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SUMMARY
Interstitial lung disease (ILD) is rare and encompasses a
heterogeneous group of diseases, and is even rarer in
children than in adults. ILDs compromise more than 100
different entities, including pulmonary alveolar
proteinosis (PAP). There are many causes of PAP in
children, including surfactant protein gene mutations
(SFTPB, SFTPC, ABCA3, TTF-1), GMCSF receptor
mutations and antigranulocyte-macrophage colony-
stimulating factor autoantibodies. We report a case of a
13-year-old Chilean girl who presented with an 8-month
history of progressive exercise intolerance, fatigability and
diminished school performance. Physical examination
revealed resting tachypnoea, a few basal bilateral
inspiratory crackles, and hypoxaemia on minimal
exertion. Clinical suspicion and evaluation, including
international collaboration, led to the diagnosis of
autoimmune PAP and specific therapy for the condition.

BACKGROUND
Chronic interstitial lung diseases are a rare and het-
erogeneous group of chronic pulmonary diseases,
and autoimmune pulmonary alveolar proteinosis
(APAP) is one of these. There are few paediatric
patients reported in the world.
We present the second paediatric PAP case

reported in Chile and the first confirmed case of
APAP treated with whole-lung lavage.
Furthermore, this case emphasises the import-

ance of not being put off the diagnosis by a test
which does not fit (first bronchoalveolar lavage
(BAL)), and shows how international collaboration
can result in new procedures being introduced
safely into a developing world setting.

CASE PRESENTATION
A 13-year-old girl presented with an 8-month
history of a gradual onset of exercise intolerance,
fatigability and diminished school performance.
She was a term infant with no neonatal complica-
tions, and was previously healthy. She had no aller-
gies and did not use medication. There was no
family history of lung disease, and her only brother
is healthy. She attended the outpatient clinic com-
plaining of dry cough, mild fever, dyspnoea and
night-time chest discomfort.
Chest radiography showed widespread interstitial

abnormalities with middle and lower zone predomin-
ance. A clinical diagnosis of Mycoplasma pneumo-
niae infection was made and she was treated for
10 days with clarithromycin and albuterol. Her
symptoms progressed and she was admitted 1 month
later. Physical examination revealed tachypnoea at

rest, a few basal, bilateral inspiratory crackles and
intermittent hypoxaemia on minimal effort; oxygen
therapy was started. The chest X-ray was unchanged
(figure 1A, B) and interstitial lung disease (ILD) was
suspected.

INVESTIGATIONS
High-resolution CT (HRCT) showed symmetrical,
bilateral, widespread ground-glass attenuation with
interlobular septal thickening (crazy-paving pattern)
suggesting PAP (figure 1C–E).
Tests performed to rule out secondary PAP were

normal. The first BAL was surprisingly normal.
Spirometry showed mild reduction forced expira-
tory volume in 1 s (76%) and forced expiratory
flow between 25 and 75 centile (FEF25–75) (50%)
with no response to inhaled albuterol given
through a large volume spacer.
Lung biopsy was performed by video-assisted

thoracoscopic surgery (VATS) and light-microscopic
examination showed preserved lung parenchymal
architecture with the alveoli filled with granular,
eosinophilic, periodic acid-schiff (PAS)-positive
material, consistent with PAP. Electron microscopy
showed abundant lamellar bodies (figure 2).
The patient travelled to Cincinnati for further

evaluation, where granulocyte-macrophage colony-
stimulating factor (GM-CSF) autoantibody concen-
tration was found to be 142.7 μg/mL, reference
range <3 μg/mL, confirming the diagnosis of auto-
immune PAP.

DIFFERENTIAL DIAGNOSIS
Differential diagnosis in children aged 2–18 years
include ILD of known aetiology such as infections,
environmental inhalants, drug or radiation-induced
disorders, neoplastic or lymphoproliferative disor-
ders and genetic surfactant or degenerative disorders;
associated diseases of autoimmune mechanisms such
as rheumatological conditions and vasculitis; and
primary pulmonary disorders.1–4 PAP includes surfac-
tant protein gene mutations (SFTPB, SFTPC, ABCA3,
TTF-1), GMCSF receptor mutations and anti-GM-
CSF autoantibodies (box 1).

TREATMENT
Whole lung lavage (WLL) was performed in the
USA in July 2010. A lavage with 10 L saline solu-
tion in each lung was performed until the liquid
was clear. HCRT postbilateral lung lavage showed a
great improvement in tomographic findings. After
several months the patient again became symptom-
atic and hypoxemic. Next, WLL was performed in
Chile by a Chilean specialist supported by the USA
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specialist and successive annual WLLs were performed by
Chilean specialists in Chile.

OUTCOME AND FOLLOW-UP
The outcome has been satisfactory, the patient still has normal
lung function although she had required WLL annually, she
attends college normally and her follow-up and treatment can
be carried out in Chile.

DISCUSSION
The clinical manifestations of paediatric ILD are often subtle
and non-specific.5–16 In our patient, ILD was clinically suspected
1 month after the first consultation although she had insidious
symptoms 8 months before. Differential diagnosis was discarded
with specific tests.

The HRCT scan was virtually pathognomonic for PAP, but
surprisingly there was no milky fluid on BAL, a result which we
were unable to explain. Given the HRCT findings, despite BAL
not confirming the diagnosis, we proceeded to a VATS lung
biopsy which confirmed PAP. PAP comprises a heterogeneous
group of diseases characterised by abnormal surfactant accumu-
lation resulting in respiratory insufficiency and defects in alveo-
lar macrophage and neutrophil-mediated host defense.17–36 One
of them is APAP. APAP requires serum anti-GM-CSF determin-
ation, suitable only in a few international centres. In Chile, as in

other Latin American countries, this assay is not yet available;
hence the referral to Cincinnati. The first case diagnosed in
Chile, does not access to it, for this reason the specific cause of
PAP was not possible to demonstrate. Although APAP represents
approximately 90% of cases of PAP, there are few paediatric
cases reported. The report of a large cohort of patients with
APAP in Japan showed that patients younger than 10 years of
age were rare. Suzuky et al,29 reported a 6-year-old girl pre-
sented with insidious, progressive tachypnoea of several years
duration and had radiological and histopathological manifesta-
tions identical to those of APAP but had a negative GM-CSF
autoantibody test.

WLL has long been considered the definitive therapy for PAP.
It should only be performed by a skilled anaesthesiologist and
bronchoscopist.17 18 25 26

The first WLL was conducted in an international medical
centre staffed with skilled and experienced specialists. WLL had
previously never been performed on a paediatric patient in
Chile; however, future WLLs will be. Prelavage and postlavage
CT scans showed a decrease in density, which would be
expected secondary to clearing of the PAS-positive material
(figure 1F, G). In a few cases, GM-CSF therapy has been
used,37 38 and the overall response rate appears nearly 50%;
this is in contrast to the ability of WLL to produce rapid
improvements in symptoms, radiological images and lung

Figure 1 Imaging studies.
(A) Posteroanterior and (B) lateral
chest radiographs showing widespread
interstitial abnormalities, with a
mid-zone and lower zone
predominance and relative sparing of
the apices and costophrenic angles.
(C–E) High-resolution CT (HRCT)
showing patchy geographic
ground-glass opacities superimposed
on interlobular septal thickening in
multiple lobes (crazy-paving
appearance). (F) Pre-WLL and (G)
post-WLL HRCT showing a decrease in
the density of the alveolar filling.

Figure 2 H&E staining at magnification ×100 (A) and ×200 (B) of the lung biopsy specimen revealing filling of the alveolar spaces with
amorphous material and the preservation of the interstitial architecture without inflammation. Electron microscopy (C) reveals numerous alveolar
cells showed abundant concentrically multilamelated phospholipid structures (lamellar bodies) and tubular myelin, widely distributed in the cell
cytoplasm.
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function in all patients.17 19 26 GM-CFS therapy was not con-
sidered in the reference centre where anti-GM-CSF testing was
performed. Furthermore this therapy is not available in Chile
due to the cost. The patient will certainly need the support of a
multidisciplinary team, and successive WLL. Rituximab is
another option to consider in the future,39 which has proven
medically effective and useful in sporadically reported adult
cases.

Learning points

▸ Dyspnoea and exercise intolerance in a previously healthy
teenager can be autoimmune pulmonary alveolar
proteinosis.

▸ If clinical features suggest a specific diagnosis, it is
important not being put off the diagnosis by a test which
does not fit (first bronchoalveolar lavage).

▸ International collaboration can result in expensive, specific
diagnostic tests being performed and new procedures being
introduced safely into a developing world setting.
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Box 1 Congenital and acquired causes of pulmonary
alveolar proteinosis18

Surfactant protein system gene mutations: SFTPB, SFTPC, TTF-1
and ABCA3.
Granulocyte-macrophage colony-stimulating factor (GM-CSF)
receptor: mutations in α-chain or β-chain of the GM-CSF
receptor.
GM-CSF autoantibody disease.
Metabolic disease: lysinuric protein intolerance or rarely, of
Niemann-Pick disease.
Associated with immune deficiency.
Macrophage blockade: exclusively in adults (haematological
malignancy, inorganic dust inhalation).
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