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Abstract

The aim of this study was to obtain data about the epidemiology of the different types of 

mucopolysaccharidoses in Japan and Switzerland and to compare with similar data from other 

countries.

Data for Japan was collected between 1982 and 2009, and 467 cases with MPS were identified. 

The combined birth prevalence was 1.53 per 100,000 live births. The highest birth prevalence was 

0.84 for MPS II, accounting for 55% of all MPS. MPS I, III, and IV accounted for 15, 16, and 

10%, respectively. MPS VI and VII were more rare and accounted for 1.7 and 1.3%, respectively.

A retrospective epidemiological data collection was performed in Switzerland between 1975 and 

2008 (34 years), and 41 living MPS patients were identified. The combined birth prevalence was 

1.56 per 100,000 live births. The highest birth prevalence was 0.46 for MPS II, accounting for 

29% of all MPS. MPS I, III, and IV accounted for 12, 24, and 24%, respectively. As seen in the 

Japanese population, MPS VI and VII were more rare and accounted for 7.3 and 2.4%, 

respectively.

The high birth prevalence of MPS II in Japan was comparable to that seen in other East Asian 

countries where this MPS accounted for approximately 50% of all forms of MPS. Birth prevalence 

was also similar in some European countries (Germany, Northern Ireland, Portugal and the 

Netherlands) although the prevalence of other forms of MPS is also reported to be higher in these 

countries. Birth prevalence of MPS II in Switzerland and other European countries is 

comparatively lower. The birth prevalence of MPS III and IV in Switzerland is higher than in 

Japan but comparable to that in most other European countries. Moreover, the birth prevalence of 

MPS VI and VII was very low in both Switzerland and Japan. Overall, the frequency of MPS 

varies for each population due to differences in ethnic backgrounds and/or founder effects that 

affect the birth prevalence of each type of MPS, as seen for other rare genetic diseases. Methods 

for identification of MPS patients are not uniform across all countries, and consequently, if 

patients are not identified, recorded prevalence rates will be aberrantly low.
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2. Introduction

Mucopolysaccharidoses

The Mucopolysaccharidoses (MPS) are a group of inherited metabolic diseases caused by 

the deficiency of enzymes required to degrade glycosaminoglycans (GAGs) in the lysosome. 

GAGs are sulfated polysaccharides comprising repeating disaccharides, uronic acid (or 

galactose) and hexosamines including chondroitin sulfate (CS), dermatan sulfate (DS), 

heparan sulfate (HS), and keratan sulfate (KS). Hyaluronan is an exception in the GAG 
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family because it is a non-sulfated polysaccharide. Lysosomal enzymes are crucial for 

stepwise degradation of GAGs to provide a normal function of tissues and extracellular 

matrix (ECM). The deficiency of one or more lysosomal enzyme(s) results in accumulation 

of undegraded GAGs causing cell, tissue, and organ dysfunction. Accumulated GAGs of 

various tissues and their ECM are secreted into the blood circulation and then excreted in 

urine. MPS are autosomal recessive disorders except for MPS II that is X-linked.

Types of MPS

Seven types of MPS are categorized based on lack or defect in one of eleven specific 

lysosomal enzymes and are described as MPS I through MPS IX (excluding MPS V and 

VIII, which are no longer used). Clinical features vary with the type of MPS and clinical 

severity of the disease.

MPS I (Hurler syndrome, Hurler/Scheie syndrome, Scheie syndrome)

MPS I affected individuals have traditionally been classified as having one of three MPS I 

syndromes (Hurler syndrome, Hurler-Scheie syndrome, or Scheie syndrome), but no easily 

measurable biochemical differences have been identified [1] and the clinical findings 

overlap. Affected individuals are best described as having either severe or attenuated MPS I, 

a distinction that influences therapeutic options. The greatest variability is observed in 

individuals with attenuated MPS I. MPS I with either severe or attenuated form has limited 

activity of the enzyme α-L-iduronidase (IDUA) that breaks down DS and HS. These GAGs 

remain stored in cells causing progressive damage of various tissues including bone and, in 

severe cases, brain. MPS I presents with a wide range of symptoms. Typical manifestations 

include coarse face, corneal clouding, developmental delay, mental retardation, growth 

retardation, contractures of the joints, kyphoscoliosis, dysostosis multiplex, hearing loss, 

thickening of the heart valves, hepatosplenomegaly, and umbilical and inguinal hernias. 

Scheie syndrome, the milder form of the disease, is characterized by a coarse face and 

stocky physique with normal intelligence while Hurler syndrome displays neurological 

symptoms such as dyslexia, thermanesthesia, and cognitive degradation. Patients with Hurler 

syndrome develop initial symptoms like hernias, hepatomegaly, kyphosis and developmental 

delay within a year and die within a decade if untreated, while Scheie syndrome patients can 

live more than 50 years [2].

MPS II (Hunter syndrome)

Like MPS I, MPS II also has both mild and severe forms. Their clinical symptoms are very 

different. The severe form has features similar to Hurler syndrome, except for the lack of 

corneal clouding and slower progression of somatic and central nervous system involvement. 

The mild form is analogous to Hurler/Scheie or Scheie syndrome, with a longer life span, a 

slower progression of somatic deterioration, and retention of intelligence. Both forms arise 

from the deficiency of iduronate-2-sulfatase (I2S) that catalyzes DS and HS degradation. 

MPS II is inherited in an X-linked manner, resulting in mostly males being affected. 

However, on rare occasions, heterozygous females manifest findings of MPS II. This is 

thought to result from skewed inactivation of the normal paternally inherited X chromosome 

and expression of the maternally inherited mutated IDS allele [3, 4].
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Clinical features of MPS II usually become apparent by two to four years of age. 

Abnormalities may include developmental delay, mental retardation, coarsening of facial 

features including thickening of lips, tongue, and nostrils, dysostosis multiplex, progressive 

growth delay resulting in short stature, and joint stiffness associated with restriction of 

movements. Affected children may also have an abnormally large head (macrocephaly), a 

short neck, broad chest, delayed tooth eruption, hearing loss, hepatosplenomegaly, and 

inguinal and umbilical hernias. The life expectancy also differs in the two forms; patients 

with the mild form reach adulthood, while patients affected by the severe form usually die 

within the first two decades of life.

MPS III (Sanfilippo syndrome)

MPS III is characterized by four types; MPS IIIA, IIIB, IIIC, and IIID due to lack of 

heparan-N-sulfatase (SGHS), α-N-acetylglucosaminidase (NAGLU), α-glucosaminidase 

acetyltransferase (HGSNAT), and N-acetylglucosamine 6-sulfatase (GNS), respectively. A 

defect in any of the four enzymes compromises the degradation of HS. Phenotypic variation 

exists among MPS III patients but to a lesser degree than in the other MPS, possibly because 

very mild forms of MPS III may not be diagnosed. MPS III is characterized by severe 

central nervous system (CNS) degeneration and progressive developmental delay and mental 

retardation. It is noteworthy that MPS I, II, III and MPS VII share partial or incomplete 

degradation of HS that results in CNS involvement.

MPS IV (Morquio syndrome)

MPS IV is caused by the deficiency of any of two distinct enzymes, N-

acetylgalactosamine-6-sulfate sulfatase (GALNS) and β-galactosidase (GLB1) resulting in 

MPS IVA and IVB. Both chondroitin-6-sulfate (C6S) and KS accumulate in MPS IVA 

whereas only KS accumulates in MPS IVB. Accumulation of KS (and C6S) in MPS IV 

directly results in impairment of cartilage and bone development leading to systemic skeletal 

dysplasia. MPS IV has minimal impact on cognitive function in these patients, 

distinguishing this from other forms of MPS. Clinical features include coarsening of facies, 

short neck and trunk dwarfism, fine corneal clouding, skeletal dysplasia, small teeth with 

thin enamel and frequent caries formation, atlantoaxial subluxation, cervical spinal cord 

compression, pectus carinatum, kyphoscoliosis, bilateral genu valgum, pes planus, 

hyperlaxity of joints, waddling gait with a tendency to fall, and hearing loss. In addition, 

patients with a severe form of MPS IVA have easy fatigue, sleep apnea, short breath with 

restrictive lung, tracheal obstruction, and recurrent ear and respiratory infection. The clinical 

features of MPS IVB are usually milder than those associated with MPS IVA.

MPS VI (Maroteaux-Lamy syndrome)

MPS VI is caused by the deficiency of N-acetylgalactosamine-4-sulfatse enzyme that 

degrades C4S and DS. This form of MPS varies greatly among affected individuals. Some 

affected individuals only experience a few mild symptoms while others develop a more 

severe form of the disorder. Symptoms include coarse facial features, umbilical hernia, 

pectus carinatum, joint contractures, corneal clouding, and hepatosplenomegaly. Skeletal 

malformations and heart disease may occur in individuals with this form of MPS. In most 

cases, intelligence is normal.
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MPS VII (Sly syndrome)

MPS VII is characterized by a deficiency of β-D-glucuronidase enzyme that causes 

accumulation of C4S, C6S, DS, and HS in tissues. MPS VII patients have moderate mental 

retardation that does not progress with the growth of the patients. Skeletal abnormalities are 

often present. Hernias, corneal clouding, hydrocephalus, short stature, heart disease, and 

coarse facial features have also been reported. Newborns with a severe form may experience 

abnormal accumulation of body fluids in various tissues (hydrops fetalis).

MPS IX (Natowicz syndrome)

MPS IX is an extremely rare form of MPS due to a deficiency of the enzyme hyaluronidase, 

which is needed to breakdown the hyaluronan (hyaluronic acid). This form of MPS was first 

described in 1996. In 2011, Imundo et al. described 3 siblings of Middle Eastern origin with 

MPS IX [5]. The putatively causative mutations were found in the HYAL1 gene, encoding 

one of three hyaluronidases [6]. Symptoms may include short stature, cysts, frequent ear 

infections, cleft palate, and the development of soft-tissue masses.

3. Birth prevalence of MPS

In this article, we use the term birth prevalence, which is calculated by the number of MPS 

cases during a period divided by the total number of live births during the same period and 

expressed as cases per 100,000 live births [7, 8]. In the literature, the term incidence is often 

used, and incidence rate at birth is equivalent to birth prevalence. The first study on the 

frequency of MPS was done by Lowry and Renwick in British Columbia, in 1971 [9], which 

was later updated between 1990 and 2000 [10, 11].

The birth prevalence of MPS has been extensively reported in European countries, and there 

have been several reports from Asian countries including Taiwan, China, South Korea, and 

India [7, 8, 12–20]. Newborn screens for MPS are becoming available to enable early 

treatment options and consequently to improve their quality of life. In this article, we present 

the first data on the birth prevalence of MPS in Japan and Switzerland and compare these 

new data with results published for other countries to show the range of birth prevalence 

worldwide.

3.1. Birth Prevalence of MPS in Japan

We investigated the birth prevalence of MPS patients in Japan between 1982 and 2009. 

Diagnosis of MPS was made in a high-risk population (suspected to be MPS) as described 

below.

Method

Screening of Urinary GAG: The screening of urinary GAG occurred across the country for 

18 years from 1982 to 1999 and tests were performed at Gifu University. A urine specimen 

was sent to Gifu University when the patient was suspected as MPS clinically by the local 

physician. From 2000 to 2003 no data were obtained. In 2003, the urinary analysis was 

performed by Special Reference Laboratories, Inc (SRL), and interpreted by Dr. Orii 
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(Department of Pediatrics at Gifu University, School of Medicine). The uronic acid 

quantitative test was carried out using an acid carbazole method as described [21].

Results

Number and type of MPS patients (1982–1999): In total, 331 cases were diagnosed for all 

MPS types. The relative occurrence of the different MPSs identified during this period were; 

MPS I (14.8%, n = 49), MPS II (53%, n = 176), MPS III A (8.5%, n = 28), MPS III B 

(8.2%, n = 27), MPS III C (3.3%, n = 11), MPS IVA (9%, n = 30), MPS VI (1.2%, n = 4) 

and MPS VII (1.8%, n = 6).

Number and type of MPS patients (2003–2009): 136 patients were diagnosed in the seven 

years between 2003 to 2009. Relative occurrence of MPS I (16.2%, n = 22), MPS II (58.1%, 

n = 79), MPS III A (3.0%, n = 4), MPS III B (8.1%, n = 11), MPS IVA (11.0%, n = 15), 

MPS IVB (0.7%, n = 1), MPS VI (2.9%, n = 4) was similar to that measured between 1982 

and 1999.

The combined birth prevalence, 1.53 per 100,000, was calculated by the number of MPS 

cases diagnosed, divided by the total number of live births during the two time periods 

between 1982 and 2009. One case of MPS I was found for every 430,000 births, 1 out of 

119,000 for MPS II, 1 out of 385,000 for all MPS III (1 out of 1,000,000 for MPS IIIA, 1 

out of 834,000 for MPS IIIB, 1 out of 2.5 million for MPS IIIC),1 out of 667,000 for MPS 

IVA, 1 out of 33 million for MPS IVB, 1 out of 3.3 million for MPS VI, and 1 out of 5 

million for MPS VII. The birth prevalence of MPS I, II, III, IV, VI, or VII was 0.23, 0.84, 

0.26, 0.15, 0.03, or 0.02 per 100,000 live births, respectively. MPS II accounted for more 

than half of all MPS. MPS I, MPS III, and MPS IV were 15, 16, and 10%, respectively. MPS 

VI and VII accounted for only 1.7 and 1.3%, respectively, as shown in Fig. 1.

3.2. Birth Prevalence of MPS in Switzerland

Materials and subjects—The Swiss working group for Lysosomal Disorder (SALS) 

established a national registry for patients with lysosomal disorders in 2009. This 

electronically based registry is technically supported by a non-university institution, and all 

the data are saved on an external and secure server. Informed consent of the patients or their 

parents, was obtained in accordance with requirements of the Local Ethics Committees of 

the referring centers. The study was approved by the Local Ethics Committees. The 

retrospective study was carried out to identify all diagnosed MPS patients in Switzerland 

between 1975 and 2008. Patients enrolled were diagnosed either by measurement of reduced 

enzyme activity in leukocytes or fibroblasts and/or by molecular analysis. Abnormal urinary 

quantitative or qualitative GAGs alone were not satisfactory for a final diagnosis but were 

performed in all cases. Diagnosed patients are all followed in dedicated university centers 

(Bern, Lausanne, and Zurich) and were thus identified through these centers. Data collection 

was performed by a masters student at three centers. Data collection was based on the 

medical records.
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The frequency of different subtypes of MPS was determined. The age of patients at the onset 

of symptoms and diagnosis was used to calculate the pre-diagnostic interval. The registry 

was used to determine the birth prevalence of the MPS patients.

Results—Switzerland has an average 85,000 births/year. In total, 51 patients with MPS 

were identified between 1975 and 2008 (34 years). 10 patients who died prior to creation of 

the registry are not included in the study. Of the remaining 41 patients, one MPS III and one 

MPS VI died during the study. A total of five patients had MPS I (female 1; male 4); 12 

MPS II (male), 10 MPS III (female 5; male 5), 10 MPS IV (female 9; male 1), 3 MPS VI 

(female), and one MPS VII (male). The average age of onset of symptoms was 8 months for 

MPS I, 40 months for MPS II, 21 months for MPS III, 18 months for MPS IV, and 31 

months for MPS VI, respectively. The average age at diagnosis was 15 (MPS I), 56 (MPS 

II), 54 (MPS III), 38 (MPS IV), and 69 (MPS VI) months, respectively. The total live birth 

during this period was 2,621,036. The combined birth prevalence for diagnosed MPS was 

1.56 per 100,000 live births. This could be as high as 1.95 if the 10 MPS patients not 

included in the registry were born after 1975. MPS II had the highest birth prevalence of 

0.46 per 100,000 live births. Birth prevalence of MPS I, III, IV, VI, and VII was 0.19, 0.38, 

0.38, 0.11, and 0.038, respectively. MPS II comprised 29% of all MPS, and MPS III and 

MPS IV each accounted for 24%. MPS I accounted for 12%. MPS VII showed the lowest 

incidence in the Swiss MPS population as shown in Fig. 1.

3.3. Other countries

Method—We have extensively searched the literature for incidence and birth prevalence of 

MPS in different parts of the world and summarize the data in this section. The criteria for 

the diagnosis of MPS patients was made by clinical manifestation and clinical and molecular 

tests. The general diagnosis was made by elevated urinary GAGs and/or enzyme assay in 

serum, leukocytes, and/or fibroblasts.

3.3.1. Birth Prevalence of MPS in Saudi Arabia—In Saudi Arabia, Saudi Aramco 

Medical Services Organization (SAMSO) provided comprehensive free health care for its 

employees and their dependents. Data from 1983 to 2008 (26 years) was collected from 

SAMSO. The total number of live births during the study period was 165,130, and 248 cases 

of various metabolic diseases were diagnosed. 28 of these cases were MPSs [22]. The birth 

prevalence of MPS I and MPS IV was each calculated to be 3.62 per 100,000 live births, and 

each accounted 21% of all MPS. MPS VI had the highest birth prevalence at 7.85 per 

100,000 live births, comprising 46% of all MPS cases diagnosed. The birth prevalence of 

MPS III was comparatively low (1.8) and accounted for 11% as shown in Fig. 1. No case of 

MPS II and VII was detected during this period.

3.3.2. Birth Prevalence of MPS in Taiwan—The diagnosis of MPS in Taiwan was 

made during a period of 21 years between 1984 and 2004. The data of live births were 

obtained from Department of Statistics, Ministry of the Interior, Taiwan. A total of 

6,377,299 live births and 3,323,160 male live births were recorded during the period of 

study. 130 MPS cases were diagnosed, giving a combined birth prevalence of 2.04 per 

100,000 live births [15]. The diagnosis of all patients was confirmed by two-dimensional 
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electrophoresis of urinary GAGs and/or enzyme assay in serum, leukocytes, and/or 

fibroblasts. MPS II had the highest calculated birth prevalence of 1.07 per 100,000 (2.05 per 

100,000 male live births), comprising 52% of all MPS cases diagnosed. Overall, the birth 

prevalence of all MPS was low and reported as 0.11, 0.39, 0.33, and 0.14 per 100,000 live 

births for MPS I, MPS III, MPS IV, and MPS VI, respectively. The percentage of MPS I, III, 

IV, and VI were 6, 20, 16, and 7%, respectively as shown in Fig. 1. In Taiwan, no case of 

MPS VII was reported.

3.3.3. Birth Prevalence of MPS in South Korea—In South Korea, 147 MPS patients 

were identified between 1994 and 2013 [23]. The combined birth prevalence of all MPS was 

calculated to be 1.35 per 100,000 live births. The birth prevalence of MPS II was 0.74 per 

100,000 live births. The birth prevalence of MPS I, III, IV, and VI was 0.21, 0.25, 0.13, and 

0.019, respectively. The most common subtype of MPS was MPS II (54.6%), followed by 

MPS III (18.4%). MPS I and IV account for 15.3 and 9.5%, respectively. MPS VI was very 

low (1.4%), and no MPS VII was identified during this time [23].

3.3.4. Relative incidence of MPSs in China—In China, a LSD study was carried out 

between 2006 and 2012. A total of 376 cases out of 1331 suspected patients were diagnosed 

for 17 different LSDs [24]. Patients in this study were from 21 provinces and municipalities 

in China, with 85.8% (n = 322) from East China. A small proportion of patients were from 

Northern China (n = 2), Northeast China (n = 3), Southwest China (n = 8), Northwest China 

(n = 9), Southern China (n = 11) and Central China (n = 21). MPSs represented 50.5% of the 

LSDs. Within the MPS group, MPS II represented nearly half of all MPS cases diagnosed 

(47.4%), followed by MPS IVA (26.8%), I (16.3%), VI (4.2%), IIIA/B (3.7%), and VII 

(1.1%) [24]. Only one patient was diagnosed with MPS IVB. Total numbers of births from 

the areas of China in these studies were not recorded, so birth prevalence cannot be 

calculated.

3.3.5. Relative incidence of MPSs in India—Various LSD determinations were 

performed by Sheth et al. in an Indian population [25]. 1,110 children referred from various 

Indian states and two neighboring countries (Sri Lanka and Afghanistan) from January 2002 

to December 2012. It comprises of 938 (84.50 %) children from Western part of India, 121 

(10.9 %) from Southern, 30 (2.7 %) from Northern, 1 (0.09 %) each from Eastern and 

central parts, 18 (1.62 %) from Sri Lanka, and 1 (0.09 %) from Afghanistan. The majority of 

these LSDs were glycolipid storage disorders (48%). MPS accounted for 22% of these LSDs 

[25, 26]. A total of 85 MPS cases were identified. MPS IV was the most common 

comprising 26%, followed by MPS I with 25%. MPS II, III, and VI accounted for 11, 12, 

and 21%, respectively. MPS VII was the lowest among all MPS and accounted for 6%.

3.3.6. Birth Prevalence of MPS in Tunisia—In Tunisia, MPS patients were diagnosed 

based on urinary GAG and/or appropriate enzyme assay during the period of 1988 to 2005. 

Of the 132 suspected MPS, only 96 cases were confirmed as MPS [27]. The birth prevalence 

was calculated including only 76 patients and the total number of live births (3,309,091) 

during this time period. The combined birth prevalence of all MPS was 2.27 per 100,000 live 

births. The birth prevalence of MPS III was the highest among all MPS, 0.7, comprising 
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32% of all MPS cases diagnosed. The birth prevalence of MPS I, II, IV, and VI was 0.63, 

0.29 (male live births), 0.45, and 0.30, respectively, which accounted for 25, 8, 21, and 13% 

of all MPS, as shown in Fig. 1. No case for MPS VII was reported.

3.3.7. Birth Prevalence of MPS in Australia—In Australia, 188 MPS patients were 

diagnosed over a period of 17 years (1980–1996). The combined birth prevalence of all MPS 

was 4.46 per 100,000 live births [17]. The birth prevalence of MPS II, MPS IVA, and MPS 

VI was 0.74, 0.59, and 0.43 per 100,000 live births, respectively, which accounted for 17, 13, 

and 10%, respectively as shown in Fig. 1. The birth prevalence of MPS III was the highest, 

1.51 per 100,000 live births, comprising 35% of all MPS. The birth prevalence of MPS I 

(1.14) was slightly lower than MPS III and accounted for 26% of all MPS. The birth 

prevalence of MPS VII was 0.047 per 100,000 live births and accounted for 1.1%. An 

epidemiological study of MPS was carried out by Nelson et al. in Western Australia during 

1969 and 1996. Only 22 MPS cases were diagnosed with a combined birth prevalence of 

3.43 per 100,000 live births [19]. The birth prevalence of MPS III was very high 1.71 per 

100,000 live births that accounted for 50% of all MPS. The birth prevalence of MPS I was 

0.94 and accounted 27%. The birth prevalence of MPS II and MPS VI was both 0.31 (MPS 

II 0.61 for male live births), each accounting for 9% of MPS. The birth prevalence of MPS 

IVA (0.16) was comparatively lower than all other MPS, accounting for 4.5 of all MPS, as 

shown in Fig. 1. In Australia, no case of MPS VII has been reported.

3.3.8. Birth Prevalence of MPS in British Columbia, Canada—Lowry and Renwick 

[9] studied on the frequency of MPS in British Columbia, Canada in 1971. Lowry et al. and 

Applegarth et al. [10, 11] updated the study. A total of 20 MPS cases were diagnosed over a 

period of 28 years between 1969 and 1996 [9–11]. The combined birth prevalence of all 

MPS was 1.94 per 100,000 live births. The birth prevalence of MPS I was the highest (0.58) 

among all MPS comprising 30%. The birth prevalence of each MPS II, III, IV, VI, and VII 

was 0.10 (0.19 per 100,000 male live births), 0.29, 0.39, 0.29, and 0.29 per 100,000 live 

births, respectively, accounting for 5, 15, 20, 15, and 15% of all MPS, as shown in Fig. 1.

3.3.9. Birth Prevalence of MPS in Brazil—The Brazilian Health System database 

reported 56,587,867 live births between 1994 and 2012 (19 years). A total of 600 cases of 

MPS were diagnosed in this period (138 cases with MPS I, 220 with MPS II, 65 with MPS 

IVA, and 177 with MPS VI). This report [28] did not provide data for MPS III, MPS VII, 

and MPS IX. The combined birth prevalence was 1.04 per 100,000 live births. The highest 

birth prevalence was associated with MPS II which was 0.38 (0.75 per 100,000 male live 

births) that accounted for 37% of all MPS cases (not including MPS III, VII, and IX). The 

birth prevalence of MPS I, IVA, and VI was 0.24, 0.11, and 0.31 per 100,000 live births, 

respectively that accounted for 23, 11, and 30% of all reported MPS, as shown in Fig. 1.

3.3.10. Birth Prevalence of MPS in the Czech Republic—In the Czech Republic, 

LDS cases were diagnosed at the Institute of Inherited Metabolic Disorders in Prague 

between 1975 and 2008 (34 years). During this period, there were 4,261,897 live births. Out 

of 478 LDS patients, 119 patients were identified as MPS. The initial diagnosis was based 

on demonstration of accumulation of substrates, confirmed by the deficiency of relevant 
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enzymes. The combined birth prevalence of all MPS was 3.72 per 100,000 live births [8]. 

The birth prevalence of MPS III was the highest, 0.91 per 100,000 live births that accounted 

for 20% of all MPS. The birth prevalence of MPS I and MPS IV was almost the same (0.72 

and 0.73, respectively), which was slightly lower in the case of MPS II (0.43 or 0.83 male 

live births). The birth prevalence of unspecified MPS and multiple sulfatase deficiency 

(MSD) was 0.6 and 0.26 per 100,000 live births, respectively. The birth prevalence of MPS 

VI and VII was very low (0.05 and 0.02 per 100,000 live births). The percentages of MPS I, 

II, and IV were 17, 18, and 13%, respectively. MPS VI and VII had a very low incidence as 

shown in Fig. 1.

3.3.11. Birth Prevalence of MPS in Denmark, Norway, and Sweden—In Denmark 

and Sweden, data was collected over a period of 30 years between 1975 and 2004; and in 

Norway data was collected over 26 years between 1979 and 2004 [16].

Denmark: In Denmark, diagnosis of MPS was performed at the Kennedy Institute in 

Glostrup and the Department of Clinical Genetics at Rigshospitale, Copenhagen. 33 MPS 

cases were diagnosed with a combined birth prevalence of 1.77 per 100,000 live births [16]. 

The birth prevalence of MPS I, II, III, IV, and VI was 0.54, 0.27, 0.43, 0.48, and 0.05, 

respectively, accounting for 30, 15, 24, 27 and 3% of all MPS. No case of MPS VII was 

reported.

Norway: The diagnosis of MPS was carried out at the Department of Clinical Chemistry 

and Neurochemistry in Molndal, and more recently at the section for Genetics at 

Rikshospitalet, Oslo [16]. 45 MPS cases were diagnosed with a combined birth prevalence 

of 3.08 per 100,000 live births. The birth prevalence of MPS I was very high, 1.85, 

accounting for 60% of all MPS, followed by MPS IV (0.76) comprising 24%. The birth 

prevalence of MPS II (4%), III (9%), and VI (2%) was 0.13, 0.27, and 0.07 per 100,000 live 

births, respectively [16].

Sweden: Diagnosis of MPS was done by two laboratories, Center for Inborn Errors of 

Metabolism, Karolinska University Hospital, Huddinge, Stockholm, and Department of 

Clinical Chemistry and Neurochemistry in Molndal, Sahlgrenska University Hospital 

Gothenburg. Fifty-two cases of MPS were diagnosed with a combined birth prevalence of 

1.75 per 100,000 live births. The birth prevalence of MPS I and III was both 0.67, each 

comprising 38% of all MPS. The birth prevalence of MPS II was 0.27 that accounted 15%. 

The birth prevalence of both MPS IV and VI was low (0.07) comprising only 4% each. No 

case of MPS VII was found [16].

3.3.12. Birth Prevalence of MPS in Estonia—In Estonia, diagnosis of MPS was 

carried out between 1985 and 2006 (22 years) [14]. The data was collected from Children’s 

Hospital in Tallinn and the Department of Genetics of Tartu University Hospital. Selective 

screening of MPS was done by toluidine blue spot test [29] followed by quantitative analysis 

of GAGs in urine. When urinary GAG levels were elevated, enzyme analysis was performed 

to confirm the MPS. 15 MPS cases were identified, and a total of 370,298 live births were 

recorded during the study period, to give a combined birth prevalence of 4.05 per 100,000 

live births [14]. MPS II had the highest birth prevalence of 2.16 (4.2 per 100,000 male live 
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births), followed by MPS IIIA with 1.62 per 100,000 live births. The birth prevalence of 

MPS VI was 0.27 per 100,000 live births. Among all MPS cases, MPS II contributed to 53% 

of all MPS. MPS III and MPS VI comprised 40 and 7%, respectively as shown in Fig. 1. In 

Estonia, no case of MPS I, IV, and VII was identified.

3.3.13. Birth Prevalence of MPS in Germany—A retrospective epidemiological 

survey study of MPS was carried out in Germany to estimate cumulative incidences of 

different types of MPS during a period of 16 years between 1980 and 1995 [12]. According 

to data obtained from the German Bureau of Statistics, there were 13,410,924 live births 

during this period. 474 cases of MPS were identified, giving a combined birth prevalence of 

3.51 per 100,000 live births. The diagnosis of all cases were confirmed by enzyme assay in 

serum, leukocytes and/or fibroblasts [12]. The birth prevalence for MPS I was 0.69 per 

100,000 live births. The birth prevalence for MPS II was 0.64 per 100,000 live births (1.3 

per 100,000 male live births). The birth prevalence for MPS III was very high, at 1.57 per 

100,000 live births. Birth prevalence for MPS IVA and MPS VI was lower, at 0.38 and 0.23 

per 100,000 live births, respectively. MPS III accounted for 44% of all MPS. MPS I, II, IV 

and VI accounted for 20, 18, 11, and 7%, respectively, as shown in Fig. 1. Interestingly, the 

births of Turkish origin in this study (617,013) accounted for a relatively high proportion of 

patients with MPS IIIB (33%), IVA (22%), and VI (52%) even though they accounted for 

less than 5% of total births. No case of MPS VII was detected in Germany.

3.3.14. Birth Prevalence of MPS in the Netherlands—In the Netherlands, 331 MPS 

cases were diagnosed based on enzyme assay during a period of 27 years between 1970 and 

1996 with the combined birth prevalence of 4.5 per 100,000 live births [7]. During this 

period, the number of live births for different MPS was determined in detail [7]. MPS I had a 

birth prevalence of 1.19 per 100,000 live births. The birth prevalence of all types of MPS III 

was 1.89 per 100,000 live births while the birth prevalence of MPS II was 0.67 per 100,000 

live births (1.3 per 100,000 male live births). The birth prevalence of MPS IVA, IVB, VI, 

and VII was 0.22, 0.14, 0.15, and 0.24, respectively. The combined MPS III accounted for 

47%, followed by MPS I and MPS II that accounted for 25 and 15.5%, respectively. MPS IV 

accounted for 8%; however, both VI and VII comprised 2% as shown in Fig. 1.

3.3.15. Birth Prevalence of MPS in Northern Ireland—An epidemiological study of 

MPS was carried out in Northern Ireland over a period of 28 years between 1958 and 1985, 

and in total, 34 MPS cases were reported. The diagnosis was confirmed by appropriate 

enzyme assay [18]. There were 7 suspected MPS I cases that had died during the 

ascertainment period. All children had typical clinical and radiological findings. They were 

also positive with urinary GAGs, and α-L-iduronidase enzyme activity showed intermediate 

values. There were also 4 MPS II cases that died during the ascertainment period before 

definitive enzymatic analysis [18]. During this period, 839,517 total live births and 432,849 

male live births were registered. The combined birth prevalence was 4.0 per 100,000 live 

births. MPS I had the highest birth prevalence of 1.66 per 100,000 live births followed by 

MPS IVA with 1.3 per 100,000 live births. The birth prevalence of MPS II and MPS III was 

0.71 (1.39 male live births) and 0.36 per 100,000 live births, respectively. Among all MPS 

cases, MPS I accounted for the highest proportion (41%), followed by MPS IVA, II, and III, 
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which were 32, 18, and 9%, respectively, as shown in Fig. 1. No case for MPS VI and VII 

was identified.

3.3.16. Birth Prevalence of MPS in Poland—In Poland, a retrospective 

epidemiological survey study of MPS was implemented to estimate birth prevalence. The 

live births registered in the Polish Bureau of statistics over a period of 4 decades were 

21,686,890 from 1970 until 2010. A total of 392 cases were diagnosed with MPS to give a 

combined birth prevalence of 1.80 per 100,000 live births [13]. Electrophoresis method was 

used for the initial diagnosis of MPS which was based on the demonstration of accumulated 

GAGs in the body fluids. Confirmation of various MPS was made by the deficiency of 

relevant enzymes. In Poland, MPS III had the highest birth prevalence of 0.86 per 100,000 

live births, followed by MPS II, I, and IV with 0.46, 0.22, and 0.14 per 100,000 live births, 

respectively. The birth prevalence of unspecified MPS was 0.11 per 100,000 live births. The 

birth prevalence of MPS VI was very low (0.0132) as compared to other MPSs. Among all 

MPS cases, MPS III accounted for 48%. MPS I, II, IV, and VI accounted 12, 25, 8, and 1%, 

respectively as shown in Fig. 1. No case for MPS VII was reported in Poland.

3.3.17. Birth Prevalence of MPS in Portugal—In Portugal, 62 MPS cases were 

identified over a period of 20 years from 1982 until 2001 [20]. The combined birth 

prevalence was 4.8 per 100,000 live births. The diagnosis was determined by urinary GAGs 

which were confirmed by enzyme activity in the blood sample. The birth prevalence of MPS 

I was 1.33 per 100,000 live births and accounted 13%. The birth prevalence of MPS II, III, 

IVA, and VI was estimated as 1.09, 0.84, 0.6, and 0.42 per 100,000 live births, respectively. 

The birth prevalence of MSD was 0.48 per 100,000 live births. MPS II comprised 34% of all 

MPS followed by MPS III (23%), VI (16%), and IVA (10%) as shown in Fig. 1.

3.3.18. Birth Prevalence of MPS I in the United States—In the United States, four 

States; Illinois, Missouri, Kentucky and Pennsylvania have implemented newborn screening 

for MPS I which is based on measurement of IDUA enzyme activity level in dried blood 

spot (DBS) specimens (http://www.babysfirsttest.org). Illinois and Missouri have published 

data from their screening programs. In addition, a University of Washington group reported 

an assessment of MS/MS LSD-multiplex screening methods on anonymous DBS, with 

follow-up genetic testing on these same DBS samples [30, 31]. Published reports of 

population-based pilot newborn screening for MPS I with diagnostic confirmation have 

come from programs in Italy and Taiwan [32, 33].

State of Illinois: According to Illinois NBS program contacts, from November 2014 

through December 18, 2014, 17,300 newborns were screened [31]. Of the 17,300, 17 

newborns were called out (0.1%) and repeated in triplicate before reporting. Referral results 

were as follows: None of these were confirmed as positive for MPS I; 15 were false 

positives, and 2 had not yet been confirmed.

State of Missouri: In Missouri as of 2014, 174,636 DBS had been screened for MPS I [31]. 

The screen yielded 70 hits. Out of 70, they confirmed one severe MPS I; 58 were false 

positives, 9 had not yet been confirmed, and 2 samples were lost to follow-up. NBS results 
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showed the birth prevalence of MPS I (of all types), 1.1 per 100,000 live births, in Illinois 

and Missouri [31].

University of Washington Study: Scott et al. [30] evaluated MS/MS multiplex screening 

procedures for three LSDs using anonymous DBS from the Washington State newborn 

screening program. For MPS I disease, a cutoff of IDUA activity ≤ 1.15 μmol/h/l, 

corresponding to ≤32% of the mean, was used. Of the 106,526 samples, 9 screened positive 

for low IDUA activity. Based on these findings, overall birth prevalence of infants who “may 

eventually develop clinical symptoms of MPS I” was 1/35,700 (95% CI: 1/43,000–

1/11,100). However, the phenotype of these hits is not known and is likely an over estimate 

of prevalence.

Puckett et al. [34] described the incidence and birth prevalence of MPS in the United States 

using the database from the National MPS Society between 1995 and 2005. Population 

information was obtained from the National U.S. Census Bureau. The combined birth 

prevalence was calculated to be 1.2 per 100,000 live births. Individual birth prevalence of 

MPS I, II, III, IV, VI, or VII, was 0.34, 0.29, 0.38, 0.09, 0.05, or 0.05 per 100,000 live births, 

respectively. MPS III had the highest incidence, followed by MPS I, II, and IV accounting 

for 31.7, 28.3, 24.2, and 7.5%, respectively. MPS VI and VII was 4.2% each as shown in 

Fig. 1.

The overall birth prevalence and period of study is summarized in Table 1. A demographic 

distribution of the combined birth prevalence of in different countries around the world is 

shown in Fig. 2A.

4. Molecular Genetics

Method

The data in this section was obtained from the literature and mutation has been updated from 

the HGMD data base, which is described below.

MPS disorders are distributed worldwide; however, there are regional differences in their 

distribution of overall MPS or a specific type of MPS.

4.1. MPS I Mutations—MPS I is caused by mutations in the gene encoding IDUA, which 

is located on chromosome 4p16.3 [35, 36]. The birth prevalence of MPS I is higher in 

Northern European countries such as Norway (accounts for 60% of all MPS), Demark, 

Sweden [16], and Northern Ireland [18]. Frequency is also high in Germany [12] and the 

Netherlands [7].

As of October of 2016, there were 224 mutations identified in HGMD database (http://

www.hgmd.cf.ac.uk/ac/gene.php?gene=IDUA); missense/nonsense mutations are most 

common (58.5 %) with 131 different mutations, followed by splice site mutations (16.1%), 

deletions (13.8%), and insertions (7.1%) [37].

The two most common IDUA mutations are p.W402X and p.Q70X. The frequency of the 

p.W402X mutation in MPS I patients is estimated to be 4% in Russia [38], 11% in Italy [39, 
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40], and 20% in Brazil [41, 42]. p.W402X, accounts for 38.8% of mutant alleles in Spain 

and 24% in Poland [43]. The frequency of this mutation in the United States is 39%, [44].

The p.Q70X mutation is also common in Europe, accounting for 35% of mutant alleles [45]. 

Bertola et al. [43] reported that in a cohort of 102 European patients with MPS I, mutation 

p.Q70X accounted 39% IDUA alleles in Poland but was lower in Italy (14.9%), Spain 

(8.3%), and Turkey (7.1%). The United States the frequency of this mutation in MPS I 

patients is 30% [44]. A genotype/phenotype relationship of these two common mutations 

has been reported [43].

By contrast, c.704ins5 and p.R89Q are the most common in Japanese MPS I patients and 

p.A79V and p.L346R are most commonly found in Chinese MPS I patients [46–48]. In 

2016, Kwak et al. reported the p.L346R and c.704ins5 mutations as the most commonly 

found mutation in Korean patients, which were different to those found in Caucasian 

patients [45, 46].

The overlap in common mutations in the Asian populations indicates early mutations have 

spred between these populations. The higher incidence of MPS I in most European countries 

indicates that mutations found in Caucasian populations are more common than those found 

in the Asian populations.

4.2. MPS II Mutations—MPS II is associated with a mutation in the IDS gene located on 

chromosome Xq28. The IDS gene comprises 9 exons that encode the active IDS enzyme 

with 550 amino acids. Almost half of the patients with MPS in South Korea and Taiwan 

have MPS II (Hunter syndrome) [15, 23], and the same is true for other Asian countries 

including Japan (current study) and China [24]. There are a total of 584 mutations reported 

for IDS in the HGMD database (http://www.hgmd.cf.ac.uk/ac/gene.php?gene=IDS). 

Missense/nonsense mutations, have a total of 296 mutations (50.7 %), followed by deletions 

(106;18.2%), splice site mutations (54; 9.2%), and insertions (46; 7.9%) [37].

In most cases, the severe phenotype of MPS II is associated with gross alterations of the 

structure of the IDS gene, such as large deletions and recombination events involving IDS-

IDS2, whereas a nucleotide change by missense mutation or that in minimal mutations by 

deletion, insertion, or even both may exhibit attenuated clinical presentations.

The higher birth prevalence of MPS II in East Asian populations is possibly due to the 

higher allele frequency of the p.R468 mutations in the IDS gene. Five patients in a group of 

43 Japanese individuals with MPS II (11.6%) had p.R468 mutations [49]. Three had 

p.R468Q, and the other two had p.R468W and p.R468L, respectively [49]. In Taiwanese 

patients, p.R468 mutations accounted for nearly half of all mutations (6/14; 42.9%) [50]. 

These were equally divided into p.R468W and p.R468Q mutations [50]. In addition, in a 

cohort of 38 Chinese MPS II patients, 13.2% had the p.R468 mutation [51]. R468 was 

mutated in 5 individuals, of whom three were p.R468W, one was p.R468Q, and one showed 

the combination of p.R468W with p.P423S. In contrast, only 6% of mutant alleles in MPS II 

patients in South America had R468 mutations [52]. It is noteworthy that the mutated codon 

for R468 is considered as “hot spot” for IDS gene mutation and different mutations have 
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been identified in distinct populations [49–51, 53–56]. Kosuga et al. found 8 recombination 

events involving IDS-IDS2 in the Japanese population [57]. IDS-IDS2 recombination 

mutations were also observed most frequently in Korean patients with a severe phenotype 

[23].

4.3. MPS III Mutations—MPS III is characterized by four subtypes based on a deficiency 

of four different enzymes that are described in types of MPS section above. The relative 

frequency of MPS III (IIIA; 20–30% and IIIB; 10–14%) is higher in European countries 

including Estonia [14], Germany [12], Poland [13], Sweden [16], and the Netherlands [7]. 

Frequency is also high in Australia [19]. MPS IIIB is the most common subtype in Greece 

[58, 59]. MPS IIIC is common in European countries (Germany, The Netherlands, Czech 

Republic, and Portugal etc.) but less common than MPS IIIA. MPS IIID is the rarest among 

all four groups of MPS III and frequency is similar in all regions.

MPS IIIA has the most severe phenotype amongst the MPS III groups as it has an early 

onset, rapid symptoms progression and short survival. The gene locus for human SGSH is 

on chromosome 17q25.3 [60]. The human SGSH gene has an approximate length of 11 kb 

with 8 exons [61]. As of October of 2016, 142 mutations in the SGSH gene have been 

described including missense/nonsense mutations (109 different mutations, 78.8%), small 

deletions (17; 12%), insertions (9; 6.3%), and splicing mutations (2; 1.4%) (Human Gene 

Mutation Database-HGMD; http://www.hgmd.cf.ac.uk/ac/gene.php?gene=SGSH). MPS 

IIIA is the most common subtype in Northern Europe [7, 12, 18, 58, 59, 62] with p.R245H 

as a common mutation. In the Netherlands, the incidence of this mutation in 45 unrelated 

MPS IIIA patients was present in 51 alleles, representing 56.7% of the total mutant alleles 

[62]. Therefore, this common mutation correlates with the higher frequency of MPS IIIA in 

Northern European countries. In Australia, a common mutation, p.R245H, in SGSH alleles 

accounted for 31% of MPS IIIA patients [63].

MPS IIIB is caused by a defect in the NAGLU gene. The gene was isolated, characterized, 

and localized to chromosome 17q21.3 [64]. This gene spans 83 kb, contains 6 exons and 

encodes a protein of 743 amino acids, which plays a critical role in the cleavage of heparin 

glycosilic bounds. As of October of 2016, 156 different mutations in the NAGLU gene have 

been identified, including missense/nonsense mutations (107; 68.6%), small deletions (23; 

14.7%), small insertions (13; 8.3%), and splicing substitutions (5; 3.2%) (http://

www.hgmd.cf.ac.uk/ac/gene.php?gene=NAGLU). MPS IIIB is the most common subtype in 

Greece accounting for 81% of all MPS III cases diagnosed (26 of 32 cases). Three mutations 

(p.Y140C, p.H414R, and p.R626X) were found at high frequency and accounted for 

approximately 70% of the studied alleles [65]. Mutation analysis in MPS IIIB revealed a 

broad allelic heterogeneity that reflects the wide spectrum of clinical phenotypes reported 

for MPS IIIB patients. The p.R565P mutation is common in Japanese MPS III patients. 

Weber et al. reported p.R643C and p.R297X as common mutations, each accounted for 

around 20% of MPS IIIB alleles in Dutch patients. Mutation p.R643C is associated with an 

attenuated form of the disease [66]. Mutations p.R297X, p.P521L, p.R565W, and p.R626X 

each accounted for 6% in Australian MPS IIIB population and conferred a severe phenotype 

[66]. A common mutation in Portuguese MPS IIIB patients is p.R234C (32% of the mutated 

alleles) [67] which is a founder mutation in the Portuguese population.
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MPS IIIC is a severe disorder, caused by mutations in the HGSNAT gene and is 

characterized by progressive neurological deterioration, with retinal degeneration as a 

prominent feature. This gene is localized to chromosome 8p11.1 is 62.4 kb long, and 

contains 18 exons coding for a protein of 635 amino acids [68, 69]. As of October of 2016, 

66 mutations in the HGSNAT gene have been reported including, missense/nonsense 

mutations (a total of 37, 56%), splicing site mutations (14, 21.2%), deletions (5, 7.8%) and 

insertions (5, 7.8%). The deduced HGSNAT amino acid sequence predicts 11 

transmembrane domains with the N-terminus being inside the lysosome and the C-terminus 

being in the cytosol [69]. Ruijter et al. have reported two common mutations p.R344C and 

p.S518F in Dutch MPS IIIC patients that accounted for 22.0% and 29.3%, respectively [70]. 

Mutation p.R344C was also found in families from France, Germany, Singapore, and the 

UK.

MPS IIID was first reported in 1980 by Kresse et al. in a patient from East India [71]. Since 

then, only 19 MPS IIID patients have been reported [72–82]. As of October of 2016, 24 

mutations in the GNS gene have been reported; missense/nonsense mutations (a total of 7 

mutations, 29.2%), deletions (5, 20.8%), insertions (4, 16.7%), and splicing site mutations 

(3, 12.5%) (http://www.hgmd.cf.ac.uk/ac/gene.php?gene=GNS). MPS IIID is the rarest 

subtype of MPS III in the Netherlands [7]. The GNS gene was identified by Robertson et al. 

[83]. It consists of 14 exons [84] dispersed over approximately 43 kb and is located on 

chromosome 12. The predicted protein has 552 amino acids including a leader peptide of 36 

amino acids, a sulfatase domain (45–492, Swiss-Prot database, entry P15586), and contains 

13 potential N-glycosylation sites. In 2003, Beesley et al. and Mok et al. [72, 84] identified 

the first 2 disease-causing mutations in GNS. In 2007, another five mutations were reported 

[73, 77]. In 2010, Valstar et al. reported 12 new patients with MPS IIID and 15 novel GNS 

mutations in 16 patients [85].

4.4. MPS IV Mutations—MPS IVA is associated with a mutation in GALNS gene coding 

for GALNS enzyme. The GALNS gene is located on chromosome arm 16q24.3 [86, 87] and 

spans approximately 50 kb containing 13 introns and 14 exons. A single splice product, 

1566-bp GALNS mRNA, codes for a 522-amino acid precursor. After the cleavage of a 21-

amino acid N-terminal signal peptide and glycosylation, it becomes 40- and 15-kDa subunits 

of the mature active enzyme [88, 89]. Several different common mutations for MPS IVA 

represents different region irrespective of its incidence. Tomatsu et al. summarized overall 

148 unique mutations until 2005 [90]. As of October of 2016, 328 mutations in the GALNS 
gene have been reported (http://www.hgmd.cf.ac.uk/ac/gene.php?gene=GALNS); missense/

nonsense mutations account for a total of 243 kinds (74.1%), deletions (32; 9.8%), splicing 

site mutations (32; 9.8%), and insertions (5; 1.5%). Several mutations are common; the most 

prevalent recurrent mutations in the GALNS gene are c.1156C4T (p.R386C), c.901G4T 

(p.G301C), c.337A4T (p.I113F), c.1A4G (p.M1?), c.757C4T (p.R253W), c.871G4A 

(p.A291 T), c.935C4G (p.T312S), and c.1171A4G (p.M391 V), accounting for 8.9%, 6.8%, 

5.7%, 2.3%, 2.1%, 1.8%, 1.8%, 1.8%, and 1.8%, respectively [91–97].

The p.I113F and p.T312S mutations are specific to British/Irish populations and account for 

18% and 14% of all British/Irish mutations, respectively [96, 98]. These two founder 

mutations are associated with a three to six-fold increase in the incidence of MPS IVA in 
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Northern Ireland compared to other ethnic populations. Both mutations were probably 

introduced to Australia by Irish migrants during the 19th century. Over 90% of p.G301C 

mutations were found in Colombian MPS IVA patients with the same haplotype, and this 

mutation accounted for around 70% of mutant alleles in Colombians, suggesting a founder 

mutation [91]. The p.R386C, p.A291T, and p.M391V mutations have been detected 

randomly in various ethnic populations. The most prevalent c.1156C>T transitional mutation 

at CpG dinucleotide (p.R386C) was found in 34 alleles from 25 patients of American 

(Caucasian), Argentine, Brazilian, British, Chilean, Colombian, German, Italian, Japanese, 

Mexican, Polish, and Turkish origin [90, 93, 94, 97, 99–101].

The p.M1? (Mutation occurs in initiation codon where A is changed to G. As a result, no 

functional protein is predicted) mutation is the most common mutation in Italian MPS IVA 

patients, accounting for 26.7% of the mutant alleles [94]. The p.G340D common mutation 

was found in the Chinese MPS IVA patients, accounting for 16.7% of the total number of 

mutant alleles [47]. Pajares S, et al. described mutations in GALNS gene in 16 Spanish MPS 

IV A patients. Mutations, p.G301C, p.R386C, c.423_566del and p.Y254C, accounted for 

60% of the alleles [102]. Common mutations, p.D288G and p.R386C, in GALNS were 

reported in Tunisia by Chkioua et al. [103].

Thus, different common mutations for MPS IVA are representing different region 

irrespective of its incidence.

MPS IVB is caused by mutations in the β-galactosidase (GLB1) gene that leads to 

accumulation of ganglioside GM1 and keratan sulfate. If accumulation of ganglioside GM1 

predominates, patients are diagnosed with GM1 gangliosidosis while accumulation of 

keratan sulfate results in a MPS IV B diagnosis. Paschke et al. performed mutation analyses 

in 17 juvenile and adult patients from various European regions with a deficiency in beta-

galactosidase and skeletal abnormalities [104]. A two-base substitution (851-852TG>CT; 

p.W273L) was present in 14 of the 15 Morquio B cases, indicating a strong founder effect. 

Mutations have also been reported in specific populations in a few small studies [105–107]. 

In Spain, a p.R59H mutation was more prevalent than others, accounting for 19 of the 68 

alleles (27.9%) [108]. Mutations c.588_591insT and p.D441N were present in four alleles 

each (5.9%). Mutations p.R201H, p.K346N, and p.R590C were each found in 3 alleles 

(4.4%), while the remaining 47.1% mutations found once or twice. In 2012, Lei et al. 

reported GLB1 activities and mutation analysis of three patients from mainland of China, 

one with Morquio B syndrome and two with GM1 gangliosidosis [109]. The three novel 

mutations, p.Y485C, p.Y270F, and p.L337P, are thought to be disease-causing mutations. As 

of October of 2016, 210 mutations in the GLB1 gene have been reported (http://

www.hgmd.cf.ac.uk/ac/gene.php?gene=GLB1); missense/nonsense mutations have a total of 

160 mutations (76.2%), deletions (8.1%), splicing site mutations (7.6%), and insertions 

(5.7%).

4.5. MPS VI Mutations—MPS VI is caused by mutations in N-acetylgalactosamine-4-

sulfatase (4S; or ARSB), which degrades C4S and DS. As of October of 2016, 192 

mutations were found in the ARSB gene (http://www.hgmd.cf.ac.uk/ac/gene.php?

gene=ARSB); missense/nonsense mutations have a total of 143 mutations (74.5%), deletions 
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(12.5%), splicing site mutations (5.7%), and insertions (3.1%). In 2001, Litjens and 

Hopwood reported 45 clinically relevant mutations in the human 4S gene [110]. Missense 

mutations were the largest group, with 31 identified mutations. Nonsense mutations and 

small insertions or deletions comprise the remainder, with seven mutations each. In 2003 

and 2005, Petry et al. described a common mutation, 1533del23, among Brazilian MPS VI 

patients found in 6/26 alleles (23.1%), which also occurs in Portuguese MPS VI patients, 

although the frequency is unknown [111–116]. In 2007, Karageorgos et al. reported a cohort 

of 105 MPS VI patients from 15 countries, but primarily from Australia, Europe, North 

America, and South America that represented more than 10% of the world’s MPS VI 

patients [113]. The missense mutations, p.R315Q and p.S384N, were frequent mutations 

appearing in 11.4% and 12.4% of patients, respectively. The p.R315Q and p.S384N were 

detected in 5 patients on the same allele. Three of which came from Portugal, and two have 

been detected on the same allele from Brazil [113]. The presence of both mutations on the 

same allele has a founder effect on the Portuguese patients.

4.6. MPS VII Mutations—MPS VII is caused by a mutation in the β-D-glucuronidase 

enzyme (GUSB) responsible for degradation of CS, DS, and HS. The GUSB gene is located 

on chromosome 7. GUSB mRNA encodes a 651-amino acid residue precursor polypeptide. 

After cleavage of a 22-amino acid N-terminal signal peptide and glycosylation, a 78-kDa 

monomer is transported to lysosomes and becomes the mature active enzyme [117, 118]. 

GUSB contains three domains, a jelly roll-like domain containing the lysosomal targeting 

residues, a TIM barrel domain (active site), and an immunoglobulin region constant domain 

[119, 120]. 49 unique mutations have been observed in the patients suffering from Sly 

syndrome of which 36 were missense mutations, two splice site alterations, five deletions, 

and six nonsense mutations [121]. A total of 63 mutations are currently listed for GUSB 
gene in the Human Gene Mutation Database (HGMD) (http://www.hgmd.cf.ac.uk/ac/

gene.php?gene=GUSB); 52 are missense/nonsense mutations (82.5%), 4 deletions (6.3%), 

and 5 splicing site mutations (7.9%). Missense mutations such as p.L176F, p.P415L, 

p.P408S, p.A619V, p.R216W, p.R382C, and p.R477W were frequent [122, 123], while 

p.L176F was the most prevalent in the patients [124, 125]. The heterogeneity in GUSB gene 

mutations contributes to the extensive clinical variability among patients with MPS VII 

[121, 126–128].

4.7. MPS IX Mutations—Triggs-Raine et al. [6] showed mutation in HYAL1, a member 

of a tandemly distributed multigene family, encoding disparate hyaluronidase activities. 

There were two mutations in the HYAL1 alleles of one patient, one being a 1412G > A 

mutation that introduces a nonconservative amino acid substitution (p.E268K) in a putative 

active site residue and another was a complex intragenic rearrangement, 1361del37ins14, 

that resulted in a premature termination codon. It had previously been thought that 

lysosomal hyaluronidase was a single enzyme and that a genetic defect had not been 

identified because its importance in embryonic morphogenesis made its deficiency lethal in 

early development [129]. However, Triggs-Raine et al. [6] showed that there are two 

hyaluronidase genes, and a third was recently discovered. Each gene has markedly different 

tissue expression patterns, consistent with differing roles of each gene in HA metabolism. 

These duplicate genes provide an explanation for the unexpectedly mild phenotype of 
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mucopolysaccharidosis IX and predict the existence of other hyaluronidase deficiency 

disorders. Imundo et al. described another single consanguineous family with three affected 

children with MPS IX, and thus, only two patients have been detected with MPS IX to date 

[5]. They found c.104delT deletion in HYAL1, resulting in a premature termination codon, 

p.V35AfsX25. No mutation has been found in HYAL2 and HYALA3.

5. Discussion

In this study, we have explored the birth prevalence of MPS in two countries, Japan and 

Switzerland and compared our results with the known birth prevalence in other countries.

We have demonstrated that 1) the birth prevalence rate of all MPS is similar in Japan (1.53) 

and Switzerland (1.56 per 100,000 live births), 2) the incidence of MPS II in Japan is as high 

as that in other East Asian countries, 3) the incidence and birth prevalence of MPS varies in 

each country and region, and 4) the high incidence and/or birth prevalence of some MPS is 

reflected by founder mutations.

The birth prevalence of MPS in Japan and Switzerland was lower, compared to most 

European countries including the Czech Republic (3.72), Estonia (4.05), Germany (3.51), 

Northern Ireland (4.0), Norway (3.08), Portugal (4.8), and the Netherlands (4.5) [7, 8, 12, 

14, 16, 18, 20]. However, the birth prevalence of MPS in Japan was comparable to central 

European countries such as Denmark (1.77), Poland (1.80), and Sweden (1.75) [13, 16]. 

Some other Asian or African countries including Taiwan (2.04) and Tunisia (2.27) have a 

similar birth prevalence [15, 27]. The birth prevalence of MPS in British Columbia is also 

similar (1.94) to that in these countries [10]. The limitation in countries having a small 

number of MPS including British Columbia, Denmark, Estonia, Northern Ireland, Norway 

Sweden, and Switzerland is due to a small number of population. Therefore the data may not 

be very significant.

In MPS, there are unique common mutations in different MPS genes. Some common 

mutations in a particular MPS directly correspond to the high incidence of that particular 

MPS in a certain region or ethnic background; however, these mutations are not equally 

distributed among different regions. The birth prevalence of MPS often correlates with 

specific mutations that can predict the phenotype.

The birth prevalence of MPS I in Switzerland is low (0.19) as compared to that in Japan 

(0.23). This finding is incompatible with the fact that the incidence of MPS I is higher in 

European countries such as Norway (account for 60%), Demark (30%), Sweden (38%) [16], 

and Northern Ireland (41%) due to two common mutations, p.W402X and p.Q70X, in the 

IDUA gene [18], and moderate-high in Germany (19.5%) [12] and the Netherlands (25%) 

[7]. The frequency of p.W402X and p.Q70X mutations varies in different countries. The 

p.W402X mutation was the most common, with 38.8 % in Spain [43], and p.Q70X was the 

most common, with 39% and 62 %, respectively, in Poland and Scandinavia [43, 45]. 

Additionally, p.W402X and p.Q70X accounted for 39% and 30%, respectively, in the United 

States, showing the highest frequency [44].
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Norway has the highest birth prevalence of MPS I with 1.85 per 100,000 live births. Other 

European countries including Northern Ireland (1.66), Portugal (1.33), and the Netherlands 

(1.19) have comparable birth prevalence. In Australia, the birth prevalence of MPS I is also 

high (1.14) comparable to European countries. In addition, British Columbia (0.58) and 

Tunisia (0.63) have a moderately high birth prevalence of MPS I comparable to other 

European countries such as the Czech Republic (0.72), Denmark (0.54), Germany (0.69), 

and Sweden (0.67). Moore et al. have reported an exclusive MPS I study based on the 

severity of disease and found 1.07/100,000 live births in England and Wales that are 

consistent with other European countries [130]. The newborn screening (NBS) for MPS I, is 

in progress in some US states suggests an overall birth prevalence of 1.1 per 100,000 live 

births (data from Missouri and Illinois [31]). However, recent data [34] described the birth 

prevalence of MPS in the United States as 1.2 per 100,000 live births. MPS I had the birth 

prevalence of 0.34/100,000 live births similar to Brazil and Asian countries as described by 

Federhen et al. [28].

In contrast to the incidence of MPS I, it is of great interest that in East Asian countries such 

as China [24], Japan (current study), South Korea [23], and Taiwan [15], the incidence of 

MPS II accounts for about 50% of all MPS. The birth prevalence of MPS II in most 

European countries is between 0.4 and 0.99 per 100,000 live births but notably very high in 

Estonia (2.16) and Portugal (1.09). The birth prevalence of MPS II in Japan (0.84) is similar 

to that in Taiwan (1.07) and other East Asian Countries. The birth prevalence of MPS II in 

Brazil is lower (0.38), similar to Czech Republic, Denmark, Norway, Sweden, Switzerland, 

and Tunisia. In general, East Asian countries including China, Japan, and Taiwan have a 

high incidence of MPS II that could be due to common mutation R468 in IDS gene [24, 49–

51]. In contrast, in South Korea, IDS-IDS2 recombination mutations were most frequently 

found in Korean patients with a severe phenotype [23]. Another common mutation included 

p.G374G splicing mutation causing an attenuated phenotype [23].

The incidence of MPS III is also very high in European countries including Estonia [14], 

Germany [12], Poland [13], Sweden [16], and the Netherlands [7] and also Australia [19]. 

The incidence of MPS III (IIIA; 20–30% and IIIB; 10–14%) is higher in Germany, the 

Netherlands, and Western Australia than other MPS subtypes [7, 12, 19].

The birth prevalence of MPS III in Switzerland is 0.38, but the birth prevalence in Japan is 

even lower with 0.26. Most European countries have a high birth prevalence of MPS III (all 

types) per 100,000 live births that include the Czech Republic (0.91), Estonia (1.62), 

Germany (1.57), Poland (0.86), Portugal (0.84), Sweden (0.67), and the Netherlands (1.89). 

Australia also has high birth prevalence (1.51) of MPS III comparable to European 

countries. MPS IIIA is the most common subtype in Northern Europe [7, 12, 18, 58, 59, 62]. 

However, MPS IIIB is the most common subtype in Greece [65]. In addition, MPS IIID is 

the more common in the Netherlands, compared to other countries [7]. The similar birth 

prevalence of MPS III, 0.7 per 100,000 births, was also found in Tunisia. Heron et al. [131] 

carried out a study in France for MPS III patients and showed the incidence between 1990 

and 2006 (period of 17 years), compared with Greece and United Kingdom. The birth 

prevalence of MPS III was 0.68 per 100,000 live births in France; however, in the UK, 

diagnosis of MPS III was evaluated in children born between 1990 and 2006, which was 
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1.16 comparable to other European countries listed above. In Greece, the birth prevalence 

was 0.97 per 100,000 live births for MPS III. The incidences of MPS III are higher in 

Germany, the Netherlands, and Western Australia with the common p.R245H mutation in 

MPS IIIA gene. In contrast, the incidence of MPS IIIB in Japan is only 8%, less than of 

Western countries, although the p.R565P mutation is present as a common mutation.

The birth prevalence of MPS IV is also variable in different countries; the birth prevalence in 

Switzerland is 0.38, but low in Japan (0.15). The birth prevalence of MPS IV was high in the 

Czech Republic (0.73), Northern Ireland (1.3), Norway (0.76), and Portugal (0.6).

The birth prevalence of MPS VI in Switzerland was low (0.11), comprising only 7.3% of all 

MPS and comparable to most of the European countries. However, the birth prevalence of 

MPS VI in Japan was very low (0.03). Brazil has a relatively high incidence of MPS VI 

(18.48% of all MPS) [132]. Moreover, Brazil had a higher birth prevalence of MPS VI 

(0.31) than most European countries but similar to Estonia, Tunisia, and West Australia [28]. 

There is a common mutation, 1533del23, among Brazilian MPS VI patients found in 23.1% 

of alleles, which also occurs in Portuguese MPS VI patients [111–116] that could reflect the 

high incidence of Brazilian MPS VI.

Jurecka et al. have reported MPS VI cases between 1983 and 2011 in Kazakhstan and Russia 

and compared with central and eastern European countries [133]. A high incidence of the 

p.R152W mutation was observed both in the whole series (42%) as well as in Russian 

patients (43%). The incidence rate ranged from 0.0363 to 0.64 per 100,000 live births in 

Poland and Lithuania, respectively.

MPS VII is one of the rarest MPS, along with MPS III D and MPS IX (which is the rarest 

one), with a very low birth prevalence. The prevalence of MPS is also influenced by the 

detection method in each country; in some cases with MPS III and IV, DMB-based 

spectrophotometry can give rise to false negatives, and therefore, it is important to consider 

other methods such as enzyme activity in serum, leukocytes, and/or fibroblasts for the 

confirmatory diagnosis.

To obtain accurate data on birth prevalence of MPS, it is essential that all patients are 

identified and that the total numbers of births in the population that gave rise to these 

patients is determined correctly. For example, MPS II patients are missing from the 

Brazilian data and as these can account for up to 50% of all MPS types, the overall birth 

prevalence in this country is likely to be under-estimated. Birth prevalence is highest in 

Europe and Australia; this may in part be due to availability of comprehensive medical 

records in these countries. Nevertheless, our data show that birth prevalence of MPS in 

Switzerland is low when compared to prevalence in other European countries. Our data from 

the Japanese population supports data from other East Asian countries that indicate that birth 

prevalence in Asian countries is low compared to European countries. Comprehensive 

population screening (e.g. newborn screening) for MPS would help determine true birth 

prevalence.
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In conclusion, the overall birth prevalence of MPS (from 1.04 to 4.8/100,000) varies 

depending on the country and region or ethnic background. Some common mutations in 

specific regions directly contribute to the birth prevalence of each specific MPS.

This information is important as specific treatments are available (or in clinical 

development) for most MPS types, making early diagnosis important to properly manage 

each case and positively modify the natural history of these debilitating diseases.
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Abbreviation

MPS mucopolysaccharidoses

GAG glycosaminoglycans

CS chondroitin sulfate

DS dermatan sulfate

HS heparan sulfate

KS keratan sulfate

ECM extracellular matrix

IDUA α-L-iduronidase

I2S iduronate-2-sulfatse

SGHS heparan-N-sulfatase

NAGLU α-N-acetylglucosaminidase

HGSNAT α-glucosaminidase acetyltransferase

GNS N-acetylglucosamine 6-sulfatase

GALNS N-acetylgalactosamine-6-sulfate sulfatase

GLB 1β-galactosidase

G4S N-acetylgalactosamine-4-sulfatse
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GUSB β-D-glucuronidase
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Figure 1. Incidence of MPS (%)
*Brazilian report did not include data for MPS III and MPS VII.

#Saudi Arabia has no MPS II data.
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Figure 2. 
Demographic distribution of the combined birth prevalence of MPS.

A. The combined birth prevalence of Europe is 3.14; the birth prevalence of individual 

countries is shown in Fig. 2B. The birth prevalence of Japan, South Korea, and Taiwan is 

1.53, 1.35, and 2.04, respectively. The birth prevalence of Western Australia is 3.43; overall, 

Australian birth prevalence is shown as 4.46. The birth prevalence of Tunisia is 2.27. The 

birth prevalence of British Columbia, the United States, and Brazil is 1.94, 1.2, and 1.04, 

respectively.
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B. Demographic distribution of the combined birth prevalence of MPS in Europe.
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