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A B S T R A C T

Introduction: Mucopolysaccharidoses (MPS) are a group of inherited disorders caused by the deficiency of a
specific lysosomal enzyme involved in glycosaminoglycans (GAGs) degradation. This enzyme deficiency leads to
accumulation of GAGs in the lysosomes, resulting in organ dysfunction and enlargement. We aimed to detect
cases of MPS in patients with suggestive signs and symptoms.
Methods: This was a 2-year cross-sectional study conducted during June 2014 to May 2016. Urine and whole
blood samples were taken from high-risk MPS patients. All urine samples were analysed for GAGs and char-
acterised by high resolution electrophoresis (HRE). Whole blood was collected in ethylenediaminetetraacetic
acid (EDTA) tube and analysed for specific enzymes based on the clinical history and HRE findings.
Results: From the 60 samples tested, 15 were positive for MPS; (Type I= 1), (Type II= 4), (Type IIIA=3),
(Type IVA=1), (Type VI= 6). The overall prevalence of MPS among high-risk Malaysian patients was 26%
(95% CI 14.72% to 37.86%). One patient had mucolipidosis. The mean age of patients when diagnosed was
5 years old. Patients with MPS were more likely to present with hepatosplenomegaly compared to other
symptoms (OR=0.974, p < .05).
Conclusion: One in 4 high-risk patients was diagnosed with MPS being MPS type VI the most common among
Malaysian patients. Hepatosplenomegaly was the most common symptom. Patients with suspected MPS should
be screened by urinary GAGs analysis and diagnosis confirmed by enzyme activity analysis.

1. Introduction

Mucopolysaccharidoses (MPS) are a group of inherited disorders
caused by deficiency of specific lysosomal enzyme involved in glyco-
saminoglycans (GAGs) degradation, including dermatan sulphate (DS),
heparan sulphate (HS), keratan sulphate (KS), chondroitin sulphate
(CS) and/or hyaluronic acid (HA). Deficiencies of one of these enzymes
lead to accumulation of GAGs in many tissues and organs and, in most
cases, with increased excretion in urine [19].

There are seven types of MPS related to the deficiency of different
enzymes, α-L-iduronidase (MPS I Hurler, Scheie, Hurler/Scheie), idur-
onate-2-sulphatase (MPS II), heparan N-sulphatase (MPS IIIA), α-N-
acetylglucosaminidase (MPS IIIB), acetyl-CoA-glucominidase acetyl-
transferase (MPS IIIC), N-acetylglucosamine 6-sulfatase (MPS IIID),
galactose 6-sulphate sulphatase (MPS IVA), β-galactosidase (MPS IVB),
arylsulphatase B (MPS VI), β-glucuronidase (MPS VII) and hyalur-
onidase 1 (MPS IX). Common features include organomegaly, dysos-
tosis multiplex and dysmorphic facies [19].

MPS can be described as chronic and progressive disorders and ty-
pical symptoms depending on the severity of each one which could
include organomegaly, dysostosis multiplex, joint mobility abnormal-
ities and characteristic facial features. Hearing, vision, cardiovascular
and respiratory function may also be affected. Different types of MPS
can present with overlapping clinical signs and symptoms. However,
some have specific presentations that can be use for early diagnosis.

MPS are difficult to be recognised in children and young adults with
less pronounced clinical presentation. Despite having some unique
presentations like claw hands, hearing loss, vision loss, reduced lung
function, obstructive sleep apnoea, recurrent ear and respiratory tract
infections, umbilical and inguinal hernias, spinal cord compression, and
hip surgery, it is difficult to suspect MPS in a young patient [11].

Accurate and timely diagnosis of MPS is crucial due to the avail-
ability of treatment for some types of MPS. Choices of treatment include
bone marrow transplantation or enzyme replacement therapy in MPS I
(laronidase), MPS II (idursulfase or idursulfase beta®), MPS IVA (elo-
sulfase) and MPS VI (galsulfase). In 2017, vestronidase-alfa has been
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approved by Food and Drug Administration (USA) to treat patients with
MPS VII.

Analysis of deficient enzyme is the usual method to diagnose spe-
cific types of MPS. However, methods for enzyme assay are expensive
and laborious, and it is not practical to examine all of the 11 enzymes
for every clinically suspected patient [8]. Therefore, preliminary
screening with analysis of urinary GAGs could specify which enzyme
should be assayed. When available, molecular genetics analysis enables
the identification of pathogenic variants, which is useful for confirma-
tion of diagnosis, carrier identification, prenatal diagnosis and genetic
counseling.

There is limited epidemiological data from Malaysia on the number
of cases of MPS; individually or cumulatively. One report from the
National Referral Centre at Hospital Kuala Lumpur showed 38% of the
patients referred were diagnosed as MPS Type II [12]. This project was
designed to screen and diagnose MPS patients in high-risk population to
ensure accurate and timely diagnosis for treatment and genetic coun-
seling.

In the current article, we identified the common presentations for
patients suspected to have MPS, reported the cases of different types of
MPS in high-risk patients and compared the findings with data available
from other countries.

2. Methods

2.1. Study design

This is a prospective cross-sectional study involving samples from
high-risk children and young adults for MPS conducted during June
2014 to June 2016.

2.2. Study population

We requested samples from patients at all hospitals in Malaysia who
met the inclusion criteria.

2.3. Operational definitions

We defined the inclusion criteria as patients having at least two
features of MPS: (1) abnormal facial features such as macrocephaly or
coarse face; (2) corneal clouding or loss of visual acuity; (3) hearing
impairment and recurrent middle ear infections; (4) recurrent re-
spiratory tract infection; (5) valvular heart disease or heart murmur; (6)
recurrent inguinal or umbilical hernia; (7) hepatosplenomegaly; (8) at
least two symptom of musculoskeletal problems: (a) evolving joint
contracture without obvious signs of inflammation, (b) joint laxity, (c)
gibbus, (d) cervical spine stenosis and/or cord compression, (e) ky-
phosis or scoliosis, (f) pectus carinatum, (g) bilateral hip dysplasia, (h)
progressive genu valgum after age of 3 years old, (i) short stature of
unknown reason, or (j) carpal tunnel syndrome. We excluded patients
presented with intellectual and developmental disabilities from this
study.

2.4. Sample size

We calculated a sample size of 60 patients to achieve 90% con-
fidence interval.

2.5. Sample collection

The pediatrician or medical officer in each participating hospital
collected 20mL samples of first morning urine and 6mL of whole blood
in ethylenediaminetetraacetic acid (EDTA) tube from each patient.

2.6. Materials

We used Modified Lowry Protein Assay kit (Thermo Scientific, USA)
for protein quantitation. Enzymes substrate, 4-methylumbelliferone-α-
L-iduronide (MPS I), 4-methylumbelliferone-β-D-galactopyranide-6-
sulphate (MPS IVA), 4-methylumbelliferone-β-D-galactopyranoside
(MPS IVB) and 4-methylumbelliferone-β-D-glucuronide (MPS VII) were
obtained from GlycosynthTM (Cheshire, UK); 4-methylumbelliferone-β-
D-galactopyranoside 4-MU-α-Iduronate-2-sulphate (MPS II) and 4-
Methylumbelliferyl 2-Sulfamino-2-deoxy-α-D-glucopyranoside sodium
salt (MPS IIIA) from Toronto Research Chemicals (Ontario, Canada); 4-
methylumbelliferone-α-D-N-Acetylglucosamide sodium salt (MPS IIIB)
from Moscerdam (Oegstgeest, Netherlands) and ρ-nitrocatechol sul-
phate dipotassium salt (MPS VI) from Sigma (USA).

2.7. Quantitation and characterization of urinary GAGs

We performed the quantitative analysis of total GAGs using di-
methylmethylene blue method and qualitative analysis using high-re-
solution electrophoresis (HRE) as described by Nor [13]. We inter-
preted the results based on the amount of excretion of total GAGs and
pattern of the specific GAGs detected by HRE: MPS I and II (DS and HS),
MPS III subtypes (HS), MPS IV subtypes (KS), MPS VI (DS) and MPS VII
(CS, DS and HS) [18]. MPS IX cannot be identified by urinary GAG
analysis.

2.8. Analysis of enzyme activity in leukocytes

Enzymes activity analysis was performed in plasma or leukocytes.
We extracted the leukocytes from EDTA blood by differential cen-
trifugation as described by van Diggelen [21]. Plasma and leukocytes
pellet were kept frozen at −80 °C until enzyme assays. The resulting
leukocyte pellet was added 500 μL of deionised water before sonicated
in ice for two 5-second bursts at 5 micro/amplitude and then cen-
trifuged. The supernatants were kept in ice before analysis. Modified
Lowry method was used to determine protein concentration. We
adopted enzyme assays methods from Lysosomal Laboratory of Willink
Biochemical Genetics, St. Mary's Hospital, Manchester, UK with one
modification which is performing the assays in microtiter plates instead
of test tubes. We also used the method described by Hopwood [12] for
the enzyme assays needed to identify MPS I, MPS II [22], MPS IIIA [24],
MPS IIIB [25], MPS IVA [21], MPS IVB [6], MPS VI [2], and MPS VII
[3]. We also measured total β-hexosaminidase [14], β-mannosidase
[15] and α-mannosidase [18] in plasma to identify mucolipidoses if all
enzyme levels were found normal.

We performed enzyme analysis based on the qualitative results of
HRE. Specified volumes of sample (plasma or leukocytes) were mixed
with specific buffer and specific artificial substrates were tagged to a
fluorescence compound, depending on the enzyme being assayed. The
mixtures were incubated at specified times and the reactions were
terminated by adding stop buffer. The enzymes in the sample reacted
with the artificial substrate and released the fluorescence compound.
We measured this compound using Tecan (Switzerland) fluorometer.
We prepared different concentrations of the fluorescence compound as
standards, plotted the curves, and used it for calculation of product
amount. Enzyme activities in plasma were calculated based on the
amount of fluorescence compound (product) being released per mL per
hour (nmol/mL/h). Enzyme activities in leukocytes were calculated
based on the amount of product being released per mL per mg protein
per hour and the unit was nmol/mL/mg protein/h.

2.9. Statistical analysis

We analysed the data using IBM SPSS Statistics version 14 (SPSS
Inc., Chicago, IL, USA). Descriptive analysis was performed and the
results were presented as mean ± standard deviation (SD). Testing for
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statistical significance (p < .05) of the relationship between diagnosis
status and prominent symptoms was performed using Fisher Exact Test.
We estimated the prevalence based on the number of high-risk patients
over the total number samples obtained in this study and expressed in
percentage. We calculated the relative frequency as the number of
positive patients in MPS subtype over the total of positive cases and also
expressed in percentage.

Diagnostic test performance analysis including sensitivity, specifi-
city, positive predictive value (PPV) and negative predictive value
(NPV) with the respective two-sided 95% confidence intervals (CI) were
calculated using MedCalc diagnostic test evaluation online calculator
(www.medcalc.org/calc/diagnostic_test.php).

3. Results

60 patients, comprising 35 males and 25 females with mean age of
4.8 ± 1.02 years and age range of 1 day to 56 years were included in
this study. There were 40 (67%) Malay patients, 16 (27%) Chinese
patients and 4 (3%) Indian patients. We identified twelve prominent
symptoms including hepatomegaly (10/60), hepatosplenomegaly (19/
60), genu valgum (1/60), kyphoscoliosis (1/60), dysmorphic/coarse
facies (16/60), short stature (2/60), corneal clouding (2/60), pectus
carinatum (3/60), kyphosis (2/60), claw hand (2/60), scoliosis (1/60)
and joint contracture (1/60) (Table 1). We observed a significant as-
sociation between hepatosplenomegaly and diagnosis status (Fisher's
Exact test, p= .002). The risk estimate showed that patients with MPS
were more likely to present with hepatosplenomegaly compared to
other symptoms (OR=0.974). The remaining prominent symptoms did
not present any association with diagnosis status.

3.1. Screening of MPS by GAGs quantitation and HRE analysis

We performed urinary GAGs quantitation and HRE analysis in urine
from 56 patients: the remaining 4 did not have sufficient urine. Based
on the HRE pattern, 31/60 (51.7%) samples showed normal results
while 25/60 (41.7%) samples were found to be abnormal. The most
common types of MPS suggested from HRE results was MPS III (A, B, C
or D) (9/60) followed by results suggestive of MPS I, II or VI (5/60).
HRE results suggesting MPS I or II, MPS VI or unable to rule out MPS III
were found in 2 patients respectively. One patient was suspected for
MPS VII, MPS III or MPS VII and MPS I or VI respectively (Table 2).

3.2. Confirmation by enzyme assay

We tested all 25 patients with abnormal HRE results for enzyme
assay analysis. We also performed enzyme assays for MPS I, MPS II,
MPS IIIA, MPS IIIB, MPS IVA, MPS IVB, MPS VI and MPS VII in patients
with normal results and insufficient urine. Fifteen were found positive
for MPS and 1 patient was positive for mucolipidosis. The most

common type of MPS identified was MPS type VI (6/60) followed by
MPS II (4/60) and MPS IIIA (3/60). There was 1 case each reported for
MPS I, MPS IVA and mucolipidosis. We observed equal number of male
and female patients diagnosed with MPS excluding MPS II which is X-
linked in inheritance. The eldest patient diagnosed was an 8 year old
whilst the youngest was a 2.4months baby (Table 3).

In our study, the screening for MPS using urine sample had a sen-
sitivity of 87.5%, specificity of 83.3%, positive predictive value (PPV)
of 49.8% and negative predictive value (NPV) of 94.6%.

3.3. Prevalence and relative frequencies of MPS

The overall prevalence of MPS among high-risk Malaysian patients
was 26% (95% CI 14.72% to 37.86%). We found that, within the group
of MPS, MPS VI was the most frequent disorder, and no case of MPS VII
was identified. In Taiwan and Eastern China, we identified that MPS II
was the most common and MPS VII was rare (Table 4).

4. Discussion

Diagnosis of MPS is a challenge for both physicians and laboratory
personnel. In usual practice, quantitative analysis of GAGs using a dye
binding assay is followed by electrophoresis, enabling separation of
different GAGs species. In our study, only 56/60 patients' samples were
performed for GAGs quantitation and separation with HRE. We did not
manage to get sufficient urine volume in the other four patients due to
condition of patient (age less than one year) and decided to proceed to
enzyme assay for MPS I, MPS II, MPS IVA, MPS IVB, MPS VI and MPS
VII. We assayed for MPS IIIA and MPS IIIB if all mentioned enzymes
were within normal range.

GAGs quantitation and separation of GAGs species using HRE only
cover distinct groups of MPS and often carry the risk of false negative or
positive. Faint or mild DS and HS pattern maybe misdiagnosed as MPS I
or MPS II or MPS VI. Therefore, this screening must be followed by
enzyme assay analysis [10]. Our study using urine as screening methodTable 1

Clinical presentations of patients suspected with MPS from hospitals
in Malaysia, June 2014 to June 2016.

Clinical presentations Patients (percentage)

Hepatosplenomegaly 19 (31.7)
Dysmorphism 16 (26.7)
Hepatomegaly 10 (16.7)
Pectus carinatum 3 (5.0)
Kyphosis 2 (3.3)
Short stature 2 (3.3)
Claw hands 2 (3.3)
Corneal clouding 2 (3.3)
Genu valgum 1 (1.7)
Joint contracture 1 (1.7)
Kyphoscoliosis 1 (1.7)
Scoliosis 1 (1.7)

Table 2
HRE results for high-risk patients suspected for MPS from hospitals in Malaysia,
June 2014 to June 2016.

Bands in HRE analysis Results Frequency (percentage)

DS, HS MPS I, II or VI 5 (8.3)
HS MPS III (A, B, C, or D) 9 (15.0)
CS MPS VII 1 (1.7)
HS trace Unable to rule out MPS III 2 (3.3)
HS, CS MPS III (A, B, C, or D) or MPS

VII
1 (1.7)

DS MPS I or II 2 (3.3)
DS, HS trace MPS I or VI 1 (1.7)
DS trace, HS MPS VI 2 (3.3)
DS, CS MPS I, II or VII 1 (1.7)
DS trace MPS II 1 (1.7)
Insufficient urine – 4 (6.7)

Table 3
Different types of MPS identified in high-risk patients suspected for MPS from
hospitals in Malaysia, June 2014 to June 2016.

Subject
(number)

Gender Mean age ± Standard error
(years) (Min–Max)

Female Male

No abnormality 44 20 24 5.60 ± 1.34 (0.02–56.00)
MPS I 1 1 0 4
MPS II 4 0 4 2.92 ± 1.76 (0.17–8.00)
MPS IIIA 3 1 2 1.40 ± 0.41 (0.61–2.00)
MPS IVA 1 0 1 0.19
MPS VI 6 2 4 2.85 ± 0.99 (0.19–7.33)
Mucolipidoses 1 1 0 2.5
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has shown high performance with high sensitivity of 87.5%, specificity
of 83.3% and PPV and NPV of 66.7% and 94.6% respectively. A similar
study of 2 years MPS screening program in Spain reported a PPV of 24%
and NPV of 100% [5]. We managed to diagnose 15 cases of MPS in only
60 patients.

We found a case of MPS IVA patient with normal urinary GAGs
level. It is known that MPS IV patients often result as false negative at
screening test [23]. The amount of GAGs was within range but the
electrophoresis showed presence of KS band. This again demonstrates
the importance of combining screening and enzyme assay method to
diagnose any types of MPS.

We also found 6 cases of MPS VI with normal level of GAGs and HRE
pattern. Diluted or non-first morning urine can give rise to the results.
Request for repeat urine sample or further testing with enzyme assay
and/or molecular analysis can assist in the diagnosis if there is clinical
suspicion of MPS VI.

Patients with intellectual and developmental disabilities are ex-
pected to be irreversible with treatment, as present treatment for-
mulation does not cross blood brain barrier. Therefore, they were not
included in this study.

The interpretation of HRE results may vary as it also relies on
clinical presentation of the patients. For example, in HRE results with
presence of DS and HS, MPS VI is still possible if there was history of
fever or patients taking antibiotics. MPS II is an X-linked inheritance
disorder therefore we did not suggest this diagnosis in female patients.
We also received samples sent by clinical geneticist or pediatrician
whom already stated the most probable diagnosis for their patients.
Specific type of MPS was suggested in those patients.

We managed to diagnose three patients with MPS III, all with MPS
IIIA, after testing their enzyme level. All these three patients without
intellectual and developmental disabilities, showed presence of HS
band in HRE with normal enzyme level of MPS I, MPS II, MPS IV, MPS
VI and MPS VII. Enzyme assay for MPS IIIA revealed undetectable ac-
tivity. Currently, there is no available treatment for MPS IIIA but with
the diagnosis of MPS IIIA in those patients, genetic counseling can be
given to the parents before conceiving the next child.

One (1) patient with normal HRE findings showed increased activity
of total β-hexosaminidase in plasma and diagnosed as having mucoli-
pidosis. Mucolipidosis is not categorized as MPS. However, patients
with mucolipidosis have clinical and biochemical features of both the
mucopolysaccharidoses and the sphingolipidoses [20]. Mucolipidoses
should be excluded in high risk patients with normal HRE pattern by
assaying their total β-hexosaminidase, β-mannosidase and α-mannosi-
dase levels.

We found our patients with MPS commonly presented with hepa-
tosplenomegaly. Patients with MPS types that demonstrate increase
dermatan sulfate (DS) and heparan sulfate (HS) GAGs usually presents
with hepatosplenomegaly as those types of GAGs are observed to ac-
cumulate in liver and spleen cells.

The estimated prevalence of MPS among high-risk Malaysian

patients was almost 1 in 4 (~25%). Since this prospective study tar-
geted high-risk patients and was not a comprehensive MPS screening,
the methodology of calculating prevalence described by Pinto [16]
cannot be applied. Therefore, we used relative frequencies as an in-
dicator to compare with other countries or studies.

We observed a high relative frequency of MPS VI in Malaysia. A
similar finding was also reported in UAE and Northern Portugal [1,17].
Studies from other Asian countries, Taiwan [9] and eastern China [4]
had contrasting finding and demonstrated MPS II as the most common
type. In Malaysia, MPS II was the second most frequent type of MPS but
our study was done for two years only. MPS III is the most common MPS
type in Australia and the Netherlands. Those 2 countries are different in
terms of demographic, geographic and genetic makeup from our po-
pulation.

The distribution of MPS I and MPS IIIA compared to other types of
MPS in Malaysia is comparable with Taiwan, Eastern China and UAE.
This may be due to Malaysian population who are ethnically diverse,
with some ancestries from mainland China and India with the local
Malay dominant.

In conclusion, MPS disorder can be considered not that uncommon
in Malaysia with 1 in 4 cases among high-risk patients. Through this
selective screening over a two-year period, we identified 15 cases of
MPS and 1 of mucolipidosis in Malaysia. We recommend that data from
this study be used as pilot for a future larger study aiming to establish
the prevalence of MPS in Malaysia.

Acknowledgement

The authors would like to thank the Director General of Health
Malaysia for permission to publish this paper. We would also like to
acknowledge our laboratory staff for preparing the reagent and sample
management. Our gratitude goes to Dorothy L Southern and Dr.
Zubaidah Zakaria for providing scientific writing advice and critically
reviewing the manuscript.

Conflict of interest

Affandi Omar, Julaina A. Jalil, Norashareena M. Shakrin, Lock H.
Ngu and Zabedah M. Yunus declare that they have no conflict of in-
terest.

Funding information

This study received funding provided by Biomarin Pharmaceutical
Inc (DocuSign Envelope ID: A7D539F7-BE87-47A6-8B64-
007D0E702335).

Compliance with ethical standards

We carried out this study in accordance with the Declaration of

Table 4
Relative frequencies of MPS in Malaysia from June 2014 to June 2016 and other countries.

Disorders Malaysia Taiwan Eastern China UAE⁎ Northern Portugal The Netherlands

(2014–2016) (1984–2004) (2000−2012) (1995–2010) (1962–2001) (1970–1996)

N % N % N % N % N % N %

MPS I 1 6.7 7 6.4 31 16.4 4 17.4 16 30.2 82 31.4
MPS II 4 26.7 68 61.8 90 47.6 2 8.7 21 39.6 52 20.0
MPS IIIA 3 20.0 5 4.5 7 3.7 0 0 0 0.0 93 35.6
MPS IVA 1 6.7 21 19.1 51 27.0 4 17.4 6 11.3 22 8.4
MPS VI 6 40.0 9 8.2 8 4.2 13 56.5 10 18.9 6 2.3
MPS VII 0 0 0 0 2 1.1 0 0 0 0.0 6 2.3
All types 15 100 110 100 189 100 23 100 53 100 261 100

⁎ UAE: United Arab Emirates.

A. Omar, et al. Molecular Genetics and Metabolism Reports 19 (2019) 100469

4



Helsinki of the World Medical Association. The protocol was approved
by the Medical Research & Ethic Committee (MREC) and Ministry of
Health Malaysia (NMRR-14-340-19843).

Patient consent statement

All participants/guardians signed the provided informed consent
form.

Authors' contribution

Affandi Omar carried out the quantitative analysis studies, per-
formed the statistical analysis and drafted the manuscript. Zabedah M.
Yunus participated in the design of the study and coordination and
helped to draft and proof the manuscript. Julaina A. Jalil, Norashareena
M. Shakrin and Lock H. Ngu helped to draft the manuscript.

References

[1] F.A. Al-Jasmi, N. Tawfig, A. Berniah, B.S. Ali, M. Taleb, J.L. Hertecant, F. Bastaki,
A.K. Souid, Prevalence and novel mutations of lysosomal storage disorders in
United Arab Emirates: LSD in UAE, J. Inherit. Metab. Rep. 10 (2013) 1–9.

[2] H. Baum, K.S. Dodgson, B. Spencer, The assay of arylsulphatases A and B in human
urine, Clin. Chim. Acta 4 (1959) 453–455.

[3] A.L. Beaudet, N.M. Diferrante, G.D. Ferry, B.L. Nichols, C.E. Mullin, Variation in the
phenotypic expression of β-glucuronidase deficiency, Pediatrics 86 (3) (1975)
388–394.

[4] X. Chen, W. Qiu, J. Ye, L. Han, X. Gu, H. Zhang, Demographic characteristics and
distribution of lysosomal storage disorder subtypes in eastern China, J. Hum. Genet.
61 (2016) 345–349.

[5] C. Colόn, J.V. Alvarez, C. Castano, et al., A selective screening program for the early
detection of mucopolysaccharidosis: results of the FIND project – a 2-year follow-
up, Medicine 96 (2017) e6887.

[6] H. Galjaard, Genetic Metabolic Diseases: Early Diagnosis and Prenatal Analysis,
Elsevier/North-Holland Biomedical, Amsterdam, New York, 1980.

[7] J.J. Hopwood, V. Muller, A. Smithson, N. Baggett, A fluorometric assay using 4-
methylumbeliferyl-a-L-iduronide for the estimation of a-L-iduronidase activity and
the detection of Hurler and Scheie syndromes, Clin. Chim. Acta 92 (1979) 257–265.

[8] T.J.A. Lehman, N. Miller, B. Norquist, L. Underhill, J. Keutzer, Diagnosis of the
mucopolysaccharidoses, Rheumatology 50 (2011) v41–v48.

[9] H.Y. Lin, S.P. Lin, C.K. Chuang, D.M. Niu, M.R. Chen, F.J. Tsai, M.C. Chao,

P.C. Chiu, S.J. Lin, L.P. Tsai, W.L. Huw, J.L. Lin, Incidence of the mucopoly-
saccharidoses in Taiwan, 1984-2004, Am. J. Med. Genet. Part A 149A (2009)
960–964.

[10] K. Mahalingam, S. Janani, S. Priya, E.M. Elango, R.M. Sundari, Diagnosis of mu-
copolysaccharidoses: how to avoid false positives and false negatives, Ind. J.
Pediatr. 71 (1) (2004) 29–32.

[11] R. Martin, M. Beck, C. Eng, R. Giugliani, P. Harmatz, V. Munoz, J. Muenzer,
Recognition and diagnosis of mucopolysaccharidosis II (Hunter syndrome),
Pediatrics 12 (2) (2008) e377–e386.

[12] L.H. Ngu, W.O. Peitee, H.Y. Leong, H.B. Chew, Case report of treatment experience
with idursulfase beta (Hunterase) in an adolescent patient with MPS II, Mol. Genet.
Metab. Rep. 12 (2017) 28–32.

[13] A. Nor, M.Y. Zabedah, M.D. Norsiah, L.H. Ngu, A.R. Suhaila, Separation of sulfated
urinary glycosaminoglycans by high resolution electrophoresis for isotyping of
mucopolysaccharidoses in Malaysia, Malays. J. Pathol. 32 (1) (2010) 35–42.

[14] J.S. O'Brien, S. Okada, A. Chen, D.L. Fillerup, Tay-Sachs disease. Detection of het-
erozygotes and homozygotes by serum hexosaminidase assay, N. Engl. J. Med. 283
(1970) 15–20.

[15] R.S. Panday, O.P. van Diggelen, W.J. Kleijer, et al., β-mannosidase in human leu-
kocytes and fibroblasts, J. Inherit. Metab. Dis. 7 (1984) 155.

[16] R. Pinto, C. Caseiro, M. Lemos, et al., Prevalence of lysosomal storage diseases in
Portugal, Eur. J. Hum. Genet. 12 (2004) 87–92.

[17] H. Poupetova, J. Ledvinova, L. Berna, L. Dvorakova, V. Kozich, M. Elleder, The birth
prevalence in the Czech Republic: comparison with data in different populations, J.
Inherit. Metab. Dis. 33 (2010) 387–396.

[18] E.M. Prence, M.R. Natowicz, Diagnosis of α-mannosidosis by measuring α-man-
nosidase in plasma, Clin. Chem. 38 (4) (1992) 501–503.

[19] F.R.E. Quiney, R. Amirfeyz, S. Smithson, M. Gargan, F. Monsell, The mucopoly-
saccharidoses, Othopaed. Trauma. 26 (1) (2012) 60–63.

[20] J.W. Spranger, H.R. Wiedeman, The genetic mucolipidoses. Diagnosis and differ-
ential diagnosis, Humangenetik 9 (2) (1970) 113–139.

[21] O.P. Van Diggelen, H. Zhao, W.J. Kleijer, et al., A fluorimetric enzyme assay for the
diagnosis of Morquio disease type A (MPS IV A), Clin. Chem. Acta 187 (1990)
131–140.

[22] Y.V. Voznyi, J.L.M. Keulemans, O.P. Van Diggelen, A fluorimetric enzyme assay for
the diagnosis of MPS II (Hunter disease), J. Inherit. Metab. Dis. 24 (2001) 675–680.

[23] C. Auray-Blais, P. Lavoie, S. Tomatsu, V. Valayannopoulus, J.J. Mitchell, J. Raiman,
M. Beaudoin, B. Maranda, J.T. Clarke, UPLC-MS/MS detection of disaccharides
derived from glycosaminoglycans as biomarkers of mucopolysaccharidoses, Anal.
Chim. Acta (2016), https://doi.org/10.1016/j.aca.2016.06.054 Epub.

[24] E.A. Karpova, Y.V. Voznyi, J.L.M. Keulemans, A.T. Hoogeveen, B. Winchester,
I. Tsvetkova, O.P. van Diggelen, A fluorogenic assay for the of Sanfilippo disease
type A (MPS IIIA), J. Inher. Metab. Dis. 19 (1996) 278–285.

[25] A.H. Fensom, J. Marsh, 4-methylumbelliferyl-α-N-acetylglucosaminidaseactivity
for diagnosis of Sanfilippo B disease, J. Clin. Genet. 27 (1985) 258–262.

A. Omar, et al. Molecular Genetics and Metabolism Reports 19 (2019) 100469

5

http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0005
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0005
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0005
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0010
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0010
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0015
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0015
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0015
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0025
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0025
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0025
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0030
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0030
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0030
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0040
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0040
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0060
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0060
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0060
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0075
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0075
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0080
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0080
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0080
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0080
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0085
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0085
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0085
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0090
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0090
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0090
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0105
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0105
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0105
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0110
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0110
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0110
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0115
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0115
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0115
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0120
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0120
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0130
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0130
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0140
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0140
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0140
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0145
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0145
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0150
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0150
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0155
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0155
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0160
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0160
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0160
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0165
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0165
https://doi.org/10.1016/j.aca.2016.06.054
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0180
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0180
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0180
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0185
http://refhub.elsevier.com/S2214-4269(18)30114-9/rf0185

	Selective screening for detection of mucopolysaccharidoses in Malaysia; A two-year study (2014–2016)
	Introduction
	Methods
	Study design
	Study population
	Operational definitions
	Sample size
	Sample collection
	Materials
	Quantitation and characterization of urinary GAGs
	Analysis of enzyme activity in leukocytes
	Statistical analysis

	Results
	Screening of MPS by GAGs quantitation and HRE analysis
	Confirmation by enzyme assay
	Prevalence and relative frequencies of MPS

	Discussion
	Acknowledgement
	mk:H1_19
	mk:H1_20
	Funding information
	mk:H1_22
	Compliance with ethical standards
	mk:H1_24
	Patient consent statement
	mk:H1_26
	Authors' contribution
	mk:H1_28
	References




