Saddi et al. Orphanet Journal of Rare Diseases (2017) 12:133
DOI 10.1186/s13023-017-0637-x

RESEARCH

Open Access

Childhood interstitial lung diseases in
immunocompetent children in Australia
and New Zealand: a decade’s experience
Vishal Saddi1*, Sean Beggs2, Bruce Bennetts3,4, Joanne Harrison5, Neil Hime4,6, Nitin Kapur7, Jill Lipsett8,
Lawrence M. Nogee9, Amy Phu4,6, Sadasivam Suresh7, André Schultz10, Hiran Selvadurai4,11, Stephanie Sherrard10,
Roxanne Strachan1, Julian Vyas12, Yvonne Zurynski6 and Adam Jaffé13

Abstract
Background: Childhood interstitial lung disease (chILD) represents a rare heterogeneous group of respiratory
disorders. In the absence of randomized controlled clinical trials, global collaborations have utilized case series with
an aim to standardising approaches to diagnosis and management. Australasian data are lacking. The aim of this
study was to calculate prevalence and report the experience of chILD in Australasia over a decade.
Methods: Paediatric pulmonologists in Australia and New Zealand involved in the care of patients aged 0–18 years
with chILD completed a questionnaire on demographics, clinical features and outcomes, over a 10 year period.
These data, together with data from the 2 reference genetics laboratories, were used to calculate prevalence.
Results: One hundred fifteen cases were identified equating to a period prevalence (range) of 1.5 (0.8–2.1) cases/
million for children aged 0–18years. Clinical data were provided on 106 patients: the <2 year group comprised 66
children, median age (range) 0.50 years (0.01–1.92); the ≥2 year group comprised 40 children, median age 8.2 years
(2.0–18.0). Management approach was heterogeneous. Overall, 79% of patients had a good clinical outcome.
Mortality rate was 7% in the study population.
Conclusion: chILD is rare in Australasia. This study demonstrates variation in the investigations and management of
chILD cases across Australasia, however the general outcome is favorable. Further international collaboration will
help finesse the understanding of these disorders.
Keywords: Interstitial lung disease, chILD syndrome, Australia, New Zealand

Background
Childhood interstitial lung disease (chILD) is a
heterogenous group of rare chronic respiratory disorders
in children, most prevalent in early infancy. It is associated with variable lung pathology which often impairs
gas exchange [1]. chILD is characterized by dyspnoea,
tachypnoea, crackles, hypoxaemia, failure to thrive and results in significant morbidity and mortality [2, 3]. The
term interstitial lung disease (ILD) is perhaps a misnomer
as the associated disease process may affect the alveoli,
airways, blood vessels, lymphatic channels, and pleural
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spaces in addition to the interstitium [4]; hence the term
“diffuse parenchymal lung disease” is often used [5].
The causes of chILD are multifactorial and include genetic, developmental, inflammatory and infectious determinants; in many cases the aetiology is unknown. The most
common treatments are corticosteroids, hydroxychloroquine, azithromycin, nutritional support and oxygen
therapy which may be required for many years. The classification of chILD has evolved as new disorders have been
identified. As these conditions are very rare, there are
limited scientific data on which to inform appropriate management, with a compelling need to develop this evidence
base through national and international collaboration.
In Australia and New Zealand there has been growing
interest in the systematic collection and provision of
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accurate data to develop effective policy, health and community services for rare diseases, including lung disease
[6]. In contrast to other countries, research into chILD in
Australia and New Zealand has been limited and confined
to case reports and systematic reviews [1, 7]. Although
Australia and New Zealand have highly developed health
systems, their population characteristics bring unique
challenges to managing patients with rare diseases. Their
overall populations are relatively small and widely dispersed with a low population density. Small numbers of
chILD patients in any one location in Australasia emphasise the need for collaboration between treating hospitals
to consolidate the knowledge and increase awareness of
chILD in the Australasian population.
The aims of this study were to calculate the prevalence
and describe the demographics, clinical features and outcomes of chILD in Australia and New Zealand.

Methods
We conducted a retrospective review of children younger than 18 years of age at diagnosis who were evaluated
for ILD in the tertiary paediatric hospitals in Australia
and New Zealand during the period January 2003 to
December 2013. A questionnaire was developed based
on a survey of idiopathic interstitial pneumonitis in the
United Kingdom [8]. The questionnaire included information on patient demographics, clinical symptoms at
first hospital presentation, family history, risk factors,
investigations, treatments and clinical outcomes.
All eleven tertiary paediatric hospitals in Australia,
and a tertiary paediatric hospital in Auckland, New
Zealand were invited to participate in the survey. A
paediatric respiratory physician from each centre coordinated the data collection of all children treated for
chILD at their respective hospital. Patients were identified from review of hospital databases and by physician
recall. A questionnaire was completed following extraction of relevant information from clinical records and
data were entered into an Excel database.
Children (0–18 years) were included in the study if
they were immunocompetent, either had a confirmed
diagnosis of chILD or, in those in whom diagnosis was
suspected, satisfied the 2004 European taskforce on
chILD’s definition: the presence of persisting of respiratory symptoms, and/or diffuse infiltrates on CT scanning
or abnormal pulmonary function tests with evidence of a
restrictive ventilatory defect, and persistence of these
findings for greater than 3 months [9].
In keeping with the North American classification system, the data were stratified by patients aged less than 2
years and aged 2–18 years [5]. Results were presented as
descriptive data with frequency quantified as numbers
and percentages of the total reported cases.
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To improve the accuracy of the prevalence calculation,
data on potential further cases of surfactant protein deficiencies were obtained from the two genetics laboratories (Johns Hopkins University Hospital, Baltimore, USA
and The Children’s Hospital at Westmead, Sydney,
Australia) that had performed investigations for surfactant deficiencies in Australasian paediatric patients during the study period. These laboratories supplied
minimal demographic data (initials and date of birth) to
allow identification of potential duplicates from the
reporting physicians, together with details of genetic
tests and diagnosis; no detailed clinical information was
requested. Prevalence was calculated from the number
of cases from 1st January 2003 to 31st December 2013.
The denominator used to calculate population prevalence was the age specific population estimates from the
Australian Bureau of Statistics and New Zealand Statistics Bureau for mid-year 2008 [10, 11].
Human research ethics approval was obtained from all
centers involved in this study. Informed consent for genetic testing was obtained for all subjects investigated
under a research protocol.

Results
Eight tertiary hospitals across all States in Australia, and
a tertiary paediatric hospital in Auckland, NZ participated in the study. A total of 108 cases of chILD were
identified through the physician network; the majority
(73%) by treating physician recall. One case with diagnostic data only was used in the estimate of prevalence
but excluded from clinical data (107 patients). Of the
eight participating hospitals in Australia: 32 cases of
chILD were identified in Queensland from the Royal
Children’s Hospital (n = 14) and Mater Hospital (n = 18);
18 cases in New South Wales from The Children’s Hospital at Westmead (n = 12), Sydney Children’s Hospital
(n = 5), and John Hunter Hospital (n = 1); 16 cases from
the Princess Margaret Hospital in Western Australia; 13
cases from The Royal Children’s Hospital in Victoria; 1
case from the Royal Hobart Hospital in Tasmania and 28
cases from The Starship Hospital in Auckland, NZ.
Between 2005 and 2011 blood from 16 children (2
from NZ) was sent for genetic studies to Johns Hopkins
University, Baltimore, Maryland, USA. After excluding
duplicates from those reported by the respiratory physicians, 4 additional cases of chILD were identified with
the following diagnoses: ABCA3 deficiency (n = 3); surfactant protein B deficiency (n = 1). Between 2011 and
2013, blood from 47 children (6 from NZ) was sent for
genetic studies to The Children’s Hospital Westmead,
Sydney, Australia. After excluding duplicates from those
reported to us by the respiratory physicians, 3 additional
cases of chILD were identified with the following diagnosis: ABCA3 deficiency (n = 2) and surfactant protein C
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deficiency (n = 1). The period prevalence (range) of
chILD in Australasia between 2003 and 2013 was 1.5
(0.8–2.1)/million for children aged 0–18 years.
The specific diagnoses are presented in Table 1.
More males (57%) were reported and in nearly 8% of
all cases, siblings were affected by a similar disease,
whilst 4% of cases had other affected family members;
genetic associations were more common in children
aged <2 years with an affected sibling in 12% compared
to nearly 3% in the 2–18 years group (Table 2).
All patients had a chest X-ray and the majority (95%)
had a high-resolution computed tomography (HRCT)
performed (Table 3). The predominant abnormality
identified by HRCT at initial evaluation was a ground
glass pattern. Only two hospitals performed infant pulmonary function tests. Lung biopsy data were available
in 79 of the105 cases reported, with video assisted thoracoscopic biopsy (VATS) predominant. Bronchoalveolar
lavage was performed in 65% of patients whilst genetic
testing was performed in 25% of cases. Echocardiogram
was performed in only 78% of cases
In regard to therapy, oxygen was used in the majority of
patients (56%) and systemic corticosteroids were the preferred pharmacotherapy initiated on diagnosis (Table 4)
Clinical outcome was defined as good if there was an
improvement in respiratory symptoms, return of weight
gain and growth towards normal, improvement in exercise tolerance and improvement in lung function and
oxygen saturation at rest. At the time of reporting, a
good clinical outcome was reported in 79.3% of patients
(Table 5). The mortality rate was 6.9% (7 of 101 cases).

Discussion
This is the first study to describe the diagnoses and
characteristics of patients with chILD from Australia
and NZ. Over a period of a decade, 115 patients with
chILD were identified with a period prevalence of 1.5/
million children aged 0–18 years. To date, collaborative
efforts estimating frequency of chILD have been limited
to Europe and the United States. The incidence of childhood ILD (then termed idiopathic interstitial pneumonitsis) has been reported as 3.6 cases per million in the
United Kingdom and Ireland in 2002 [8], similar to a
German study which estimated an incidence of 0.13
cases per 100,000 children less than 17 years of age in
2009 [12]. Although we report period prevalence in
Australasia, one limitation is that we were not able to
calculate incidence, as we did not specifically identify
new patients; rather we collected data on patients seen
at any time point within the time-frame of the study.
The presenting clinical manifestations of chILD are
often subtle and non–specific; they include cough,
dyspnoea, tachypnoea, chest wall retractions, exercise
limitation and frequent respiratory infections [13]. In
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term infants, chILD may present as unexplained respiratory failure requiring mechanical ventilation [13, 14].
Unexplained tachypnoea was the most common presenting symptom in our cohort of cases less than 2 years of
age, with 38% requiring respiratory support with mechanical ventilation. In older children, exertional dyspnoea
was the most common presenting feature demonstrating
that chILD should be considered as a differential diagnosis once commoner causes are excluded. Our findings of
clinical presentation are similar to those reported in
other series [8, 15].
Our study highlights variations between centers in the
approach to investigations and management of chILD.
For example, echocardiograms were performed in only
78% of cases despite being recommended in all suspected cases of chILD as part of the initial evaluation to
exclude pulmonary vascular and structural heart disease
which may mimic symptoms of chILD [5, 16]. Our study
revealed minimal use of infant lung function tests (2%).
Infant lung function testing can be helpful in characterizing disease severity, particularly in diseases such as
neuroendocrine hyperplasia of infancy (NEHI) [17],
however its availability is limited to only a few sites in
Australasia.
HRCT scans help define the extent of the disease,
characterise disease involvement and are more sensitive
than X-rays in detecting morphological changes related
to child [18]. Additionally, HRCT with controlled ventilation improves the scan output and image quality [19],
however only half of all our cases had chest imaging
with controlled ventilation. The ATS guidelines do not
make a specific recommendation on the use of
controlled ventilation [5], in contrast to the European
guidelines, which support this approach [20]. Clearly,
standardised international protocols, similar to those being undertaken in cystic fibrosis, should be established
in order to advance this field.
Genetic testing is a non-invasive investigation, helpful in
making the diagnosis and estimating recurrence risk for
affected families [21]. Genetic studies for disorders of
surfactant metabolism were performed in only 25% of patients in this study. This figure is likely to reflect the fact
that the Australian reference genetics laboratory (The
Children’s Hospital, Westmead) was only established in
2011, towards the end of our study period. Prior to this,
genetic testing had been undertaken in a research laboratory at Johns Hopkins University Hospital, USA as part of
a research protocol. There is increasing emphasis on genetic studies in the diagnosis of chILD as genetic diagnosis
can help avoid lung biopsy [21, 22].
In patients who underwent lung biopsy (75.2%), videoassisted thoracoscopic surgery (VATS) was the preferred
modality (66%). VATS has rapidly developed in the last
two decades with lower rate of complications and better
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Table 1 Frequency of reported chILD diagnoses (n = 115)
Undefined interstitial lung disease

21

Table 1 Frequency of reported chILD diagnoses (n = 115)
(Continued)
ILD associated with systemic sclerosis

Disorders More Common in Infancy

1

NEHI

15

Pulmonary sarcoidosis

1

ABCA3 deficiency

8

ILD associated with Langerhans cell histiocytosis

1

Lung hypoplasia (various causes)

6

Idiopathic bronchiolitis of infancy

4

Surfactant protein C deficiency

4

Nonspecific interstitial pneumonitis

4

Acinar/Alveolar capillary dysplasia

3

Surfactant Protein B deficiency

2

Chronic pneumonitis of infancy

2

Pulmonary interstitial glycogenosis

2

Interstitial lung disease with chronic pneumonitis of infancy and
possible bronchiolitis obliterans

1

Diffuse pulmonary development disorder with patchy pulmonary
interstitial glycogenosis plus bronchiolitis obliterans organizing
pneumonia

1

Cellular interstitial pneumonitis of infancy

1

Disorders of Normal Host
Pulmonary hemosiderosis

5

Obliterative bronchiolitis (various causes)

3

Follicular bronchiolitis

3

Pulmonary vasculitis/capillaritis

2

Eosinophilic pneumonia

1

ILD secondary to pertussis pneumonia

1

Interstitial pneumonitis post adenovirus bronchiolitis

1

Probable aspiration with respiratory syncytial virus infection

1

Post infectious interstitial lung disease

1

Idiopathic pulmonary fibrosis

1

Pulmonary fibrosis, giant cell pneumonitis on biopsy

1
1

Usual interstitial pneumonitis
Desquamative interstitial pneumonitis

1

Lymphoid interstitial pneumonia

1

Nodular lymphoid hyperplasia

1

Disorders Related to Systemic Diseases
ILD associated with juvenile dermatomyositis/scleroderma

4

ILD associated with Busulphan/Melphalan/Radiation toxicity

4

ILD with lymphangio-leiomyomatosis/Tuberous sclerosis

2

Anti-synthetase syndrome associated with non-specific interstitial
pneumonia

1

ILD associated with mixed connective tissue disease

1

ILD associated with Erdheim Chester disease

1

ILD associated with Niemann Pick type B disease

1

NEHI, Neuroendocrine hyperplasia of infancy; ABCA3, ATP-binding cassette
sub-family A member 3 protein

post-operative clinical course compared to open lung biopsy, and is the recommended approach by the US chILD
committee [5, 23]. In contrast, a retrospective review of
outcomes in infants with suspected chILD who had all
undergone open lung biopsies at a single centre in
London, found the procedure to be safe, with few adverse
effects directly related to the procedure [24]. The European guidelines do not make recommendations on the
type of surgical approach [20]. The benefit of surgical biopsy remains controversial, particularly in well patients
and in those with persistent tachypnoea of infancy [25].
However histological diagnosis may guide treatment decisions, especially withdrawal of care [24]. It was reassuring
that in our study none of our patients underwent a transbronchial biopsy which is not recommended.
Oxygen (56%), corticosteroids (60%) and hydroxychloroquine (35%) were the main therapeutic modalities
of treatment in our cohort. Azithromycin was used in
nearly a quarter of cases. The choice and use of these
medications was center dependent, reflecting the lack of
an evidence base on which to standardize treatment and
the lack of parameters on which to define a good clinical
response. There are no controlled studies of therapeutic
interventions for chILD. In order to partially address
this, Bush et al recently published the results of a Delphi
consensus process with clinicians from Europe, North
America and Australia to harmonise and unify the
approach of diagnostic and treatment protocols [20].
Our study identified children with a wide spectrum of
diagnostic labels (Table 1) and we also included patients
who had not undergone a biopsy. Soares et al [22] retrospectively reviewed 93 chILD cases from Vanterbilt Children’s Hospital between 1994 and 2011; only 68.8% of
their cases had a lung biopsy similar to our study (75%).
In those who had a biopsy we relied solely on the local
histopathology report and the information provided to
us by the clinicians which is a limitation of this study as
we did not specifically re-examine the biopsy specimens
in the context of the chILD classification published in
2007, nearly half way through our study period. As no
chILD clinical or research network previously existed in
Australasia, it was common practice to refer histological
specimens for a second opinion overseas which was
done in nearly half (49.2%) of all our cases. In Europe,
chILD cases are peer reviewed at the time of diagnosis
and are revisited at yearly intervals to evaluate patient
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Table 2 Clinical characteristics of chILD patients at initial presentation to reporting centre
N (%)

Sex: male/female

59/45
(57/43)

Age at Diagnosis (years)

0.01–18.00

All cases

Diagnosis < 2 years

Diagnosis ≥ 2 years

No. reported
(Max 107)

N (%)

No. reported
(Max 66)a

N (%)

No. reported
(Max 40)a

104

40/26
(61/39)

66

19/18
(51/49)

37

0.01–1.92

2.00–18.00

0.50

Median (range)
57

Ethnic Origin

8.20
27

30

Caucasian

41 (72.0)

21 (77.8)

20 (66.8)

Aboriginal

2 (3.5)

2 (7.4)

0

Maori

6 (10.5)

2 (7.4)

4 (13.3)

Pacific Islander

2 (3.5)

0

2 (6.6)

Other

6 (10.5)

2 (7.4)

4 (13.3)

3 (5.8)

51

0

26

3 (12.0)

25

Affected siblings

7 (8.1)

86

6 (12.0)

50

1 (2.7)

36

Other family members affected

3 (4.0)

75

3 (7.5)

40

0

35

Cough

51 (56.0)

91

24 (47.0)

51

26 (66.7)

39

Tachypnoea

76 (76.7)

99

54 (91.5)

59

22 (55.0)

40

Parental Consanguinity
Family History

Symptoms

Failure to thrive

35 (40.2)

87

26 (53.1)

49

9 (23.7)

38

Fever

12 (13.8)

87

7 (14.6)

48

5 (12.8)

39

Exertion dyspnoea

42 (56.0)

75

16 (41.0)

39

26 (72.2)

36

Dyspnoea at rest

43 (50.0)

86

26 (53.1)

49

17 (45.9)

37

Cyanosis

22 (22.7)

97

11 (19.3)

57

11 (28.2)

39

Clubbing

13 (14.3)

91

3 (5.9)

51

10 (25.6)

39

Crackles

56 (58.3)

96

29 (51.8)

56

26 (66.7)

39

Wheeze

20 (22.7)

88

12 (23.5)

51

8 (21.6)

37

61 (77.2)

79

40 (74.1)

54

20 (83.3)

24

18 (21.4)

84

15 (25.4)

59

3 (12.0)

25

Physical Findings

Birth History
Mode of delivery
Spontaneous vaginal birth
Gestation
< 37 weeks
≥ 37 weeks

66 (78.6)

84

44 (74.6)

59

22 (88.0)

25

31 (41.3)

75

26 (57.8)

45

4 (13.8)

29

Intubation at birth

20 (24.7)

81

18 (38.3)

47

2 (6.1)

33

Surfactant at birth

7 (9.2)

76

7 (15.9)

44

0

32

Respiratory distress at birth

a

Age at diagnosis was not documented for 1 subject

outcome and diagnosis [20]. Our study has highlighted
this gap and efforts to develop a similar peer review
model are currently underway in Australasia.
No cases of hypersensitivity pneumonitis (HP) were
identified in our cohort, similar to the UK and Ireland
national survey over a 3- year period (1995–1998) [8]. In
contrast, 23 cases were identified in Germany over a
period of 3 years using the German Surveillance Unit for

Rare Paediatric Disorders [26] and 24 cases were identified from a cohort of 185 chILD cases in the European
Taskforce survey (1997–2002) [9]. Buchvald et al.
estimated a point prevalence of HP in Denmark of 4 per
1,000,000 children [27], but acknowledged that the number appeared high compared to only 100 paediatric cases
reported worldwide in 2002 [28]. In contrast, the
reported numbers of children with HP from North
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Table 3 Investigations performed at time of diagnosis
N (%)

Diagnosis ≥ 2 years

All cases

Diagnosis < 2 years

No.reported
(Max 107)

N (%)

No. reported (Max 66)a

N (%)

No. reported (Max 40)a

99 (100.0)

99

63 (100.0)

63

35 (100.0)

35

41 (55.4)

74

27 (54.0)

50

14 (58.3)

24

Investigations performed
Chest X-Ray
Interstitial infiltrates
Alveolar infiltrates
CT Scan

22 (35.5)

62

13 (29.5)

44

9 (50.0)

18

95 (95.0)

100

55 (93.2)

59

39 (97.5)

40

with controlled ventilation

40 (51.3)

78

30 (69.8)

43

10 (28.6)

35

expiratory views

57 (79.1)

72

32 (76.2)

42

25 (83.3)

30

Reticular nodular infiltrates

16 (30.7)

52

6 (18.7)

32

10 (50.0)

20

Ground glass pattern

52 (71.2)

73

32 (71.1)

45

20 (71.4)

28

Honey comb pattern

6 (13.1)

46

1 (3.4)

29

5 (29.4)

17

79 (75.2)

105

52 (81.3)

64

26 (65.0)

40

CT scan findings

Lung Biopsy
Biopsy Method
Open lung biopsy

23 (36.5)

63

18 (43.9)

41

5 (22.7)

22

Video assisted thoracoscopic

40 (63.5)

63

23 (56.1)

41

17 (77.3)

22

0

63

0

41

0

22

Echocardiogram

Transbronchial

79 (78.2)

101

47 (77.0)

61

32 (80.0)

40

Pulmonary HT

17 (22.1)

77

12 (26.1)

46

5 (16.1)

31

Pulmonary Function Test

28 (26.7)

105

2 (3.1)

65

26 (65.0)

40

2 (1.9)

102

2 (3.2)

63

-

-

Sleep Study

Infant pulmonary function test

44 (64.7)

68

31 (65.9)

47

1 2 (60.0)

20

BAL

54 (65)

83

27 (57.4)

47

26 (74.3)

35

GORD

10 (10.2)

98

5 (7.6)

66

5 (15.6)

32

Genetics Investigations

25 (25.0)

100

21 (33.3)

63

4 (10.8)

37

Histological Second Opinion Sought

30 (49.2)

61

19 (50)

38

11 (47.8)

23

BAL Bronchoalveolar lavage; GORD Gastro-oesophageal reflux disease; CT Computed tomography; HT, Hypertension
a
Age at diagnosis was not documented for 1 subject

America are lower. A study of lung biopsies from 101 immunocompetent children (2–18 years) with ILD from 13
centres over a 4- year period identified only 2 cases of HP
[29]. Deutsch et al. identified 2 cases from a cohort of 187
under 2 years of age with ILD who underwent a biopsy
from 11 centres between 1999 to 2004 [15] similar to
Soares et al who identified 2 of 93 patients in a retrospective review over 18 years from a single center [22]. It is
possible that some of our cases, such as those reported as
usual interstitial pneumonitis, eosinophilia and follicular
bronchiolitis, represented undiagnosed hypersensitivity
pneumonitis. One potential limitation is that questions
pertaining to parental smoking and environmental exposures were not included in the questionnaire although the
inclusion of these questions would not have affected the
patient diagnoses, as this was a retrospective study. Future
prospective studies should include specific questions on
environmental exposures.

The classification of chILD has evolved over recent
years with changing disease terminologies, improved understanding of genetic causes and identification of new
diseases such as NEHI. A recent systematic review
undertaken by our group found that four classification
systems were published during the time of our study [1]
further highlighting the need for future international collaborative attempts to peer review and agree on similar
terminology and codes if this field of science is to be
advanced further to benefit patients with chILD.
Further limitations of our study are inherent to its retrospective nature and the reliance on recall for identification
of cases. The reported numbers likely underestimate the
true prevalence in this geographical region; there are no
dedicated chILD referral centers in Australasia, and with
access to expertise often dispersed geographically, it is
likely that cases identified from specific centers represent
under-reporting of all true cases which is further
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Table 4 Treatment of patients at reporting tertiary paediatric centre
N (%)

Diagnosis ≥ 2 years

All cases

Diagnosis < 2 years

No. reported
(Max 107)

N (%)

No.reported (Max 66)a

N (%)

No. reported (Max 40)a

62 (59.6)

104

33 (52.4)

63

29 (72.5)

40

28 (62.2)

45

16 (72.7)

22

12 (52.2)

23

Treatment given
Steroids
Response seen
Hydrochloroquine

36 (34.6)

104

24 (38.1)

63

12 (30.0)

40

Response seen

12 (63.1)

19

9 (69.2)

13

3 (50.0)

6

26 (25.0)

104

17 (27.0)

63

9 (22.5)

40

6 (50.0)

12

2 (40.0)

5

4 (57.1)

7

4 (3.9)

103

1 (1.6)

62

3 (7.5)

40

1 (50.0)

2

1 (100.0)

1

0 (0.0)

0

6 (5.8)

104

0 (0.0)

63

6 (15.0)

40

1 (33.3)

3

-

0

1 (33.3)

3

23 (56.1)

41

17 (56.7)

30

6 (54.5)

11

4 (80.0)

5

4 (100.0)

4

0 (0.0)

1

Azithromycin
Response seen
Azathioprine
Response seen
Cyclophosphamide
Response seen
Oxygen
Response seen
a

Age at diagnosis was not documented for 1 subject

compounded by the fact that only 9 out of 12 tertiary centres responded to the survey. Under-reporting is evident
from the fact that we identified seven additional cases of
chILD that were missed on recall by cross referencing the
two genetic laboratories and the variance in the number
of diagnosis received from each center. Furthermore, although the death rate in the under 2 year olds (7.9%) was
higher than that reported by the European task force cohort (1.7%) [9], it was much lower than the 30.2% reported
by Deutsch et al [15]. We tried to minimise recall bias and
attempted to improve the accuracy of the recall by the
treating physicians with the help of a well-structured,
standardised questionnaire based on a questionnaire from
a previous prevalence survey from the UK [8]. However,
in many cases data on treatment and duration of follow
up requested in the questionnaire were not provided. In

part, because of these deficiencies in the data, we are unable to draw firm conclusions on the effectiveness of various therapeutic interventions. Despite these limitations,
the strength of this study is that we report data on 115
cases of chILD, which we believe significantly adds to the
body of literature in these rare childhood disorders.
Similar to reports from other geographical regions in
the world, the investigations, diagnosis and management
of chILD cases are not standardised, with center
variation likely influenced by local biases, resources and
expertise. Over the last few years major collaborative
efforts in the US and Europe have worked towards
achieving consensus protocols and guidelines on the
diagnosis and initial treatment of chILD [5, 20]. Much
progress has been made in these geographical regions
with the development of excellent models for strategic

Table 5 Clinical outcome
N (%)

Diagnosis ≥ 2 years

All cases

Diagnosis < 2 years

No. reported
(Max 107)

N (%)

No reported (Max 66)a

N (%)

No reported (Max 40)a

101

52 (82.6)

63

27 (73.0)

37

Clinical Progress
Good

80 (79.3)

Poor

14 (13.8)

101

6 (9.5)

63

8 (21.6)

37

Died

7 (6.9)

101

5 (7.9)

63

2 (5.4)

37

28 (54.9)

51

9 (34.6)

26

Radiological Changes on CT Scan(Post Treatment)b
Improved

a

38 (48.7)

78

No Change

11 (14.1)

78

4 (7.8)

51

7 (26.9)

26

Deterioration

6 (7.7)

78

2 (3.9)

51

4 (15.4)

26

Not Done

23 (29.5)

78

17 (33.3)

51

6 (23.1)

26

Age at diagnosis was not documented for 1 subject
b
Radiological changes assessed by the local physician and/or radiologist; no formal grading was undertaken
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planning for chILD in order to improve the fragmentation of services, enable patients and health professionals
to provide and use best practice care. Thus, there is a
compelling need for a similar approach in Australasia.
We need to establish a local chILD network to build on
current expertise in disease diagnosis and treatment and
collaborate with international chILD groups. We believe
that, in keeping with the principles of a call for a National Plan for Rare Diseases in Australia [6], this study
will help raise awareness of the burden of chILD and
highlight the need for national and international collaboration to improve the health care for children with
interstitial lung disease in Australasia.

Conclusion
In summary, chILD is rare in Australasia with an estimated period prevalence of 1.5/million children aged 0–
18 years. There is a need to establish a geographically
local chILD network and work collaboratively with global partners if there are to be major advances in this
field of rare childhood lung diseases.
Abbreviations
ABCA3: ATP-binding cassette sub-family A member 3 protein;
chILD: Childhood interstitial lung disease; HP: Hypersensitivity pneumonitis;
HRCT: High resolution computed tomography; ILD: Interstitial lung disease;
NEHI: Neuroendocrine hyperplasia of infancy; VATS: Video-assisted
thoracoscopic surgery
Acknowledgements
The authors would like to thank all the paediatric respiratory physicians who
participated in the survey. We are also grateful to Phil Robinson, David
Armstrong, Andrew Tai, Dominic Fitzgerald, Paul Robinson, Fiona Niven and
Thet Khin Gayagay for their valuable contribution in data collection.
Funding
The study was supported by the Australian Paediatric Surveillance Unit
Chronic Diseases grant from the Commonwealth and by the National Heart,
Lung and Blood Institute of the National Institute of Health under award
number RO1HL54703. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the National
Institutes of Health.
Availability of data and material
All data generated or analysed during this study are included in the
published article.
Authors’ contributions
AJ conceived the initial design of the study. All authors including AJ
coordinated data collection from their respective centres. VS analysed the
data. VS and AJ drafted the initial manuscript and all authors contributed to
its development and approved the final version.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Ethical approval was obtained from the Sydney Children’s Hospital Network
Research Ethics Committee (LNR/12/SCHN/267).

Page 8 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Respiratory Medicine, Discipline of Paediatrics, Sydney
Children’s Hospital, Randwick, Sydney, NSW 2031, Australia. 2Department of
Paediatrics, Royal Hobart Hospital, Hobart, TAS 7000, Australia. 3Department
of Molecular Genetics, The Children’s Hospital at Westmead, Sydney, NSW
2145, Australia. 4Discipline of Paediatrics and Child Health, Sydney Medical
School, The University of Sydney, Sydney, Australia. 5Department of
Respiratory Medicine, The Children’s Hospital, Melbourne, VIC 3052, Australia.
6
Australian Paediatric Surveillance Unit, Kids Research Institute, Sydney, NSW
2145, Australia. 7Department of Respiratory Medicine, Lady Cilento Children’s
Hospital, Brisbane, QLD 4101, Australia. 8Anatomical Pathology, S.A.
Pathology, Women’s and Children’s Hospital, Adelaide, South Australia 5154,
Australia. 9Eudowood Neonatal Pulmonary Division, Department of Pediatrics,
Johns Hopkins University School of Medicine, Baltimore, MD 21287, USA.
10
Department of Respiratory Medicine, Princess Margaret Hospital for
Children, Perth, WA 6008, Australia. 11Department of Respiratory Medicine,
The Children’s Hospital at Westmead, Sydney, NSW 2145, Australia.
12
Department of Respiratory Paediatrics, Starship Children’s Hospital,
Auckland 1023, New Zealand. 13School of Women’s and Children’s Health,
Faculty of Medicine, University of New South Wales, Sydney, NSW 2031,
Australia.
Received: 21 December 2016 Accepted: 19 April 2017

References
1. Hime NJ, Zurynski Y, Fitzgerald D, Selvadurai H, Phu A, Deverell M, Elliott EJ,
Jaffe A. Childhood interstitial lung disease: A systematic review. Pediatr
Pulmonol. 2015;50:1383–92.
2. Clement A, Nathan N, Epaud R, Fauroux B, Corvol H. Interstitial lung
diseases in children. Orphanet J Rare Dis. 2010;5:22.
3. Deterding RR, Brody AS, Hagood JS, Young LR. Round table discussion:
children’s interstitial lung disease. Pediatr Allergy Immunol Pulmonol. 2010;
23:91–6.
4. Guillerman RP. Imaging of childhood interstitial lung disease. Pediatr Allergy
Immunol Pulmonol. 2010;23:43–68.
5. Kurland G, Deterding RR, Hagood JS, Young LR, Brody AS, Castile RG, Dell S,
Fan LL, Hamvas A, Hilman BC, Langston C, Nogee LM, Redding GJ. 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(3):376–94.
6. Jaffe A, Zurynski Y, Beville L, Elliott E. Call for a national plan for rare
diseases. J Paediatr Child Health. 2010;46:2–4.
7. Hime NJ, Fitzgerald D, Robinson P, Selvadurai H, Asperen PV, Jaffé A,
Zurynski Y. Childhood interstitial lung disease due to surfactant protein C
deficiency: frequent use and costs of hospital services for a single case in
Australia. Orphanet J Rare Dis. 2014;9:36.
8. Dinwiddie R, Sharief N, Crawford O. Idiopathic interstitial pneumonitis in
children: A national survey in the United Kingdom and Ireland. Pediatr
Pulmonol. 2002;34:23–9.
9. Clement A, Allen J, Corrin B, Dinwiddie R, Ducou le Pointe H, Eber E,
Laurent G, Marshall R, Midulla F, Nicholson AG, Pohunek P, Ratijen F, Spiteri
M, de Blic J. Task force on chronic interstitial lung disease in
immunocompetent children. Eur Respir J. 2004;24(4):686–97.
10. Australian Bureau of Statistics, Australia, accessed 12 Nov 2016, <http://
www.abs.gov.au/Ausstats/abs@.nsf/mf/3235.0>
11. New Zealand Bureau of Statistics, New Zealand, accessed 12 Nov 2016,
<http://m.stats.govt.nz/browse_for_stats/population.aspx>.
12. Griese M, Haug M, Brasch F, Freihorst A, Lohse P, Kries RV, Zimmermann T,
Hartl D. Incidence and classification of pediatric diffuse parenchymal lung
diseases in Germany. Orphanet J Rare Dis. 2009;4:26.
13. Fan LL, Kozinetz CA, Deterding RR, Brugman SM. Evaluation of a diagnostic
approach to pediatric interstitial lung disease. Pediatrics. 1998;101:82–5.
14. Andersen C, Ramsay JA, Nogee LM, Shah J, Wert SE, Paes B, Nowaczyk MJ.
Recurrent familial neonatal deaths: hereditary surfactant protein B
deficiency. Am J Perinatol. 2000;17(04):219–24.

Saddi et al. Orphanet Journal of Rare Diseases (2017) 12:133

Page 9 of 9

15. Deutsch GH, Young LR, Deterding RR, Fan LL, Dell SD, Bean JA, Brody AS,
Nogee LM, Trapnell BC, Langston C. Diffuse lung disease in young children:
application of a novel classification scheme. Am J Respir Crit Care Med.
2007;176(11):1120–8.
16. Fan LL, Kozinetz CA. Factors influencing survival in children with chronic
interstitial lung disease. Am J Respir Crit Care Med. 1997;156:939–42.
17. Kerby GS, Wagner BD, Popler J, Hay TC, Kopecky C, Wilcox SL, Quinones RR,
Giller RH, Accurso FJ, Deterding RR. Abnormal infant pulmonary function in
young children with neuroendocrine cell hyperplasia of infancy. Pediatr
Pulmonol. 2012;48:1008–15.
18. Copley S, Bush A. Series: imaging. Paediatr Respir Rev. 2000;1:141–7.
19. Long FR, Castile RG. Technique and clinical applications of full-inflation and
end-exhalation controlled-ventilation chest CT in infants and young
children. Pediatr Radiol. 2001;31:413–22.
20. Bush A, Cunningham S, de Blic J, Barbato A, Clement A, Epaud R, Hengst M,
Kiper N, Nicholson AG, Wetzke M, Snijders D, Schwerk N, Griese M.
European protocols for the diagnosis and initial treatment of interstitial lung
disease in children. Thorax. 2015;70(11):1078–84.
21. Nogee LM. Genetic basis of children’s interstitial lung disease. Pediatr
Allergy Immunol Pulmonol. 2010;23(1):15–24.
22. Soares JJ, Deutsch GH, Moore PE, Fazili MF, Austin ED, Brown RF, Sokolow
AG, Hilmes MA, Young LR. Childhood interstitial lung diseases: an 18-year
retrospective analysis. Pediatrics. 2013;132(4):684–91.
23. Ayed AK, Raghunathan R. Thoracoscopy versus open lung biopsy in the
diagnosis of interstitial lung disease: a randomised controlled trial. J R Coll
Surg Edinb. 2000;45:159–63.
24. O’reilly R, Kilner D, Ashworth M, Aurora P. Diffuse lung disease in infants less
than 1 year of age: Histopathological diagnoses and clinical outcome.
Pediatr Pulmonol. 2015;50:1000–8.
25. Rauch D, Wetzke M, Reu S, Wesselak W, Schams A, Hengst M, Kammer B,
Ley-Zaporozhan J, Kappler M, Proesmans M, Lange J, Escribano A, Kerem E,
Ahrens F, Brasch F, Schwerk N, Griese M. Persistent tachypnea of infancy.
Usual and aberrant. Am J Respir Crit Care Med. 2016;193:438–47.
26. Griese M, Haug M, Hartl D, Teusch V, Glöckner-Pagel J, Brasch F.
Hypersensitivity pneumonitis: lessons for diagnosis and treatment of a rare
entity in children. Orphanet J Rare Dis. 2013;8:121.
27. Buchvald F, Petersen BL, Damgaard K, Deterding R, Langston C, Fan LL,
Deutsch GH, Dishop MK, Kristensen LA, Nielsen KG. Frequency, treatment,
and functional outcome in children with hypersensitivity pneumonitis.
Pediatr Pulmonol. 2011;46:1098–107.
28. Fan LL. Hypersensitivity pneumonitis in children. Curr Opin Pediatr. 2002;
14(3):323–6. doi:10.1097/00008480-200206000-00008.
29. Dishop MK, Askin FB, Galambos C, White FV, Deterding RR, Young LR,
Langston C. Children’s Interstitial Lung Disease (chILD) Network:
classification of diffuse lung disease in older children and adolescents: a
multi-institutional study of the Children’s Interstitial Lung Disease Network.
Mod Pathol. 2007;20:287–8. Abstract.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

