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Abstract We describe two cases of neonatal onset intersti-
tial lung disease eventually diagnosed as mucopolysacchar-
idosis type I (MPS I). In both cases, evaluation led to lung
biopsy, pathology review, and identification of glycogen
deposition. Pulmonary interstitial glycogenosis (PIG) was
considered as a clinical diagnosis in case one; however,
further review of electron microscopy (EM) was more
consistent with MPS I rather than PIG. Both cases were

confirmed to have MPS I by enzyme and molecular
analysis. Neonatal interstitial lung disease is an atypical
presentation for MPS I which is likely under-recognized.
Diagnosis through clinical guidelines and a multidisciplin-
ary approach had a major impact on patient management.
The diagnosis of MPS I prompted timely initiation of
enzyme replacement therapy (ERT) and the patients
ultimately underwent hematopoietic stem cell transplanta-
tion (HSCT) to improve symptomatic outcomes. In addition
to treatment, immediate precautionary recommendations
were made to avoid potentially catastrophic outcomes
associated with cervical instability. These cases add to the
clinical spectrum of MPS I in the newborn period. They
further illustrate the difficulties in early recognition of the
disease, and importance of a definitive diagnosis of MPS I
in infants with interstitial lung disease.

Abbreviations
chILD Childhood interstitial and diffuse lung disease
EM Electron microscopy
ERT Enzyme replacement therapy
GAG Glycosaminoglycan
HSCT Hematopoietic stem cell transplantation
IDUA Iduronidase activity
MPS Mucopolysaccharidosis
PIG Pulmonary interstitial glycogenosis

Introduction

Mucopolysaccharidosis type I (MPS I) is a lysosomal
storage disorder caused by deficiency of a-L-iduronidase
with impaired glycosaminoglycan (GAG) degradation and
subsequent pathologic accumulation in cell lysosomes in
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multiple organs. The prevalence of MPS I is approximately
1/100,000, with a wide phenotypic spectrum (Moore et al.
2008; Beck et al. 2014). Excessive GAG accumulation can
lead to growth impairment, joint contractures, neurologic
abnormalities, and upper airway obstructive features with
progressive cardiopulmonary complications (Berger et al.
2013). Typical respiratory complications are secondary to
abnormal upper airway tone, anatomical variations, and
GAG deposition in the upper airways with associated sleep
disordered breathing (Berger et al. 2013). Less frequently,
infraglottic deposition of GAG can contribute to tracheo-
bronchomalacia with associated respiratory distress or
related mucous clearance complications (Berger et al.
2013). Rarely, these patients can experience alveolar or
interstitial disease impairing gas exchange (Berger et al.
2013) in the newborn period, a disease presentation that is
likely under-recognized in MPS I (Kiely et al. 2017).

Historically, the mean age of symptomatic onset in
severe MPS I is 6 months, with a mean age of 12 months at
formal diagnosis (Beck et al. 2014; Kiely et al. 2017).
Earlier recognition of disease affords timely initiation of
enzyme replacement therapy (ERT) which has demonstra-
ted promising improvements in 6-min walk distance,
pulmonary function testing metrics, and apnea–hypopnea
indices in patients with obstructive sleep apnea (Wraith
et al. 2004). The median age of starting ERT with
recombinant a-L-iduronidase is 18 months (Kiely et al.
2017). Although clinically available, this condition is not
yet uniformly screened for by dried blood spot in newborn
screening. Notably, ERT has demonstrated improvement in
MPS I-associated interstitial lung disease with earlier
treatment contributing to improved outcomes (Muenzer
et al. 2009). Improvements in cognitive outcomes have
been reported in children with MPS I diagnosed and treated
with hematopoietic stem cell transplantation (HSCT) prior
to 9 months of age (D’Aco et al. 2012; Poe et al. 2014).
Successful HSCT implemented early also improves somatic
findings including hearing, joint mobility, and cardiopul-
monary function (Muenzer et al. 2009; D’Aco et al. 2012;
Poe et al. 2014). Cases of early infantile presentation,
specifically as interstitial lung disease, are likely under-
recognized, and the opportunity for timely intervention is
potentially missed. Here, we highlight two cases in which
multidisciplinary care and high index of suspicion led to the
diagnosis of MPS I, initially presenting as neonatal/infantile
interstitial lung disease. Early, confirmatory diagnosis of
MPS I had significant and immediate implications for
implementation of disease-modifying clinical management
decisions.

Case Reports

Case 1

A 36-week-gestation male was born via induced term
vaginal delivery after an uncomplicated pregnancy. The
patient developed respiratory failure requiring intubation on
the first day of life, was extubated on day 4 and had
persistent respiratory insufficiency. He was treated for
neonatal respiratory distress syndrome with surfactant and
antimicrobials. Initial physical exam was notable for
tachypnea, retractions, and diffuse, fine crackles throughout
all lung fields. Echocardiogram was normal. A chest
radiograph demonstrated diffuse granular opacities and
follow-up high-resolution chest computed tomography
(HRCT) revealed diffuse ground glass opacities bilaterally
and scattered thin walled cystic lucencies (Fig. 1a). Flexible
bronchoscopy was unremarkable. Bronchoalveolar lavage
yielded nonspecific inflammation. The patient was eval-
uated by Pulmonology for childhood interstitial and diffuse
lung disease (chILD) syndrome per American Thoracic
Society official clinical guidelines (Kurland et al. 2013),
with a working differential that included inherited disorders
of pulmonary surfactant dysfunction and pulmonary inter-
stitial glycogenosis (PIG) (Deterding 2010). Extensive
evaluation eliminated common causes of diffuse lung
disease including aspiration, infection, congenital heart
disease, and bronchopulmonary dysplasia. A video-assisted
thoracoscopic lung biopsy was performed. Pathologic
evaluation of tissue obtained at biopsy revealed areas of
alveolar simplification with a thickened interstitial space.
Interstitial cells characterized by clear cytoplasm (Fig. 1b)
were suggestive of the diagnosis of PIG (Canakis et al.
2002). Periodic acid Schiff staining did not demonstrate
increased glycogen content in interstitial cells (not shown).
Alcian blue stain highlighted the presence of mucopolysac-
charide within these cells (Fig. 1c), and a CD 68
immunostain identified the interstitial cells as macrophages
(Fig. 1d). Electron microscopy (EM) revealed prominent
accumulation of interstitial cells containing membrane-
bound lysosomal inclusions (Fig. 1e) rather than monop-
articulate glycogen. Collectively, these findings were
consistent with an inherited metabolic storage disorder.

Concurrent with pathologic EM investigation, a clinical
workup by Metabolic Genetics was initiated. Urine GAG
screening stained strongly positive for Alcian blue with
greatly increased heparan sulfate and dermatan sulfate on
thin layer chromatography suggestive of MPS types I, II,
or VII (Fig. 2a). Enzymatic testing revealed deficient
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Fig. 1 Imaging, histologic, and ultrastructural findings of both patient
1 (left panel) and patient 2 (right panel) are similar and compared.

(a, a0) Axial non-contrast chest high-resolution chest computed
tomography (HRCT) image showing patchy ground glass opacities
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a-L-iduronidase activity, confirming the diagnosis of MPS
I. Genetic sequencing identified biallelic mutations in the
IDUA gene, both previously reported and encode premature
stop codons (c.208C>T, p.Q70X and c.1205G>A, p.
W402X). Physical exam at diagnosis (3 months old) was
consistent only with mild dysmorphic features (Fig. 2b).
Corneas were clear, and skeletal abnormalities were
clinically mild. He had moderate sleep apnea. Skeletal
survey confirmed dysostosis multiplex including broaden-
ing of the ribs, anterior–inferior beaking of the L2 vertebral
body, and tapering of the proximal metacarpals. MRI of the
spine demonstrated C1 narrowing due to congenitally small
ring and the odontoid process was hypoplastic (Fig. 2c).
Mild hepatosplenomegaly on abdominal ultrasound. ERT
was initiated and he underwent expedient evaluation for
HSCT. He was discharged home at 3 months old with
supplemental oxygen and improving growth. General
clinical symptoms including respiratory status improved
upon starting ERT. Initial unrelated umbilical cord HSCT at
12 months old was complicated by graft rejection and
followed by a successful second HSCT at 22 months
improving his pulmonary status.

Case 2

A 36-week-gestation male with intrauterine growth restric-
tion was born via caesarian section following a pregnancy
complicated by oligohydramnios, maternal hypothyroidism,
and gestational diabetes. He developed severe respiratory
distress syndrome shortly after birth requiring surfactant
administration and initial mechanical ventilation, and
subsequently rapidly weaned to continuous positive airway
pressure on which he remained until 24 days of life. He
transitioned to nasal cannula and was diagnosed with
chronic lung disease of unclear etiology. Physical examina-
tion initially revealed increased work of breathing which
improved with respiratory support and supplemental oxy-
gen. No crackles or wheezes were auscultated and no
obvious dysmorphic features were apparent in the first few
months of life. No signs of pulmonary hypertension were
noted.

Investigations into the etiology of his lung disease
included an HRCT chest scan demonstrating diffuse ground
glass opacities with areas of air trapping and cyst formation
(Fig. 1a0). Genetic testing for surfactant protein abnormal-
ities revealed a heterozygous variant in ABCA3; however,

this was felt unlikely to be the primary cause of his
protracted respiratory symptoms (Wambach et al. 2012).
The patient underwent a thoracoscopic lung biopsy with
pathologic tissue evaluation at 4 months old. Histology was
consistent with abnormal alveolar growth (Fig. 1b0) and
patchy inclusions on EM of unclear etiology (Fig. 1e0). As
in Case 1, the remainder of the workup was unremarkable.
He was given a working diagnosis of chronic cystic and
interstitial lung disease of unclear etiology and discharged
home at 4.5 months old on supplemental oxygen. At 13
months old, findings of bilateral inguinal hernia and mixed
bilateral hearing loss, together with persistent oxygen
requirement, prompted MPS screening for urinary excretion
of GAG. This returned positive and Metabolic Genetics
was consulted. Enzymatic testing revealed deficient a-L-
iduronidase and sequencing of IDUA identified a homozy-
gous mutation (c.1205G>A, p.W402X), confirming the
diagnosis of MPS I. Similar to Case 1, staining of the lung
biopsy retrospectively identified the presence of mucopoly-
saccharide by Alcian blue staining (Fig. 1c0) and lysosome
content in interstitial macrophages (Fig. 1d0).

Physical examination at diagnosis (13 months old)
revealed moderately coarse, dysmorphic facial features,
corneal clouding, bilateral characteristic claw hand deform-
ities, and moderate hepatosplenomegaly. Brain MRI
showed communicating hydrocephalus indicative of cervi-
cal canal narrowing, and lateral spinal X-ray revealed a
gibbus deformity. At 15 months old, ERT was initiated with
marked improvement in visceral, soft tissue, and pulmonary
symptoms. He underwent initial HSCT at 20 months old.
His course was complicated by relapsing respiratory
distress.

Discussion

Early MPS I-associated lung disease is an under-recognized
disease manifestation that may be present at birth (Berger
et al. 2013; Kiely et al. 2017; Valayannopoulos et al. 2010).
The patients reported are unique in that the respiratory
symptoms were present on day one of life, initiating an
evaluation for chILD syndrome (Kurland et al. 2013).
Through a high clinical suspicion and a multidisciplinary
approach, MPS I was diagnosed by histological and
biochemical testing, and confirmed by enzymatic and
genetic testing prompting early initiation of ERT with
improvement in respiratory status.

Fig. 1 (continued) throughout lungs with thin walled cystic lucencies
(yellow arrows) and septal thickening (orange arrows). (b, b0) Sections
of lung biopsies highlight alveolar simplification, thickened interstitial
spaces with increased interstitial cells containing clear cytoplasm
(H&E, 40�). (c, c0) Alcian blue stain highlighted increased ground
substance material (mucopolysaccharides) within the thickened inter-

stitial spaces at low (20�) and high resolution (40�). (d, d0)
Prominent lysosomal content was observed within the interstitial cells
consistent with macrophages (CD68, 40�). (e, e0) Interstitial cells
contained membrane-bound lysosomal inclusions consistent with
mucopolysaccharidosis type I (MPS I) (arrows, 25,000�)
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With efforts to add lysosomal storage disorders to the
newborn screen, it has recently been shown that nearly 50%
of MPS I affected neonates will have respiratory symptoms
in the first month of life (Kiely et al. 2017). This may be
much more common than previously recognized. In the
largest and most comprehensive study of the natural
progression of early symptoms of Hurler syndrome per-
formed at a single center, 25% of subjects required
respiratory support of some kind in the neonatal period.
However, most pulmonary complications were infectious or
upper respiratory, and interstitial lung disease was not listed
as a presenting feature (Kiely et al. 2017). Biopsy proven
interstitial lung disease as severe as these two case
examples, each requiring substantial respiratory support
and prolonged hospitalization, has not been widely reported
in MPS I.

Another case report, with a neonatal course similar to
our two patients, described a child with MPS II diagnosed
at 3 years old, after the patient had been previously
diagnosed with PIG as an infant (Smets and Van Daele
2011). Review of this report prompted early clinical
suspicion for MPS in Case 1. PIG is characterized by an
accumulation of non-membrane-bound monoparticulate
glycogen distributed diffusely through the cytoplasm
(Deutsch and Young 2009). In contrast, EM and appropriate
histologic staining in MPS I-related interstitial disease
demonstrates membrane-bound GAG within interstitial cell
lysosomes. In Case 1, consideration for a metabolic storage
substance other than glycogen in our patient with chILD
syndrome led to additional clinical evaluation and early
diagnosis of MPS I at 3 months old. In Case 2, the
diagnosis was made closer to the median age of MPS I

Fig. 2 (a) Qualitative urinary glycosaminoglycan (GAG) analysis by
multi-solvent sequential thin layer chromatography demonstrating
greatly increased dermatan sulfate (DS, dark purple streaks on top
band) and heparan sulfate (HS, two faded bands) consistent with a
diagnosis of MPS I or II. (b) Mild dysmorphic facial features
appreciated at 3 months of age with broad nasal root, bulbous nasal

tip, flared nostrils, prominent eyebrows, and periorbital fullness. Also
note a long philtrum, thin vermillion border, and full appearance of the
lower lip (image obtained with written and signed parental consent).
(c) Sagittal T2 FS MRI cervical spine showing subtle findings of
odontoid hypoplasia and narrowing of the spinal canal at C1 and C2
secondary to a congenitally small C1 ring
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diagnosis, based on a more pronounced evolving clinical
phenotype including corneal clouding, coarse facial fea-
tures, and visceromegaly. Retrospective evaluation of EM
imaging (using the lung biopsy performed at 4 months old)
was consistent with lysosomal GAG storage. ERT promptly
improved clinical features as well as respiratory status.

High suspicion for MPS I and II prompted radiologic
investigation with cervical spine MRI in Case 1, which
revealed C1 narrowing and odontoid hypoplasia. This
potentially catastrophic manifestation of MPS, in the setting
of intubation or cervical spine manipulation, poses a risk
for spinal cord injury and quadriparesis if precautionary
measures are not taken (Pizzutillo et al. 1989; Belani et al.
1993; Hendriksz et al. 2013). Treatment with ERT and
HSCT, implemented in both cases, provided clinical
benefits in terms of pulmonary and extrapulmonary disease.
Early diagnosis and treatment initiation are known to be
associated with improved clinical outcomes by standardized
measures (D’Aco et al. 2012; Poe et al. 2014). These highly
impactful therapeutic and management points warrant
consideration of MPS, and thorough investigation of infants
with interstitial lung disease. Diagnostic investigations
should include a careful review of histology and EM and
potentially early, inexpensive, and noninvasive urine MPS
screening. With the addition of MPS I to the newborn
screen, early detection could lead to even more timely
intervention and in turn generally improve patient outcomes
and allow for appropriate genetic counseling. These case
examples add to the spectrum of pulmonary manifestations
found in the natural progression of early symptoms in
MPS I.

Synopsis

Neonatal interstitial lung disease is an under-recognized
disease manifestation of mucopolysaccharidosis type I
(MPS I). We describe two cases of neonatal onset
interstitial lung disease initially identified to have glycogen
deposition on pathology, although further review of
electron microscopy and the clinical phenotype led to a
diagnosis of MPS I in both patients.
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