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INTRoducTIoNPulmonary surfactant lowers surface tension and pre-

vents atelectasis at end-expiration. It is composed of 

phospholipids and proteins synthesized within type 

II cells. The mixture is packaged into specialized or-

ganelles called lamellar bodies which are extruded into 

the alveolar lumen by exocytosis. 

A complex and tightly regulated cycle of synthesis, 

processing, transport, secretion, degradation, re-up-

take or clearance and reprocessing involves both the 

phospholipids and protein components of pulmonary 

surfactant.

Defective synthesis of the essential surfactant compo-

nent surfactant protein-B, or impaired lamellar body 

transport leads to fatal neonatal lung disease. At pre-

sent, mutations in 2 genes, encoding surfactant pro-

tein-B (SP-B) or ATP binding cassette transporter family 

member ABCA3, have been shown to underlie fatal 

hereditary neonatal interstitial lung disease. While SP-B 

is indispensable for surfactant function, the lipid trans-

porter ABCA3 targets surfactant phospholipids to the 

lamellar bodies and is necessary for lamellar body bi-

ogenesis, SP-B processing and lung development late 

in gestation (1). Here, we present the clinical course of 

two related infants who succumbed from severe hypo-

xemic respiratory failure caused by a novel mutation in 

the ABCA3 gene. 
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FIGuRES

Fig. 1

2000, GA 41+1 weeks

weight 2620 g, Apgar 8/9/10

intubation on 4 th day of life

died after 3 1/2 month

* ABCA3 gene was sequenced
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2000, GA 41+1 weeks

weight 2620 g, Apgar 8/9/10

intubation on 4 th day of life

died after 3 1/2 month

2006, GA 40+6 weeks

weight 3150 g, Apgar 9/9/8

intubation on 3 rd day of life

died after 55 days

5 uncl. cases of death at 

6 to 12 months of life
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We report on two infants of an inbred Algerian family 

born after uneventful pregnacies in 2000 and 2006. 

There were also two healthy girls born to that family 

in 1996 and 2001 (Fig. 1).

The first case was a hypotrophic girl born after 41 wee-

ks of gestation, birth weight 2620 g (P<10), height 

45 cm (P<10) and head circumference 33 cm (P<10). 

She was born by secondary caesarean section because 

of decelerations and anhydramnios. The Apgar scores 

were 8, 9, 10 after 1, 5 and 10 minutes.

Respiratory distress became apparent a few hours after 

birth, and the baby was admitted to our neonatal in-

tensive care unit. She first received nasal continuous 

positive airway pressure (CPAP), followed by mechani-

cal ventilation via an endotracheal tube at 4 days of 

life by spontaneous intermittent mandatory ventilation 

(SIMV) or high frequency oscillatory (HFO) ventilation. 

In response to progressive respiratory failure, FiO2 was 

increased to 1.0.  Inhaled nitric oxide (iNO), surfactant 

administration, prolonged steroid treatment and intra-

venous prostacyclin were all to no avail, and her pulmo-

nary gas exchange worsened. On day 104 of life, she 

died of hypoxemic respiratory failure.

Chest X-rays revealed increasing diffuse reticular 

opacity of both lungs, mimicking respiratory distress 

syndrome (RDS) of premature infants with diffuse ha-

ziness and air bronchograms. A high resolution computed 

tomography in week 6 of life showed a diffuse interstitial 

cASE REPoRTS



7

pneumopathy with reticular fibrosis and honeycombing 

on both sides. In week 7 of life an open lung biopsy 

was performed, revealing the histopathological hall-

marks of alveolar proteinosis. Bronchioalveolar lavage 

(BAL) fluid contained immunologically reactive SP-B.

Six years later, the family had another affected infant 

born spontaneously after 40 weeks of gestation. Birth 

weight was 3150 g (P10-50), height 50 cm (P10-50) and 

head circumference 34.5 cm (P10-50). Apgar scores 

were 9, 9, 8 after 1, 5 and 10 minutes. 

Within ten minutes of life, respiratory distress and 

cyanosis developed, and the boy was given supple-

mentary oxygen and admitted to the NICU. As his de-

ceased sister, he first received CPAP, then mechanical 

ventilation by endotracheal tube (day 3 of life). There 

was only temporary relieve following surfactant admi-

nistration and inhaled NO. He died at 55 days of life 

of respiratory failure (Fig. 2A-E). 
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Fig. 2A

Chest X-ray of the affected boy born in 
2006: day 1 of life
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Chest X-ray of the affected boy born in 
2006: day 3 of life

Fig. 2B
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Chest X-ray of the affected boy born in 
2006: day 11 of life

Fig. 2C
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Chest X-ray of the affected boy born in 
2006: day 33 of life

Fig. 2D
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Fig. 2E

Chest X-ray of the affected boy born in 
2006: day 55 of life
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On day 11 of life, an open lung biopsy was done and 

the material went through histological, ultrastructural 

and histochemical examinations (Fig. 3, 4). On conven-

tional light microscopy, there was marked interstitial 

fibrosis with widened interalveolar septa (Fig. 3A), type 

II pneumocyte hyperplasia and PAS-positive material in 

the alveoli (Fig. 3B).

Transmission electron microscopy showed rare cytoplas-

mic inclusions with concentric membranes and eccent-

rically placed electron-dense aggregates (Fig. 4). These 

„fried-egg“-appearing lamellar bodies differed both 

from normal lamellar bodies and the larger, poorly for-

med composite bodies with multiple vesicular inclusi-

ons observed in surfactant protein-B deficiency. Details 

of the ultrastructural findings are being described else-

where (2).

Prompted by the ultrastructural finding, the ABCA3 

gene was sequenced, which revealed a novel mutation 

in the 7th exon (578C>G) leading to an exchange of 

193prolin to 193arginine. The patient was homozygous 

for this mutation, while both his parents, one of his 

phenotypical healthy sisters and one maternal grand-

mother were heterozygous. DNA extracted from para-

fin-embedded tissue of his dead sister showed her to 

have been homozygous for the same mutation (Fig. 1).
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Fig. 3B

Alcian Blue PAS stain demonstrates alveolar 
proteinosis (intraalveolar PAS-positive de-
posits) and type II pneumocyte hyperplasia. 

Fig. 3A

Histology of open lung biopsy specimen 
shows interstitial fibroplasia with widened 
interalveolar septa and collapsed alveoli. 
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Transmission electron microscopy showing 
lamellar bodies with «fried egg» 
appearance

Fig. 4
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dIScuSSIoN The clinical presentations of our two patients are typical 

for infants with loss-of-function mutations in SFTP-B or 

ABCA3 genes (3, 4). Because there is significant overlap 

in the clinical presentation of these inherited disorders 

of surfactant metabolism, a combined tissue-based and 

genetic approach to diagnosis is warranted.

Term newborns with unexplained respiratory distress 

syndrome who require mechanical ventilation for more 

than 5–7 days without apparent signs of improvement 

should be considered for evaluation, sooner if extra-

corporeal membrane oxygenation (ECMO) is used or if 

there is a family history of lung disease. 

A lung biopsy helps to distinguish disorders of sur-

factant metabolism from other structural causes of lung 

disease such as alveolar capillary dysplasia (5). At the 

time of biopsy, tissue should be processed for electron 

microscopy to evaluate lamellar body morphology, and 

tissue should also be frozen in liquid nitrogen to be pre-

served for future molecular and proteomic analyses as 

new mechanisms of lung disease are identified.

Using electron microscopy with its ultrastructural hall-

marks provides an important branch point in directing 

a more focused genetic evaluation. Disorganized or 

unrecognizable lamellar bodies and an accumulation 

of abnormal-appearing multivesicular bodies suggest 

SPB deficiency, while small lamellar bodies with elec-

tron-dense inclusions («fried-eggs») suggest ABCA3 de-
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ficiency. ABCA3 deficiency, first described in 2004 as 

a cause of fatal interstitial lung disease in newborn 

infants (6), now appears to account for the majority 

of cases of hereditary fatal neonatal lung disease (7), 

and new disease-causing mutations continue to be dis-

covered (8).

 

The availability of molecular diagnosis also permits 

genetic counseling for affected families in order to 

discuss the risks for future pregnancies and to con-

vey the risks for other family members. In families 

in which a mutation has been previously identified, 

anten atal diagnosis can be established and permits 

advanced planning of a palliative regimen.
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