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ABSTRACT
Pulmonary alveolar proteinosis (PAP) is a rare lung disorder in which surfactant-derived lipoproteins accumulate excessively
within pulmonary alveoli, causing severe respiratory distress. It is essential to gain a better understanding of the signs to clinically diagnose PAP and include PAP among the diﬀerential diagnoses of interstitial pulmonary diseases or other diseases with
similar manifestations. We describe a 2.5-year patient with atopy who presented with pulmonary inﬁltration, recurrent
wheezing, and cough despite steroid and salbutamol administration via inhalation. High-resolution computed tomography
revealed crazy-paving patterns in both lungs, suggesting PAP. An open lung biopsy revealed intra-alveolar granular amphophilic
material, which was strongly positive on periodic acid-Schiﬀ staining. The results of pulmonary-associated surfactant protein B
and C gene analyses were normal. However, granulocyte-macrophage colony-stimulating factor receptor beta-protein was not
detected in leucocytes, and a novel mutation was identiﬁed in the CSF2RB gene. The patient was diagnosed with PAP and
treated with whole-lung lavage.
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INTRODUCTION

CASE REPORT

Pulmonary alveolar proteinosis (PAP) is a rare disease that
causes respiratory distress due to the accumulation of surfactant lipoproteins in the alveoli.1 PAP is diagnosed based on the
presence of homogeneous ground-glass opacities (GGOs) with
thickened intralobular and interlobular septa, referred to as
‘crazy-paving’ patterns that can be observed using high-resolution computed tomography (HRCT).2

A 2.5-year girl was admitted to our clinic with recurrent
wheezing, cough, and dyspnoea. She had remained healthy
until the age of 2 years when she was hospitalised for bronchiolitis. Her parents were consanguineous, but there was no
signiﬁcant family history.

Atopy is described as a predisposition to immunoglobulin (Ig)E
antibody production against allergens that cause asthma, food
allergies, rhinoconjunctivitis, and atopic dermatitis. Sensitisation is deﬁned as levels of allergen-speciﬁc IgE ≥0.35 kUA/L.
However, positive allergy test results do not always imply a clinical allergic reaction on allergen exposure.3
Here, we present the case of a 2.5-year child with atopy who
was referred for asthma, but was diagnosed with congenital
PAP.
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Physical examination on admission revealed the following
results: bodyweight, 8.5 kg (<5th percentile); height, 72 cm
(<5th percentile); body temperature, 38.5°C; respiratory rate,
54 breaths/min; peak apical heart rate, 133 beats/min; blood
pressure, 90/60 mmHg; and SpO2, 90% of room temperature.
Nasal ﬂaring, intercostal retractions, bilateral crackles, and
rhonchi were noted on respiratory system examination. The
whole blood count, erythrocyte sedimentation rate, biochemical test results, lymphocyte subsets, Ig levels, and echocardiography results were normal. Polymerase chain reaction ﬁndings
for the respiratory syncytial virus, parainﬂuenza virus, cytomegalovirus, Epstein–Barr virus, tuberculosis test results, and
sweat test results were negative. The Phadiatop-based values
of common inhalant allergens were 0.57 pAU/L, 2.66 kAU/L for
milk-speciﬁc IgE, and 6.2 kAU/L for egg white-speciﬁc IgE.
However, the results of skin prick and food provocation tests
with milk and egg were negative. Therefore, allergic diseases
were ruled out. The patient remained symptomatic despite the
administration of oxygen, inhaled and systemic steroids, salbutamol, aminophylline, tazocin, and ribavirin. Chest radiography
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revealed disseminated inﬁltration in both lungs (Figure 1). Bilateral GGOs were observed on HRCT. Alveoli and terminal bronchioles containing periodic acid–Schiﬀ (PAS)-stained eosinophilic
material were noted on histopathological examination, and this
ﬁnding was compatible with PAP (Figure 2). Granulocyte-macrophage colony-stimulating factor (GM-CSF), GM-CSF
receptor alpha and beta-protein, and GM-CSF autoantibody
concentration measurements and the signal transducer and
activator of transcription 5 (STAT5) stimulation index tests were
performed. Her serum GM-CSF concentration measured using
an enzyme-linked immunosorbent assay was 70.3 pg/mL
(normal = 0–7.5 pg/mL). GM-CSF receptor beta-protein and the
STAT5 stimulation index was equal to 0. A novel mutation was
reported in the CSF2RB common subunit gene. She was diagnosed with congenital PAP. Therapeutic whole-lung lavage
(WLL) was performed. Clinical improvement was then
observed, and chest radiography revealed regression in the inﬁltration (Figure 3).

aﬃnity-enhancing beta chains.4 Congenital, secondary, and
autoimmune or primary are three recognised forms of PAP.5
Anti-GM-CSF antibodies block the activation of alveolar
macrophages in the autoimmune form of PAP. Secondary PAP is
caused by damage to alveolar macrophages due to inorganic
dust, toxic gas inhalation, or infections and haematological
malignancies.

Figure 2: Many alveolar spaces are almost completely ﬁlled with homogenous pink staining proteinaceous material (hematoxylin and eosin,
×100).

Figure 1: Chest X-ray taken at the time of diagnosis: Disseminated lesions
visible in the lung.

DISCUSSION
Pulmonary surfactant is composed of phospholipids and surfactant proteins A–D. GM-CSF stimulates the clearance of surfactant by alveolar macrophages through signals transmitted via
cell-surface receptors comprised of ligand-binding alpha and
S184

Figure 3: Chest X-ray taken after whole-lung lavage.

No such organic pathology was detected in this case, and the
serum GM-CSF autoantibody test results were negative.
Congenital PAP is caused by mutations in genes encoding surfac-
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tant proteins, ABCA3, or chains in GM-CSF receptors. This
patient had a high GM-CSF concentration, lacked GM-CSF
receptor beta-protein, and was diagnosed with congenital PAP.
The common clinical manifestations of PAP are progressive dyspnoea, dry cough, fatigue, and low-grade fever. These symptoms
are observed in atopic conditions. However, the pathophysiology is completely diﬀerent. In patients with PAP, areas of bilateral and symmetrical alveolar opacities are usually observed on
chest radiography. An important diagnostic tool is HRCT, which
usually detects lesions such as GGOs, including the ‘crazy
paving’ pattern.6 Characteristic bronchoalveolar lavage ﬁndings
corresponding to PAP include an opaque or milky appearance of
the ﬂuid which settles on standing. Lung biopsy shows a
preserved alveolar architecture, slight thickening of the alveolar
septa, little or no inﬂammatory cell inﬁltration, and the presence
of PAS-positive proteinaceous material with a background of
eosinophilic granules in terminal bronchioles and alveoli.
Thus, the most appropriate and safe treatment for PAP to clear
alveoli is WLL.6
To the best of our knowledge, this patient represents the ﬁrst
documented case of PAP with atopy. This case emphasises that in
patients presenting with unexplained recurrent wheezing,
cough, and dyspnoea with radiological ﬁndings of bilateral
diﬀuse inﬁltration, physicians should consider PAP among the
diﬀerential diagnoses. Positive allergy test results do not always
indicate the presence of atopic disease.
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