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Abstract 

Background:  Mucopolysaccharidoses (MPS) are rare, inherited lysosomal storage disorders characterized by progres‑
sive multiorgan involvement. Previous studies on incidence and prevalence of MPS mainly focused on countries other 
than the United States (US), showing considerable variation by country. This study aimed to identify MPS incidence 
and prevalence in the US at a national and state level to guide clinicians and policy makers.

Methods:  This retrospective study examined all diagnosed cases of MPS from 1995 to 2015 in the US using the 
National MPS Society database records. Data included year of birth, patient geographic location, and MPS variant 
type. US population information was obtained from the National Center for Health Statistics. The incidence and preva‑
lence rates were calculated for each disease. Incidence rates were calculated for each state.

Results:  We obtained information from 789 MPS patients during a 20-year period. Incidence of MPS in the US was 
found to be 0.98 per 100,000 live births. Prevalence was found to be 2.67 per 1 million. MPS I, II, and III had the highest 
incidence rate at birth (0.26/100,000) and prevalence rates of 0.70–0.71 per million. Birth incidences of MPS IV, VI, and 
VII were 0.14, 0.04 and 0.027 per 100,000 live births.

Conclusions:  This is the most comprehensive review of MPS incidence and prevalence rates in the US. Due to 
the large US population and state fragmentation, US incidence and prevalence were found to be lower than other 
countries. Nonetheless, state-level studies in the US supported these figures. Efforts should be focused in the estab‑
lishment of a national rare disease registry with mandated reporting from every state as well as newborn screening of 
MPS.
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Background
Mucopolysaccharidoses (MPS) are rare and heterogene-
ous, inherited lysosomal storage disorders character-
ized by progressive multiorgan involvement. MPS are 
caused by defects in genes coding for different lysosomal 
enzymes which degrade glycosaminoglycans (GAGs) 
such as heparan sulfate (HS), chondroitin sulfate (CS), 
dermatan sulfate (DS) and keratan sulfate (KS). The defi-
cient enzyme activity results in systemic storage of GAGs 
and a wide array of clinical manifestations. There are 11 
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known enzyme deficiencies and seven forms of MPS, 
some of which have different subtypes.

MPS I patients have deficiency of α-l-iduronidase 
enzyme (IDUA; MIM 252,800), which degrades DS and 
HS. Depending on the severity of the clinical presenta-
tion, MPS I can be manifested in three different pheno-
types: Hurler, Hurler–Scheie or Scheie syndromes [1]. 
MPS II, also known as Hunter syndrome, is an X-linked 
recessive disorder characterized by the deficiency of 
iduronate-2-sulfatase (I2S; MIM 309,900), which simi-
larly to IDUA also degrades DS and HS. MPS II patients 
have mild or severe clinical presentation, and although 
it can be similar to MPS I in its severe form, MPS II 
shows moderate central nervous system progression [1, 
2]. MPS III (Sanfilippo syndrome) presents four sub-
types: MPS IIIA-D, in which HS is not degraded. The 
aforementioned presentations are a result of the limited 
enzymatic activity of heparan-N-sulfatase (SGSH; MIM 
252,900), α-N-acetylglucosaminidase (NAGLU; MIM 
252,920), α-glucosaminidase acetyltransferase (HGSNAT; 
MIM 252,930), or N-acetylglucosamine 6-sulfatase (GNS; 
MIM 252,940), respectively [3–6]. MPS IV, also referred 
to as Morquio syndrome, presents two subtypes: MPS 
IVA and MPS IVB, caused by the lack of N-acetylgalac-
tosamine-6-sulfate sulfatase (GALNS; MIM 253,000) 
and β-galactosidase (GLB1; MIM 253,010) respectively. 
MPS IVA is characterized by accumulation of two GAGs: 
KS and C6S, while MPS IVB results in accumulation of 
KS solely [7, 8]. MPS VI (Maroteaux-Lamy syndrome) 
results from deficiency of N-acetylgalactosamine-4-sul-
fatase (ARSB; MIM 253,200), which causes accumulation 
of DS and C4S [9]. MPS VII, also known as Sly syndrome, 
causes accumulation of DS, C4S, C6S, and HS due to 
inactivity of β-d-glucuronidase (GUS; MIM 611,499). 
MPS VII is the most rare and lethal MPS. It can present 
with hydrops fetalis, which results in high newborn mor-
tality [10, 11]. Finally, MPS IX, which results from muta-
tions in the HYAL1 gene, is characterized by markedly 
elevated plasma hyaluronan concentration, and the com-
plete deficiency of plasma hyaluronidase activity [12]. 
This MPS type, has only been described in four patients 
since 1996 in the US [12, 13], and no further cases have 
been noted in international MPS studies [14]. Although 
the incidence of all seven types of MPS presents a wide 
range and varies geographically, their collective incidence 
has been reported to be approximately 1 per 25,000 [15].

Several MPS can be treated with enzyme replacement 
(ERT) or hematopoietic stem cell transplantation. None-
theless, success of these interventions heavily relies on 
early detection. Early treatment can improve outcomes 
and prevent long-term deterioration due to progressive 
accumulation of GAGs.

Although many European and Asian countries have 
reported the incidence and prevalence of MPS disorders 
[16], its epidemiology has not been studied at a national 
level in the United States (US). In the last decade, new-
born screening pilot studies in various US states have 
provided insight into the regional incidence of MPS I. 
However, precise incidence and prevalence data on all 
MPS types in the US is quite limited. These data are nec-
essary to address the challenge of securing public health 
funding for treatment and for supporting fundamental 
biomedical research [17–19].

The current lack of epidemiological data on rare lyso-
somal diseases also affects whether states test for them 
in newborns [20]. Data are needed to determine which 
is the earliest, cost-effective, and least invasive way of 
screening for a disease. Early detection and interven-
tion of some of the rare diseases lowers morbidity and 
improves outcomes, including better quality and length 
of life [21–24]. In the US, the expansion of the newborn 
screening panel depends on the Advisory Committee on 
Heritable Disorders in Newborns and Children (ACH-
DNC). They in turn, advise the US Secretary of Health 
on including specific conditions in the Recommended 
Universal Screening Panel. This key recommendation is 
based on: (1) availability of disease screening and treat-
ment, (2) net benefits of screening to usual clinical care, 
(3) state laws, (4) cost and funding sources, (5) frequency 
of the disorder in the state, and (6)  readiness of public 
health departments to implement population screen-
ing [25, 26]. Currently in the US only MPS I meets this 
inclusion criteria. The most prevalent methodological 
approach to support the inclusion of a condition to the 
newborn screening panel consists of creating a model 
that estimates outcomes for identical cohorts of new-
borns identified to have the rare condition via clinical 
identification versus identification through newborn 
screening. The determination of prevalence and inci-
dence of MPS in the US will provide the number of cases 
diagnosed via clinical identification, contributing to the 
elaboration of the models necessary to advance newborn 
screening.

The lack of epidemiological data on MPS types in the 
US deprives us of evidence to support seeking funds 
to expand newborn screening or further research in 
this field [25]. Currently, only 17 of 50 US states screen 
for MPS. These screenings include only MPS I, one of 
the most common MPS [27]. Most of these states have 
adopted MPS I in their newborn screening panel only 
in the last year, with the most recent being Vermont 
(May 2019) [28]. The objective of this study is to deter-
mine the prevalence and incidence of all MPS in the 
US at a national and state level using the national MPS 
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society registry as our main source, and MPS VII data 
from Ultragenyx Pharmaceuticals.

Results
Incidence of MPS in the US
Between 1995 and 2015, 721 MPS patients registered 
with the National MPS Society. 681 MPS patients were 
classified appropriately according to their MPS type. 
Ultragenyx reported that as of 2015, 21 MPS VII patients 
were identified and enlisted in their registry program in 
the US. Additionally, the International Registry for MPS 
IVA had a total of 87 patients in the US between 1998 
and 2006 [7].

The average total population in the US in the same 
study period was 295,130,476 and the overall population 
prevalence was found to be 2.67 per million. Moreover, 
the total number of live births in the US over these two 
decades was 80,118,336. The calculated incidence rates 
based on these data are shown in Table 1.

The combined incidence for all MPS was 0.98 per 
100,000 live births. MPS I, II and III had the highest inci-
dence of all types: 0.26 per 100,000 live births each. MPS 
IV, VI, and VII had incidences of 0.14, 0.04 and 0.027 per 
100,000 live births. No cases of MPS IX were reported in 
the National MPS Society. MPS incidence was analyzed 
per state (Table  2), then plotted on a heat map (Fig.  1). 
States with the highest incidence were New Hampshire 
(3.14), North Dakota (2.46), Massachusetts (1.71), Mon-
tana (1.62) and Utah (1.55). States with the lowest MPS 

incidence included Idaho (0.22), Hawaii (0.26), Maine 
(0.39), Rhode Island (0.39), and Alaska (0.44).

Current study incidence by state vs. newborn screening 
pilot studies for MPS I
To date, 17 US states have included MPS I in their new-
born screening panel. Many screening laws resulted from 
pilot studies proving the feasibility, accuracy, and efficacy 
of screening newborns for lysosomal disorders, including 
MPS I [29]. Some states published their pilot study data 
[29–36], allowing the authors to calculate state-level inci-
dence and compare it with the current study data.

The largest newborn screening pilot studies in the 
country include Missouri (Total number screened 
(n) = 308,000) and Illinois (n = 219,793), whose inci-
dence rates were found to be 0.65 and 0.45 per 100,000 
live births respectively (Table  3) [29, 31]. The MPS I 
incidence calculated from the National MPS Society 
database was 0.46 in Missouri and 0.43 in Illinois. The 
incidence for Illinois is remarkably similar in both stud-
ies; Missouri rates are also comparable, although lower in 
the current study (Table 4). These prospective pilot stud-
ies included all the state’s newborns for more than a year, 
which allowed an accurate incidence calculation.

However, in several states that conducted smaller 
newborn screening pilot studies, there was more diver-
gence between those pilot results for MPS I and results 
of the current study. Washington (n = 106,526), North 
Carolina (n = 62,734), Kentucky (n = 55,161) and 
New York (n = 35,816), conducted smaller newborn 

Table 1  Overall incidence and prevalence rates of MPS in United States (1995–2015) based on the National MPS Society membership

Some patients are reported as MPS III or IV while there is no information on the sub-type
a Based on information from the MPS IVA International registry [7]
b Based on information provided by Ultragenyx Pharmaceuticals

MPS type Number of 
patients

Percentage of all 
MPS (%)

Incidence per 
100,000

Prevalence 
per 1,000,000

MPS (Hurler Syndrome) 207 26.23 0.26 0.70

MPS II (Hunter Syndrome) 207 26.23 0.26 0.70

MPS III (Sanfilippo Syndrome) 210 26.60 0.26 0.71

 Type A 153 19.40 0.19 0.52

 Type B 40 5.10 0.05 0.14

 Type C 12 1.50 0.015 0.04

 Type D 0 0.00 0 0

MPS IV (Morquio Syndrome) 113 14.32 0.14 0.38

 Type Aa 87 11.00 0.11 0.29

 Type B 3 0.40 0.004 0.01

MPS VI (Maroteaux-Lamy Syndrome) 31 3.92 0.04 0.11

MPS VIIb (Sly Syndrome) 21 2.70 0.027 0.07

MPS IX (Hyaluronidase deficiency) 0 0.00 0 0

All Mucopolysaccharidoses 789 100.00 0.98 2.67
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screening pilot studies than Missouri and Illinois, 
which yielded higher incidence rates of MPS I than our 
study (Tables  3,  4) [30, 32, 33, 36]. It is possible that 
these figures diverge because of the smaller sample size 
of these pilot studies or to the high incidence of pseu-
dodeficient alleles in the normal population leading to 
false positive results [37].

In addition to the MPS I newborn screening pilot 
studies that allowed the authors to compare MPS I inci-
dence accurately in the US, the literature was reviewed 
to identify state-level incidence for all the other MPS 
types. For MPS II, the Hunter Outcome Survey was 
used to estimate incidence in the US for comparison. 
The Hunter survey is a global, multi-center, long-term, 
observational survey overseen by national, regional, 
and global scientific advisory boards [38]. It reported 
a total of 45 MPS II patients in North America as of 
2007. The calculated incidence using the Hunter sur-
vey between 1995 and 2007 would be 0.11 per 100,000. 
However, the incidence rate found in our study is 
higher (0.26 per 100,000). Thus, an estimated incidence 
rate in the US is somewhere between 0.11 and 0.26 per 
100,000.

For MPS IVA, the International Registry for Morquio 
A Disease showed a total of 87 patients in the US 
between 1998 and 2006 [7]. The total number of live 
births in the US between 1998 and 2006 was 36,313,349. 
This calculates to an incidence of 0.24 per 100,000. This 
was higher than our calculated incidence for MPS IVA 
from the National MPS Society, at 0.14 per 100,000. 
Thus, incidence of MPS IVA in the US is in the range 
of 0.14–0.24 per 100,000. Information was not availa-
ble for MPS IVB, and no reporting publication on MPS 
IVB incidence rate in the U.S was found.

No publications reporting MPS III or MPS VI inci-
dence rates in the US were found. For MPS VII, a 
patient registry thought to be complete for the US was 
generously provided by Ultragenyx® Pharmaceuticals, 
the manufacturer of enzyme for MPS VII ERT. Based 
on their records, the incidence rate for MPS VII in the 
US is 0.027 per 100,000.

Table 2  Incidence rates of MPS by state in the United States 
per 100,000 live births (1995–2015) based on the National MPS 
Society membership

State Number of 
patients

Number live 
births total

Incidence 
per 
100,000

Alabama 12 1,191,832 1.01

Alaska 1 227,511 0.44

Arizona 13 1,724,510 0.75

Arkansas 6 818,434 0.73

California 77 10,160,112 0.76

Colorado 7 1,324,305 0.53

Connecticut 7 743,272 0.94

Delaware 2 222,737 0.90

Washington DC 1 184,676 0.54

Florida 38 4,383,704 0.87

Georgia 15 2,662,971 0.56

Hawaii 1 379,247 0.26

Idaho 1 458,475 0.22

Illinois 38 3,237,954 1.17

Indiana 22 1,687,025 1.30

Iowa 6 786,264 0.76

Kansas 11 792,446 1.39

Kentucky 16 1,125,145 1.42

Louisiana 9 1,271,230 0.71

Maine 1 259,668 0.39

Maryland 14 1,466,742 0.95

Massachusetts 25 1,459,220 1.71

Michigan 13 2,308,863 0.56

Minnesota 14 1,396,608 1.00

Mississippi 7 801,068 0.87

Missouri 17 1,530,183 1.11

Montana 4 247,212 1.62

Nebraska 5 525,692 0.95

Nevada 4 721,957 0.55

New Hampshire 8 254,781 3.14

New Jersey 19 2,105,921 0.90

New Mexico 5 543,696 0.92

New York 37 4,811,483 0.77

North Carolina 21 2,429,993 0.86

North Dakota 5 203,408 2.46

Ohio 35 2,817,693 1.24

Oklahoma 15 1,070,197 1.40

Oregon 10 917,976 1.09

Pennsylvania 21 2,857,974 0.73

Rhode Island 1 113,926 0.39

South Carolina 11 1,162,144 0.95

South Dakota 3 243,296 1.23

Tennessee 14 1,621,494 0.86

Texas 48 7,825,179 0.61

Utah 16 1,035,564 1.55

Vermont 1 121,549 0.82

Table 2  (continued)

State Number of 
patients

Number live 
births total

Incidence 
per 
100,000

Virginia 23 2,067,341 1.11

Washington 21 1,746,394 1.20

West Virginia 6 416,892 1.44

Wisconsin 12 1,359,168 0.88

Wyoming 2 153,559 1.30
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Fig. 1  Incidence of MPS in the United States

Table 3  Findings of MPS I newborn screening in six different states

States Missouri Illinois Washington North Carolina Kentucky New York

Screened positive 133 151 9 54 57 13

True positive 2 1 3 1 1 0

Carriers 8 5 1 2 NA 4

Pseudodeficiency 71 30 0 13 NA 8

False-positive results 45 87 5 NA NA 0

Undetermined disease status 2 4 NA 3 NA 1

Unresolved/status pending 5 24 NA NA NA 0

Lost/refused follow-up 0 0 NA 1 NA 0

Total number of screened newborns 308,000 219,793 106,526 62,734 55,161 35,816

Incidence per 100,000 0.65 0.45 2.81 1.59 1.81 0
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Discussion
National versus global incidence
From 1995 to 2015, the MPS incidence in the US was 
found to be 0.98 per 100,000 live births. Compared to 
other nations, this figure falls on the lower spectrum. 
Most rates range from 1.53 to 4.8 per 100,000 live 
births for combined MPS [39, 40].

This variability in incidences by nation may reflect 
the properties of the Mendelian genetic inheritance of 
the disease. Countries with enclosed populations and 
little migration in and out to increase genetic diversity 
are likely to have higher incidence. Consanguinity and 
founder effect may be at work in these populations. 
Consanguinity marriages are associated with higher 
frequency of autosomal recessive disorders, more pre-
cisely between first cousins [41]. A study conducted in 
Tunisia examined 14 families with MPS I and examined 
consanguinity associations using molecular analysis 
and pedigree construction, concluding that consan-
guineous marriages play a role in the high frequency of 
autosomal recessive disorders in Tunisia due to its inci-
dence increase of certain molecular mutations leading 
to MPS I [41].

Additionally, the highest incidence of MPS I was 
3.8 cases per 100,000 live births in Northern Ireland. 
Northern Ireland has a high proportion of Irish traveler 
population that tends to intermarry [42]. Furthermore, 
a 2010 study found Saudi Arabia to have some of the 
highest MPS rates, and a combined incidence of 16.9 
shows the effect of consanguinity [43]. Likewise, some 
communities in Northern Brazil and Eastern Europe 
have illustrated founder effect for MPS VI [44, 45]. In 
addition, MPS I, III and IVA founder effect has been 
observed in the Middle East, Sweden, Cayman Islands, 
and Japan [46–49].

For MPS I, the national incidence ranged from 0.11 
to 100,000 in Taiwan [50] to 1.85 per 100,000 in Nor-
way [51]. In this study, the US incidence was found to 
be 0.26, which is included in this range, similar to the 

Asian countries Japan (0.23) and South Korea (0.21); 
and to Poland (0.22) [16, 39, 52].

For MPS II, Norway reported the lowest incidence rate 
in the literature (0.13), and Estonia the highest (2.16) [51, 
53]. In the present study, a US incidence rate of 0.26 was 
reported, which is similar to some Scandinavian coun-
tries such as Sweden (0.27) and Denmark (0.27).

In regard to MPS III, the incidence ranges between 
0.25 and 100,000 live births in South Korea and 1.89 in 
the Netherlands [52, 54]. In the US, the current study cal-
culates MPS III incidence at 0.26. Although on the lower 
end of the spectrum, this figure is similar to that of South 
Korea as well as that of Norway (0.27) [39, 52].

Additionally, for MPS IV, a study from Sweden esti-
mated the country’s incidence at 0.07 per 100,000 live 
births, while another Scandinavian country, Norway, 
estimated the highest incidence for this MPS type (0.76) 
[51]. This study calculates MPS IV incidence at birth in 
the US to be 0.14, which is again on the lower spectrum 
of this range.

For MPS VI, the incidence ranges between 0.013 and 
100,000 live births in Poland to 0.29 in British Columbia 
[16, 55]. The incidence in the US for MPS VI was cal-
culated to be 0.04, which is closer to the incidence esti-
mated in Japan (0.03), Denmark (0.05), and the Czech 
Republic (0.05) [51].

For MPS VII, many studies did not calculate incidence, 
as this MPS subtype was not present in their patient pop-
ulation, although many papers attribute this to the early 
fatality of the disease and differing detection methods 
in each country. Based on the reported MPS VII cases, 
the incidence varies between 0.02 in Japan and the Czech 
Republic [39, 56], and 0.29 in British Columbia [55]. The 
present study calculated MPS VII incidence in the US to 
be 0.027 based on data provided by Ultragenyx Pharma-
ceuticals. Of note, per the National MPS Society’s regis-
try, the incidence rate was found to be 0.008, most likely 
due to the database’s limitations as membership of the 
National MPS Society.

Another potential problem for the MPS patient popu-
lation is the possibility of being misdiagnosed. Although 
definite figures regarding an estimate on MPS lifelong 
misdiagnosis cannot be accurately approximated, it is 
important to recognize that the multisystem involve-
ment of MPS may have an initial presentation similar to 
other diseases [57]. Consequently, initial challenges in 
making this diagnosis include the fact that many special-
ists separately examine seemingly unconnected health 
problems. Hip disease, common in most MPS subtypes, 
could be mislabeled as Legg-Calve-Perthes (LCP) disease 
or spondyloepiphyseal dysplasia (SED), whereas devel-
opmental issues might be attributed to neurodevelop-
mental syndromes like ADD (attention deficit disorder). 

Table 4  Comparison of incidence rates of MPS I between the 
present study and newborn screening pilot studies

States Incidence rate of present 
study

Pilot studies 
incidence 
rates

Missouri 0.46 0.65

Illinois 0.43 0.45

Washington 0.34 2.81

North Carolina 0.29 1.59

Kentucky 0.98 1.81

New York 0.19 0
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Additionally, the myriad of storage disorders that can 
mimic multiple of these symptoms (i.e. sphingolipidoses, 
mucolipidoses), along with the lack of newborn screening 
for MPS, and the lack of availability of POC tests in pri-
mary care offices, are additional factors that contribute to 
the misdiagnosis of these diseases.

We calculated the overall MPS prevalence to be 2.67 
per million. This is almost half the prevalence for all MPS 
disorders in Scandinavian countries such as Sweden (4.24 
per million), Norway (7.06) and Denmark (6.03) [51]. It 
is important to note that the US presents a larger and 
more diverse population than most countries, with over 
4 million live births per year, which may explain the low 
incidence and prevalence yielded in this study. However, 
it is also key to acknowledge that this registry does not 
include the totality of MPS cases in the US. The lack of 
data from pharmaceutical companies, as well as children’s 
hospitals, might have contributed to an underestimation. 
Although a review of other countries also demonstrates 
heterogenous data, the smaller size of European coun-
tries and lack of state fragmentation makes it easier to 
estimate incidence and prevalence data for that geogra-
phy. A recent report by Borges et al. estimated the preva-
lence of MPS using publicly available population based 
genomic data [58]. This approach overestimated MPS 
prevalence due to limitations of (1)  the database, (2) fil-
tering steps and consensus scores used in the method-
ology, and (3) lack of estimation of false positive results, 
among others [58].

In this study, the main source of data originated from 
the National MPS Society and Ultragenyx® Pharma-
ceuticals. However, National MPS Society data may not 
include all MPS patients within the US as patients are 
not required to be a member of the society. Additionally, 
it is possible that patients joined another MPS society 
focused on their specific subtype, such as the Morquio 
registry, instead of the National MPS society, to explain 
some of the lower incidence rates of MPS IVA.

This study began as a search for MPS incidence and 
prevalence rates in the US. However, as previously men-
tioned, this study also revealed that membership to the 
National MPS Society is not uniform throughout the 
US. The differences in newborn screening standards 
across states may also be an important factor for lower 
numbers, as MPS may not be included in the screen-
ing process at all. Some limitations of our study include: 
(1)  lack of information from pharmaceutical companies 
that have patient registries and manufacture ERT for 
MPS disorders, (2)  underestimation of the number of 
MPS patients based solely on those that join the National 
MPS Society, (3)  lack of acceptance of the diagnosis by 
families and reluctance to join the membership, (4)  lack 
of awareness of the National MPS Society’s existence, 

and (5) discrepancies in incidence rate by state could be 
explained by differences between patients registered ver-
sus patients born in a state. To accommodate for the US’ 
much larger and divided population, the authors propose 
that the best method of record keeping for rare diseases 
would be a national rare disease registry with mandated 
reporting from every state to ensure accurate epidemio-
logical information.

Conclusions
To date, this is the most comprehensive review of the 
incidence and prevalence rates of MPS in the US. Policy 
advocacy is needed to establish newborn screening of 
MPS in all states. Furthermore, a national registry for all 
rare diseases is needed to ensure accurate epidemiologi-
cal information.

Methods
Study aim and design
The study aims to identify MPS incidence and prevalence 
in the US at national and state levels and to guide clini-
cians and policy makers utilizing a retrospective study 
design.

Study population
The Institutional Review Board (IRB) at Saint Louis Uni-
versity determined that our human subjects research 
was exempt from a formal IRB submission due to lack of 
patient identifiers or protected health information (PHI). 
An attempt to use a database of over 200 Children’s 
Hospitals was unsuccessful. Due to the lack of consist-
ent information and the reluctance of many hospitals to 
provide de-identified patient data, it was not possible to 
include cases from these hospitals. Additionally, clinical 
trials information on MPS studies was obtained (clini-
caltrials.gov) but is excluded from the present study due 
to methodological issues including difficulty to assess if 
there were duplicated cases owing to many patients par-
ticipating in more than one trial.

Another potential source of data is pharmaceutical 
companies that manufacture enzymes to treat MPS 
types including BioMarin® Pharmaceuticals (MPS I, 
IVA, and VI); Shire® Pharmaceuticals (MPS II); Ultrag-
enyx® pharmaceuticals (MPS VII), and Genzyme® 
(MPS I). All were contacted for information on the 
number of MPS cases in the US. However, only Ultrag-
enyx® Pharmaceuticals provided the overall number of 
cases for MPS VII reported until 2015. The best source 
of data was The National MPS Society (http://​mpsso​
ciety.​org/) who provided a de-identified database of all 
MPS members, which included all 50 states from 1995 
to 2015. This period of time was used to calculate the 
incidence rate at birth and prevalence of MPS in the 

http://mpssociety.org/
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US. The database included year of birth, year of death, 
type of disease, and state of residence. The National 
MPS Society is an organization that advocates for 
MPS patients by providing social and medical support, 
championing newborn screening for MPS, funding 
MPS-focused research to find a cure, and streamlin-
ing the pathway from research to treatments (https://​
mpsso​ciety.​org/). Their free membership requires 
newly diagnosed patients or family to fill out a brief 
survey. Data from the National MPS Society are self-
reported and collected as part of the membership regis-
tration. Membership provides members with access to 
MPS publications, physician databases, and eligibility 
for financial assistance grants and scholarships.

We included information of the number of patients 
with MPS IVA in the US from the published study of the 
International Registry for Morquio A Disease (1998–
2006) [7]. Additionally, literature on MPS I newborn pilot 
studies from six states (Missouri, Illinois, Washington, 
North Carolina, Kentucky, and New York) was included, 
and their incidence figures were compared to the state-
stratified data calculated in the present study.

Data handling and analysis
All the information was compiled in a database used for 
statistical analyses. The National Center for Health Sta-
tistics data was used to obtain estimates on US popula-
tion from the years 1995 to 2015. The incidence rate, also 
referred to as birth prevalence in the literature, was cal-
culated by dividing the total number of cases by the total 
number of live births during the study period. Period 
prevalence was calculated by dividing the total number of 
cases between 1995 and 2015 by the average of the total 
population during the study period per 1 million people.

Incidence was sub-analyzed based on state location. 
The number of live births was obtained for each state 
using the National Center for Health Statistics data 
between 1995 and 2015. Additionally, data from newborn 
screening pilot studies in multiple states were included 
and their respective incidence rates were reported and 
compared to the rates yielded by the current study. Geo-
graphic Information Systems (GIS) was used to map 
state-level incidence rates in the country.

Abbreviations
ACHDNC: Advisory Committee on Heritable Disorders in Newborns and 
Children; ARSB: N-Acetylgalactosamine-4-sulfatase; CS: Chondroitin sulfate; 
DS: Dermatan sulfate; ERT: Enzyme replacement therapy; GAGs: Glycosamino‑
glycans; GALNS: N-Acetylgalactosamine-6-sulfate sulfatase; GIS: Geographic 
information systems; GLB1: β-galactosidase; GNS: N-Acetylglucosamine 
6-sulfatase; GUS: β-d-glucuronidase; HGSNAT: α-Glucosaminidase acetyltrans‑
ferase; HS: Heparan sulfate; I2S: Iduronate-2-sulfatase; IDUA: α-l-Iduronidase 
enzyme; KS: Keratan sulfate; MPS: Mucopolysaccharidoses; NAGLU: α-N-
Acetylglucosaminidase; SGSH: Heparan-N-sulfatase; US: United States.

Acknowledgements
We would like to thank Laurie J. Turner, Program Direct of the National MPS 
Society for providing us with information on their memberships and Ultrag‑
enyx® Pharmaceuticals for generously providing their anonymous database 
information for our study. We are grateful to Dr. William S. Sly for helpful 
discussions, to Ellen Bui for writing assistance, and Mike Marcinkowski for 
editorial assistance.

Authors’ contributions
YP and AMM conceptualized and designed the study, acquired and inter‑
preted data, drafted the initial manuscript, and reviewed and revised the man‑
uscript. They take full responsibility for the content of the manuscript. AM-H 
acquired, analyzed and interpreted data, drafted the initial manuscript, and 
reviewed and revised the manuscript. All authors read and approved the final 
manuscript.

Funding
Not applicable, no specific funding was received for this work.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The IRB at Saint Louis University determined that our human subjects research 
was exempt from a formal IRB submission due to lack of patient identifiers or 
protected health information.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology, Saint Louis University College for Public 
Health and Social Justice, 3545 Lafayette Avenue, St. Louis, MO 63104, USA. 
2 Saint Louis University School of Medicine, St. Louis, MO, USA. 3 Depart‑
ment of Pediatrics, Edward A. Doisy Research Center, Saint Louis University 
School of Medicine, 1100 South Grand Blvd., Room 313, St. Louis, MO 63104, 
USA. 4 Department of Biochemistry and Molecular Biology, Edward A. Doisy 
Research Center, Saint Louis University School of Medicine, St. Louis, MO, USA. 

Received: 5 February 2021   Accepted: 21 May 2021

References
	1.	 Neufeld EF, Muenzer J. The mucopolysaccharidoses. In: Scriver CR, 

Beaudet A, Sly WS, Valle D, editors. The metabolic and molecular basis of 
inherited disease. 8th ed. McGraw-Hill; 2001. p. 3421–52.

	2.	 Wraith JE, Scarpa M, Beck M, Bodamer OA, De Meirleir L, Guffon N, et al. 
Mucopolysaccharidosis type II (Hunter syndrome): a clinical review and 
recommendations for treatment in the era of enzyme replacement 
therapy. Eur J Pediatr. 2008;167(3):267–77.

	3.	 Yogalingam G, Hopwood JJ. Molecular genetics of mucopolysaccharido‑
sis type IIIA and IIIB: diagnostic, clinical, and biological implications. Hum 
Mutat. 2001;18(4):264–81.

	4.	 Fan X, Zhang H, Zhang S, Bagshaw RD, Tropak MB, Callahan JW, et al. 
Identification of the gene encoding the enzyme deficient in muco‑
polysaccharidosis IIIC (Sanfilippo disease type C). Am J Hum Genet. 
2006;79(4):738–44.

	5.	 Valstar MJ, Neijs S, Bruggenwirth HT, Olmer R, Ruijter GJ, Wevers RA, et al. 
Mucopolysaccharidosis type IIIA: clinical spectrum and genotype–phe‑
notype correlations. Ann Neurol. 2010;68(6):876–87.

https://mpssociety.org/
https://mpssociety.org/


Page 9 of 10Puckett et al. Orphanet J Rare Dis          (2021) 16:241 	

	6.	 Kresse H, Paschke E, von Figura K, Gilberg W, Fuchs W. Sanfilippo disease 
type D: deficiency of N-acetylglucosamine-6-sulfate sulfatase required for 
heparan sulfate degradation. Proc Natl Acad Sci USA. 1980;77(11):6822–6.

	7.	 Montaño AM, Tomatsu S, Gottesman GS, Smith M, Orii T. International 
Morquio A Registry: clinical manifestation and natural course of Morquio 
A disease. J Inherit Metab Dis. 2007;30(2):165–74.

	8.	 Spranger JW. Beta galactosidase and the Morquio syndrome. Am J Med 
Genet. 1977;1(2):207–9.

	9.	 Litjens T, Brooks DA, Peters C, Gibson GJ, Hopwood JJ. Identification, 
expression, and biochemical characterization of N-acetylgalactosamine-
4-sulfatase mutations and relationship with clinical phenotype in MPS-VI 
patients. Am J Hum Genet. 1996;58(6):1127–34.

	10.	 Montaño AM, Lock-Hock N, Steiner RD, Graham BH, Szlago M, Greenstein 
R, et al. Clinical course of sly syndrome (mucopolysaccharidosis type VII). J 
Med Genet. 2016;53(6):403–18.

	11.	 Holtz M, Montaño AM, Sly WS. Association between mucopolysac‑
charidosis Type VII and hydrops fetalis. Ultrasound Obstet Gynecol. 
2020;55:416–7. https://​doi.​org/​10.​1002/​uog.​20371.

	12.	 Natowicz MR, Short MP, Wang Y, Dickersin GR, Gebhardt MC, Rosenthal DI, 
et al. Clinical and biochemical manifestations of hyaluronidase deficiency. 
N Engl J Med. 1996;335(14):1029–33.

	13.	 Imundo L, LeDuc CA, Guha S, Brown M, Perino G, Gushulak L, et al. A 
complete deficiency of hyaluronoglucosaminidase 1 (HYAL1) pre‑
senting as familial juvenile idiopathic arthritis. J Inherit Metab Dis. 
2011;34(5):1013–22.

	14.	 Kiykim E, Barut K, Cansever MS, Zeybek CA, Zubarioglu T, Aydin A, et al. 
Screening mucopolysaccharidosis Type IX in patients with juvenile idi‑
opathic arthritis. JIMD Rep. 2016;25:21–4.

	15.	 Publication N. Mucopolysaccharidoses Fact Sheet No. 03-5115, NINDS. 
https://​www.​ninds.​nih.​gov/​Disor​ders/​Patie​nt-​Careg​iver-​Educa​tion/​Fact-​
Sheets/​Mucop​olysa​cchar​idoses-​Fact-​Sheet.

	16.	 Jurecka A, Lugowska A, Golda A, Czartoryska B, Tylki-Szymanska A. 
Prevalence rates of mucopolysaccharidoses in Poland. J Appl Genet. 
2015;56(2):205–10.

	17.	 Lynch SA, Borg I. Wide disparity of clinical genetics services and EU 
rare disease research funding across Europe. J Community Genet. 
2016;7(2):119–26.

	18.	 Clarke JT, Coyle D, Evans G, Martin J, Winquist E. Toward a functional defi‑
nition of a “rare disease” for regulatory authorities and funding agencies. 
Value Health. 2014;17(8):757–61.

	19.	 Stehr F, Forkel M. Funding resources for rare disease research. Biochim 
Biophys Acta. 2013;1832(11):1910–2.

	20.	 Autti-Ramo I, Makela M, Sintonen H, Koskinen H, Laajalahti L, Halila R, 
et al. Expanding screening for rare metabolic disease in the newborn: an 
analysis of costs, effect and ethical consequences for decision-making in 
Finland. Acta Paediatr. 2005;94(8):1126–36.

	21.	 Schnell-Inderst P, Kunze S, Hessel F, Grill E, Siebert U, Nickisch A, et al. 
Screening of the hearing of newborns—update. GMS Health Technol 
Assess. 2006;2:Doc20.

	22.	 Moraitis AG, Martucci VL, Pacak K. Genetics, diagnosis, and management 
of medullary thyroid carcinoma and pheochromocytoma/paragan‑
glioma. Endocr Pract. 2014;20(2):176–87.

	23.	 Paulsen JS, Nance M, Kim JI, Carlozzi NE, Panegyres PK, Erwin C, et al. A 
review of quality of life after predictive testing for and earlier iden‑
tification of neurodegenerative diseases. Progress in neurobiology. 
2013;110:2–28.

	24.	 Giugliani R. Newborn screening for lysosomal diseases: current status and 
potential interface with population medical genetics in Latin America. J 
Inherit Metab Dis. 2012;35(5):871–7.

	25.	 Waggoner DJ, Tan CA. Expanding newborn screening for lysosomal disor‑
ders: opportunities and challenges. Dev Disabil Res Rev. 2011;17(1):9–14.

	26.	 Advisory Committee on. Heritable Disorders in Newborns and Children. 
2020.

	27.	 Homepage R. 2016.
	28.	 Laboratories AoPH. NewSTEPs. Newborn Screening Status for All Disor‑

ders. 2019 [Available from: https://​www.​newst​eps.​org/​resou​rces/​newbo​
rn-​scree​ning-​status-​all-​disor​ders.

	29.	 Hopkins PV, Campbell C, Klug T, Rogers S, Raburn-Miller J, Kiesling J. 
Lysosomal storage disorder screening implementation: findings from 
the first six months of full population pilot testing in Missouri. J Pediatr. 
2015;166(1):172–7.

	30.	 Wasserstein MP, Caggana M, Bailey SM, Desnick RJ, Edelmann L, Estrella 
L, et al. The New York pilot newborn screening program for lysoso‑
mal storage diseases: Report of the First 65,000 Infants. Genet Med. 
2019;21(3):631–40.

	31.	 Burton BK, Charrow J, Hoganson GE, Waggoner D, Tinkle B, Braddock SR, 
et al. Newborn Screening for Lysosomal Storage Disorders in Illinois: The 
Initial 15-Month Experience. J Pediatr. 2017;190:130–5.

	32.	 Taylor JL, Clinard K, Powell CM, Rehder C, Young SP, Bali D, et al. The North 
Carolina Experience with Mucopolysaccharidosis Type I Newborn Screen‑
ing. J Pediatr. 2019;211:193–200.e2. https://​doi.​org/​10.​1016/j.​jpeds.​2019.​
04.​027.

	33.	 Minter Baerg MM, Stoway SD, Hart J, Mott L, Peck DS, Nett SL, et al. 
Precision newborn screening for lysosomal disorders. Genet Med. 
2018;20(8):847–54.

	34.	 Foley A, Cagle S, Hagar A, Hall P, Wilcox WR. Planning, implementation, 
and initial results of newborn screening for Pompe disease and MPS I in 
Georgia. Mol Genet Metab. 2018;123(2):s47.

	35.	 Lal TRR, Crosby CG, Hicks K, Tanpaiboon R. Newborn screen for MPS1 
(Hurler syndrome)—the Washington, DC experience. Mol Genet Metab. 
2019;126(2):s127.

	36.	 Scott CR, Elliott S, Buroker N, Thomas LI, Keutzer J, Glass M, et al. Identi‑
fication of infants at risk for developing Fabry, Pompe, or mucopolysac‑
charidosis-I from newborn blood spots by tandem mass spectrometry. J 
Pediatr. 2013;163(2):498–503.

	37.	 Gragnaniello V, Gueraldi D, Rubert L, Manzoni F, Cazzorla C, Giuliani 
A, et al. Report of five years of experience in neonatal screening for 
mucopolysaccharidosis Type I and review of the literature. Int J Neonatal 
Screen. 2020;6(4):85.

	38.	 Wraith JE, Beck M, Giugliani R, Clarke J, Martin R, Muenzer J. Initial report 
from the Hunter outcome survey. Genet Sci. 2008;10(7):508–16.

	39.	 Khan SA, Peracha H, Ballhausen D, Wiesbauer A, Rohrbach M, Gautschi 
M, et al. Epidemiology of mucopolysaccharidoses. Mol Genet Metab. 
2017;121(3):227–40.

	40.	 Pinto R, Caseiro C, Lemos M, Lopes L, Fontes A, Ribeiro H, et al. Preva‑
lence of lysosomal storage diseases in Portugal. Eur J Hum Genet. 
2004;12(2):87–92.

	41.	 Chkioua L, Khedhiri S, Ben Turkia H, Chahed H, Ferchichi S, Ben Dridi MF, 
et al. Hurler disease (mucopolysaccharidosis type IH): clinical features and 
consanguinity in Tunisian population. Diagn Pathol. 2011;6(1):113.

	42.	 Nelson J. Incidence of the mucopolysaccharidoses in Northern Ireland. 
Hum Genet. 1997;101(3):355–8.

	43.	 Moammar H, Cheriyan G, Mathew R, Al-Sannaa N. Incidence and patterns 
of inborn errors of metabolism in the Eastern Province of Saudi Arabia, 
1983–2008. Ann Saudi Med. 2010;30(4):271–7.

	44.	 Costa-Motta FM, Bender F, Acosta A, Abe-Sandes K, Machado T, Bomfim 
T, et al. A community-based study of mucopolysaccharidosis type VI in 
Brazil: the influence of founder effect, endogamy and consanguinity. 
Hum Hered. 2014;77(1–4):189–96.

	45.	 Jurecka A, Zakharova E, Cimbalistiene L, Gusina N, Malinova V, Rozdzyn‑
ska-Swiatkowska A, et al. Mucopolysaccharidosis type VI in Russia, 
Kazakhstan, and Central and Eastern Europe. Pediatr Int. 2014;56(4):520–5.

	46.	 Bach G, Moskowitz SM, Tieu PT, Matynia A, Neufeld EF. Molecular analysis 
of Hurler syndrome in Druze and Muslim Arab patients in Israel: multiple 
allelic mutations of the IDUA gene in a small geographic area. Am J Hum 
Genet. 1993;53(2):330–8.

	47.	 Chinen Y, Tohma T, Izumikawa Y, Uehara H, Ohta T. Sanfilippo type B 
syndrome: five patients with an R565P homozygous mutation in the 
alpha-N-acetylglucosaminidase gene from the Okinawa islands in Japan. 
J Hum Genet. 2005;50(7):357–9.

	48.	 Khedhiri S, Chkioua L, Elcioglu N, Laradi S, Miled A. Mutations and poly‑
morphisms in N-acetylgalactosamine-6-sulfate sulfatase gene in Turkish 
Morquio A patients. Pathol Biol. 2014;62(1):38–40.

	49.	 Rady PL, Surendran S, Vu AT, Hawkins JC, Michals-Matalon K, Tyring SK, 
et al. Founder mutation R245H of Sanfilippo syndrome type A in the Cay‑
man Islands. Genet Test. 2002;6(3):211–5.

	50.	 Lin HY, Lin SP, Chuang CK, Niu DM, Chen MR, Tsai FJ, et al. Incidence of 
the mucopolysaccharidoses in Taiwan, 1984–2004. Am J Med Genet A. 
2009;149A(5):960–4.

	51.	 Malm G, Lund AM, Mansson JE, Heiberg A. Mucopolysaccharidoses in 
the Scandinavian countries: incidence and prevalence. Acta Paediatr. 
2008;97(11):1577–81.

https://doi.org/10.1002/uog.20371
https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Mucopolysaccharidoses-Fact-Sheet
https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Mucopolysaccharidoses-Fact-Sheet
https://www.newsteps.org/resources/newborn-screening-status-all-disorders
https://www.newsteps.org/resources/newborn-screening-status-all-disorders
https://doi.org/10.1016/j.jpeds.2019.04.027
https://doi.org/10.1016/j.jpeds.2019.04.027


Page 10 of 10Puckett et al. Orphanet J Rare Dis          (2021) 16:241 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	52.	 Cho SY, Sohn YB, Jin DK. An overview of Korean patients with mucopoly‑
saccharidosis and collaboration through the Asia Pacific MPS Network. 
Intractable Rare Dis Res. 2014;3(3):79–86.

	53.	 Krabbi K, Joost K, Zordania R, Talvik I, Rein R, Huijmans JG, et al. The live-
birth prevalence of mucopolysaccharidoses in Estonia. Genet Test Mol 
Biomark. 2012;16(8):846–9.

	54.	 Poorthuis BJ, Wevers RA, Kleijer WJ, Groener JE, de Jong JG, van Weely S, 
et al. The frequency of lysosomal storage diseases in The Netherlands. 
Hum Genet. 1999;105(1–2):151–6.

	55.	 Applegarth DA, Toone JR, Lowry RB. Incidence of inborn errors of 
metabolism in British Columbia, 1969–1996. Pediatrics. 2000;105(1):e10.

	56.	 Poupetova H, Ledvinova J, Berna L, Dvorakova L, Kozich V, Elleder M. The 
birth prevalence of lysosomal storage disorders in the Czech Republic: 

comparison with data in different populations. J Inherit Metab Dis. 
2010;33(4):387–96.

	57.	 Hahn S. Mucopolysaccharidoses: clinical features and diagnosis. In: Pat‑
terson MC, TePas E, editors. UpToDate, Waltham, MA; 2019. Accessed 25 
Apr 2021.

	58.	 Borges P, Pasqualim G, Giugliani R, Vairo F, Matte U. Estimated preva‑
lence of mucopolysaccharidoses from population-based exomes and 
genomes. Orphanet J Rare Dis. 2020;15(1):324.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Epidemiology of mucopolysaccharidoses (MPS) in United States: challenges and opportunities
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Results
	Incidence of MPS in the US
	Current study incidence by state vs. newborn screening pilot studies for MPS I

	Discussion
	National versus global incidence

	Conclusions
	Methods
	Study aim and design
	Study population
	Data handling and analysis

	Acknowledgements
	References


