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Abstract

Objective—To assess autism spectrum disorder (ASD) behaviors in children with

mucopolysaccharidosis Type IIIA (MPS IIIA), using a standard measure, understand the

behavioral evolution of the disease, and provide specific guidelines for diagnosis.

Study design—Children (n=21) with documented enzyme deficiency and SGSH gene

mutations, cognitive age-equivalent over 12 months, and early onset were administered the

Autism Diagnostic Observation Schedule (ADOS) (Module 1) and Bayley Scales of Infant

Development–III (BSID-III). ADOS Social Affect and Restricted Repetitive Behavior total scores

are reported as well as BSID-III cognitive age-equivalent using descriptive statistics and graphic

presentations.

Results—Thirteen of 21 children met ADOS criteria for ASD/autism. ADOS score was strongly

associated with age; all 11 children over 46 months met criteria, and 8 of 10 under 46 months did

not. Social and affective abnormalities were most frequent; restricted interests and repetitive

behaviors were largely absent. Lack of cognitive growth paralleled ADOS score.

Conclusions—An increased incidence of autistic-like social behaviors occurred between ages 3

and 4 in children with early onset MPS IIIA. Although more frequent in the severely impaired,

ASD behaviors were observed across the entire range of cognitive impairment. Clinicians must be

aware that when a child acquires autistic-like behaviors, MPS IIIA should be included in the

differential diagnosis.
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Mucopolysaccharidosis type III (MPS IIIA), is a lysosomal disorder associated with

progressive dementia and severe behavioral disruption. It is a rare (about 1 in 100,000

births),6–9 autosomal recessive disease caused by decrease in heparan-N-sulfatase

(sulfamidase) catalytic activity, a necessary metabolic step in degradation of the

glycosaminoglycan (GAG) heparan sulfate. Undegraded heparin sulfate is evident in many

cells of the central nervous system. Although MPS IIIA is a somewhat heterogeneous

disorder, it is characterized by progressive neurodegeneration, dementia, and physical

disability, with death typically occurring in the second decade of life.1 In the classic form of

MPS IIIA, symptoms become apparent between 2 and 6 years of age, although diagnosis

often lags behind the earliest symptoms.10 Some patients with MPS IIIA who have onset

and diagnosis after 6 years of age, have a slower decline1,11.

Clinical observation and parent report have indicated that many children with MPS III have

behaviors that are often associated with autism spectrum disorder (ASD),1–3 a pervasive

developmental disorder characterized by impairment in social communication, restricted

interests and repetitive behaviors. Declines in social connectivity and functional

communication have been described in MPS III, but never directly measured1,3,4. Restricted

interests, behavioral rigidity and repetitive behaviors have not been reported. A group of

children with Sanfilippo syndrome type A was evaluated for ASD behaviors using a

standard assessment method, the Autism Diagnostic Observation Schedule (ADOS),5 in

order to understand the behavioral evolution of the disease and provide guidelines for

identification and intervention.

We hypothesized that those children with MPS IIIA who meet ADOS criteria for ASD or

autism will be older and consequently will be at a more advanced stage of disease than those

who do not. Additionally, poor eye contact, social reciprocity, and communication skills,

rather than rigid and repetitive interests and behaviors, will characterize children with MPS

IIIA.

Methods

A total of 30 children with Sanfilippo syndrome type A were enrolled. Twenty-five children

with MPS IIIA, age 2 to 18 years, were recruited into this neurobehavioral study from a

natural history study. Patients in the NH study met the following criteria: (1) confirmed

diagnosis of MPS IIIA by enzyme or mutation analysis; (2) minimum chronological age of

one year; and (3) developmental age of at least 12 months on the Vineland Adaptive

Behavior Scales.12 We also enrolled 5 patients with MPS IIIA who were seen clinically and

who met the same criteria but were not in the NH study.
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The University of Minnesota Institutional Review Board approved this neurobehavioral

study and also the natural history longitudinal study. Written informed consent was obtained

from the parents or guardians of the children who served as subjects of the investigation.

Children in the study were classified as having either the classic, early form of Sanfilippo

syndrome type A if they were diagnosed before 6 years of age, or the late-onset form with

slower decline if diagnosed after age 6.1,8 We found that diagnosis under age 6 was

associated with severe genotypes, and those diagnosed later had at least one mutation

associated with late-onset MPS IIIA.13 One child who was diagnosed with Sanfilippo

syndrome after age 6 had an autism diagnosis until he was noted to be declining; he had a

known severe genotype and was retained in this sample.

To increase homogeneity and to use only one ADOS module, we excluded the six slow

progressing, late-diagnosed children from this neurobehavioral study, as well as one of their

siblings, yielding a sample of 23 children. One child who was diagnosed before age 6 had

phrase speech and thus was given ADOS module 2. One child was not administered the

ADOS. The final number for analysis was 21.

ADOS

The ADOS is a semi-structured observation designed to observe and judge the quality of a

child’s social communication and play and assess the presence of any intense interests or

repetitive behaviors. The ADOS yields total scores for Social Affect (SA) and Restricted

and Repetitive Behavior (RRB) yielding an overall classification indicating behaviors and

symptoms consistent with autism, consistent with milder indications of ASD, or not

consistent with ASD (‘nonspectrum’). In order to evaluate behaviors compatible with ASD

using this measure most effectively, a cognitive age-equivalent of at least 18 months is

recommended. The ADOS has 4 different modules and the tasks administered on each

module are tailored to the individual’s language level: (1) children who are nonverbal or

who communicate in primarily single words; (2) children who regularly use phrase speech;

(3) children who speak in full and complex sentences; and (4) older adolescents and adults

who have fluent language. In the current sample, only children were included who were

administered Module 1. The revised algorithms of the ADOS were used.14

In addition to comparison of total scores in the areas of social affect and restricted/repetitive

behaviors, individual behaviors that are observed and coded on the ADOS were also

analyzed. The two examiners who performed the ADOS are both “research reliable,” a

credential that indicates a high level of interrater reliability in coding.

The NH study included a comprehensive evaluation of neurodevelopment (Bayley Scales of

Infant Development-Third Edition; BSID-III)15 and those data are included in this

neurobehavioral study. The clinical patients were also given the BSID-III. Two experienced

examiners performed the BSID on these children. Only cognitive age-equivalents are

reported here as many of the patients were over the age where standardized scores could be

calculated.
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Results

In the total sample of 21 children, 7 were female; the mean age for this sample was 54

months (range 22 to 106 months). Of the 21 children, 62% met criteria for ASD using

ADOS Module 1. Table I indicates patient characteristics. In this sample, the average age of

MPS III diagnosis was 46 months±19 (range 21–98); notably, this does not include the

siblings diagnosed because of the proband’s diagnosis. As there were 5 pairs of siblings, the

average age is thus based on 16 diagnoses.

A strong association of ADOS score with age was found such that all 11 children over the

age of 46 months met the ADOS cutoffs for ASD or autism. Only two children (20%) under

the age of 46 months also met criteria. Those who did not meet criteria for autism were all

under 46 months (Figure 1).

Of those children meeting the ADOS criteria for ASD, the most frequent items that

differentiated them from those who did not meet ASD criteria were items reflecting social

and affective abnormalities. Items indicating restricted or repetitive behaviors were largely

absent, with the exception of “unusual sensory interests” typically characterized by

participants biting the test materials. Behaviors that most differentiated children scoring in

the ASD or autism range on the ADOS from those who did not included use of facial

expressions to communicate, frequency of vocalizations directed towards others, use of

gestures to communicate, eye contact, activity level, requesting (quality and frequency),

response to joint attention, response to name, responsive social smile, showing, shared

enjoyment when interacting, and unusual sensory interests (Table II; available at

www.jpeds.com).

Cognitive impairment paralleled their ADOS scores (Figure 2). Because a cognitive age-

equivalent of 18 months or higher is recommended when using the ADOS and the majority

of participants in this study were functioning below that level, comparisons between higher

and lower functioning participants were made to ensure the ADOS was capturing valid

behaviors. Children scoring above 18 months in cognitive age equivalent had fewer but not

different autistic-like behaviors compared with those scoring below 18 months (Table II).

For those interested, Table III (available at www.jpeds.com) summarizes the ADOS results

of the children with the later onset form.

Discussion

This study used the ADOS, the “gold standard” tool for assessing for behaviors compatible

with ASD, to systematically evaluate for a wide range of ASD behaviors in children with

MPS IIIA. Previous studies have employed behavior checklists and clinical observations1.

Because all but one of the children with the severe phenotype did not have more than single

word language, we were able to only use children who had been administered ADOS

Module 1 (nonverbal or speaking in primarily single words). Use of the same module

allowed comparison across a homogeneous subject group, as well as across individual

ADOS items.
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We found a strong association of ADOS score with age, with an increased incidence of

autistic-like social behaviors emerging between ages 3 and 4 in those children with the early

onset form of the disease (diagnosed before the age of six). The most common changes

occurring between the ages of 3 and 4 included a decrease in social communicative

behaviors, including use of nonverbal behaviors like eye contact, facial expressions and

gestures, directed vocalizations, responsiveness to their name, and shared enjoyment in

interacting. Restricted interests, rigidity, and repetitive behaviors, like hand flapping and

finger flicking, were largely absent. The repetitive behaviors observed were primarily

restricted to oral behaviors and did not include other behaviors usually associated ASD.

Several studies have found a smaller percentage of children with MPS IIIA having autistic

behaviors than was found in this study. For example, Heron et al1 found that of the patients

with MPS IIIA diagnosed before the age of 5 years, 67% had abnormal behavior and 20%

had autism-related symptoms. However, because we found that age at assessment is

associated with the presence or absence of autistic symptoms, it may be that the patients in

their study were not old enough to have developed such symptoms. Similarly, the distinction

between early onset and later onset needs to be made when discussing phenotypes and

autistic behaviors. Children with later onset MPS IIIA were omitted from this study in order

to keep our sample more homogenous because they have a different trajectory of

development than the early onset form. Of the children omitted (diagnosed between 6 and 15

years), 4 of the 5 children who were administered the ADOS had phrase speech, whereas 21

of the 22 children with the early onset form spoke in single words or were nonverbal (Table

III).

A limitation of this study was administration of the ADOS to some children who were

severely impaired cognitively (cognitive age-equivalent below 18 months). Although we

found a high correlation between cognitive age-equivalent and autistic behaviors, low

cognitive age-equivalent alone cannot account for autistic behaviors. Comparison of those

with cognitive age-equivalent above 18 months to those below 18 months indicates that, and

the lower functioning children had more symptoms, the pattern was the same as for the

higher functioning children. It is likely that onset of autistic symptoms and declining

cognitive age go hand-in-hand with disease progression.

The emergence of new autistic-like symptoms in children with early onset Sanfilippo

syndrome provides a model of ‘acquired’ autistic behaviors. Although identifiable genetic

etiologies are found in 10–20% of individuals with ASD16 we are unaware of any other

genetic condition in which autistic-like behaviors emerge from an otherwise normal

developmental and behavioral background. Children with MPS IIIA would not qualify for a

formal diagnosis of autism, as they do not have social difficulties prior to age 3, nor do they

consistently have restricted/repetitive behaviors, other than hyper-orality; however,

characterizing the behavioral phenotype by age enables us to view MPS IIIA as a model for

acquisition of autistic-like social behaviors. This perspective may lead us to better

understand the overlapping neural characteristics of both disorders.

The neural link is supported by the finding that the behavioral abnormalities in MPS IIIA

can be described as a Klüver-Bucy-like presentation that appears after the age of 2 or 3
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years, with diminished fear, startle, poor social interaction, orality, and reduced emotional

attachment and compliance with parents associated change in amygdala volume.17 Also,

damage to the medial prefrontal cortex can result in personality traits similar to ASD.18

Another neural link is demonstrated by the association of autistic behavior (social and

behavioral) with abnormalities in heparan sulfate metabolism in murine models; given the

central role of heparan sulfate in MPS III, this specific chemical link needs further

exploration19. Although we have not administered the ADOS to other patients with MPS I

(Hurler syndrome) and MPS II (Hunter syndrome), from both our clinical observations of a

large number of such patients and our review of the literature, no parallel acquisition of

autism has been documented, even though they share biochemically similar pathology

(accumulation of heparan sulfate).

Because there is no treatment for Sanfilippo syndrome at present, interventions designed for

children with ASD may provide a means of alleviating some of the autism-like symptoms in

affected children. A study of the value of applied behavior analysis (ABA) for children with

MPS IIIA is warranted.

We conclude that an increase of autistic-like social behaviors in children with the early onset

form of MPS IIIA occurs between 3 and 4 years of age. The onset of autistic-like symptoms

around 46 months (and in a few cases before that), suggests that such symptoms are

characteristic of disease progression in MPS IIIA. All children after 46 months had

sufficient symptoms to meet ADOS criteria for autism or ASD. Lack of developmental gains

or decreasing cognition together with acquired autistic social behaviors should be a red flag

for pediatricians; MPS IIIA should be included in their differential diagnosis.
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MPS IIIA Mucopolysaccharidosis Type IIIA

ASD Autism Spectrum Disorder

ADOS Autism Diagnostic Observation Schedule

SCSH Ser298Pro in the sulphamidase gene
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NH Natural History

BSID-III Bayley Scales of Infant Development – Third Edition

SA Social Affect

RRB Restricted and Repetitive Behavior
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Figure 1.
Scatterplot of chronological age (a) and cognitive age-equivalent (b) against total ADOS

score. Higher ADOS scores indicate more behaviors compatible with ASD.
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