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ABSTRACT: Interstitial lung disease (ILD) in infants and children represents a heterogeneous

group of respiratory disorders that are mostly chronic and associated with high morbidity and

mortality.

Typical features of ILD include dyspnoea, the presence of diffuse infiltrates on chest

radiographs and abnormal pulmonary function tests with evidence of a restrictive ventilatory

defect (in older children) and/or impaired gas exchange.

ILD is difficult to diagnose, as no classification scheme is entirely satisfactory. Recently, it

has been proposed to categorise paediatric ILD as either primary pulmonary disorders or

systemic disorders with pulmonary involvement. However, this classification leaves the

difficult problem of which clinical conditions should be included or excluded in infants and

children.

The present article reviews interstitial lung disease in infants and children, placing emphasis on

current concepts of pathophysiological mechanisms and approaches to treatment.

KEYWORDS: Alveolar epithelium, growth factors, interstitial lung diseases in children, pathogen-

esis of fibrosing process, prognosis, therapy

I
nterstitial lung disease (ILD) in children
comprises a broader spectrum of disorders
than in adults [1, 2]. This is certainly linked to

the fact that the disease occurs in the context of
lung growth at the various stages of alveolar
development and maturation, with each of these
stages being regulated by specific cascades of
events [3]. In children, ILD is most frequently
diagnosed in the first year of life with a
predominance of paediatric entities, such as
pulmonary interstitial glycogenosis, neuroendo-
crine cell hyperplasia of infancy and genetic
disorders of surfactant metabolism [1, 4]. In older
children, the pathogenesis of ILD shares similar-
ities with the processes observed in adults, and
the pathological changes are characterised by
derangement of the alveolar septum with the
presence of focal zones of fibroblast proliferation
called fibroblastic foci. These patchy fibrotic
lesions appear to occur at sites of recent alveolar
injury, and their number seems to correlate
with worsening lung function and poor prog-
nosis. The data on pathophysiological mechan-
isms as presented in the current review article is
mostly derived from studies in adult patients or
animals.

CURRENT CONCEPTS OF THE
PATHOPHYSIOLOGICAL MECHANISMS

Epithelial–mesenchymal cross-talk as
pathogenic pathway

Underlying mechanisms

For a long time, the accepted view has empha-
sised the key role of a persistent alveolitis that
injures the lung and modulates fibrogenesis,
regardless of initiating agents [5]. The develop-
ment of a chronic inflammatory response was
thought to perpetuate the recruitment of inflam-
matory and immunoregulatory cells into the
interstitium, alveolar walls and peri-alveolar
tissues, progressively leading to a thickened
alveolar wall with extensive fibrosis and loss of
the alveolar gas exchange function. However,
analysis of better-defined cases of ILD in adult
patients has revealed that prominent inflamma-
tion was mainly present at an early stage and was
mostly documented in pathological situations
that often did not progress to end-stage fibrosis,
such as hypersensitivity pneumonitis. By con-
trast, in diseases with an extensive fibrotic
pattern, the inflammatory component was
usually mild. Reports from a number of studies
have shown that clinical measurements of
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inflammation did not correlate with disease stage and outcome
[5]. In addition, if ILD was mainly a disease of an excessive
inflammatory process with subsequent remodelling of the lung
by fibrosis, efficacy of anti-inflammatory therapy should be
well established by now. However, in many cases of ILD in
adult patients, glucocorticosteroids have failed to improve
disease outcome, even when administered at high doses and in
combination with potent immunosuppressive drugs. Some
beneficial effects were only reported if glucocorticosteroid
therapy was begun at an early stage during the inflammatory
phase [6]. In addition, overexpression of pro-inflammatory
mediators, such as interleukin (IL)-8, in rodent lung was not
found to be associated with marked progressive chronic
fibrosis. This does not mean that inflammation with alveolitis
is not present at an early stage of the disease. Indeed, following
any form of injury, an inflammatory response is initiated that
stimulates proliferation of mesenchymal and epithelial cells
and matrix production [6–8]. This response is usually followed
by apoptosis of repair cells and matrix mobilisation with
fibrolysis to ensure a proper healing. In the situation of ILD,
the pathological process does not appear to be linked to an
ongoing and chronic inflammatory response, but rather to a
continued matrix production with a reduced matrix mobilisa-
tion and to an altered apoptosis of the alveolar cells [9–11].
Consequently, evidence has progressively emerged that
inflammation may not be the prominent factor for develop-
ment of the fibrotic response.

Recently, much interest has been focused on the injury of the
alveolar surface with the marked disruption in the integrity of
the epithelium during the course of the disease [12, 13]. ILD
develops following epithelial damage; this induces the
accumulation and activation of immuno-inflammatory cells,
with subsequent migration and proliferation of fibroblasts and
deposition of extracellular matrix. Progressively, foci of
fibroblasts/myofibroblasts within the alveolar interstitium
can be individualised on lung tissue biopsies of patients.
This pathological pattern is now thought to be the result of
abnormal repair of the lung. Under physiological conditions,
the alveolar epithelium responds to injury by an adequate
process of wound healing to restore lung surface integrity. A
key step in this process is the capacity of alveolar epithelial
type 2 cells to initiate re-epithelialisation rapidly. Indeed, these
cells represent the stem cells of the alveolar epithelium due to
their ability to proliferate and to undergo transition into the
terminally differentiated type 1 cells. In situations of extensive
damage to the lung surface, there will be a delay in the
initiation and progression of the re-epithelialisation process
[14, 15]. Consequently, prolonged denudation of the basement
membrane may contribute to altered interactions and cross-
talk between alveolar epithelial cells and mesenchymal cells,
resulting in profound modifications of cell functions with
imbalanced production of polypeptide mediators, including
cytokines, growth factors, oxidants and proteases [8, 16]. The
local population of fibroblasts and myofibroblasts may
progressively increase due to stimulation of proliferation by
local mitogenic factors and reduction of apoptosis. This may
lead to progressive aberrant tissue remodelling by disorgani-
sation of extracellular matrix component deposition, including
fibrillar collagen, elastic fibres, fibronectin and proteoglycans.
In addition, the abnormal lung architecture observed in

pulmonary fibrosis appears to be associated with the formation
of new blood vessels. This process requires the secretion of
angiogenic molecules to promote endothelial cell migration
and neovascularisation (fig. 1).

Major cellular actors

The distinctive feature in a fibrotic lung, i.e. a marked
disruption of the alveolar epithelium, probably results from a
dysfunctional epithelial repair process involving altered
differentiation leading to phenotype changes and abnormal
proliferative response. This contributes to the failure to replace
damaged type 1 cells and to abnormalities in pulmonary
surfactant production with alveolar collapse. Recent reports
suggest the possibility that epithelial cells, when detached
from their basement membrane, may enter into epithelial–
mesenchymal transition with the appearance of reactive and
elongated alveolar epithelial cells [8]. The presence of
hyperplastic epithelial areas in the fibrotic lung together with
areas of epithelial cell loss is the result of an inadequate
proliferative response. The reasons for epithelial cell loss and
inappropriate re-epithelialisation remain unclear. Recently,
much interest has been focused on epithelial cell apoptosis
and cell removal [8, 17]. A common feature of cells undergoing
apoptosis is cell surface expression of phosphatidylserine, a
molecule normally present on the inner part of the plasma
membrane. Recognition of phosphatidylserine by specific
receptors on neighbouring cells is associated with the produc-
tion of several anti-inflammatory molecules, including trans-
forming growth factor (TGF)-b [18–21]. TGF-b is thought to
play an important role by allowing apoptotic cells to be cleared
with minimal local reaction. In normal situations, the progres-
sive diminution of apoptotic cells results in a decreasing
supply of TGF-b. TGF-b has been shown to be overexpressed
in fibrotic lung disorders. One explanation for the well-
documented increased production of TGF-b involves upregu-
lation of the phosphatidylserine receptors through an altered
balance of the release of proteases and anti-proteases. A
consequence would be the perpetuation of a vicious cycle with
TGF-b promoting epithelial cell apoptosis, which in turn
increases the local production of TGF-b. Downstream events
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FIGURE 1. Schematic representation of the proposed mechanism of diffuse

alveolar damage and fibrosis in the developing lung.
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linked to upregulation of TGF-b include modifications in the
expression of various components of the cell cycle machinery,
mainly the cyclin-dependent kinases (CDK) system which
plays an essential role in ensuring proper cell cycle progres-
sion. Recently, much work has been focused on the protein
p21cip1, a member of the CDK inhibitor family. This protein
promotes cell cycle arrest to apoptosis in cases of cellular DNA
damage. Interestingly, upregulation of p21cip1 has been
reported in the lung tissues of patients with pulmonary
fibrosis, primarily in hyperplastic alveolar epithelial cells.
This increased expression of p21cip1 may favour the process of
epithelial cell apoptosis [3, 21].

Another important cellular factor in the altered re-epitheliali-
sation process is the fibroblast [22]. Histopathological analyses
of fibrotic lungs have repeatedly documented the presence of
fibroblastic/myofibroblastic foci. In response to injury, alveo-
lar epithelial cells and inflammatory cells release and activate a
number of cytokines and growth factors involved in fibroblast
migration, proliferation and change to myofibroblasts, leading
to accumulation and remodelling of the extracellular matrix.
These factors include TGF-b, insulin-like growth factor (IGF)-1,
platelet-derived growth factor, connective tissue growth factor,
keratinocyte growth factor, hepatocyte growth factor and pro-
inflammatory cytokines, such as tumour necrosis factor (TNF)-
a. It is likely that the formation of myofibroblasts is due to a
series of events, with progressive transformation of fibroblasts:
initially a migratory phenotype, then a proliferative phenotype
and, finally, a myofibroblast contractile profibrotic phenotype.
Myofibroblasts certainly participate in the remodelling fibrotic
process through several mechanisms, which include produc-
tion of matrix metalloproteinases. The disappearance of
myofibroblasts represents progression towards resolution of
the pathological process and subsequent healing. Emergence of
the fibroblast phenotypes is regulated by a variety of factors.
Among them is TGF-b with its capacity to promote myofibro-
blast survival and persistence. Interestingly, one paradox of
fibrosis is that the altered repair process is associated with
decreased apoptosis in myofibroblasts and increased apoptosis
in epithelial cells. New insights into the mechanisms of
myofibroblast emergence include the relationship between
loss of telomerase expression and induction of a-smooth
muscle actin expression in the transition to the myofibroblast
phenotype. A recent development also questions the origin of
the cells in the fibrotic foci. For a long time, it has been claimed
that fibroblasts derive from pre-existing resident lung fibro-
blasts under the influence of mediators produced by local cells.
There are now reports suggesting that myofibroblasts may be
derived from nonresident, circulating cells called fibrocytes
[22, 23]. These fibrocytes may be recruited to the lung in cases
of fibrotic disorders and may then differentiate into various
fibroblast phenotypes. In addition, recent data support the
hypothesis that alveolar epithelial cells may serve as a source
of myofibroblasts through epithelial–mesenchymal transition.
This is not restricted to the lung. Indeed, studies of renal
fibrosis suggest that one-third of the fibroblasts at sites of
injury arise from epithelial cells [23].

Key molecular factors influencing the alveolar repair process

A cascade of mediators produced locally by epithelial,
mesenchymal and inflammatory cells plays a critical role in

the progression of the fibrotic changes. Among them are TNF-a
and the T-helper cell (Th) type 2 cytokines [24, 25]. The
inflammatory response documented in patients with pulmon-
ary fibrosis has been reported to resemble a Th2 immune
response with eosinophils and increased levels of Th2
cytokines [12]. These clinical data are sustained by experi-
mental studies indicating that when mice are exposed to
various types of lung injury, progression towards development
of pulmonary fibrosis is mainly observed in animals with a
predominant Th2 response. While the mechanisms leading to
the shift in the acquired immune response to a cytokine
phenotype characterised by high production of IL-4 and -13
remain unclear, the influence of the Th2 response in the fibrotic
process is starting to become clear. Mice overexpressing IL-13
have been reported to develop eosinophilic inflammation and
epithelial airway fibrosis [8, 9]. In addition, IL-13 can activate
fibroblasts resulting in elevated collagen production, most
probably through increased expression of the TGF-b cascade.
Consequently, targeting Th2 cytokines should certainly be
considered as an anti-fibrotic approach. The use of immuno-
modulators, such as interferon (IFN)-c, may represent a
therapeutic strategy to switch the inflammatory response to a
more Th1-like phenotype.

An important multifunctional cytokine acting at various stages
of the disease is TGF-b. TGF-b isoforms regulate various cell
functions, including cell proliferation, cell differentiation,
apoptosis, cell adhesion/motility and matrix production. In
vivo studies have demonstrated increased TGF-b gene expres-
sion and protein secretion in the lung of animals and humans
with fibrotic disease [26]. The fact that pathological fibrosis is
mediated by TGF-b is supported by several findings, such as
the following: 1) tissue damage increases TGF-b production
before the production of extracellular matrix increases; 2) TGF-
b is a potent stimulator of the production and deposition of
extracellular matrix; 3) TGF-b induces fibrosis independently
of tissue damage; and 4) inhibitors of TGF-b receptor binding
either reduce or abolish fibrosis. In addition, overexpression of
active TGF-b in rat lung was shown to result in severe
interstitial fibrosis and emergence of cells with the myofibro-
blast phenotype. Recently, it has been reported that exposure
of alveolar epithelial cells to TGF-b resulted in increased
expression of mesenchymal markers, including a-smooth
muscle actin, type 1 collagen and vimentin, and decreased
expression of epithelial markers [23]. This effect occurred
through the phosphorylation of Smad2 and was inhibited by
Smad2 gene silencing [26].

Pathogenesis of ILD in the context of lung growth
The frequency of ILD and other fibrotic disorders is much
lower in children than in adults. Certainly, some clinical
situations have features unique to children but many of these
diseases overlap their adult counterparts, with the primary
event being injury to and damage of the alveolar epithelium.
However, the overall outcome and prognosis of the diseases in
children are thought to be less severe than in adult patients,
and paediatric ILD is more responsive to therapeutic strategies
than adult ILD [4]. These differences may be explained by the
types of initial injuries, which may not be similar, due to
changes in the host environment. Another explanation is the
modification of the process of wound healing with age [27].
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The process of healing involves the coordinated regulation of
cell proliferation and migration and tissue remodelling,
predominantly by polypeptide growth factors. The slowing
of wound healing that occurs in the aged may be related to
changes in the activity of these various regulatory factors. In a
recent study on the role of ageing in the development of
cardiac fibrosis in the rabbit, differences in the cascade of
events leading to myocardial remodelling were observed: these
were mainly the presence of more myofibroblasts synthesising
collagen and the expression of high levels of TGF-b in the old
animals [28]. A study of skin wound healing in young and
aged mice also showed age-dependent changes. Expression of
all the fibroblast growth factors was diminished in aged mice,
even in healthy skin [29]. In addition, the post-wound
regulation of expression of these factors and of TGF-b was
less pronounced and slower than in the young mice [30]. These
findings are in agreement with data observed in muscle that
indicated significant alterations in the TGF-b production with
age. Indeed, muscle cells from older animals exhibited major
alterations in the expression levels of many genes either
directly or indirectly involved with TGF-b signalling path-
ways. In ILD, an essential step for the restoration of alveolar
integrity is the rapid re-epithelialisation of the altered surface,
mainly through epithelial proliferation and migration pro-
cesses, as previously discussed. These are dependent on a
balanced availability of growth factors, with TGF-b being an
important component of this balance. In young patients, it can
be suggested that the programmed production of mitogenic
factors, together with a more adapted regulation of TGF-b
expression, may favour the process of re-epithelialisation and
may help to counteract the altered secretion of mediators
involved in migration and proliferation of fibroblasts, as well
as in differentiation into myofibroblasts.

Genetic factors
Epidemiological studies have confirmed the occurrence of
familial cases, with an estimated prevalence ranging 1.3–5.9
per million [31]. The familial form of ILD is probably
transmitted as an autosomal dominant trait with reduced
penetration. Among the recent genetic findings has been the
identification of causal mutations in the surfactant protein (SP)
genes, mainly in SP-B and -C genes [32–34]. SP-B and SP-C are
hydrophobic proteins that interact with surfactant lipids to
facilitate adsorption to the air–liquid interface. Defects in SP-B,
when homozygous for the most common mutation (121ins2)
are highly lethal in the first few months of life. Reported
patients with partial SP-B deficiency were bearing mutations
leading to either production of small amounts of SP-B or to
pro-SP-B, which was not further processed to mature SP-B [34].
In these various conditions, the outcome is dependent on the
amount of SP-B produced, as it is believed from animal models
that a critical level of SP-B is required for physiological lung
function. For SP-C, several mutations have been described, the
first being a guanine (G) to adenine (A) substitution on the first
base of intron 4 (IVS4+1G.A), causing skipping of exon 4 with
the deletion of 37 amino acids. Abnormal expression of SP-C is
associated with variable phenotypes. Patients with SP-C
mutations can present with severe manifestations early in life
or may develop symptoms in adulthood [33]. Recently,
mutations in other genes involved in the surfactant metabolism
have been reported. Among them are the mutations in the

ABCA3 gene [34]. ABCA3 is a member of the ATP binding
cassette protein family. It is highly expressed in alveolar
epithelial cells at the limiting membrane of lamellar bodies,
and may play a role in lipid homeostasis of lamellar bodies.
The phenotypes of ABCA3 need further evaluation.

In most of the ILD cases, no family history can be documented.
In these situations, it is likely that multiple genetic factors may
contribute to a modest effect on predisposition to the disease,
in combination with appropriate environment. Recently,
several case–control association studies have been reported
[31]. Although many candidate genes can be proposed, only
limited numbers have been evaluated and have confirmed
associations. Among them are polymorphisms in TGF-b1,
TNF-a, IL-1 cluster, chemokine-related genes, angiotensin-
converting enzyme gene and IFN-c gene. These reports are
from adult studies [31]. No information is currently available
in the paediatric population.

CURRENT AND NOVEL APPROACHES TO DIAGNOSIS
AND TREATMENT

Diagnosis
Recently, a European Respiratory Society (ERS) Task Force on
chronic interstitial lung disease in immunocompetent children
collected the largest series of children with ILD (n5185) in the
world literature to date, a cohort fairly representative of
current practice across Europe [1].

The main conclusion of this ERS Task Force was that major
variations exist between the various centres regarding disease
classification and evaluation, and that standardisations are
urgently needed. Consequently, Task Force members de-
veloped detailed recommendations for the diagnosis of chronic
ILD in children, including recommendations for clinical
evaluation, laboratory tests, chest imaging, pulmonary func-
tion testing, bronchoalveolar lavage (BAL) studies, tissue
biopsies and the histopathological approach; the interested
reader is referred to the original article [1].

Paediatric ILD comprises a large spectrum of disorders.
However, there is now compelling evidence that some of
these disorders are observed more frequently in infants, while
others are more specific to older children. Consequently, the
stage of lung development and maturation should be taken
into account in order to provide a more appropriate approach
to the diagnosis of paediatric ILD. This implies new strategies
in the discussion of the tests that need to be performed when
the patients are referred to specialised centres. In infants, some
unique forms of ILD should be considered first, with the use of
appropriate tools. These disorders include neuroendocrine cell
hyperplasia of infancy, pulmonary glycogenosis, genetic
defects of surfactant function, and disorders of lung growth
and development. In older patients, the list of differential
diagnoses to work on is highly dependent on the history and
clinical presentation. Primary pulmonary disorders can be
suggested, such as hypersensitivity pneumonitis, pulmonary
alveolar proteinosis, alveolar haemorrhage syndromes, drug-
induced lung disease, and pulmonary lymphatic and vascular
disorders. In other situations, systemic disorders with pul-
monary involvement will be discussed. These include
Langerhans cell histiocytosis, sarcoidosis, lipid storage disease
and connective tissue disease [35, 36]. For these various
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diagnoses, both noninvasive and invasive tools are currently
available. In the absence of a specific diagnosis, the term
‘‘idiopathic ILD’’ will be retained, based on compatible clinical,
radiological and pathological findings.

Treatment
Even in adults, where chronic ILD is at least two orders of
magnitude more common than in children [37], a major
problem has been the lack of large, randomised clinical trials
to guide treatment of many of these diseases [38]. Most current
treatment regimens for children are not only based on
experience gained in small numbers of patients within
individual centres, but are also derived from information
provided by studies in adult patients, although there is
increasing evidence that expression and outcome of chronic
ILD in children differ from adult ILD [39]. In general, these
treatment strategies are unsatisfactory, and morbidity and
mortality are still considerable.

In the series collected by the ERS Task Force on chronic ILD in
children [1], the management was not standardised but varied
from centre to centre, depending on both resources and
expertise. In this retrospective analysis, it was not possible to
relate the outcome to the type of ILD or the therapeutic
strategy. Again, the interested reader is referred to the original
article for detailed information on both currently employed
treatment strategies and treatment recommendations [1].

As previously indicated, paediatric ILD comprises a hetero-
geneous group of predominantly rare disorders. These
diseases not only present enormous diagnostic challenges
but, in addition, their natural history is extremely variable [4,
40]. Thus, treatment clearly depends on the severity of the
disease.

General measures
As in any child with chronic lung disease, supportive care
includes administration of oxygen for chronic hypoxaemia,
adequate nutrition, annual immunisation with influenza
vaccine along with other routine immunisations against
respiratory pathogens, aggressive treatment of intercurrent
infections, strict avoidance of tobacco smoke and other air
pollutants, and the selective use of bronchodilators. In
addition, the treatment of associated gastro-oesophageal
reflux, whether it is a primary or secondary phenomenon,
may be important in the management of children with ILD.

Pharmacological therapy
A few children with very mild disease do not require any
treatment and recover spontaneously. The clinical condition of
infants with neuroendocrine hyperplasia of infancy, often
being symptomatic and requiring oxygen for months to years,
has been reported to gradually improve over time, possibly
with no treatment [4]. In the majority of infants and children
with ILD, however, treatment with immunosuppressive, anti-
inflammatory, or antifibrotic drugs is required for weeks,
months or even years [1, 41, 42]. For the reasons mentioned
previously, very little progress has been made regarding
pharmacological treatment during recent decades. On the
assumption that suppression of inflammation might be
beneficial, corticosteroids are still the most commonly used
drugs for a number of conditions, and a trial of corticosteroids

for o6–8 weeks should be considered in every child with
idiopathic ILD. However, responses to steroids have been
found to be highly variable in many types of ILD [4, 42].
Naturally, patients requiring long-term corticosteroid therapy
are at risk of developing severe side-effects; among others there
is the potential for long-term adverse effects on neuromotor and
cognitive function, especially in very young infants [43]. Thus,
the considerable morbidity and mortality associated with many
forms of ILD has to be balanced against the treatment risk, and
any medication has to be titrated to the lowest dose resulting in
clinical stability.

The most commonly used treatment still consists of oral
prednisolone [42]. However, as pulsed steroid therapy appears
to be associated with fewer side-effects, today this therapeutic
strategy is preferred by some authors, particularly in children
with significant disease [4, 44, 45]. There is anecdotal evidence
that high-dose intravenous methylprednisolone pulses may
work even when other steroids fail; in addition, it may be
speculated that downregulation of glucocorticoid receptors,
which can be seen in daily treatment with steroids, can be
avoided by pulse therapy [44, 46]. So far, however, there are
several unresolved issues with corticosteroid therapy. These
pertain to the following: 1) the doses and the frequency at
which i.v. methylprednisolone pulses should be performed; 2)
the criteria that should be used for discontinuation of the
treatment; 3) the doses and the (dis)advantages of different
oral prednisolone regimens; and 4) the potential usefulness of
inhaled corticosteroids.

A number of alternative or steroid-sparing agents has been
used with anecdotal success in children with ILD. Of these, the
antimalarial agents chloroquine and hydroxychloroquine have
probably been used most frequently [42, 47, 48]. Chloroquine
treatment has been shown to be associated with irreversible
retinopathy; in contrast, the risk of retinopathy among patients
receiving appropriate doses of hydroxychloroquine is negli-
gible, making hydroxychloroquine the preferred agent [49].
Some authors feel that, if predominant lung biopsy findings
are desquamation and inflammation, steroids appear to be the
preferable therapeutic approach. However, the concept that
successful treatment with corticosteroids is related to the
degree of inflammation has not been proven in children. In
contrast, in patients with milder disease, particularly when
(pre-)fibrotic changes prevail over desquamation and inflam-
mation in lung biopsy specimens, hydroxychloroquine may
result in a more favourable outcome [1]. However, similar to
steroids, responses to chloroquine and hydroxychloroquine are
highly variable in many types of ILD [41]. Patients with severe
histological changes will probably require both agents.

When steroids and hydroxychloroquine are not successful, or
when there is evidence of severe steroidal side-effects, other
immunosuppressive or cytotoxic agents, such as azathioprine,
cyclophosphamide, cyclosporine or methotrexate, may be
used. There is some experience with these treatment options
in children with autoimmune disorders, such as Wegener’s
granulomatosis, dermatomyositis and others [50, 51].

Specific treatment strategies

Patients with underlying systemic disorders require primary
treatment for that disorder, e.g. chemotherapy for malignancy,
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or i.v. c-globulin for hypogammaglobulinaemia. Obviously,
specific therapeutic strategies are preferable to less specific
treatment. These include anti-infective therapy for chronic
respiratory infections (e.g. cytomegalovirus or Epstein–Barr
virus infection) [52], IFN-a for pulmonary haemangiomatosis
[53], and whole-lung lavage or granulocyte-macrophage
colony-stimulating factor (GM-CSF) in idiopathic pulmonary
alveolar proteinosis [54, 55]. While original reports described
subcutaneous administration of GM-CSF [55], more recently,
patients with idiopathic pulmonary alveolar proteinosis were
successfully treated with aerosolised GM-CSF, including one
child [56, 57]. In patients with hypersensitivity pneumonitis,
avoidance of the causative environmental antigen should be
attempted. Furthermore, in patients treated with cortico-
steroids or cytotoxic agents chronically, prophylaxis against
Pneumocystis jirovecii with trimethoprim/sulfamethoxazole
should be considered.

Transplantation

Lung or heart–lung transplantation may be offered as the
ultimate therapy for end-stage ILD and for some lethal
diseases, such as those caused by mutations in the surfactant
protein B and ABCA3 genes [41]. In recent years, transplant-
ation has been shown to be a viable option in children of all
ages, even in young infants [58, 59]. This treatment option,
however, is clouded by the fact that a very high percentage of
long-term survivors of lung transplantation will develop
bronchiolitis obliterans, and bronchiolitis obliterans or its
complications are the single most common cause of death in
these patients [60]. In addition, there have been anecdotal
reports on the recurrence of several ILDs in the recipient lung,
including sarcoidosis, Langerhans cell histiocytosis, idiopathic
pulmonary haemosiderosis and desquamative interstitial
pneumonitis [38, 61, 62].

Novel therapeutic approaches

As conventional therapy with corticosteroids and cytotoxic
agents is often ineffective, a number of novel therapeutic
strategies based on increased knowledge of ILD pathogenesis
are being developed [63]. These new approaches to treatment
of ILD in particular involve substances directed against the
action of cytokines, growth factors and oxidants. Several of
these agents have shown promise at the clinical trial stage in
adult patients with idiopathic pulmonary fibrosis (IPF). To
date, encouraging results have been obtained with IFN-c, a
cytokine with diverse properties, including antifibrotic, anti-
infective, antiproliferative (inhibition of the proliferation of
lung fibroblasts in a dose-dependent manner), and immuno-
modulatory effects. In a preliminary study, 12 months of
treatment with IFN-c in combination with prednisolone was
associated with substantial improvement of pulmonary venti-
lation and gas exchange in patients with IPF who had shown
no response to glucocorticoids alone [64]. Another placebo-
controlled trial of IFN-c in patients with IPF over a 1-yr period
could not demonstrate a significant effect on progression-free
survival, pulmonary function or quality of life, although due to
the size and the duration of the trial, a clinically significant
survival benefit could not be ruled out [65]. Furthermore, a
recent meta-analysis suggests that IFN-c therapy in patients
with IPF is associated with reduced mortality [66]. Beneficial
effects have also been reported for other antifibrotic agents,

such as pirfenidone. In a prospective, open-label study in
patients with advanced IPF, treatment with pirfenidone
appeared to arrest further decline in lung function in the
majority and improved oxygenation in a few patients [67]. A
subsequent double-blind, randomised, placebo-controlled trial
demonstrated improvement of lung function and prevention of
acute exacerbations in pirfenidone-treated patients; however,
the study was aborted in favour of pirfenidone treatment due
to an increased number of acute exacerbations in the placebo
group [68].

In patients with pulmonary sarcoidosis, another cytokine-
based approach, i.e. inhibition of TNF-a, holds promise for the
future. Recently, patients with various manifestations of
sarcoidosis, whose disease was refractory to other agents or
in whom other agents were poorly tolerated, were treated with
infliximab, a chimeric monoclonal antibody directed against
TNF-a. This retrospective study demonstrated objective
evidence of improvement in all patients and concluded that
infliximab treatment appears to be safe [69]. In addition,
pentoxifylline has been shown to suppress TNF-a production
and thus may be another treatment option for sarcoidosis,
either by sparing or by replacing corticosteroids [70]. While
this drug has been reported as successful in the treatment of
active pulmonary sarcoidosis, its precise clinical value will
have to be determined in further clinical trials [71]. Etanercept,
which, by binding TNF-a, blocks the interaction of TNF-a with
its receptor, was reported to be frequently associated with
early or late treatment failure in patients with progressive
stage II or III pulmonary sarcoidosis [72]. Thalidomide,
another cytokine modulator that blocks TNF-a release from
alveolar macrophages, has been shown to be an effective form
of treatment for chronic cutaneous sarcoidosis but does not
appear to be as effective for pulmonary disease [73].

Obviously, none of the presented studies in IPF and
sarcoidosis patients included infants and children; thus, it
presently remains unclear whether some of the reported
benefits with these novel approaches may also be achieved
in the treatment of paediatric ILD given the marked differences
in wound healing and scar formation and prognosis between
infants/young children and adults.

In addition, there is evidence that proteinases are involved in
the promotion of both the initial lung injury and the following
fibroproliferative repair in fibrotic lung diseases [10]. Thus,
antiproteolytic strategies might represent effective forms of
treatment in these diseases, and this may have wide implica-
tions for the future treatment of children with ILD. With the
potential to deliver specific inhibitors of inflammation or
collagen biosynthesis directly to the lung via aerosols, the lung
may be quite amenable to such novel therapies.

Prognosis
The prognosis for children with ILD is extremely variable.
While some patients with the newly described entities cellular
interstitial pneumonitis/pulmonary interstitial glycogenosis
and persistent tachypnoea of infancy/neuroendocrine cell
hyperplasia of infancy generally do well in the long term,
many of those with genetic abnormalities of surfactant function
and other types of ILD do poorly. Furthermore, some children
with relatively severe fibrosis on biopsy may make good
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progress, whereas others with only mild desquamation may
have a poor outcome. This might be due to variable severity of
the diseases in different parts of the lung, despite biopsies
being taken guided by high-resolution computed tomography
(HRCT). In summary, no correlation between the response to
treatment or the clinical outcome and the initial pattern of
chest radiograph or HRCT scan changes or the histological
findings in lung biopsy specimens has been demonstrated so
far [42, 74]. To date, there are only very limited data on the
long-term outcome regarding lung function in children with
ILD [42].

The overall mortality rate is around 15%, with a very variable
outcome reported for infants [42, 44, 74–76]. A severity-of-
illness score using symptoms, oxygen saturation at rest and
during exercise or sleep, and pulmonary hypertension was
reported to be a useful means of predicting the probability of
survival [75]. The majority of children recover and most of
them can lead normal lives [42]. Only a few patients are left
with significant sequelae, such as limited exercise tolerance or
the need for long-term oxygen therapy.

CONCLUSION
Ongoing basic research will provide new insights into the
molecular basis of interstitial lung disease pathogenesis
(including genetic factors causing familial disease) in children,
and is expected to identify important preclinical markers of
disease, pathways of disease regulation and novel potential
targets for therapeutic intervention. For the future, there is a
strong need for international collaboration that will allow
collection of sufficiently large cohorts of patients with specific
entities in order to perform proper therapeutic trials. As a
prerequisite, however, a clear and standardised classification
of the histopathology of the underlying conditions has to be
developed. Such multicentre trials will help to reduce the still
considerable morbidity and mortality in children with inter-
stitial lung disease.
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