ppul.24808
http://dx.doi.org/10.1136/thoraxjnl-2015-207349
http://www.ncbi.nlm.nih.gov/pubmed/26135832
http://dx.doi.org/10.1183/13993003.01900-2016
http://www.ncbi.nlm.nih.gov/pubmed/27903688
http://dx.doi.org/10.1542/peds.2015-2725
http://www.ncbi.nlm.nih.gov/pubmed/12531107
http://dx.doi.org/10.1007/s00247-009-1200-2
http://www.ncbi.nlm.nih.gov/pubmed/19440768
http://dx.doi.org/10.2214/AJR.07.2710
http://www.ncbi.nlm.nih.gov/pubmed/18716128
http://dx.doi.org/10.2214/AJR.09.2743
http://dx.doi.org/10.1186/s13023-017-0637-x
http://dx.doi.org/10.1183/09031936.02.00113202
http://dx.doi.org/10.1164/rccm.201503-0474ST
http://dx.doi.org/10.1002/ppul.24683
http://www.ncbi.nlm.nih.gov/pubmed/32040887
http://dx.doi.org/10.2350/06-03-0065.1
http://www.ncbi.nlm.nih.gov/pubmed/16944976
http://dx.doi.org/10.1136/thoraxjnl-2019-213217
http://www.ncbi.nlm.nih.gov/pubmed/31748256
http://dx.doi.org/10.1016/j.prrv.2018.09.004
http://www.ncbi.nlm.nih.gov/pubmed/30552058
http://dx.doi.org/10.1177/2045894018795143
http://dx.doi.org/10.1002/ppul.23958


Children 2020, 7, 280 9 of 9

27. Gomes, V.C.C.; Silva, M.C.C.; Maia Filho, J.H.; Daltro, P.; Ramos, S.G.; Brody, A.S.; Marchiori, E. Diagnostic
criteria and follow-up in neuroendocrine cell hyperplasia of infancy: A case series. J. Bras. Pneumol. 2013,
39, 569–578. [CrossRef]

28. Liptzin, D.R.; Baker, C.D.; Darst, J.R.; Weinman, J.P.; Dishop, M.K.; Galambos, C.; Brinton, J.T.; Deterding, R.R.
Pulmonary interstitial glycogenosis: Diagnostic evaluation and clinical course. Pediatric Pulmonol. 2018,
53, 1651–1658. [CrossRef]

29. Chakraborty, M.; Kotecha, S. Pulmonary surfactant in newborn infants and children. Breathe 2013, 9, 476–488.
[CrossRef]

30. Kazzi, B.; Lederer, D.; Arteaga-Solis, E.; Saqi, A.; Chung, W.K. Recurrent diffuse lung disease due to surfactant
protein C deficiency. Respir. Med. Case Rep. 2018, 25, 91–95. [CrossRef]

31. Kröner, C.; Wittmann, T.; Reu, S.; Teusch, V.; Klemme, M.; Rauch, D.; Hengst, M.; Kappler, M.; Cobanoglu, N.;
Sismanlar, T.; et al. Lung disease caused by ABCA3 mutations. Thorax 2017, 72, 213–220. [CrossRef] [PubMed]

32. Manali, E.D.; Legendre, M.; Nathan, N.; Kannengiesser, C.; Coulomb-L’Hermine, A.; Tsiligiannis, T.; Tomos, P.;
Griese, M.; Borie, R.; Clement, A.; et al. Bi-allelic missense ABCA3 mutations in a patient with childhood
ILD who reached adulthood. ERJ Open Res. 2019, 5, 00066–02019. [CrossRef] [PubMed]

33. Deterding, R.R.; DeBoer, E.M.; Cidon, M.J.; Robinson, T.E.; Warburton, D.; Deutsch, G.H.; Young, L.R.
Approaching Clinical Trials in Childhood Interstitial Lung Disease and Pediatric Pulmonary Fibrosis. Am. J.
Respir. Crit. Care Med. 2019, 200, 1219–1227. [CrossRef] [PubMed]

34. Witt, S.; Szentes, B.; Bush, A.; Cunningham, S.; Kiper, N.; Lange, J.; Leidl, R.; Terheggen-Lagro, S.; Schwerk, N.;
Snijders, D.; et al. Medication for childhood interstitial lung diseases differs internationally. Eur. Respir. J.
2018, 52 (Suppl. 62). Available online: https://erj.ersjournals.com/content/52/suppl_62/PA634 (accessed on
26 October 2020).

35. Avital, A.; Hevroni, A.; Godfrey, S.; Cohen, S.; Maayan, C.; Nusair, S.; Nogee, L.M.; Springer, C. Natural
history of five children with surfactant protein C mutations and interstitial lung disease. Pediatric Pulmonol.
2014, 49, 1097–1105. [CrossRef]

36. Williamson, M.; Wallis, C. Ten-year follow up of hydroxychloroquine treatment for ABCA3 deficiency.
Pediatric Pulmonol. 2014, 49, 299–301. [CrossRef]

37. Griese, M.; Köhler, M.; Witt, S.; Sebah, D.; Kappler, M.; Wetzke, M.; Schwerk, N.; Emiralioglu, N.; Kiper, N.;
Kronfeld, K.; et al. Prospective evaluation of hydroxychloroquine in pediatric interstitial lung diseases:
Study protocol for an investigator-initiated, randomized controlled, parallel-group clinical trial. Trials 2020,
21, 307. [CrossRef]

38. Hetzel, M.; Suzuki, T.; Hashtchin, A.R.; Arumugam, P.; Carey, B.; Schwabbauer, M.; Kuhn, A.; Meyer, J.;
Schambach, A.; Van Der Loo, J.; et al. Function and Safety of Lentivirus-Mediated Gene Transfer for
CSF2RA-Deficiency. Hum. Gene Ther. Methods. 2017, 28, 318–329. [CrossRef]

39. Aneja, M.K.; Rudolph, C. Gene therapy of surfactant protein B deficiency. Curr. Opin. Mol. Ther. 2006, 8, 432–438.
40. Mucci, A.; Lopez-Rodriguez, E.; Hetzel, M.; Liu, S.; Suzuki, T.; Happle, C.; Ackermann, M.; Kempf, H.;

Hillje, R.; Kunkiel, J.; et al. iPSC-Derived Macrophages Effectively Treat Pulmonary Alveolar Proteinosis in
Csf2rb-Deficient Mice. Stem Cell Rep. 2018, 11, 696–710. [CrossRef]

41. Nathan, N.; Sileo, C.; Thouvenin, G.; Berdah, L.; Delestrain, C.; Manali, E.; Papiris, S.; Léger, P.L.;
Ducou le Pointe, H.; Coulomb l’Hermine, A.; et al. Pulmonary Fibrosis in Children. J. Clin. Med. 2019, 8, 1312.
[CrossRef] [PubMed]

42. Ingelheim, B. A Double Blind, Randomised, Placebo-controlled Trial to Evaluate the Dose-exposure and
Safety of Nintedanib Per os on Top of Standard of Care for 24 Weeks, Followed by Open Label Treatment With
Nintedanib of Variable Duration, in Children and Adolescents (6 to 17 Year-old) With Clinically Significant
Fibrosing Interstitial Lung Disease. clinicaltrials.gov; 2020 November. Report No.: NCT04093024. Available
online: https://clinicaltrials.gov/ct2/show/NCT04093024 (accessed on 9 November 2020).

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1590/S1806-37132013000500007
http://dx.doi.org/10.1002/ppul.24123
http://dx.doi.org/10.1183/20734735.006513
http://dx.doi.org/10.1016/j.rmcr.2018.07.003
http://dx.doi.org/10.1136/thoraxjnl-2016-208649
http://www.ncbi.nlm.nih.gov/pubmed/27516224
http://dx.doi.org/10.1183/23120541.00066-2019
http://www.ncbi.nlm.nih.gov/pubmed/31360696
http://dx.doi.org/10.1164/rccm.201903-0544CI
http://www.ncbi.nlm.nih.gov/pubmed/31322415
https://erj.ersjournals.com/content/52/suppl_62/PA634
http://dx.doi.org/10.1002/ppul.22971
http://dx.doi.org/10.1002/ppul.22811
http://dx.doi.org/10.1186/s13063-020-4188-4
http://dx.doi.org/10.1089/hgtb.2017.092
http://dx.doi.org/10.1016/j.stemcr.2018.07.006
http://dx.doi.org/10.3390/jcm8091312
http://www.ncbi.nlm.nih.gov/pubmed/31455000
https://clinicaltrials.gov/ct2/show/NCT04093024
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Classification 
	Clinical Manifestation 
	Diagnosis 
	Follow-Up and Prognosis 
	Therapeutic Approach 
	Conclusions 
	References

