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Paediatric interstitial lung disease: not just kid9s stuff

A. Bush

Interstitial lung disease (ILD) may be a diagnostic
conundrum and a therapeutic puzzle at all ages, but especially
so in paediatric practice. First, because it is rare in children.
The prevalence in the adult population was estimated in one
study asy70 per 100,000 [1], but the limited paediatric data in
the literature would suggest it is at least two orders of
magnitude less common in children. For example, a survey
from the UK estimated the prevalence at 0.36 per 100,000 [2].
Even allowing for the likelihood of under-diagnosis and
under-reporting, this is still a very rare group of conditions in
children. Secondly, there is far greater diversity in the types of
disease found in children. Newly described entities include
pulmonary interstitial glycogenosis (PIG) [3], neuro-
endocrine cell hyperplasia of infancy (NEHI) [4] and the
disorders of surfactant metabolism (discussed in detail
below). Usual interstitial pneumonia (UIP), relatively
common in adults, is very unusual indeed in children.
Thirdly, paediatric ILD occurs in the context of normal
lung development; indeed the majority are diagnosed in the
first year of life [2, 5], at a time when rapid alveolar
multiplication is taking place [6]. This combination of
rarity, diversity and context has meant that much of what is
known about paediatric ILD is merely anecdotal. Such
studies as have been carried at involved small numbers of
patients, with no randomised controlled trials to guide
treatment. However, two important themes are emerging:
the two-way cross-fertilisation of ideas between adult and
paediatric pulmonologists; and the need for international
collaboration. The European Respiratory Society (ERS) has
an unrivalled track record in both areas, and now is the
perfect opportunity to make headway in both adult and
paediatric ILD.

The super-hot topic of surfactant metabolism perfectly
illustrates the overlap between the apparently totally dis-
parate fields of adult chronic ILD and the infant dying of
intractable respiratory failure. Pulmonary alveolar proteino-
sis (PAP) is characterised histologically by alveoli that are
filled with granular, eosinophilic material staining with
periodic-acid Schiff with preservation of lung architecture.
Initially, two forms were recognised: "idiopathic", responding
very well to whole lung, large volume lavage; and "secondary"
to conditions associated with functional impairment of the
macrophage, such as haematological cancers and some
infections [7–10]. The possible role of granulocyte macro-
phage colony stimulating factor (GM-CSF) in PAP was
highlighted when the GM-CSF-knockout mouse was found
to have a PAP-like illness with normal surfactant synthesis
and with recovery after GM-CSF replacement [11, 12].
Subsequently, late-onset idiopathic PAP was found to be an
autoimmune disease, with autoantibodies targeting GM-CSF
[13, 14], or, rarely, with a defect in GM-CSF/interleukin

(IL)-3/IL-5 receptor common b chain [15]. It would appear
that GM-CSF regulates surfactant homeostasis via CD36
peroxisome proliferator-activated receptor (PPAR)-c [16].
GM-CSF therapy in PAP restores PPAR-c levels to normal.

The scene then shifted to infantile PAP, in which term
infants developed an illness similar to pre-term respiratory
distress syndrome, but instead of recovering, progressed to
terminal respiratory failure. Defects in the gene encoding
surfactant protein (SP)-B were found to be associated with
this congenital form of PAP. The SP-B gene is located on
chromosome 2, and consists of 11 exons and 9.5 kb. The gene
product is a pre-proSP-B, sizey40 kDa, which is processed at
both amino and carboxyterminal ends to produce mature SP-
B (8 kDa). The complexities of SP-B metabolism have
recently been reviewed [17]. A number of mutations have
been described, the commonest being a frameshift mutation in
exon 4 (1549CRGAA, 121ins2), but also 122delC [18],
457delC [19] and others [20]. The mutation frequency in the
population is probably 1 per 1–3,000 individuals [21]. The
underlying metabolic defect has been characterised in detail
[22]. The mutated gene is transcribed normally, but an
unstable mRNA is produced. Typically, the disease presents
as relentlessly progressive respiratory failure in a term baby,
with radiographs showing ground glass shadowing or
established fibrosis. Diagnosis is established by absence of
SP-B staining of tracheal aspirates or lung biopsy. Reliance
on tracheal aspirate alone may be misleading; transient
absence of SP-B from aspirate, but not lung biopsy, has
been described in an infant with a mutation in one SP-B gene,
but with the second gene copy normal [23]. Diagnostic
confusion may also be caused because SP-C is also mis-
processed, but this is a secondary phenomenon [24]. The only
known therapy is lung transplantation, which has been
performed successfully in only a few infants [25], despite the
development of antibodies against SP-B after transplantation.

However, SP-B deficiency is more than just infants dying
tragically early. A recent report has broadened the spectrum
of SP-B deficiency to a cause of ILD in older children. Two
infants with respiratory failure, one surviving untransplanted
for several years, were found to have immunostaining
consistent with SP-B deficiency [26]. Both children were
homozygous for an exon-5 splice-site mutation, which
resulted in a frameshift and a premature termination codon
in exon 7. However, Western blot determined the presence of
reduced amounts of mature SP-B and an abnormal SP-B
proprotein, presumed to be a result of skipping exon 7, and
resulting in a milder phenotype than the classical disease.

Subsequently, defects in SP-C have been found to be
associated with both adult and paediatric ILD. The first cases
were in a female with desquamative interstitial pneumonitis
diagnosed at 1 yr, treated with corticosteroids until 15 yrs.
Her infant also had nonspecific interstitial pneumonitis
(NSIP). The maternal grandfather had died of a life-long
undiagnosed respiratory disorder [27]. The same abnormality
has been described in other family members with ILD [28, 29].
NOGEE et al. [29] determined the presence of SP-C mutations
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in infants with neonatal respiratory distress, and found a
mutation in 11 out of 34 patients evaluated [28, 29]. It is likely
that the mutations may be sporadic or have autosomal
dominant inheritance. Furthermore, a recent paper describing
an extended family with familial ILD, which turned out to be
associated with heterozygosity for a SP-C mutation, docu-
mented that presentation in adult life was with the histology
of UIP, a form of ILD virtually unknown in children, whereas
what was presumably exactly the same disease in children was
diagnosed as cellular NSIP [30]. This illustrates the impor-
tance of a developmental perspective; the same disease may
produce very different histological patterns at different ages.
However, mutation analysis of SP-B and -C genes should
increasingly be considered as part of the work up of ILD of
unknown cause at any age, particularly if familial.

It is likely that further inherited surfactant protein
problems will be described, given the complex processing of
these molecules. A recent study of 21 infants with severe
neonatal surfactant deficiency of unknown cause, with normal
SP-B and -C gene sequences, revealed mutations in 16 infants
in the ATP-binding cassette transporter A3 (ABCA3). Lung
ultrastructure showed markedly abnormal lamellar bodies.
ABCA3 is localised to lamellar bodies, suggesting an
important role in surfactant metabolism [31]. It is likely that
mutations in many other genes encoding for proteins
important in surfactant metabolism will be implicated in
ILD. Polymorphisms in genes important in surfactant
metabolism, insufficiently severe to cause neonatal ILD,
may yet be important in adult ILD when combined with an
environmental insult. This hypothesis should be readily
testable using the large tissue and DNA banks stored by
many adult units.

Surfactant proteins are not the only novel paediatric issues.
PIG was first described in seven infants who presented with
tachypnoea, hypoxaemia and diffuse infiltrates with hyperin-
flation [3]. Lung biopsy showed interstitial expansion by
spindle cells containing periodic-acid Schiff-positive, diastase-
labile material consistent with glycogen. Five were treated
with pulse corticosteroids, one with additional hydroxychlor-
oquine; six of seven did well. The authors proposed that this
was an abnormality in lung cytodifferentiation involving
interstitial mesenchymal cells, because abundant glycogen is
not normally found in pulmonary interstitial cells. Impor-
tantly, if glycogen is not carefully sought, PIG would be
misdiagnosed as cellular NSIP. Are there adult PIGs mixed in
with the ragbag of NSIP? Another ILD that has so far only
been recognised in infants is NEHI [4]. Infants present with
respiratory distress, and hyperinflation and ground glass
opacities are found on HRCT. Lung biopsies look essentially
normal, unless they are stained for bombesin, which
demonstrates hyperplasia of the neuroendocrine cells and
bodies. Should bombesin staining be part of the evaluation of
clinical ILD with an apparently normal lung biopsy in adults?
The relation of NEHI to adult idiopathic diffuse hyperplasia
of pulmonary neuroendocrine cells is also under question [32].

ILD is, therefore, a very hot topic, with the study of
neonatal disease in particular resulting in important lessons
for physicians looking after ILD at all ages. In this context,
the report of the ERS Task Force published in this issue of the
European Respiratory Journal is particularly timely [33]. The
distinguished members of the Task Force have performed a
signal service by demonstrating that pan-European collabora-
tion in this challenging field can be accomplished. They have
reported 185 cases of paediatric ILD, the pathways for
investigation, the treatment offered and the outcome; in
addition, this is the largest series in the world literature. It has
always been quite obvious that international collaboration
will be essential if progress is to be made, and also that those
with adult as well as paediatric expertise must collaborate.

To their credit, this is exactly what the Task Force has
achieved, for the first time. However, as always, no sooner has
one good study been performed then the spectators demand
something better. It is accepted that the bedrock of diagnosis
for the majority of paediatric ILD is the examination of lung
tissue, usually a lung biopsy via mini-thoracotomy or video-
assisted surgery. However, any biopsy is only as good as the
pathologist who examines it. It follows that the way forward
must be standardised processing of the biopsy, including
preservation for electron microscopy, and freezing at -70uC;
probably storing DNA on all children who are biopsied; and
standardised staining and examination by specialist patholo-
gists. Once diagnosis is truly assured, we can proceed to
correlation of pathology with imaging, probably HRCT,
possibly using the raised-volume, assisted-ventilation tech-
nique [34], to try in the future to reduce the number of
invasive procedures that our children endure. Once diagnosis
is secure, then we can establish cohorts of specific diagnostic
entities to undertake proper therapeutic trials. Modern ILD
treatment is not just "steroids for everything"; new cytokine-
based therapies, such as interferon c-1b for fibrosing alveolitis
[35], GM-CSF for adult-onset PAP [16] and anti-tumour
necrosis factor-a receptor blockers for sarcoidosis [36], herald
a new era of treatment. However, modern powerful treat-
ments will fall into disrepute unless they are targeted to the
correct diagnostic categories; we owe it to the basic scientists
to fire these magic bullets precisely and not at random.

How then do we take the work of the Task Force forward?
This Europe-wide initiative needs to continue; national
initiatives, like the British Paediatric Orphan Lung Disease
(BPOLD), will be useful means of ensuring that data
collection is as comprehensive as possible. The National
Institutes of Health have funded a Rare Lung Diseases
Consortium, and also awarded a conference grant to hold
what was a very successful meeting on paediatric ILD in
Cincinatti in March 2004. This resulted in the setting up of a
Paediatric Interstitial Lung Disease Foundation by parents of
affected children [37], and the establishment of working
groups on pathology, radiology and other aspects of ILD.

I suggest we now need worldwide collaboration, ensuring
diagnostic accuracy by standard protocols of investigation,
and the sharing of images and biopsies between major centres
round the world. With such collaboration, we could then
assemble sufficiently large cohorts of patients to do proper
therapeutic trials. If we make the mistake of regarding the
excellent work of the Task Force as an end, not a beginning,
we will continue in the dark ages of each centre having only a
handful of children, and treating them by anecdote not
evidence.
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