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Abstract

1996 through June 2013 was performed.

7.7 years.

Background: Mucopolysaccharidosis IVA (MPS IVA) is a rare lysosomal storage disorder caused by
N-acetylgalactosamine-6-sulfatase deficiency, which catalyzes a step in the catabolism of glycosaminoglycans,
keratan sulfate and chondroitin-6-sulfate. This disease has a variable age of onset and rate of progression.

Methods: A retrospective analysis of medical records of 24 patients with MPS IVA (11 males, 13 females; current
mean age = SD, 12.6 + 6.6 years; age range, 1.4-29.4 years) seen at 6 medical centers in Taiwan from January

Results: Mean ages of onset of symptoms and confirmed diagnosis were 2.0+ 1.6 and 5.7 + 4.5 years,
respectively. The most prevalent clinical manifestations were kyphosis (100%), pectus carinatum (96%), abnormal
gait (93%), striking short trunk dwarfism (92%), genu valgum (92%), and valvular heart disease (91%). Eight
patients (33%) experienced at least one surgical procedure with the most common being ear tube insertion
(25%), adenoidectomy (17%), tonsillectomy (13%), supraglottoplasty (13%), spinal decompression (13%), and
spinal fusion (13%). The most prevalent cardiac valve abnormalities were aortic stenosis (45%) and mitral
regurgitation (45%). At the time of the study, 8 out of 24 patients (33%) have died at the mean age of 17.2 +

Conclusions: An understanding of the natural history involved in MPS IVA may allow early diagnosis of the
disease. All affected Taiwanese patients experienced significant functional limitations. Adequate evaluations and
timely management may improve clinical outcomes and quality of life.

Keywords: Clinical manifestations, Diagnosis, History, Management, Mucopolysaccharidosis IVA

Introduction

Mucopolysaccharidosis IVA (MPS IVA; OMIM 253000,
Morquio A disease) is an autosomal recessive disorder
caused by a deficiency of the lysosomal enzyme N-acet-
ylgalactosamine-6-sulfatase (GALNS, EC 3.1.6.4), which
catalyzes a step in the catabolism of glycosaminoglycans
(GAGsS), keratan sulfate (KS) and chondroitin-6-sulfate
(C6S). It leads to accumulation of the KS and C6S,
mainly in bone and cornea, causing a systemic skeletal
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dysplasia [1,2]. MPS IVA has a variable age of onset and
rate of progression. Common presenting features include
elevation of urinary and blood KS, short stature, odontoid
hypoplasia, pectus carinatum, kyphosis, scoliosis, genu val-
gum, coxa valga, flaring of the lower ribs, hypermobile
joints, corneal clouding, valvular heart disease, hearing loss,
hepatomegaly, pulmonary compromise, coarse face, widely
spaced teeth, and frequent caries; however, there is no cen-
tral nervous system impairment. Odontoid hypoplasia is
the most critical skeletal feature in MPS IVA patients,
which in combination with ligamentous laxity and extra-
dural GAG deposition, results in atlantoaxial subluxation,
cervical myelopathy, paralysis, or even death.
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Generally, MPS IVA patients with a severe form do
not survive beyond the third decade of life primarily
due to cervical instability or pulmonary compromise,
whereas those patients with an attenuated form may sur-
vive over 70 years [3,4]. There has been no specific treat-
ment for MPS IVA, and care has been palliative. Enzyme
replacement therapy (ERT) has emerged as a potential
treatment for MPS IVA [5].

The incidence of MPS IVA differs among different
populations; reported rates range from 1 in 76,000 live
births in Northern Ireland to 1 in 640,000 live births in
western Australia [6,7]. In Taiwan, the incidence of MPS
IVA is approximately 1 in 300,000 live births [8]. The con-
cept of the founder effect may account for the discrepancy
of the incidence in different ethnic populations.

There are only a handful of reports describing the nat-
ural history of MPS IVA [4,9,10]. The purpose of this
study is to retrospectively collect and analyze the clinical
and laboratory information recorded on the medical
charts of Taiwanese MPS IVA patients, including med-
ical history, clinical manifestations and assessments,
diagnosis, and symptomatic management.

Patients and methods

A retrospective study was performed for patients diagnosed
with MPS IVA seen from January 1996 to June 2013 in six
medical centers in Taiwan, including Mackay Memorial
Hospital, Kaohsiung Veterans General Hospital, Taichung
Veterans General Hospital, China Medical University
Hospital, National Taiwan University Hospital, and Chang
Gung Children’s Hospital. The diagnosis of MPS IVA was
confirmed by leukocyte GALNS activity assay and/or two-
dimensional electrophoresis of urinary GAGs [11]. Infor-
mation on 24 patients (11 males and 13 females; mean age,
12.6 + 6.6 years; age range, 1.4-29.4 years) was collected. Pa-
tients’ charts were reviewed for medical history, clinical
manifestations and assessments, and laboratory studies.
Findings on physical examinations were obtained from phy-
sicians’ records on the outpatient clinic or during admis-
sion. Each patient’s demographic information, including
gender, age at onset of symptoms, age at confirmed diagno-
sis, age at and cause of death (if patient died), laboratory re-
sults, height, weight, body mass index (BMI), ambulatory
status at the time of the latest medical records, physical
examinations, and surgical interventions (if any) were re-
corded as applicable. Any available results of the following
examinations were also collected, including 6-minute walk
test (6-MWT), 3-minute stair climb test (3-MSCT), oph-
thalmologic evaluation for visual acuity and slit lamp exam-
inations, electrocardiography (ECG), echocardiography,
pulmonary function tests by spirometry, hearing as-
sessment by pure-tone audiometry, bone mineral dens-
ity (BMD) by dual energy x-ray absorptiometry (DXA),
polysomnography, and other investigations as well as
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information relevant to the course of disease. Kaplan-
Meier survival analyses were performed to calculate
probability of survival. Standard deviation scores (z scores)
for height, weight, and BMI were calculated using standard
growth tables for Taiwanese population [12]. A z score was
derived by subtracting the population mean from each
individual’s raw score and then dividing the difference by
the standard deviation (SD) of the population. Results are
expressed as the mean + SD unless otherwise indicated.
ECG and echocardiographic examinations were carried out
as previously described [13], and measurements were com-
pared with normal data [14]. For pulmonary function as-
sessment, forced vital capacity (FVC) and forced expiratory
volume in 1 second (FEV;) were evaluated by standard
spirometry techniques according to the American Thoracic
Society guidelines [15-17]. For hearing assessment by pure-
tone audiometry, the degree of hearing loss was classi-
fied by the age independent World Health Organization
(WHO) clinical guidelines [18]. DXA was performed to
assess BMD of the lumbar spine (L1-L4), using the
Hologic QDR 4500 system (Bedford, MA, USA) [19].
Polysomnography was performed according to the
guidelines of the American Thoracic Society. The ob-
structive apnea-hypopnea index (OAHI) was based on
the number of obstructive/mixed apneas and hypopneas
that occurred per hour of total sleep time [15,20]. Writ-
ten informed consent was obtained from a parent for
children and from patients over 18 years. The study was
approved by the ethics committee of Mackay Memorial
Hospital, Taipei, Taiwan.

Statistical analysis

Descriptive statistics, including means and standard de-
viations, were calculated. The relationship between age
and height, weight, and BMI of the 24 patients with
MPS IVA was determined using Pearson’s correlation
coefficient (r), and significance was tested using Fisher’s
r-z transformations. All statistical analyses were per-
formed using SPSS version 11.5 (SPSS Inc., Chicago, IL,
USA), and differences with p < 0.05 were considered sta-
tistically significant.

Results

Table 1 showed the medical history, laboratory data, and
clinical manifestations of 24 patients with MPS IVA in
Taiwan. The mean + SD ages of onset of symptoms and
confirmed diagnosis were 2.0+ 1.6 and 5.7 +4.5 years,
respectively. The most common initial symptom was ky-
phosis or gibbus (92%, 22/24). The ambulatory status of
these 24 patients was 13 (54%) with walking, 7 (29%)
with wheelchair bound, and 4 (17%) with bedridden. For
11 patients who were able to perform the physical en-
durance tests, the mean + SD values of 6-MWT and 3-
MSCT were 235.3 £125.5 m and 31.0 + 13.0 stairs/min,



Table 1 Medical history, laboratory data and clinical manifestations of 24 patients with MPS IVA in Taiwan

Patient Gender Age Age at Age at Initial Leukocye Urinary Height Weight BMI Ambulatory 6-MWT 3-MSCT Visual Age of Cause of death
(yr) onset of diagnosis symptoms GALNS activity GAG (ug/ (z score) (z score) (z score) status (m) (stairs/ acuity passed
symptoms (yr) (umol/g mg min) right/  away
(yr) protein/hr)a Creatinine)b left eye (yr)
1 14 05 1 gibbus, 0.03 519.1 -0.54 0.00 046 Walking NA NA NA
kyphosis
2 27 05 12 kyphosis 0.1 2204 -2.25 —-0.93 -042 Walking NA NA NA
3 53 04 1 gibbus 0.04 NA -384 -2.54 -134 Wheelchair ~ NA NA NA 6.8 Atlantoaxial
bound subluxation with
spinal cord
compression
4 58 03 35 pigeon 0.77 NA -384 -2.00 1.66 Walking 1839 37 0.6/0.6
chest,
gibbus
5 72 24 25 chest cage 051 4456 -4.00 —1.56 0.51 Walking 2193 15 0.2/0.3
deformity
6 73 1 25 pigeon 03 2185 —6.96 —1.53 264 Walking 2259 28 04/04
chest
7 76 17 6.5 pigeon 0.09 191.5 -2.68 -1.28 -0.14 Walking 360 55 0.4/04
chest
8 77 2 8 kyphosis, 04 2285 -563 -2.18 0.29 Bedridden NA NA NA 10.1 Unknown
chest cage
deformity
9 96 05 5 spinal 0.5 NA —6.98 -239 -047 Wheelchair ~ NA NA NA 10.8 Unknown
deformity, bound
pigeon
chest
10 121 21 9 kyphosis, 0.043 2511 -1.18 —-0.78 -042 Wheelchair ~ NA NA 06/06 194 Airway
pigeon bound impairment
chest
11 126 4 4 kyphosis 03 203.6 —4.35 —2.02 -0.85 Walking 125.7 15 1.0/1.0
12 132 15 10 kyphosis, 0.6 3325 —-735 —2.94 -135 Bedridden  NA NA NA 16.8 Unknown
chest cage
deformity
13 136 3 3.1 kyphosis 03 3336 -1128 =325 0.05 Walking 4959 48 0.3/04
14 139 45 5 kyphosis, 03 2511 -9.20 —2.99 -0.53 Walking 147 24 NA
chest cage
deformity
15 147 4 43 kyphosis, 0.07 3230 -1036 =367 -0.89 Bedridden NA NA 0.3/04
chest cage
deformity
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Table 1 Medical history, laboratory data and clinical manifestations of 24 patients with MPS IVA in Taiwan (Continued)

16

20

22

23
24

F

Mean
SD

14.8

257
294

126
6.6

04

0.5

06

52

20
16

04

6.6

5.7
4.5

kyphosis,
chest cage
deformity

pigeon
chest,
prominent
joints

kyphosis

kyphosis,
chest cage
deformity

short
stature,
knocked
knees

kyphosis

kyphosis,
chest cage
deformity

kyphosis
joint
contracture

except
small joints

0.1

0.7

05

04

0.172

03
05

04
0.1

03
02

1794

4513

NA

3336

222.8

NA
NA

2738
1136

—12.25

-10.23

-9.66

—12.27

-12.36

-1045
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0.1
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031
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091

Walking
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Walking
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140.7

NA

NA

360

NA

729
NA

256.5
NA
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NA

NA

NA

27
NA

37
NA

310
130
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NA
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NA

06/1.0
NA

0.5/0.1
NA

200

23.1

303

7.7

Airway
impairment

Unknown
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“Normal value: 5.9-27.8 nmol/h/mg protein.

PNormal values are age dependent: 1-3 years, 20.0-110.5; 3-5 years, 10.7-112.0; >5 years, 10.8-77.5.
GALNS, N-acetylgalactosamine-6-sulfate sulfatase; GAG, glycosaminoglycan; z score, standard deviation score; BMI, body mass index; 6-MWT, 6-minute walk test; 3-MSCT 3-minute stair climb test.
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respectively. At the time of the present study, eight of 24
patients had passed away at the mean + SD age of 17.2 +
7.7 years (range 6.8-30.3 years). The cause of death was
identified in 4 patients, while 4 patients died without a
definite cause recorded. Figure 1 showed the Kaplan-
Meier Survival Curve for these 24 patients. The survival
probabilities at 5, 10, 15, 20, and 25 years were 100%,
84%, 84%, 45%, and 30%, respectively. Twenty-two pa-
tients (92%) had short stature and 17 (71%) were under-
weight with a z score of < -2. The mean z scores for
height, weight, and BMI at the time of the latest medical
records were —7.51 +3.86, -2.54 + 1.09, and -0.1 +0.91,
respectively. Both z scores for height and weight were
negatively correlated with age (r=-0.769 and -0.693,
respectively; p <0.01) (Figure 2). The most prevalent
clinical manifestations were kyphosis (100%), pectus
carinatum (96%), flaring of the lower libs (96%), abnor-
mal gait (93%), striking short trunk dwarfism (height z
score < —2) (92%), genu valgum (92%), and valvular heart
disease (91%) (Figure 3). Eight patients (33%) experi-
enced at least one surgical procedure. The most preva-
lent surgical interventions were ear tube insertion (25%),
adenoidectomy (17%), tonsillectomy (13%), supraglotto-
plasty (13%), spinal decompression (13%), and spinal
fusion (13%) (Figure 4).

Slit lamp examination by ophthalmologists

Visual acuity assessment by Snellen Fraction (n=13) re-
vealed that 9 of the 13 patients (69%) had normal right
eye vision (20/63 or better), and 11 patients (85%) had
normal left eye vision (20/63 or better). Ocular abnor-
malities in the 15 patients assessed included 14 patients
(93%) with corneal clouding, 9 (60%) with astigmatism,
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5 (33%) with hyperopia, 2 (13%) with myopia, and 1
(7%) with glaucoma.

ECG and echocardiography

The most common results from ECGs (n=17) showed
the presence of sinus arrhythmia (47%), sinus tachycardia
(35%), and right or left axis deviation (18%). Echocardio-
graphic examinations (n=22) revealed that 20 patients
(91%) had valvular heart disease. Sixteen (73%) and eleven
patients (50%) had valvular regurgitation or stenosis,
respectively. The most prevalent cardiac valve abnor-
malities were aortic stenosis (45%) and mitral regurgi-
tation (45%), followed by tricuspid regurgitation (41%),
aortic regurgitation (32%), mitral stenosis (32%), and
pulmonary regurgitation (9%) (Figure 5). Nine patients
(41%) had a thickened interventricular septum. The ex-
istence of the thickened interventricular septum was
positively correlated with the increasing age (r = 0.690,
p <0.01).

Pulmonary function tests by spirometry

Thirteen patients had spirometric assessment performed
to evaluate pulmonary function. By spirometric classifi-
cation, 11 patients (85%) had small airway disease [mean
forced expiratory flow during the middle half of FVC
(FEF35.759,) < 65%], and 4 (31%) had restrictive lung dis-
ease (FEV,/FVC >0.7 with FVC <80% predicted).

Hearing assessment by pure-tone audiometry

Hearing assessment by pure-tone audiometry was car-
ried out in 9 patients. Mean values of air conduction
(AC) and bone conduction (BC) of the better ear were
47.8 dB and 29.3 dB, respectively (normal hearing AC <

100%

80%

60%

40%

Survival Probability

20%

0% ———
0 2 4 6

8 10 12 14 16 18 20 22 24 26 28 30
Age (yr)
Figure 1 Kaplan-Meier Survival Curve for 24 Patients with MPS IVA in Taiwan.
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Age vs, Height

Height (z score)

4] 5 10 20 25 30

15
Age (yr)

Figure 2 Age against standard deviation scores (z scores) for height (a) and weight (b) of 24 patients with MPS IVA. The values of the 2
parameters both decreased with age (p < 0.05). Horizontal lines represent the lower limits of normal.

Age vs. Weight

Weight & score)
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Age (m)

25 dB and BC <20 dB). Mean air-bone gap was 20.3 dB
(normal hearing air-bone gap < 15 dB). According to the
WHO classification, 6 patients (67%) had various de-
grees of hearing loss (AC >25 dB) with moderate (AC
41-60 dB) in 3, severe (AC 61-80 dB) in 2, and pro-
found (AC=>81 dB) in 1 patient. Three patients were
classified with mixed type hearing loss, 1 with pure con-
ductive type, 1 with pure sensorineural type, and 1
undefined.

BMD assessment by DXA

Eight patients had DXA to access BMD. After correction
for height-for-age z score (HAZ) as previously described
[19], HAZ adjusted BMD z score was —0.72 + 1.27. Three
patients (38%) had osteopenia (HAZ adjusted BMD z
score < —1 and > -2) and 1 patient (13%) had osteoporosis
(HAZ adjusted BMD z score < -2).

Polysomnography
Overnight polysomnographic findings were available in 3
patients. They all had some degree of obstructive sleep

apnea with mild (OAHI 1.5-5) in 1, and moderate
(OAHI 5-10) in 2.

Discussion

This is the first report to describe the natural history
and clinical features of patients with MPS IVA in a sin-
gle population. As far as we are aware, these were the
only patients in Taiwan with confirmed diagnosis with
MPS IVA at the time of this study. Accurate knowledge
of the natural course of the disease will assist in evalu-
ation of clinical and biomarker endpoints for clinical tri-
als and to judge disease progression and therapeutic
effects. The natural course and clinical manifestations of
this disorder have been reported by the International
Morquio A Registry and the Morquio A Clinical Assess-
ment Program (MorCAP) [4,10]. Although the number
of enrolled patients in these studies was as large as 326
and 325 subjects from 42 and 10 countries, respectively,
the reports were collected from different ethnic popula-
tions, as well as analyzed altogether. Our results showed
that Taiwanese patients with MPS IVA manifest a broad
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Figure 3 Clinical features of 24 patients with MPS IVA in Taiwan.
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Figure 4 Types of surgical interventions for 24 patients with MPS IVA in Taiwan.
A

spectrum of disease phenotypes from mild to severe, in-
dicating the clinical heterogeneity of the disease.
Information characterizing cause of death in MPS IVA
is limited in the literature. In the report of Hunter Out-
come Survey (HOS) [21], 46% (59/129) mortality was
caused by airway impairment. Shih et al. [22] described
that there were significant airway changes in the shape
of the vocal cords and trachea in patients with MPS,
which may be due to abnormal submucosal storage of
GAG. Hendriksz et al. [23] reported that high mortality
and morbidity rates in patients with severe MPS IVA are
related to the occurrence of cervical myelopathy and dys-
plasia. Thus it was reasonable that 3 out of our 4 patients

who died with a definitive cause were due to airway impair-
ment, and the other was owing to atlantoaxial subluxation
with spinal cord compression.

Montano et al. [4] reported that the mean ages of ini-
tial symptoms and confirmed diagnosis were 2.1 and
4.7 years, respectively, for patients in the International
Morquio A Registry data. We had similar result with the
age of initial symptoms being 2.0 years. However, the
age of confirmed diagnosis in our series was delayed for
1 year (5.7 years).

In Montano’s data, 52% patients underwent surgical
intervention, with the most frequent interventions being
cervical spinal fusion and decompression (51%) and ear
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Figure 5 Incidence of cardiac valve abnormalities in 22 patients with MPS IVA in Taiwan. AR, aortic regurgitation; AS, aortic stenosis; MR,
mitral regurgitation; MS, mitral stenosis; PR, pulmonary regurgitation; PS, pulmonary stenosis; TR, tricuspid regurgitation; TS, tricuspid stenosis.
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tube insertion (33%). In our data, only 33% experienced
at least one surgical intervention with 25% being ear
tube insertion, and only 13% undergoing cervical spinal
fusion and decompression. This may be due to the mean
age of patients in Montano’s data being 16.9 years,
whereas mean age in our data was 12.6 years. Due to the
progressive worsening of this disorder, the younger age
of our patients may explain the lower percentage receiv-
ing operations. An alternative thought is that regular
magnetic resonance imaging and prophylactic interven-
tion are not part of clinical management in Taiwan
compared with US, UK and part of Europe. Besides, the
disease awareness of both medical providers and care-
givers for the need for surgical procedures may also play
a pivotal role for the discrepancy between these 2 data
sets.

Short stature is one of the most characteristic features
of MPS IVA. Ninety-two percent of our patients had
striking short stature and 71% weight below normal for
age with a z score of < —2. The mean z scores for height
and weight were -7.51 +3.86 and -2.54 + 1.09, respect-
ively. The older patients had even lower z scores for
height and weight, illustrating the progressive nature of
the disease.

Montano et al. [4] described that 2/3 of their MPS
IVA patients had hypermobility of joints, a unique fea-
ture to Morquio A syndrome caused by metaphyseal
deformities and degradation of connective tissue near
the joint, similar to the 79% reported in our study.

In our study population, 33% had dental caries and
75% had widely spaced teeth, consistent with James et al.
[24] who reported that patients with MPS IVA have in-
creased caries rates and enamel defects comparing with
both patients with other MPS types and the general
population.

Physical endurance measures are important indicators
for evaluating functional impairment in subjects with
progressive diseases [25]. The results of 6-MWT and 3-
MSCT in the MPS IVA population show impairment re-
gardless of age group [10]. In our study, only 11 patients
(46%) were able to perform the physical endurance tests.
The mean 6-MWT distance of 235.3 + 125.5 m is signifi-
cantly reduced as compared with the normal range of
470-664 m for unaffected children aged 4—16 years, and
500-580 m for healthy adults [26-28]. The mean 3-
MSCT value of 31.0 + 13.0 stairs/min also revealed a sig-
nificant impairment comparing with the baseline stair
climb rate of 50 +29.5 stairs/min in the Phase 2 study
for the MPS VI patients. However, in the Phase 3 study,
rates were significantly lower 30 and 19 on the placebo
and active treatment groups [29].

Danes et al. [30] described that diffuse corneal cloud-
ing is the most common ocular finding in MPS IVA, al-
though it occurs to a lesser extent and is more slowly
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progressive than in other MPS types. Couprie et al. [31]
reported that patients with MPS IV tend to have astig-
matism besides myopia and hyperopia. In our study sub-
jects, 93% had corneal clouding, 60% had astigmatism,
33% had hyperopia, and 13% had myopia in accordance
with referenced findings.

Our findings were consistent with the assertions of previ-
ous underreporting of cardiac involvement in MPS IVA ac-
cording to the findings from the MorCAP population [10].
In our data, ECGs showed 47% had sinus arrhythmia and
35% had sinus tachycardia. Echocardiographic examina-
tions also revealed 91% had valvular heart disease, as well
as 73% and 50% had valvular regurgitation or stenosis, re-
spectively. Nine patients (41%) had thick interventricular
septum. The positive correlation between the presence of
thick interventricular septum and increasing age reinforced
the concept of the progressive nature of cardiac disease.

There are multifactorial etiologies for respiratory func-
tion impairment in patients with MPS IVA, including
upper and lower airway obstruction, chest wall restric-
tion, short stature, skeletal dysplasia, and cervical myel-
opathy. GAG is accumulated throughout the respiratory
system [4]. In our study, we found a high prevalence of
pulmonary function impairment by spirometric classifi-
cation in MPS IVA patients characterized by 85% with
small airway disease and 31% with restrictive lung dis-
ease. However, these percentages determined by compar-
ing to normal standards for height which are
problematic in MPS populations (severe short stature as
well as joint disease makes height difficult to measure).
Thus it would have expected that more than 31% to
have restrictive lung disease.

Patients with MPS IVA experience hearing loss attributed
to multiple causes. Conductive hearing loss is usually sec-
ondary to recurrent upper respiratory tract infection and
serous otitis media, as well as caused by ossicle deformity.
Sensorineural hearing loss may occur due to GAG accumu-
lation. Most patients have a “mixed” hearing loss with the
combination of conductive and sensorineural elements
[10,32]. In our data, 67% patients had hearing loss, and a
half of them could be classified with the mixed type, similar
with those of the previous literature.

Patients with MPS have an increased risk of poor bone
mineralization due to malnutrition, a particularly small
frame, an abnormal gait, and reduction of physical activ-
ities caused by pain, poor health condition, or exercise
intolerance [19]. In our study, according to BMD assess-
ment by DXA, a half of MPS IVA patients had osteope-
nia or osteoporosis.

Sleep-disordered breathing, specifically obstructive
sleep apnea, is a common disorder in patients with MPS
[20]. In our study, only 3 MPS IVA patients had over-
night polysomnographic reports, and all of them had
some degree of obstructive sleep apnea.
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Our study demonstrated that MPS IVA causes multi-
systemic dysfunction, including skeletal, visual, auditory,
cardiovascular, and respiratory systems, which severely
affect patient quality of life by reducing endurance, increas-
ing dependence on caregivers, and limiting participation in
daily activities. As a result, multi-disciplinary approach to
patient care is required once the diagnosis is made.

Limitations

As a retrospective and multicenter study, there is a lack of
complete data for all of our subjects. Assessments per-
formed also varied by institution and treating physician.
Small sample size reflected the rare nature of this genetic
disorder, and the range of age was quite wide, as was the
degree of disease severity. Therefore, studies in larger
cohorts with a longer follow-up are warranted. However,
our experience reflects the problem that clinicians are likely
to encounter when treating patients with MPS IVA, since
each patient presents with a significant variation.

Conclusion

An understanding of the natural history and character-
ization of the clinical impairments involved in MPS IVA
may allow early diagnosis and potentially facilitate better
management of the disease. In our study, all affected
Taiwanese patients experienced significant functional limi-
tations, and regular evaluations and timely management
may improve their quality of life. These findings and the
follow-up data can be used to develop quality of care strat-
egies, as well as to offer guidance for clinical trial outcomes
and diagnostic process for patients with MPS IVA.

Competing interests
Shuan-Pei Lin and Hsiang-Yu Lin have received honoraria for acting as
consultants and study investigators for BioMarin Pharmaceutical Inc.

Authors’ contributions

HYL and CKC performed acquisition, statistical analysis and interpretation of
data, and drafting of the manuscript. SPL participated in design of the study,
interpretation of the data and helped to draft the manuscript. CKC performed
biochemical analyses and revised the manuscript. MRC, PCC, YYK, DMN, FJT,
WLH, and JLL were responsible for patient screening. All authors read and
accepted the manuscript.

Acknowledgements

We acknowledge the participation of study patients and their families. This study
was supported by the research grants from the National Science Council, Taiwan
(NSC-102-2314-B-195-006 and NSC-102-2314-B-195-017-MY3), Mackay Memorial
Hospital (MMH-I-S-600), and BioMarin Pharmaceutical Inc. The authors thank

Ms. Tsai-Feng Ho for her professional assistance in biostatistics.

Author details

'Department of Medicine, Mackay Medical College, New Taipei City, Taiwan.
’Department of Pediatrics, Mackay Memorial Hospital, Taipei, Taiwan.
3Department of Medical Research, Mackay Memorial Hospital, Taipei, Taiwan.
“*Mackay Junior College of Medicine, Nursing, and Management, Taipei,
Taiwan. °Institute of Clinical Medicine, National Yang-Ming University, Taipei,
Taiwan. ®*Medical College, Fu-Jen Catholic University, Taipei, Taiwan. /Institute
of Biotechnology, National Taipei University of Technology, Taipei, Taiwan.
8Department of Pediatrics, Kaohsiung Veterans General Hospital, Kaohsiung,
Taiwan. “Department of Pediatrics, Taichung Veterans General Hospital,

Page 9 of 10

Taichung, Taiwan. '°Department of Pediatrics, Taipei Veterans General
Hospital, Taipei, Taiwan. ''Department of Pediatrics, China Medical University
Hospital, Taichung, Taiwan. '*Department of Pediatrics, National Taiwan
University Hospital, Taipei, Taiwan. 3Division of Medical Genetics,
Department of Pediatrics, Chang Gung Children’s Hospital, Taoyuan, Taiwan.
"“Department of Infant and Child Care, National Taipei University of Nursing
and Health Sciences, Taipei, Taiwan.

Received: 30 November 2013 Accepted: 6 February 2014
Published: 10 February 2014

References

1. Neufeld EF, Muenzer J: The mucoplysaccharidoses. In The Metabolic and
Molecular Bases of Inherited Disease. 8th edition. Edited by Scriver CR,
Beaudet AL, Sly WS, Valle D, Childs B, Kinzler KW, Vogelstein B. New York:
McGraw-Hill; 2001:3421-3452.

2. Chuang CK, Lin SP: Neurochemical changes and therapeutical
approaches in mucopolysaccharidoses. In Neurochemistry of Metabolic
Diseases-Lysosomal storage diseases, phenylketouria and Canavan disease.
Edited by Sankar S, Michael A, Maheep B. Trivandrum, India: Transworld
Research Network; 2007:1-20.

3. Northover H, Cowie RA, Wraith JE: Mucopolysaccharidosis type IVA (Morquio
syndrome): a clinical review. J Inherit Metab Dis 1996, 19:357-365.

4. Montano AM, Tomatsu S, Gottesman GS, Smith M, Orii T: International
Morquio A Registry: clinical manifestation and natural course of Morquio
A disease. J Inherit Metab Dis 2007, 30:165-174.

5. Hendriksz C, Vellodi A, Jones S, Takkele H, Lee S, Chesler S, et al: Long Term
Outcomes of a Phase 1/2, Multicenter, Open-Label, Dose-Escalation
Study to Evaluate the Safety, Tolerability, and Efficacy of BMN 110 in
Patients with Mucopolysaccharidosis IVA (Morquio A Syndrome).

Mol Genet Metab 2012, 105:535.

6. Nelson J: Incidence of the mucopolysaccharidoses in Northern Ireland.
Hum Genet 1997, 101:355-358.

7. Nelson J, Crowhurst J, Carey B, Greed L: Incidence of the
mucopolysaccharidoses in Western Australia. Am J Med Genet A 2003,
123A:310-313.

8. Lin HY, Lin SP, Chuang CK, Niu DM, Chen MR, Tsai FJ, et al: Incidence of the
mucopolysaccharidoses in Taiwan, 1984-2004. Am J Med Genet A 2009,
149A:960-964.

9. Lee NH, Cho SY, Maeng SH, Jeon TY, Sohn YB, Kim SJ, et al: Clinical,
radiologic, and genetic features of Korean patients with
Mucopolysaccharidosis IVA. Korean J Pediatr 2012, 55:430-437.

10.  Harmatz P, Mengel KE, Giugliani R, Valayannopoulos V, Lin SP, Parini R, et al.
The Morquio A Clinical Assessment Program: Baseline results illustrating
progressive, multisystemic clinical impairments in Morquio A subjects.
Mol Genet Metab 2013, 109:54-61.

11. Chuang CK, Lin SP, Chung SF: Diagnostic screening for
mucopolysaccharidoses by the dimethylmethylene blue method and
two dimensional electrophoresis. Zhonghua Yi Xue Za Zhi (Taipei) 2001,
64:15-22.

12. Chen W, Chang MH: New growth charts for Taiwanese children and
adolescents based on World Health Organization standards and
health-related physical fitness. Pediatr Neonatol 2010, 51:69-79.

13. Chen MR, Lin SP, Hwang HK, Yu CH: Cardiovascular changes in
mucopolysaccharidoses in Taiwan. Acta Cardiol 2005, 60:51-53.

14. Henry WL, Gardin JM, Ware JH: Echocardiographic measurements in
normal subjects from infancy to old age. Circulation 1980, 62:1054-1061.

15. American Thoracic Society: Standardization of Spirometry, 1994 Update.
Am J Respir Crit Care Med 1995, 152:1107-1136.

16. Spirometry for health care providers: Global initiative for chronic obstructive
lung disease (GOLD). Available at http://www.goldcopd.org/uploads/users/
files/GOLD_Spirometry_2010.pdf. (Data accessed: November 5, 2013).

17. Lin SP, Shih SC, Chuang CK, Lee KS, Chen MR, Niu DM, et al:
Characterization of pulmonary function impairments in patients with
mucopolysaccharidoses-changes with age and treatment. Pediatr
Pulmonol 2013. doi: 10.1002/ppul.22774.

18. World Health Organization: WHO ear and hearing disorders survey protocol
for a population-based survey of prevalence and causes of deafness and
hearing impairment and other ear disorders. ; 1999. Retrieved from http.//
whglibdoc.who.int/hg/1999/WHO_PBD_PDH_99.8(1).pdf on November
5,2013.


http://www.goldcopd.org/uploads/users/files/GOLD_Spirometry_2010.pdf
http://www.goldcopd.org/uploads/users/files/GOLD_Spirometry_2010.pdf
http://whqlibdoc.who.int/hq/1999/WHO_PBD_PDH_99.8(1).pdf
http://whqlibdoc.who.int/hq/1999/WHO_PBD_PDH_99.8(1).pdf

Lin et al. Orphanet Journal of Rare Diseases 2014, 9:21
http://www.ojrd.com/content/9/1/21

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Lin HY, Shih SC, Chuang CK, Chen MR, Niu DM, Lin SP: Assessment of Bone
Mineral Density by Dual Energy X-ray Absorptiometry in Patients with
Mucopolysaccharidoses. Orphanet J Rare Dis 2013, 8:71.

Lin HY, Chen MR, Lin CC, Chen CP, Lin DS, Chuang CK, et al:
Polysomnographic characteristics in patients with
mucopolysaccharidoses. Pediatr Pulmonol 2010, 45:1205-1212.

Jones SA, Aimdssy Z, Beck M, Burt K, Clarke JT, Giugliani R, et al: Mortality
and cause of death in mucopolysaccharidosis type Il-a historical review
based on data from the Hunter Outcome Survey (HOS). J Inherit Metab
Dis 2009, 32:534-543.

Shih SL, Lee YJ, Lin SP, Sheu CY, Blickman JG: Airway changes in children
with mucopolysaccharidoses. Acta Radiol 2002, 43:40-43.

Hendriksz CJ, Al-Jawad M, Berger KI, Hawley SM, Lawrence R, Mc Ardle C,
et al Clinical overview and treatment options for non-skeletal manifesta-
tions of mucopolysaccharidosis type IVA. J Inherit Metab Dis 2013,
36:309-322.

James A, Hendriksz CJ, Addison O: The oral health needs of children,
adolescents and young adults affected by a mucopolysaccharide
disorder. JIMD Rep 2012, 2:51-58.

McDonald A, Steiner R, Kuehl K, Turbeville S: Clinical utility of endurance
measures for evaluation of treatment in patients with
mucopolysaccharidosis VI (Maroteaux-Lamy syndrome). J Pediatr Rehabil
Med 2010, 3:119-127.

Li AM, Yin J, Au JT, So HK, Tsang T, Wong E, et al: Standard reference for
the six-minute-walk test in healthy children aged 7 to 16 years. Am J
Respir Crit Care Med 2007, 176:174-180.

Lammers AE, Hislop AA, Flynn Y, Haworth SG: The 6-minute walk test:
normal values for children of 4-11 years of age. Arch Dis Child 2008,
93:464-468.

ATS Committee on Proficiency Standards for Clinical Pulmonary Function
Laboratories: ATS statement: guidelines for the six-minute walk test. Am J
Respir Crit Care Med 2002, 166:111-117.

Harmatz P, Giugliani R, Schwartz IV, Guffon N, Teles EL, Miranda MC, et al:
Long-term follow-up of endurance and safety outcomes during enzyme
replacement therapy for mucopolysaccharidosis VI: Final results of three
clinical studies of recombinant human N-acetylgalactosamine
4-sulfatase. Mol Genet Metab 2008, 94:469-475.

Danes BS: Corneal clouding in the genetic mucopolysaccharidoses: a cell
culture study. Clin Genet 1973, 4:1-7.

Couprie J, Denis P, Guffon N, Reynes N, Masset H, Beby F: Ocular
manifestations in patients affected by Morquio syndrome (MPS V). J Fr
Ophtalmol 2010, 33:617-622.

Schleier E, Streubel HG: Phoniatric aspects of children with
mucopolysaccharidosis. Folia Phoniatr (Basel) 1976, 28:65-72.

doi:10.1186/1750-1172-9-21

Cite this article as: Lin et al: Natural history and clinical assessment of
Taiwanese patients with mucopolysaccharidosis IVA. Orphanet Journal of
Rare Diseases 2014 9:21.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Statistical analysis

	Results
	Slit lamp examination by ophthalmologists
	ECG and echocardiography
	Pulmonary function tests by spirometry
	Hearing assessment by pure-tone audiometry
	BMD assessment by DXA
	Polysomnography

	Discussion
	Limitations

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

