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Abstract 
[bookmark: _Hlk42813458]Respiratory distress syndrome (RDS) is one of the most common neonatal diseases causing early life morbidity and mortality. We present a case of a full-term baby born to consanguineous parents who died due to severe progressive respiratory failure (PRF). Whole exome sequencing (WES) identified a homozygous disease-causing variant in ABCA3 gene. Histopathological and electron microscopic examination of postmortem lung tissue revealed characteristic findings consistent with congenital surfactant deficiency along with the ultrastructural evidence of ‘fried-egg’ like inclusions. Our study provides thorough clinical, radiological and ultrastructural analysis the variant’s clinical impact and elucidates WES’s valuable role in molecular diagnosis of (PRF).
[bookmark: _Hlk42941581][bookmark: _Hlk42027565]Keywords: ABCA3, surfactant, progressive respiratory failure, respiratory distress syndrome, neonate

Introduction:
[bookmark: _Hlk42535238]Congenital disorders of the surfactant system are a group of life- threatening disorders associated with deficiency in surfactant proteins lining lung cells. RDS is one of those disorders where mutations in ATP-binding cassette sub-family A member 3 (ABCA3) are known to cause neonatal respiratory failure in full-term babies, leading to death before the end of first year of life 1. The mutations cause abnormal composition and function of the surfactants, leading to increased tension in the alveoli, breathing difficulties, and lung collapse 2. Herein, we report the clinical course of a newborn carrying a fatal homozygous ABCA3 mutation using WES. Detailed postmortem histopathological and electron microscopic examination of lung tissue is also presented.



Case Report: 	
[bookmark: _Hlk42040155]After 39-weeks of gestation, a male infant of consanguineous parents (first-degree relatives) was born via vaginal delivery weighing 2.75 kg. His APGAR score was 8 and 9 at 1 and 5 minutes, respectively. The proband, eighth born in the family, had three siblings who died within the first year of their life due to intractable respiratory disorder. Initially, the proband was admitted to the neonatal intensive care unit (NICU) with progressive respiratory distress over 12 hours. Neonatal sepsis was considered as in the differential diagnosis and consequently was treated with antibiotics (Ampicillin and Amikacin). His blood culture was negative with normal parameter of white blood cells. Heart structure and function were normal except the presence of a tiny patent ductus arteriosus based on echocardiographic examination. Chest X-ray (CXR) at day 1 showed signs of respiratory distress syndrome that had a diffuse reticular granularity of the lungs (Figure 1A). The respiratory management included non-invasive ventilation using nasal intermittent positive pressure ventilation and he was given an exogenous surfactant (Alveofact, Survanta) administrated as 3 doses over a period of 2 days. Minimal improvement in his oxygenation was noticed and his ventilation settings were gradually weaned. On day 7 of life, his respiratory status deteriorated, and he required high frequency ventilator. Methylprednisolone with a dose of 2mg/kg was administered but without any improvement. Unfortunately, the proband died on the 8th day of life due to severe neonatal respiratory failure. Consent form was provided from the proband parents for further investigation including an autopsy on a lung tissue sample. Immediate post-mortem pulmonary biopsy was performed and underwent histopathological and electron microscopic examination. The lung tissue showed hyperplasia of type II pneumocytes, focal intra alveolar with abundant finely granular, PAS+ and eosinophilic material (Figure 1B+C). No alveolar deficiency, features of alveolar capillary dysplasia, misalignment of pulmonary veins, congenital infectious etiology, or significant hypertensive vascular histologic changes were noted.  Electron microscopy showed a mixture of normal-appearing lamellar bodies, of which some were small and somewhat irregular. Few cells contained small compact lamellar bodies with eccentric electron dense deposits resembling the fried eggs appearance (Figure 1D). DNA from the proband was used for WES. The analysis revealed a homozygous missense variant in the ABCA3 gene (c.604G>A; g.2373533C>T; p. Gly202Arg; exon 7) (Figure 2A). 

Discussion:
Pulmonary surfactant is a complex mixture of proteins and phospholipids which is important to decrease surface tension across the alveolar lumen and is necessary to avoid alveolar collapse during respiration. There are many types of surfactant proteins that make an integral part of pulmonary surfactant such as surfactant proteins (SP) A, B, C, D 2. In the past, variants in SP-B were the only recognized mutations regarding surfactant metabolism dysfunction. However, the recent use of Next Generation Sequencing (NGS) enabled the detection of several more variants in other genes 3. The ABCA3 protein is expressed primarily at the membrane of the lamellar bodies of alveolar type II cells, where transports phospholipids needed for surfactant assembly and storage. Case reports with mutations in ABCA3 started to appear all around the world with a higher probability happening to newborns with consanguineous parents 1.
The presentation of severe respiratory failure can be caused by surfactant deficiency, alveolar capillary dysplasia/misalignment of pulmonary veins, or congenital infection4. Hence, histopathological findings for our proband patient (II-8) were used to determine which is the main cause of the recurrent neonatal respiratory failure in his family. our proband was given methylprednisolone since Yoshida I et al. reported that glucocorticoids upregulate the expression of ABCA3 in type 2 alveolar epithelial cells 5. Bruder E et al. reported consistent findings as ours; where type 2 alveolar epithelial cells (AEC2) containing small but normal lamellar bodies with concentric membranes were observed, while other AEC2 lacked normal lamellar bodies but had abnormal electron dense (fried- egg) inclusions characteristic of ABCA3 deficiency 6. WES was later performed in order to identify the exact etiologic variant and the result showed a homozygous missense variant in exon 7 of ABCA3 gene (c.604G>A, p. G202R). Segregation analysis through Sanger sequencing was performed for the proband’s parents and siblings. All tested family members were unaffected heterozygous carriers for the variant except individual II-4, who was homozygous for the wild type (Figure 2D). These findings are consistent with the diagnosis of surfactant metabolism dysfunction type 3 that is inherited in an autosomal recessive manner. 	
This variant has been only reported twice; one time in a family of French origin, where the variant was in a compound heterozygous state with a second ABCA3 variant 7. Then in 2016, Rezaei F et al. reported the same variant in its homozygous state just like our proband 8. The patient reported in Rezaei F et al. study suffered from atelectasis, abnormal lung findings and strenuous respiration similar to our patient, however, no family history of lung disease or abortions were mentioned.

Missense mutations in the extra and intra-cellular domains of ABCA3 have been reported in neonates suffering from RDS (Figure 2B) 7,9. Our variant resulted in amino acid polarity change from neutral to basic in the position 202 (glycine to arginine). Aligning the protein domain of ABCA3 that encompass glycine residue shows a highly conserved region through evolution across different species (Figure 2C). Moreover, in-silico prediction tools such as PolyPhen and SIFT predict pathogenic outcome of our variant.

Conclusion: This is the first case in Jordan, and second in the world, reporting a homozygous missense variant (c.604G>A, p. G202R) in ABCA3 gene. The rare mutation was identified through WES, proving its importance in genetic diagnosis and counseling.
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