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Introduction

“Interstitial lung disease (ILD)” or childhood interstitial lung 
disease (chILD) is a heterogeneous group of disorders affecting 
mainly in pulmonary interstitium. Further studies found that 
many of diseases also have abnormality involve airway and 
airspace compartment. The term diffuse lung disease may be 
more accurate [1]. Compare to adult, chILD occurs less frequent. 
The incidence of chILD varies because of different case definitions 
and methods of case collection. Incidence studied in Denmark 
was 10.8 cases/100,000 children/year (1995–2000) and 16.2 
cases/100,000 children/year (2001–2005). Incidence studied in  

 
German was 0.13 cases/100,000 children and the prevalence rate 
in United Kingdom and Ireland was 0.36 cases/100,000 children 
but these maybe underestimate and until now there is no study 
declare true prevalence or incidence of chILD [2,3]. 

Diagnostic Criteria and Classification

ILD in adults has been classified base on histopathology 
[4], but disorders in adults are not similar to children and more 
different in neonates, thus different approaches in infants are 
needed. Tachypnea is the most common symptom, which occurs 
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ARTICLE INFO Abstract

Interstitial lung disease is a rare disorder that has various etiologies and clinical 
presentations. Some interstitial lung diseases are more common in infancy period, 
which is not similar to interstitial lung disease in childhood or adult. Every infant 
presenting with early respiratory distress/failure or chronic respiratory symptoms 
without reasonable cause together with diffuse pulmonary infiltration should be sought 
out for interstitial lung diseases after excluding other common conditions of diffuse 
lung disease. This review focuses on interstitial lung disease in infant or in first year 
of life in the scope of classification system, systematic approach, investigations, clinical 
presentations, imaging findings, pathological findings, managements and prognosis. 
Early recognition of clinical and characteristic of imaging findings of ILD in infants can 
lead to prompt diagnosis and proper management.

Abbreviations: ILD: Interstitial Lung Disease; chILD: Childhood Interstitial Lung Disease; 
ACDMPV: Alveolar–Capillary Dysplasia With Misalignment Of Pulmonary Vein; NEHI: 
Neuroendocrine Cell Hyperplasia Of Infancy; PIG: Pulmonary Interstitial Glycogenosis; 
SF-B: Surfactant Protein B; SF-C: Surfactant Protein C; ABCA3: Adenosine Triphosphate 
Binding Cassette Transporter Protein Subfamily A Member 3; PFT: Pulmonary Function 
Test; FEV1: Forced Expiratory Volume in one Second; FVC: Forced Vital Capacity; CPI: 
Chronic Pneumonitis of Infancy; DIP:-Desquamative cell Interstitial Pneumonia; NSIP: 
Nonspecific Interstitial Pneumonia; PAP: Pulmonary Alveolar Proteinosis; TTF-1: 
Thyroid Transcription Factor
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in 75-93% of patients. Other findings are cough, wheeze, crackles, 
hypoxemia, clubbing of finger and failure to thrive [5-8]. Severe 
respiratory failure in neonatal period can present in some case. 
In some infants, the disease is asymptomatic and characterized by 
occasional findings of diffuse lung disease from CXR [7]. According 
to American Thoracic Society clinical practice guidelines, ILD in 
infants will be suspected when an infant (< 2-year-old) has at least 
three out of four of the following criteria:

a) Respiratory symptoms (e.g., cough, rapid and/or difficult 
breathing, or exercise intolerance).

b) Respiratory signs (e.g., resting tachypnea, adventitious 
sounds, retractions, digital clubbing, failure to thrive, or respiratory 
failure).

c) Hypoxemia.

d) Diffuse abnormalities on CXR or a CT scan.

In addition to above criteria, the common causes of diffuse 
lung disease which include cystic fibrosis, congenital or acquired 
immunodeficiency, congenital heart disease, bronchopulmonary 
dysplasia, pulmonary infection, primary ciliary dyskinesia must be 
excluded [9].

Classification 

Deutsch GH et al. proposed the first classification of diffused 
lung disease in childhood, later also used by most guidelines [9-11].

Diffuse Developmental Disorders 

a) Acinar dysplasia

b) Congenital alveolar dysplasia

c) Alveolar–capillary dysplasia with misalignment of 
pulmonary vein (ACDMPV)

Growth Abnormalities

a) Pulmonary hypoplasia

b) Chronic neonatal lung disease

• Prematurity-related chronic lung disease 
(bronchopulmonary dysplasia)

• Acquired chronic lung disease in term infants

c) Structural pulmonary changes with chromosomal 
abnormalities

• Trisomy 21 

• Others

d) Associated with congenital heart disease in chromosomally 
normal children.

Specific Conditions of Undefined Etiology 

a) Neuroendocrine cell hyperplasia of infancy (NEHI)

b) Pulmonary interstitial glycogenosis (PIG) 

Surfactant Dysfunction Mutations and Related Disorders 

a) SF-B genetic mutations 

b) SF-C genetic mutations 

c) ABCA3 genetic mutations

d) Others with histology consistent with surfactant 
dysfunction disorder without a yet recognized genetic disorder 

Definition of Abbreviations

SF-B: surfactant protein B, SF-C: surfactant protein C, ABCA3: 
adenosine triphosphate binding cassette transporter protein 
subfamily A member 3.

Diagnostic Tools

Echocardiogram

Echocardiogram is useful for excluding congenital heart 
disease and pulmonary vascular disease that can mimic or coexist 
with chILD. Furthermore, echocardiogram can evaluate degree of 
pulmonary hypertension that associated with poor prognosis [12]. 
So, echocardiogram is strongly recommended in all suspected of 
chILD [9].

Pulmonary Function Tests (PFT)

PFT in infants may be a challenge task and limited in some 
centers. Patients need to be sedate and require supplemental oxygen 
therapy to perform the raised-volume rapid thoracic compression 
method [13]. Generally, among cases of ILD, pulmonary function 
abnormalities show restrictive ventilatory pattern with reduce 
lung compliance, FEV1, FVC and decreased lung volume [14]. 
In Neuroendicrine cell hyperplasia of infancy (NEHI), PFT is 
characterized by hyperinflation and airflow obstruction pattern.

Imaging Studies

CXR: CXR is usually the initial imaging study. Most CXR in 
infants with ILD reveal diffuse opacities related to hypoinflation 
[15] but rarely provide specific diagnosis. Nevertheless, normal 
CXR cannot exclude chILD (Figures 1-3).

http://dx.doi.org/10.26717/BJSTR.2020.26.004350
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Figure 1: CT imaging if NEHI infant shows ground glass 
opacification prominent in lingular and middle lobe. This 
figure was permitted and provided from reference [28].

Figure 2: Genetic approach to childhood interstitial lung 
disease diagnosis. RDS = respiratory distress syndrome; 
PPHN = persistent pulmonary hypertension of the 
newborn. This approach was adapted from American 
Thoracic Society [9].

Figure 3: 

A. The CXR of 5-day old infant presented with 
respiratory failure shows bilateral reticular infiltration and 
ground-glass opacification with perihilar bronchial wall 
thickening, more prominent on the right, and a small right 
pleural effusion.

B. There is a bronchiole (arrow) with an accompanying 
artery. There is concentric muscular thickening of the 
arterial media, indicating pulmonary arterial hypertension. 
At the 4 o’clock and 11 o’clock positions accompany 
to bronchiole there are two small veins (arrowheads), 
indicating misalignment of the pulmonary veins. There 
are also numerous dilated lymphatics, indicating 
lymphangiectasia, which is also a feature in this condition. 
This figure was permitted and provided from reference 
[28].

High-Resolution CT (HRCT): HRCT is the imaging test of choice 
when ILD is suspected [16]. Nevertheless, HRCT in infants is difficult 
due to small body size, movement, rapid breathing and inability 
to hold breath; therefore, it is often necessary to perform this 
diagnostic assessment under sedation. Using CT scanning protocol 
of intubation, lung recruitment, and controlled ventilation at centers 
with pediatric chest CT expertise is recommended [9,17]. Most 
common HRCT findings in chILD consist of varying combinations of 
air trapping, ground-glass opacities, consolidations, cysts, nodules 
and linear/reticular opacities [18]. In some conditions, for example 
NEHI, HRCT can be used for diagnosis without lung biopsy with 
78% sensitivity and 100% specificity (Figure 1) [19].

Magnetic Resonance Imaging (MRI): MRI is inferior to HRCT 
in resolution, detecting characteristics of chILD diseases and 
correlating with histological findings. However, techniques of MRI 
for lung imaging are improving rapidly, comparison of HRCT and 
MRI could be necessary from time to time [9].

Genetic Testing

Genetic sequencing with whole exomes or whole genomes of 
the patient and both parents are useful [20]. Several single-gene 
disorders have been identified that can result in chILD, therefore 
genetic testing is recommended. The sequence of which genes 
to analyze depends on age at presentation, mode of inheritance, 
extrapulmonary manifestations and other factors (Figure 2) [9]. 
For instance, newborn with severe hypoxemia, respiratory failure 
and pulmonary hypertension may result from mutations in SP-B, 
ABCA3 and alveolar–capillary dysplasia with misalignment of the 
pulmonary veins (ACDMPV). ACDMPV will be highly suspected if 
patients have extrapulmonary involvement [21].

Bronchoalveolar lavage (BAL)

BAL can aid the diagnosis in some conditions of chILD. There is 
one study suggests that increase in number of pro-surfactant protein 
C in BAL may help in diagnosis of SP-C mutations [22]. However, the 
findings of BAL do not truly reflect the cellular composition of the 
interstitial space. For this reason, identifying specific chILD from 
BAL still has limitation. The benefit of bronchoscopy with BAL in 
patients suspected of chILD is mainly to exclude infection [23]. 

Surgical Lung Biopsy

Lung biopsy is more likely to determine a specific chILD disease 
than less invasive procedures [8] and pathologic findings are used 
for the chILD classification [10]. Video-assisted transthoracic 
surgery (VATS) biopsy has fewer surgical complications, shorter 
duration of operation and less pain compare with open thoracotomy, 
while providing a similar diagnostic yield. This procedure is 
recommended by American Thoracic Society. For diagnostic 
accuracy, proper tissue transportation and expertise pediatric lung 
disease pathologist are essential (Figure 3) [9].

http://dx.doi.org/10.26717/BJSTR.2020.26.004350
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Figure 4: Lung growth abnormalities. Compared with 
lung from a normal term infant (A, hematoxylin and eosin 
[H&E], 340) there is reduced alveolarization in a patient 
with Trisomy 21, characterized by cystic dilatation of 
subpleural alveoli (B, H&E, 340) This figure was permitted 
and provided from reference [10].

Childhood Interstitial Lung Disease More Prevalent in 
Infancy

Diffuse Developmental Disorders

These conditions compose of acinar dysplasia, congenital 
alveolar dysplasia and alveolar capillary dysplasia with 
misalignment of pulmonary veins (ACDMPV). The etiology of 
disorders is believed to be due to aberrations in primary molecular 
mechanism of lung and/or vascular development [10]. Infants 
with these disorders usually present as term newborns with rapid, 
progressive respiratory distress, hypoxemic respiratory failure and 
pulmonary hypertension without response to medical therapy or 
extracorporeal membrane oxygenation. Imaging typically shows 
decrease lung volume with diffuse opacities. In some cases, increase 
of main pulmonary artery and increase in pulmonary blood 
flow may be seen if affected infants have concurrent pulmonary 
hypertension. Unfortunately, most of the patients with these 
disorders die in the first two months of life [24].

Acinar Dysplasia: Acinar dysplasia is the rarest and the most 
severe form of diffuse developmental disorders [24]. Some referred 
to as type 0 congenital pulmonary airway malformation (CPAM). 
Infants with acinar dysplasia can present at birth and their survival 
is shortest. This abnormality effect lung maturation at the pseudo 
glandular to canalicular phase [25]. Therefore, pathologic feature 
reveals a complete lack of alveolar development and has only 
airway-like structures [11], which usually found by autopsy.

Congenital Alveolar Dysplasia: The lung development arrests 
slightly later, at late canalicular to saccular phase. Hence, histology 
shows acinar formation with simplified lung structure [26]. These 
infants also present with severe lung disease and pulmonary 
hypertension with slightly response to supportive treatments [25].

Alveolar Capillary Dysplasia with Misalignment of 
Pulmonary Veins (ACDMPV): In ACDMPV, a specific stage in lung 
development is not clearly reminiscent. Clinical presentation can 
be early within the first few days of birth or delay to a few months 
of ages [24]. ACDMPV should be suspected in a term infant who 

has severe pulmonary hypertension, especially in the absence of 
risk factors such as perinatal depression, meconium aspiration or 
sepsis [25]. Furthermore, apart from pulmonary manifestation, 50-
70% of ACDMPV can have extrapulmonary anomalies, including 
gastrointestinal (malrotation, alimentary tract atresias), cardiac 
(coarctation of aorta, hypoplastic left heart syndrome), absent 
or hypoplastic gallbladder, and genitourinary anomalies [16]. 
ACDMPV named from the abnormality of pulmonary pathology in 
which pulmonary veins run in the same bronchovascular bundle as 
the pulmonary arteries (the “misaligned veins”) [25]. Other findings 
are thickening of the alveolar septa from excessive mesenchymal 
cells and myxoid extracellular matrix, lack close apposition of 
the capillaries to the alveolar basement membranes, medial 
hypertrophy of the pulmonary arterioles and prominent diffuse 
or regional lymphangiectasis [27,28] as show in Figure 3. Because 
of familial cases are reported, recent studies suggest genetic basis 
for this disorder. Microdeletion/mutation of the FOXF1 gene which 
encodes a transcription factor for vascular development have been 
analyzed in ACDMPV infants [29]. Therefore, genetic testing allows 
a definitive diagnosis for ACDMPV without performing invasive 
procedure on unstable child. Nevertheless, genetic testing does not 
have 100% sensitivity and the absence of mutation cannot exclude 
diagnosis of ACDMPV because FOXF1 variant deleterious can occur 
[30].

Growth Abnormalities

Growth abnormalities or alveolar growth disorders are the 
most common cause (25%) of chILD in infants aged < 2 years [10]. 
Abnormal pulmonary development is secondary, unlike diffuse 
developmental disorder that is programed to be abnormal. This 
category include 

1. pulmonary hypoplasia associated with prenatal 
conditions; restriction of fetal thoracic space, oligohydramnios, 
skeletal anomalies, neuromuscular problems resulting in 
decreased or absent fetal breathing movements 

2. postnatal conditions; prematurity-related chronic lung 
disease (bronchopulmonary dysplasia) and acquired chronic 
lung disease in term infants 

3. the structural pulmonary changes seen with a variety of 
chromosomal abnormalities especially in Trisomy 21 

4. Congenital cardiac abnormalities that limiting pulmonary 
blood supply result in deficient lung growth. 

Depending on underlying conditions, affected patients have 
varying degree of respiratory distress and hypoxemia but generally 
present in first month of life. Clinical may improve because of new 
alveoli develop, on the other way, clinical can be worsen in ongoing 
alveolar injury. As mention above, growth abnormalities may 
suspect in infants with specific history and associated conditions. 
Unexplained or severe pulmonary symptoms are the indication 
for lung biopsy [27]. In bronchopulmonary dysplasia and other 
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conditions, imaging shows hyperexpansion and hyperlucent areas 
from alveolar enlargement, linear ground glass opacities from 
fibrotic change and reduction of distal vascularization. In Trisomy 
21, airspace are decreased and enlarged prominently in peripheral 
region, these changes can reveal subpleural lung cyst on HRCT as 
show in Figure 2 [31]. Histologic features in growth abnormalities 
are alveolar enlargement and lobular simplification. Since there 
are multiple associated conditions in this group of ILD, outcomes 
vary. Overall mortality is 34%, moreover, mortality may be higher 
in prematurity, severe alveolar growth abnormality and pulmonary 
hypertension groups [27].

Specific conditions of undefined etiology

Neuroendocrine Cell Hyperplasia of Infancy (NEHI): 
Neuroendocrine cell hyperplasia of infancy (NEHI) known as 
persistent tachypnea of infancy, or chronic idiopathic bronchiolitis 
of infancy is a disorder of unknown etiology. Affected children are 
typical term infants present with significant tachypnea, retraction, 
creackle and hypoxemia in first year of life. Respiratory failure is 
uncommon [10]. HRCT shows air trapping in mosaic attenuation 
pattern or geographic ground glass opacity involves at least 4 
lobes, predominantly in lingular and right middle lobe [32]. These 
finding are very specific (100%) for NEHI [19], thus patients 

can be diagnosed without tissue biopsy. If biopsy is performed, 
histologic findings reveal increase bombesin-immunopositive 
neuroendocrine cells in bronchioles with nearly normal lung 
histologic background as show in Figure 5, but this finding also can 
be found in other disorders [33,34]. Infants with NEHI usually have 
clinical improvement from time to time, although some may require 
supplement oxygen until childhood [35]. No deaths, no respiratory 
failure and no end-stage pulmonary disease were reported directly 
related to NEHI [24].

Figure 5: Histologic findings in NEHI infant shows an 
increase in bombesin-immunopositive cells (brown 
staining) in the epithelium of the bronchioles. This figure 
was permitted and provided from reference [28].

Table 1: Summary of clinical, imaging and pathologic findings of interstitial lung disease more prevalent in infancy.

Types of ILD Clinical features Imaging findings Pathologic findings

Diffuse Developmental Disorders 

Acinar dysplasia Term, severe respiratory failure 
since birth, mortality 100% Hypoinflation, diffuse opacities Lack of alveolar development, 

airway-like structure

Congenital alveolar dysplasia
Term, respiratory distress after 
birth, severe hypoxemia, PHT 

mortality 100%
 Acinar formation with simplified 

lung structure

ACDMPV

Term, respiratory distress after 
birth, severe hypoxemia, PHT, 

extrapulmonary abnormalities (GI, 
GU, cardiac)

Hypoinflation, diffuse opacities, 
increase size of pulmonary artery 

and pulmonary blood flow 

Pulmonary veins run along with 
bronchiole (misalignment of 

pulmonary veins)

Growth abnormalities

Preterm and term infants with 
underlying conditions (lung 

hypoplasia, bronchopulmonary 
dysplasia, chromosome anomaly, 

cardiac anomaly), variable 
presentation, severity

Variable findings 
bronchopulmonary dysplasia: 

hyper lucency, ground glass 
opacities, fibrotic change/Trisomy 

21: subpleural cyst

Alveolar enlargement, lobular 
simplification

Specific Conditions of Undefined Etiology

NEHI
Term, respiratory distress within 
first year, no respiratory failure, 

clinical improve over time

Hyperinflation, geographic ground 
glass appearance in lingular, right 

middle lobe

Increase number of bombesin-
immuno positive neuroendocrine 
cells in bronchioles, other normal 
lung histology to mild peri-airway 

lymphatic inflammation

PIG

Preterm and term infants, 
respiratory distress or failure 
within 6 months of age, may 

associated with other lung growth 
abnormalities

Diffuse PIG: diffuse ground glass 
opacities, interlobular septal 

thickening, reticular change/Patchy 
PIG: depends on underlying growth 

abnormalities

Accumulation of glycogen-laden, 
vimentin-immunopositive 

mesenchymal cells
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Surfactant Dysfunction Mutations

SP-B mutations

Term, severe hypoxemia, 
respiratory failure at birth, non-

response to exogenous surfactant 
autosomal recessive

Hypoinflation, diffuse haziness, 
granular opacities, ground glass 

appearance

Diffuse alveolar epithelial 
hyperplasia, disorganized lamellar 

bodies in alveolar type II on EM PAP 
or variant pattern

SP-C mutations
Term, respiratory distress or 

failure, variable onset autosomal 
dominant, sporadic

Diffuse alveolar epithelial 
hyperplasia, no specific EM change 

CPI or DIP, NSIP pattern

ABCA3 mutations
Term, respiratory distress or 

failure, variable onset autosomal 
recessive

Diffuse alveolar epithelial 
hyperplasia, small dense lamellar 
bodies with eccentric dense cores 

PAP or DIP, NSIP pattern

NKX2.1 mutation
Term, respiratory distress, variable 
onset Hypothyroidism, hypotonia, 

choreoathetosis

Diffuse alveolar epithelial 
hyperplasia, no specific EM change

Note: ACDMPV = alveolar capillary dysplasia with misalignment of pulmonary veins; NEHI, = neuroendocrine cell hyperplasia 
of infancy; PIG = pulmonary interstitial glycogenosis; PHT = pulmonary hypertension; GI = gastrointestinal; GU = genitourinary; 
SP-B = surfactant protein B; SP-C = surfactant protein C; ABCA3 = adenosine triphosphate binding cassette transporter protein 
subfamily A member 3; EM = electron microscopy; PAP = pulmonary alveolar proteinosis; CPI = chronic pneumonitis of infancy; DIP 
= desquamative cell interstitial pneumonia; NSIP = nonspecific interstitial pneumonia. This summary was adapted from reference 24.

Pulmonary Interstitial Glycogenosis (PIG): PIG previously 
known as infantile cellular interstitial pneumonitis and histiocytoid 
pneumonia [36]. This is a rare disease with unknown etiology. PIG 
usually present with tachypnea, retraction and hypoxia soon after 
birth or not more than 6 months of age both in term and preterm 
infants [10]. There are two types of PIG (1) diffuse PIG which 
occurs as an isolated condition (2) patchy PIG which associated 
with underlying lung growth disorder [37,38]. On HRCT, infants 
with diffuse PIG show diffuse ground glass opacities, reticular 
changes and hyperinflation in subpleural area [27]. In patchy PIG 
imaging may overlap with other underlying growth abnormalities. 
Because of non-specific imaging finding unlike NEHI, PIG requires 
lung biopsy for diagnosis. Characteristic finding is accumulation of 
monoparticulate glycogen in immature vimentin-immunopositive 
mesenchymal cells without underlying inflammation or fibrosis 
[37,38]. Clinical outcome of patchy PIG may be severe due to related 
conditions and high mortality is reported. On the other hand, diffuse 
PIG has excellent prognosis (Table 1) [39]. 

Surfactant Dysfunction Mutations and Related Disorders

Genetic mutations of encoding proteins that involved in 
surfactant production, function and metabolism lead to surfactant 
disorders. In this group, inheritance patterns, clinical presentations 
and age of onset may overlap. Histologic findings can be chronic 
pneumonitis of infancy (CPI), desquamative cell interstitial 
pneumonia (DIP), nonspecific interstitial pneumonia (NSIP), or 
pulmonary alveolar proteinosis (PAP). Therefore, genetic analysis 
is essential for establishing a specific diagnosis. 

SP-B genetic mutations: Surfactant protein B deficiency is an 
autosomal recessive disorder. 70% of cases of SP-B deficiency are 
121ins2 mutation, this result in unstable transcription, absence of 
pro- and mature SP-B protein [40]. Most infants with this mutation 
present with rapidly tachypnea, respiratory failure in term 

newborn and require mechanical ventilation within hours after 
birth. CXR and HRCT in affected infants show decrease lung volume, 
diffuse haziness with granular opacity mimic hyaline membrane 
disease in preterm newborn. But unlike hyaline membrane 
disease, SP-B deficiency patients are transiently or minimally 
response to exogenous surfactant and extracorporeal membrane 
oxygenation [11]. Apart from genetic sequencing, lung biopsy-
electron microscopy findings of disorganized lamellar bodies in 
alveolar type II cells suggest the diagnosis. Histologic findings are 
characterized by granular eosinophilic accumulation, periodic acid-
Schiff positive, lipo proteineous material [39].

SP-C genetic mutations: Surfactant protein C deficiency is an 
autosomal dominant disorder, but half of cases occur sporadic by 
spontaneous protein mutation. SP-C mutations lead to decrease 
endogenous SP-C secretion, aberrant surfactant protein folding 
and alveolar type II cells apoptosis [41]. Onset of symptoms of 
SP-C mutations is variable, patients usually present in late infancy 
to early adulthood and also presentation of patients can vary from 
mild respiratory distress, interstitial pneumonia to pulmonary 
fibrosis [42].

ABCA3 genetic mutations: Mutation of adenosine triphosphate 
binding cassette transporter protein subfamily A member 3 (ABCA3) 
is an autosomal recessive disorder. Within surfactant dysfunction 
mutations group, this is the most common genetic causes [43]. Lack 
of ABCA3 function leads to reduction of mature SP-C and affects the 
process of pro SP-B to mature SP-B. In severe mutations, clinical 
develop shortly after birth, whereas in milder mutations, clinical 
can present in childhood [44]. Ultrastructure abnormalities in 
alveolar type II cell aid diagnosis with small dense lamellar bodies 
with eccentrically placed dense cores as show in Figure 6 [24]. 
HRCT findings in both SP-C and ABCA3 mutations include ground 
glass opacity, patchy consolidation, septal thickening or small cystic 
lucency but none are specific and also histological findings [11].
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Figure 6: Electron micrograph of ABCA3 mutations 
patient demonstrates abnormal lamellar bodies with dense 
inclusions. This figure was permitted and provided from 
reference [10].

Figure 7: Proposed general diagnostic approach for 
childhood interstitial lung disease more prevalent in 
infancy. Dotted line indicate path that may be considered 
depending on clinical context. CF = cystic fibrosis; PCD 
= primary ciliary dyskinesia, CHD = congenital heart 
disease. This approach was adapted from American 
Thoracic Society [9].

NKX2.1 Mutations: NKX2.1 gene or thyroid transcription 
factor 1 (TTF-1) binds to specific sequences in the genes encoding 
SP-B, SP-C and ABCA3 to regulate their expression. Mutations of 
this gene result in severe respiratory distress and chronic ILD [45]. 
Spectrum of pulmonary presentations is varying from neonatal 
respiratory distress, asthma-liked symptom to pulmonary fibrosis. 
Not only involve in surfactant homeostasis, NKX2.1 gene also 
express in thyroid and central nervous system. So, patients with 
NKX2.1 mutation can develop hypothyroidism, developmental 
delay, hypotonia, seizure and choreoathetosis. These abnormalities 
form “brain-thyroid-lung syndrome” [46].

Treatments
Childhood interstitial lung disease is a rare condition with 

diverse range of etiologies. Until now, there is no specific treatment 

that effective for all cases and no controlled trials of therapeutic 
management in chILD. Treatments usually base on case reports, 
case series or uncontrolled studies. Main treatments can be divided 
to supportive and preventive care, pharmacological therapy and 
lung transplantation. 

Supportive and Preventive Care

In every chILD infant with hypoxemia or low oxygen saturation, 
supplement oxygen should be provided. Growth should be 
evaluated and followed, if patients have growth retardation, 
nutritional support is indicated. Like other chronic lung diseases, 
harmful environmental exposures, second-hand smoker should 
be avoided. Furthermore, they may benefit from influenza vaccine, 
pneumococcal vaccine and palivizumab [47,48]. Genetic counseling 
should undergo for family members if the disease is associated with 
childhood/ adult onset ILD such as surfactant protein C mutations.

Pharmacological Therapy

Corticosteroids are the most common medical prescribed, along 
with hydroxychloroquine and azithromycin [49]. Corticosteroids 
believe to be effective due to their anti-inflammatory effect. No 
study declares the benefit of one steroid over another but in acute/
deteriorating conditions methylprednisolone is chosen and for long 
term oral prednisolone is used. The dosage of steroid may apply 
from other anti-inflammatory conditions. For long-term use of 
steroid, be aware of side effects and patients should be monitored 
bone density, serial growth evaluation and ophthalmologic 
examination [50]. However, in some chILD conditions without 
inflammatory process such as NEHI, steroid is not effective [51]. 
Hydroxychloroquine is another immunosuppressant. Response to 
this therapy has been reported in some cases of ABCA3 mutations 
and surfactant protein C deficiency [52]. Complete blood count and 
ophthalmologic examination also indicated if receiving long term of 
hydroxychloroquine [53]. The decision to start immunosuppressant 
depends on severity, progression of disease, comorbidities, 
prognosis without treatment and also family preferences [9]. 
Azithromycin is an antibiotic that have anti-inflammatory and 
immunomodulatory effects. Because of it fewer side effects, this 
antibiotic is used in many chILD conditions both single therapy and 
combined with corticosteroid or hydroxychloroquine. 

Lung transplantation

Lung transplantation is the treatment of choice for end stage 
lung disease. Many chILD that symptoms are very severe, and 
prognosis is very poor such as ACDMPV, surfactant protein B 
deficiency or some ABCA3 mutations, lung transplantation should 
be considered [9]. Survival rates after transplantation in chILD are 
51% and 45%, for 5 and 7-year respectively [54].

Conclusion

Interstitial lung disease composes of a large spectrum of 
heterogeneous disorders. ILD more common in first year of life is 
not similar to childhood and adult. The approach and investigation 
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depend on onset of symptoms, underlying disease, other 
associated abnormalities and family history. Most of the diseases 
are diagnosed by lung biopsy but some can be diagnosed from CT 
findings and genetic sequencing. Even though mainly treatment of 
interstitial lung disease is supportive treatment, steroid may have 
role. Immunization and nutritional support are also important 
in affected infants. Further studies are essential to explain the 
pathogenesis and establish evidenced-based therapies for ILD.
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