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Abstract Mucolipidosis Type IV (ML IV) is an autosomal
recessive genetic disorder characterized by severe psycho-
motor impairments and ophthalmologic abnormalities.
Reports on the cognitive development of people with ML
IV are limited, but suggest that achievement of language
and cognitive milestones varies between a 3- and 18-month
level. There is also variability in reports of whether people
with ML IV make developmental progress, regress, or
remain static after infancy. This study examines the
longitudinal development of a young child with ML IV
who participated in an augmentative and alternative
communication (AAC) intervention.

At 26 months, the child displayed significant develop-
mental delays on direct assessment, with the exception of a
possible relative strength in receptive language. An exami-
nation of adaptive behavior over time indicated improve-
ments in raw scores but declines in standard scores across
all domains. She learned to use 13 new words with a speech
generating device (SGD) by the end of intervention.

These results add to literature on the clinical manifes-
tations of ML IV and indicate that although children with
this disorder have deficits in many domains, they may be
most severely affected in gross motor or oral motor
development and have a relative strength in receptive
language. Moreover, this child made progress in all
domains of adaptive functioning, but at a slower pace than
typically developing children. She also gained expressive

vocabulary in the AAC intervention, and this may have
supported her development in other areas.

Introduction

Background

Mucolipidosis Type IV (ML IV) is a lysosomal storage
disorder characterized by severe psychomotor impairments
and ophthalmologic abnormalities (Amir et al. 1987). It was
first described in 1974 by Berman and colleagues (Berman
et al. 1974). ML IV affects approximately 1 in 40,000
Ashkenazi Jewish births and is very rare in other
populations. The disorder is caused by a mutation in the
MCOLN1 gene, which codes for the cation channel protein
mucolipin 1(Wakabayashi et al. 2011). The exact mecha-
nism by which the mutation results in the clinical presenta-
tion of MLIV is not fully understood, but the disruption in
normal cell function due to an absence of mucolipin 1 is
believed to cause damage and dysfunction in many systems
of the body. As such, a variety of medical comorbidities are
characteristic of ML IV. Common digestive complications
observed in people with ML IV are achlorhydria and
anemia (Geer et al. 2010). Ophthalmologic abnormalities
often include corneal opacity and retinal degeneration.
Vision in people with MLIV is thought to be close to
normal early in life, but impairments are typically severe by
the teenage years (Geer et al. 2010). Delayed motor
development is often the first cause for concern among
parents of children with ML IV. Muscular abnormalities
initially present as hypotonia, and often gradually transform
into spasticity. The majority of people with ML IV are not
able to walk independently (Mucolipidosis type IV 2015).
Neuroanatomical studies reveal that people with ML IV
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exhibit decreased white matter volume, especially in the
cerebellum (Schiffmann et al. 2014).

Reports on the neurodevelopment of people with ML IV
are limited in number, and consist predominantly of case
studies, as well as a few studies of larger samples. They
suggest that motor milestones achieved are usually between
a 12- and 15-month level, whereas cognitive milestones
achieved may vary between a 3- and 18-month level (Amir
et al. 1987). Results of assessments of people with ML IV
must be interpreted with great caution, however, due to the
difficulty in making valid inferences about cognition from
tasks that may be inaccessible to people with severe motor
impairments (Martin et al. 2008). There is also variability in
reports of whether people with ML IV make developmental
progress, regress, or remain static after infancy (Amir et al.
1987; Schiffmann et al. 2014).

The prognosis for speech development is generally poor.
Although a few more mildly affected individuals have been
identified in the literature, most people with ML IV do not
develop speech beyond a few single words, and many have
no intelligible speech at all (Amir et al. 1987). Despite
severe impairments in speech production, several studies
have indicated a relative strength in receptive language, and
a few people with ML IV have demonstrated success in
learning to use up to 50 sign language words to communi-
cate (Schiffmann et al. 1993). Together, these findings
strongly suggest that augmentative and alternative commu-
nication, or AAC, is the ideal approach for meeting the
communication needs of people with ML IV and supporting
quality of life and inclusion for those affected by the
disorder. Research suggests that people with severe intel-
lectual disability and/or sensorimotor impairments can
successfully learn to communicate using AAC (Romski
and Sevcik 2005). AAC modalities include unaided
symbols, such as sign language and gesture, as well as
aided communication supported by external symbols, such
a pictures on a speech generating device (SGD).

The purpose of this case study was to describe the
development of a young child with ML IV who participated
in a longitudinal parent-coached augmented language
intervention study. This case study adds to the literature
on clinical manifestations and course of ML IV and
provides information on one child’s outcome following a
specific early intervention technique for addressing the
characteristic neurodevelopmental deficits associated with
the disorder. We examined her initial developmental profile,
change in skills over time, and effect of AAC on her
communication skills.

Case Report

Methods

Participant

The child was a Caucasian female. Parents first observed
delayed motor development when she was 4 months of age.
She was subsequently diagnosed with ML IV after a
neurological evaluation and genetic testing. She was
referred to the study by the state public early intervention
program for infants and toddlers with developmental
disabilities and began study participation at 26 months of
age. Although the intervention was intended to supplement
the clinical services that children received outside of the
study, this child did not receive any additional speech-
language therapy until after the post-intervention time
point. At this point, she began receiving 90 min of
speech-language therapy per week in a public co-taught
preschool setting. Her hearing and vision were tested prior
to study participation. Her hearing acuity was within
normal limits and her visual acuity was possibly slightly
impaired. In terms of motor skills, she was unable to walk
or crawl throughout the duration of the study, and used a
stroller for mobility. However, she had sufficient control of
upper extremities to independently reach for and press large
buttons on an SGD. The child’s mother also participated in
the study as the primary reporter for most measures and a
communication partner. At the time of the study, she had
completed a master’s degree in special education and was a
homemaker. English was the primary language spoken at
home, and Hebrew was a secondary language. The
household included the child’s mother, father, and one
brother (age 4 years).

Procedure

The mother–child dyad participated in a randomized
controlled trial of parent-coached augmented language
interventions for young children with significant develop-
mental delays (Romski et al. 2016). The mother–child dyad
was randomly assigned a waitlist period, followed by the
Augmented-Input and Output Hybrid (AC-IO) condition. In
this condition, children were encouraged to use an SGD to
communicate using both adult modeling and prompting.
The child received the Tech Talk by Advanced Multi-Media
Devices Incorporated (AMDI) as the SGD. The interven-
tion protocol included 24 sessions implemented over
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20 weeks. Each session lasted 30 min, and consisted of
three 10 min activities: play, book, and snack. The first 18
intervention sessions were conducted in the Toddler
Language Intervention Project Lab at Georgia State
University. The final six sessions were conducted in the
child’s home. Target vocabulary words for the child were
chosen collaboratively by the parent and the project’s
speech-language pathologist. When the child mastered the
use of their target vocabulary set, additional words were
added to it.

Over the course of the 24 sessions, the parent was taught
to implement the components of the intervention and
gradually led the intervention sessions. For the first eight
sessions, the project’s interventionist implemented the
intervention while the speech-language pathologist
explained the techniques to the parent and answered his
or her questions. For sessions 9–10, the parent imple-
mented the intervention during the last 10 min, or snack.
For sessions 11–12, the parent implemented the interven-
tion during the last 20 min, or book and snack. Beginning
in session 13, the parent led the entire 30 min session,
including all three activities. The interventionist continued
to coach the parent as needed throughout all of the sessions.

Measures

In order to characterize participants and evaluate the
effectiveness of the intervention, the child was assessed at
six time points: three months prior to intervention, at the
start of intervention, post-intervention, three months post-
intervention, six months post-intervention, and twelve
months post-intervention. Table 1 lists the assessments
and the time of their administration. Standardized assess-
ment measures included the Mullen Scales of Early
Learning (MSEL) (Mullen 1995), Vineland Adaptive
Behavior Scales, Second Edition (VABS-II) (Sparrow
et al. 2005), Sequenced Inventory of Communication
Development-Revised (SICD-R) (Hedrick and Prather
1975), MacArthur-Bates Communication Development

Inventory (CDI) Words and Gestures form (Fenson et al.
2006), Clinical Assessment of Language Comprehension
(CALC) (Miller and Paul 1995), and Peabody Picture
Vocabulary Test, Fourth Edition (PPVT-4) (Dunn and Dunn
2007). Tests were administered by the project’s speech-
language pathologist. Interventionists did not administer
any assessments in order to avoid potential bias.

In addition to standardized assessment, transcripts of
intervention sessions were created using the Systematic
Analysis of Language Transcripts (SALT) program (Miller
and Chapman 1985) in order to characterize parent and
child communication over the course of the intervention
(Romski et al. 2010). Trained, reliable transcribers used an
event-based coding scheme to document each instance in
which a child used a target vocabulary word and the mode
in which he or she used it: spoken, augmented, or both
spoken and augmented. Communication also was coded as
prompted or unprompted.

Finally, parents completed the Parenting Stress Index
(PSI) (Abidin 1995) and the Parent Perception of Language
Development (PPOLD) (Romski et al. 2011) measures in
order to allow the investigators to examine the experiences
and views of parents participating in the study.

Results

Initial Developmental Profile

At 26 months, the child performed in the Very Low range
(T � 20) on all domains of the MSEL, with the exception
of Receptive Language, which was a relative strength
(T ¼ 37; AE ¼ 22 months.). Her most severe delays were
in Gross Motor (T � 20; AE ¼ 7 months) and Expressive
Language (T � 20; AE ¼ 7 months), with Fine Motor
somewhat less delayed (T � 20; AE ¼ 13 months).
Additionally, the VABS-II indicated Moderately Low
abilities across Communication, Daily Living Skills, and
Socialization, and Low abilities in Motor skills. At the
subdomain level of the VABS-II, her most severe delays

Table 1 Measures administered to the participant

Time Point Age MSEL VABS SICD CDI CALC PPVT

T1 Three months pre-intervention 26 � � � � �
T2 At start of intervention 29 � � � � �
T3 Post-intervention 37 � � �
T4 Three months post-intervention 41 � a �
T5 Six months post-intervention 45 � a �
T6 Twelve months post-intervention 50 � � � � �

aMeasure was administered, but not returned by parent
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were again in Gross Motor (v-scale score ¼ 6;
AE ¼ 5 months) and Expressive Communication (v-scale
score ¼ 10; AE ¼ 13 months). Fine Motor was also at a
similar level (v-scale score ¼ 10; AE ¼ 14 months). Her
Receptive Communication was somewhat stronger (v-scale
score ¼ 13; AE ¼ 18 months).

Her SICD performance supported a relative strength in
receptive language, which was at the 20-month level,
compared to expressive language, which was at the 12-
month level. On the CDI, the child’s mother reported that
she understood 273 words, and was able to say one word
(the animal sound baa baa). The Emerging Language Stage
section of the CALC, an informal measure of early
language comprehension that uses known objects and
people, indicated that the child responded to joint attention
bids and comprehended familiar object names at baseline.

Change in Skills Over Time

At 29 months, the child continued to exhibit Very Low
performance in the Gross Motor, Fine Motor and Expres-
sive Language domains of the MSEL. She demonstrated
relative strengths in Receptive Language (T ¼ 38;
AE ¼ 24 months) and Visual Reception (T ¼ 34;
AE ¼ 23 months). A comparison of age equivalent MSEL
scores at T1 and T2 was conducted in order to examine the
child’s progress in relation to gains that would be expected,
given three months of maturation. This comparison
revealed that the child made gains in all areas, though her
progress in Gross Motor was minimal (see Fig. 1).

A comparison of the VABS profile at 26 and 29 months
and 50 months revealed improvements in raw scores, but
declines in Standard Scores across all domains (see Fig. 2).
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Between 26 and 29 months, Age-equivalent subdomain
scores remained identical for Receptive Communication,
Expressive Communication, and Fine Motor, and increased
mildly in the Gross Motor domain, from 5 to 7 months AE.
Age-equivalent score gains between 29 and 50 months
were variable (Receptive Communication +12 months;
Expressive Communication +4 months; Gross Motor
+1 month; Fine Motor �4 months).

Expressive communication scores on the SICD-R
remained at the 12-month level throughout the duration of
the study. It is important to note that the SICD-R
Expressive items specifically focus on vocalizations and
speech, and thus progress in the use of an SGD would not
be represented on this test. Receptive communication
scores shifted from the 20- to the 24-month level at the
post intervention time point, and remained at that level for
all follow-up assessments. On the CDI, the number of
words that the child’s mother reported she understood
increased gradually from the three months prior to
intervention to post intervention time points, and remained
stable at the 12-month follow-up. Words spoken also
increased from the three months prior to intervention to
post intervention time points, but had declined at the 12-
month follow-up (see Table 2). In terms of the CALC, at
the post intervention time point, two additional skills
appeared in the child repertoire: comprehension of action
words and comprehension of words for absent person and
objects. At the 12-month follow-up, the child correctly
identified 23 words by touching pictures, and received a
standard score of 63 and an age equivalent score of
26 months on the PPVT-4, consistent with other measures.

Effect of Language Intervention

The observational coding scheme indicated that the child
independently produced one manual sign (eat) in the
baseline intervention session. In session 24, she indepen-
dently produced one manual sign (eat) and 13 different

augmented words (applesauce, baby, bar, bee, bucket,
cheese, cup, out, play, potty, sing, the end, turn page)
spontaneously using the SGD. She did not produce any
spoken words during either session. The proportion of her
utterances that were intelligible increased from 0.43 to 0.85
between session 1 and 24 due to the use of the augmented
words. Her type token ratio, an indication of the diversity in
the words she produced, decreased slightly, from 0.16 in
session 1 to 0.13 in session 24. Finally, the total number of
turns she took in communicative exchanges increased from
48 in session 1, to 120 in session 24.

At follow-up appointments, the child was no longer
using the SGD in the home environment because the family
had chosen to use a combination of manual signs, facial
expressions, and vocalizations as a means of communica-
tion instead of the SGD. Parents reported to study staff that
they found the SGD too cumbersome for their daily lives,
but they were interested in exploring iPad apps as a
communication system in the future. However, in her
preschool environment, the child continued to use an
SGD similar to the one used in the study in order to
participate in classroom activities.

Parent Questionnaires

The mother’s responses on the PSI indicated average to
below average levels of parenting stress throughout the
entire durations of the study. Changes over time were
marginal. The mother’s responses to the POLD were
similar to other parents in the sample. A comparison of
pre and post intervention PPOLD ratings indicated
increased perceptions of child success in communicating,
but no change in perceptions of the degree of difficulty the
child faces when attempting to communicate.

Discussion

These results add to literature on the clinical manifestations
of ML IV and indicate that although children with this
disorder have deficits across many domains, they may be
most severely affected in gross motor and expressive
language development. The child reported on in this study
displayed significant developmental delays in these areas,
but more mild delays relative to peers in receptive language
and visual reception at 29 months. The age equivalence
scores observed for this child were also somewhat more
advanced than those reported in other studies of people
with ML IV (Amir et al. 1987; Schiffmann et al. 2014).
Possible explanations for this difference include the
individual variation in disorder severity and course, the
reporting style of the mother, the content of the direct

Table 2 SICD and CDI scores across time points

T1 T2 T3 T4 T5 T6

SICD

Receptive 20 20 24 24 24 24

Expressive 12 12 12 12 12 12

CDI

Words understood 275 282 290 N/A N/A 290

Words spoken 1 3 16 N/A N/A 5

Note: SICD scores represent estimated age equivalence in months,
CDI scores represent total items endorsed by the parent from a total of
396 possible words
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assessment measures, or the effect of early intervention for
the child.

Observations regarding the course of development for
the child over the time span of 26–50 months generally
suggest progress, though at a slower pace than peers.
Consistent increases in skills were apparent on both the
MSEL and VABS. Improvements also were observed on
the SICD, CDI, and CALC, though not consistently, and no
further progress was apparent on these measures after the
post-intervention time point. It is difficult to determine
whether this suggests a slowing of development, or reflects
insufficiency in the measure’s ability to capture small
changes in the skills of children with developmental
disabilities.

She also gained expressive vocabulary via the use of an
SGD. This finding is consistent with other studies showing
that children with developmental disabilities, including
those with complex medical conditions, benefit from
language intervention with SGDs (Romski et al. 2008,
2010, 2015). The child’s experience expanded her ability to
successfully communicate with her family and may have
supported her development in other areas. Given the
significant motor impairments exhibited in ML IV, the use
of an SGD may provide a viable communication approach
at a very early age. Optimizing the ability of the individual
to participate in social contexts by supporting communica-
tion is critical to quality of life among people with
developmental disabilities (Sevcik and Romski 2016).

In light of the family’s concerns about the SGD being
cumbersome, future research in this area might further
explore maximizing the convenience and transportability of
SGDs. Many improvements have been made in technology
in recent years, with the rapidly increasing availability of
tablet computer apps for AAC. The child continued to use
an SGD at preschool, suggesting that perhaps SGDs are
especially valuable in educational environments. This could
relate to increased demands on the child or the fact that
preschool staff members are less familiar with her com-
pared to her parents, and thus likely to have more difficulty
anticipating her needs and interpreting other forms of
communication.

Limitations of this report include that it involved only
one child with ML IV, and thus the results may not be
generalizable to all children with this disorder. It is also
important to keep in mind that many issues influence
cognitive and linguistic development in children with rare
disorders, including both intrinsic and extrinsic factors.
Also, our intervention was intensive and focused on parent-
implemented intervention so that the child and parent could
communicate at home. It may not be feasible for all
families. At the same time, Romski et al. 2007 showed that
parents were capable of implementing similar intervention

with high fidelity to the standardized instructions. Addi-
tionally, the very low attrition rate observed in our study
(5.6%) indicates that the majority of families were able to
complete the intervention program. In conclusion, early
language intervention using SGDs that focuses on parent
coaching may provide a route for developing communica-
tion for children with ML IV.
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