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Background: Mucopolysaccharidosis (MPS) can be classified into 7 types according to the enzyme defects. Several countries
use enzyme replacement therapy (ERT) as treatment for types 1, 2 and 6. ERT is very expensive: - therefore, to determine if
this treatment could be made available in Thailand, it is important to know the numbers of the patients with MPS.
Objectives: To investigate the number and clinical profiles of MPS patients who visited the Queen Sirikit National Institute of
Child Health (QSNICH) to determine the incidence of MPS in Thailand.
Material and Method: Review of MPS patients’ medical records with confirmed diagnosis by enzyme tests, who visited
QSNICH from January 1999 to December 2013.
Results: Medical records showed that 22 MPS patients visited QSNICH during the past 15 years. Of these patients, 5 were
MPS 1 patients (intermediate type or Hurler-Scheie syndrome), 8 were MPS2 patients (severe form), 1 was a MPS3 patient,
2 were MPS4 patients and 6 were MPS6 patients (severe form). The first clinical sign observed in MPS1 is joint contracture,
whereas in MPS2 is delayed development. For MPS2, all except one patient had macrocephaly (head circumference is more
than 90 percentile). Other growth parameters, including weight and height, in MPS2 patients were higher than average (>50
percentile).
Conclusion: MPS2 is the most common type of MPS in this study, followed by type 6 and 1. The difference in growth
parameters seen in MPS2 suggest that it may be a factor in the development of MPS2.

Keywords: Enzyme replacement therapy, Hunter syndrome, Hurler syndrome, Incidence, Maroteaux-lamy syndrome,
Mucopolysaccharidosis, Overgrowth

Mucopolysaccharidosis (MPS) is a lysosomal
storage disease. MPS can be divided into seven
types, namely, type 1 (Hurler syndrome), type 2 (Hunter
syndrome), type 3 (Sanfilippo syndrome), type 4
(Morquio syndrome), type 6 (Maroteaux-Lamy
syndrome), type 7 (Sly syndrome) and type 9. All except
type 2 are inherited as an autosomal recessive manner.
In each type, patients do not have enough specific
enzymes to digest mucopolysaccharide resulting in its
accumulation and the gradual progressive damage of
multiple organs. There are two forms of MPS type 1:
severe form (Hurler syndrome) and attenuated form
(Hurler-Scheie and Scheie syndrome)(1). MPS type 2 or
Hunter syndrome is the only type of MPS that shows
X-linked recessive inheritance. Several symptoms of

MPS2 are similar to MPS1 with the exception of cloudy
cornea, which can be seen in MPS1 and not MPS2.
Sanfilippo syndrome or MPS type 3 patients present
with neurobehavioral problems. Somatic presentation
of MPS3 is not as prominent as the other types. MPS4
(Morquio syndrome) patients have predominant
problems in the skeletal system. MPS6 (Maroteaux-
Lamy syndrome) patients share similar clinical
presentation as Hurler syndrome in MPS1.

Enzyme tests are required to confirm the
diagnosis of MPS. In the past years, enzyme
replacement therapy (ERT) for the treatment of MPS1,
MPS2 and MPS6 have been used in MPS patients
around the world. The disadvantage of ERT is the high
cost of the drug and is still a debated issue in the
treatment of MPS in many countries(2-4).

To date, the incidence of MPS in Thailand
has not yet been published. Due to the high cost of
ERT, there is a need to know the number of patients
with MPS to determine if the budget for ERT would be
available in Thailand. Queen Sirikit National Institute
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of Child Health (QSNICH) is the leading hospital in
Thailand specializing in child health and is suitable in
representing MPS cases in Thailand.

Objectives
 To investigate the number and clinical profiles

of MPS patients who visited QSNICH to determine the
incidence of MPS in Thailand.

Material and Method
Medical records of MPS patients who visited

QSNICH during January 1999 to December 2013 were
reviewed with approval from the patients and their
families. Only MPS patients with confirmed diagnosis
by enzyme tests were included into this study. MPS
patients who were diagnosed by only clinical
presentation without enzyme test were excluded from
the present study.

Statistical analysis
Results are shown as percentages.

Results
Twenty-two MPS patients met the inclusion

criteria for this study (MPS1 = 5 cases, MPS2 = 8 cases,
MPS3 = 1 case, MPS4 = 2 cases and MPS6 = 6 cases).
The proportion of each type was compared to other
countries(5-8) and is shown in Table 1. The most common
type of MPS in this study was MPS2 or Hunter
syndrome, followed by type 6 and 1.

Results showed that sex ratio was almost
equal in MPS type 1. All of MPS2 and MPS6 were male.
Clinical presentation and symptoms of the MPS patients
are shown in Table 2. The onset of symptoms is in
range from birth to 4 years (Table 2). For MPS1, all
patients were classified to have the attenuated form
because of mild to moderate symptoms and normal
development. All of MPS2 and MPS6 patients have
severe form of the diseases because of the early onset
and severe clinical symptoms. Joint contracture was
the first sign observed in MPS1, whereas delayed
development was the first sign in MPS2. For MPS2, all

Country MPS1 MPS2 MPS3 MPS4 MPS6

Taiwan(5) 5 52 29 26 7
Northern Ireland(6) 41 17 9 32 0
Germany(7) 20 18 45 11 7
Western Australia(8) 27 9 50 5 9
Present study (QSNICH) 23 36 5 9 27

Table 1. Proportion (in percentage) of the MPS patients by subtype in each country

except one patient had macrocephaly (head
circumference is more than 90 percentile). Other
growth parameters, including weight and height, tend
to be higher than average (>50 percentile).
Consanguinity was found in 50% of MPS type 1, 3, 4
and 6 patients. Cloudy cornea was found in all MPS1, 4
and 6 patients. Mitral valve prolapse was found in
almost every MPS patient (5 out of 6) who had
undergone echocardiography. Common surgeries
undergone by MPS patients were tonsillectomy,
adenoidectomy (2 from 22 patients) and inguinal hernia
repaired (5 from 22 patients).

Discussion
In the past 10 years, only MPS1 and 2 enzyme

tests were available in Thailand. Other types of MPS
were diagnosed with a special test-urine thin layer
chromatography-that is less sensitive and specific than
the enzyme tests. This could result in the inaccuracy
on the incidence of MPS patients. In the later 5 years
(from 2009-2013), more enzyme tests were available,
including test for the diagnosis of MPS3, 4, 6 and 7.
Many patients, including the past patients confirmed
their diagnosis by these enzyme tests. This could result
in the increased number of MPS patients over the last
10 years.

Despite the availability of enzyme tests, the
number of MPS patients is still not accurately identified.
This may be due to the less pronounced somatic
phenotype in some subtypes of MPS, the rarity of MPS
cases, and the unawareness of MPS diseases. To
accurately determine the incidence of MPS diseases,
newborn screening should be made available in
Thailand as done in other countries(9,10).

The proportion of MPS types in the present
study is different from studies done in other countries.
The most common type of MPS is MPS2 which is
consistent with the study performed in Taiwan. On the
other hand, Western countries have low incidence of
MPS2 as shown in Table 1. This study showed that
MPS1 and 6 is the second and third most common type
after MPS2, which is different from the study in Taiwan.
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The difference could be due to the sample size. The
interesting issue in the study population is MPS6 that
is common as well as MPS1. The proportion of MPS6 is
the highest in other studies. All MPS6 patients in the
present study had severe symptoms of early onset from
birth to 4 years, and significant symptoms such as
dysmorphic or short stature. The rapid disease
progression in MPS6, which is the common type of
MPS6 in Asian countries(11), and coarse faces, which is
pronounced in MPS6 but not in MPS1 and 2, leads to
early identification of cases and may affect the
proportion of MPS in the present study.

For MPS1, joint contracture at age of 2-3 years
was the chief complaint leading patients to the
orthopedic department, except in one case where the
patient presented with knock-knees at 1.5 years of age.
Coarse face was not a predominant symptom in any of
patients before the age of 5. All of the patients had
normal development. This suggests that they are more
likely to have the attenuated form of MPS1 (Hurler-
Scheie syndrome).

All of MPS2 patients in the present study had
the severe form, not the attenuated form as seen in
MPS1. The first symptom is delayed development seen
in 50% of the cases. Patients also had other non-specific
clues such as snoring, chronic rhinitis or joint
contracture which is not uncommon in MPS2. Another
clue leading to the diagnosis is growth parameters. All
except one patient had macrocephaly (head
circumference is more than 90 percentile). Half of the
patients weighed at the 90 or >97 percentile. The other
half of the MPS2 patients weighed at the 50-75
percentiles. Six out of 8 MPS2 patients’ height was at
50 or higher. One patient was diagnosed with
overgrowth syndrome for some years before being
accurately diagnosed with MPS2. This suggested that
overgrowth might be another clue for MPS2.

For the one MPS3 patient, it took almost 10
years to make a diagnosis because the patient only
presented with neurobehavioral problems at the time.
Dysmorphism or other organ involvement was subtle.
This suggests that the number of MPS3 patients in the
study may not be as accurate due to under recognition
of the disease.

For MPS4, the patients presented at the
orthopedic department with significant bone deformity
and no coarse face. The number of patients with MPS4
in this study is significantly lower than the studies
done in other countries (Table 1). This may be due to
lack of knowledge and unawareness of MPS4. Screening
of MPS4 should be done in orthopedic patients with

bilateral dysplastic hip disease and/or spondyloepi-
physeal, which are recognized presenting symptoms
for MPS diseases(13).

Interestingly, all of MPS6 patients were male
as it is inherited as an autosomal recessive trait. Their
chief complaints from patients were either bone
abnormality (kyphosis) or dysmorphic face. The
patients were classified as having the severe form of
MPS6 because of their early onset and severe
symptoms.

All of MPS1, 4 and 6 patients had the typical
sign of cloudy cornea. None of MPS2 patients had
cloudy cornea, which is the differential diagnosis for
MPS2. The common cardiac finding in MPS is mitral
valve prolapse, which was found in every case of this
study except one that had undergone echocardio-
graphy. There was one MPS2 patient that had
cardiomyopathy and no mitral valve prolapse. Cardiac
involvement is common in MPS. All MPS patients are
required to have echocardiography examination as a
part of the disease management. Unfortunately, the
other 16 patients did not undergo echocardiography
due to the limitation of resources. Common surgeries
in MPS are adenotonsillectomy and inguinal hernia
repair(12). Five out of 22 cases in the present study had
inguinal hernia surgery. Therefore, MPS may need to
be ruled out in any patient who comes for inguinal
hernia repaired.

Conclusion
Hunter syndrome or MPS2 (severe form) is

the most common type among other MPS types in this
study. MPS6 (severe form) and MPS1 (attenuated form)
are less common but the summation of these two
subtypes accounts for 50% of all MPS cases. Joint
contracture is the first presenting sign in MPS1 whereas
delayed development is the first sign in MPS2. Coarse
face is less common in these two subtypes of MPS.
Other growth parameters, including weight and
height, in MPS2 patients, are higher than average (>50
percentile) suggesting that overgrowth may be another
clue for MPS2.
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