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Mucopolysaccharidosis type III (MPS 3) is an autosomal recessive disorder caused by a deficiency of one of the four enzymes involved in the lysosomal 
degradation of heparan sulfate (HS). It is often unrecognized or misdiagnosed in children as an idiopathic developmental/speech delay, attention 
deficit/hyperactivity disorder (ADHD), and/or autism spectrum disorder. It is characterized by progressive mental deterioration and behavioral 
problems with dysmorphic facial features and mild somatic signs. We report on children with ADHD who were repeatedly admitted to the pediatric 
psychiatry department for sleep disturbances, hyperactivity, and speech delay; and to the emergency department with accidental corrosive substance 
ingestion. Children with mental retardation, coarse face, and hypertrichosis were referred to the pediatric gastroenterology department for preliminary 
diagnosis of MPS. Lysosomal enzyme activity examinations in leukocytes revealed increased levels of total glycosaminoglycans, heparin, and HS, and 
decreased HS sulphamidase activity, leading to the diagnosis of MPS III.
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ABSTRACT

Introduction
Mucopolysaccharidoses (MPSs) are a group of seven inherited 
metabolic disorders that are characterized by the absence 
or deficiency of specific lysosomal enzymes that lead to 
the accumulation of glycosaminoglycans (GAGs) within the 
lysosomes. MPS type III (or Sanfilippo syndrome) is the most 
common type and is composed of four different subtypes: type 
A (OMIM #252900), type B (OMIM #252920), type C (OMIM 
#252930), and type D (OMIM #252940). Each subtype is caused 
by a deficiency of a different enzyme in the catabolic pathway 
of heparan sulfate (HS), a type of GAG. MPSs comprise 11 
lysosomal diseases, each with an absence of a specific step in 
the degradation of GAGs that leads to their accumulation in 
tissues and to a range of clinical consequences, including central 

nervous system (CNS) impairment, depending on the type of the 
MPS (1,2).

Seven types of MPS disorders caused by deficiencies of 10 
different enzymes are as follows: MPS I (Hurler MIM 607014, 
Hurler-Scheie MIM 607015, Scheie MIM 607016), MPS II (Hunter 
syndrome MIM 309900), MPS III A (MIM 252900), B (OMIM 252920), 
C (MIM 252930), or D (MIM 252940) (Sanfilippo syndrome), MPS IV 
A (MIM 253000) or B (MIM 253010) (Morquio syndrome), MPS VI 
(Maroteaux-Lamy syndrome, MIM 253200), MPS VII (Sly disease, 
MIM 253220), and MPS IX (MIM 601492) (1). The clinical symptoms 
vary widely across the different subtypes (1).

MPSs are a group of inherited metabolic disorders caused 
by a deficiency of lysosomal enzymes that take part in the 
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degradation of GAGs: HS, dermatan sulfate, keratan sulfate, and 
hyaluronic acid. They are inherited as an autosomal recessive 
trait except for type II that has an X-linked recessive inheritance. 
The incidence of all types of MPSs is around 1.8-4.5 per 100,000 
live births (1,3). MPS I (Hurler syndrome), II (Hunter syndrome), III 
(Sanfilippo diseases), and VII (Sly diseases) are associated with 
CNS involvement.

MPSs are characterized by three phases that begin after a period 
of apparently normal development.

In the first phase, generally starting between the ages of 1 and 3 
years, a slowing or plateauing of cognitive development becomes 
apparent; often speech is more noticeably affected than the other 
functions (4). Motor development usually progresses normally 
during this stage. The second phase starts at approximately 
3-4 years of age and is characterized by progressive cognitive 
deterioration and the emergence of behavioral difficulties 
(hyperactivity, impulsivity, obstinacy, anxious behaviors and autism-
like behaviors) and sleep disturbances (4-8). In the early stages 
of neuropathic forms of MPS, particularly MPS III, developmental 
delay or regression of skills may be the only prominent 
manifestation. They are usually misdiagnosed as attention deficit/
hyperactivity disorder (ADHD) and/or autism spectrum disorders 
in this phase. The third stage begins, usually in the teenage years, 
with the onset of severe dementia and decline of motor functions. 
Swallowing difficulties and spasticity emerge, and patients usually 
die at the end of the second or beginning of the third decade of 
life (4-8).

GAGs serve as natural biomarkers for these diseases, as MPSs are 
primarily associated with their accumulation. There are different 
subclasses of GAGs that can be accumulated according to 
the specific enzymatic defect. This accumulation can also vary 
according to the residual levels of enzyme activity, type of genetic 
variant, and environmental factors (9).

We report four cases with ADHD, followed by the pediatric 
psychiatry department, who were admitted to pediatric 
emergency department with corrosive substance ingestion and 
diagnosed with MPS III A.

CASE PRESENTATION

Case 1

A 9-year-old girl was admitted to the pediatric emergency 
department after she ingested a corrosive substance. Upper 
gastrointestinal tract endoscopy revealed no pathology; however, 
she suffered from severe behavioral disorder, hyperactivity, mental 
retardation, speech disorder, coarse face, and hypertrichosis.

Her parents were first-degree relatives. She was reported to have 
acquired head control by the 3rd month of life, was able to walk 
at 2 years, and started to talk at 2.5 years; however, her speech 
did not improve. She was admitted to the pediatric psychiatry 
department for sleep disturbances, hyperactivity, and speech 
delay.

She had severe behavioral disorder, hyperactivity, mental 
retardation, speech disorder, coarse face and hypertrichosis. Her 
laboratory investigations revealed normal complete blood count, 
liver function, serum copper, ceruloplasmin, alpha 1-antitrypsin 
levels, and thyroid function. Hepatitis A, B, and C were ruled 
out on serology. Urinary GAGS were significantly increased. The 
lysosomal enzyme activity was assessed in leukocytes and showed 
that total GAG levels were 63.5 mg/mmol; levels of creatinin, 
heparin, and HS were increased; whereas, HS sulphamidase 
activity was decreased (0 nmol/mg protein/17 h) compared with 
the normal reference range (3.2±20.4 nmol/mg protein/17 h). She 
was thus diagnosed with MPS III A.

Chest radiography revealed beaking of vertebral bodies 
and oar shaped ribs (Figure 1). Abdominal USG showed 
hepatosplenomegaly. Echocardiography and ophthalmic 
examinations were normal. Severe sensorineural hearing loss was 
detected.

Case 2

An 11-year-old boy was admitted to the pediatric emergency 
department after ingesting a corrosive substance.

Upper gastrointestinal tract endoscopy revealed mild hyperemia. 
He had severe behavioral disorder, hyperactivity, mental 
retardation, speech disorder, coarse face, and hypertrichosis, 
similar to his sibling.

He had previously been admitted to the pediatric psychiatry 
department several times for walk and speech delay. He had 
severe mental retardation, hyperactivity, speech disorder, and 
sleep disturbances since he was 6 years old and was diagnosed 
with ADHD. His physical examination was unremarkable except 
for the presence of a coarse face and hypertrichosis. There was 
no organomegaly.

His laboratory investigations revealed normal complete blood 
count, liver function, serum copper, ceruloplasmin, alpha 
1-antitrypsin levels, and thyroid function. Hepatitis A, B, and C 
were ruled out. Urinary GAGs were increased. Total GAG levels 
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Figure 1. Chest radiograph showing beaking of vertebral 
bodies and oar shape ribs
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were 41.8 mg/mmol; levels of creatinin, heparin, and HS were 
increased; whereas, HS sulphamidase activity was decreased 
(0.1 nmol/mg protein/17 h). He was diagnosed with MPS III A. 
Chest radiograph revealed beaking of vertebral bodies and 
oar shaped ribs. Sensorineural hearing loss was observed; 
while, echocardiography and ophthalmic examinations were 
normal.

Case 3

A 4.5-year-old boy was admitted to the pediatric emergency 
department after ingesting a corrosive substance (bleach). Upper 
gastrointestinal tract endoscopy revealed no pathology.

His history revealed no consanguinity. He had agitation, 
hyperactivity, and short sleep duration. He had started to talk 
and walk after 2.5 years, and had been followed-up by pediatric 
psychiatry department for the last 6 months with the diagnosis 
ADHD.

His physical examination revealed a coarse face, roughness of 
the hands and feet. There was no organomegaly. The lysosomal 
enzyme activity was approximately 0 nmol/mg protein/17 h that 
led to the diagnosis of MPS III A. He had no skeletal abnormalities 
or hearing loss.

Case 4

A 14-year-old boy was admitted to the pediatric emergency 
department with complaints of corrosive substance ingestion. 
Upper gastrointestinal tract endoscopy revealed linear erosions 
and hyperemia. His oral intake was stopped and proton-pump 
inhibitors were administered.

His history revealed no consanguinity. He had started to talk at 4.5 
years, and suffered from sleep disorders since the age of 8 years. 
He had been admitted to the pediatric psychiatry department 
many times with the suspicion of ADHD.

His physical examination revealed a coarse face, hypertrichosis, 
and roughness of the hands and feet. He had hearing loss and 
skeletal abnormalities. Liver was palpable 3 cm below right 
costal margin. His laboratory investigations were normal. As 
the lysosomal enzyme activity was 0 nmol/mg protein/17 h, a 
diagnosis of MPS III A was made. A repeat endoscopy performed 
1 week later was unremarkable.

Written informed consents were obtained from all the patients 
and/or their parents.

DISCUSSION
MPS III A is an autosomal recessive disorder caused by a deficiency 
of heparan N-sulphatase that is involved in the lysosomal 
degradation of HS. It is reportedly the most severe form, with an 
earlier onset and faster progression of symptoms than in the other 
types of MPSs (3-6,8). MPS III A is characterized by progressive 
mental retardation, speech delay, sleep disturbances, and 
behavioral disorders (3-11). It has been reported that 40.6% of the 
patients talked after the 15th month of life, 7.2% of them walked 

after the 18th month, and 26.1% had both delayed talking and 
walking (5). The patients were usually diagnosed at 3-4.5 years of 
age (5,10).

The first clinical symptoms reported by Meyer et al. (5) included 
behavioral and sleep disturbances; whereas, speech (48%) and 
behavioral disorders (9%) were cited as the first symptoms by 
Buhrman et al. (10). Our patients were admitted to the pediatric 
psychiatry department for sleep disorders, hyperactivity, and 
delayed speech and walking. No clinical improvement occurred 
during their follow-up period. The diagnosis of MPS was based on 
the physical signs, such as a coarse face (flat nasal bridge, thickened 
lips, low set ears, macroglossia, short neck, hypertrichosis, etc.), 
hepatosplenomegaly, broad hands, and short fingers.

Although, skeletal abnormalities are less prominent in MPS III 
than in the other types of MPS, regular imaging of the spine, hips, 
and the lower extremities is recommended in these patients (12). 
Three of our patients had skeletal abnormalities.

Leukocytes and/or skin fibroblast cultures are the gold standard 
for establishing the diagnosis and determining the subtype 
of MPS. Prenatal diagnosis is possible, and familial carriers can 
be identified by molecular genetic testing. There is no specific 
enzyme replacement therapy; however, hematopoietic stem cell 
transplantation can be used (13).

In conclusion, MPSs can be easily misdiagnosed as other common 
diseases seen in children, and this can result in their inappropriate 
management. Therefore, pediatricians, pediatric psychiatrists, 
and physicians must suspect MPSs in patients who present with 
hyperactivity, speech delay or deterioration, autism-like behavioral 
disorders, and motor developmental delay, even in the absence 
of apparent features like coarse face.
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