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Abstract 

Background:  Mucopolysaccharidosis type VII (MPS VII), also known as Sly syndrome, caused by deficiency of the 
lysosomal enzyme β-glucuronidase, is an ultra-rare disorder with scarce epidemiological data and few publications 
about natural history and clinical spectrum.

Methods:  We conducted a case series report which included retrospective data from all MPS VII patients diagnosed 
through the “MPS Brazil Network” who were known to be alive in 2020 in Brazil (N = 13). Clinical data were obtained 
from a review of the medical records and descriptive statistics and variables were summarized using counts and per-
centages of the total population.

Results:  The majority of the patients were from the Northeast region of Brazil. Among the signs and symptoms that 
raised the clinical suspicion of MPS, coarse face was the most frequent; 58% of the patients had a history of non-
immune hydrops fetalis. All the subjects presented short neck and trunk. The majority presented typical phenotypical 
signs of MPS disorders. They all presented neurodevelopmental delay and cognitive impairment. About half of this 
cohort had knees deformities. Dysostosis multiplex was identified in almost all patients and cardiomyopathy was less 
frequent than observed in other types of MPSs. The mean age at diagnosis was 5 years, ranging from 1 to 14 years. 
Almost all patients (12/13) were homozygous for the c.526C>T (p.Leu176Phe) mutation. A novel variant of the GUSB 
gene was found, the c.875T>C (p.Leu292Pro), in a compound heterozygous with the c.526C>T (p.Leu176Phe) variant.

Conclusions:  This case series is the biggest data collection of MPS VII patients alive in Latin America. The overall clini-
cal picture of the MPS VII patients is very similar to other MPS disorders, including a spectrum of severity and delayed 
diagnosis.

Keywords:  Mucopolysaccharidosis type VII, Sly disease, Lysosomal storage disorder, Glycosaminoglycans, Beta-
glucuronidase deficiency

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Mucopolysaccharidosis VII (MPS VII), also known as 
Sly syndrome, is a heterogeneous, progressive, meta-
bolic disorder caused by autosomal recessive inherited 
loss of function mutations at the GUSB gene (OMIM# 
253220), leading to deficiency of the lysosomal enzyme 
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β-glucuronidase (GUS: β-D-glucuronoside glucuronoso-
hydrolase) [1–3] and consequent storage of glycosamino-
glycans (GAGs).

The GUSB gene spans 20 kb on chromosome 7q11.21–
7q11.22 and contains 12 exons; 56 disease-causing 
variants in GUSB (Beta Glucuronidase gene) have been 
reported to date in patients with MPS VII (Human Gene 
Mutation Database Professional). GUSB deficiency leads 
to systemic accumulation of the glycosaminoglycans 
(GAGs) chondroitin sulfate (CS), dermatan sulfate (DS), 
and heparan sulfate (HS) in the lysosomes of many tis-
sues, causing multiple organ dysfunction and reduced life 
expectancy [4, 5].

MPS VII is an ultra-rare disorder with scarce epide-
miological data and an estimated worldwide birth preva-
lence of less than 1:1,000,000 [6, 7]. Most patients with 
MPS VII have typical dysmorphism, short stature, skel-
etal dysplasia, hernias, hepatosplenomegaly, and a large 
proportion have cognitive impairment [4, 5]. The phe-
notype of MPS VII is highly heterogeneous, ranging 
from lethal non-immune hydrops fetalis (NIHF) to more 
attenuated late-onset phenotypes with survival to adult-
hood and normal or near-normal intelligence. The first 
case was reported in 1973 by Dr. William Sly [1]; since 
then, many other cases were identified in patients from 
countries of all continents. The first Brazilian cases with 
clinical, biochemical and molecular diagnosis of MPS VII 
were reported in 2003 in a family with three affected sib-
lings [8].

A specific enzyme replacement therapy (ERT) was 
developed for MPS VII patients. Vestronidase alfa is a 
formulation of recombinant human β-glucuronidase 
(rhGUS; UX003—Ultragenyx Pharmaceutical Inc.), 
approved by the Food and Drug Administration (FDA) in 
2017 and in 2018 by Agência Nacional de Vigilância San-
itária (ANVISA-Brazil) to treat children and adults with 
MPS VII. These approvals were based on findings from 
studies including non-interventional reviews of medical 
records, patient surveys, and clinical trials [9–13].

The extreme rarity of MPS VII means that there is very 
limited information available about natural history and 
clinical course. The aim of this article is to describe the 
clinical, biochemical and molecular findings of a case 
series of Brazilian MPS VII patients. This is, to the best of 
our knowledge, the largest cohort of living patients with 
MPS VII from a single country.

Methods
This case series study included retrospective data from 
all Brazilian patients diagnosed with MPS VII through 
the “MPS Brazil Network” (“Rede MPS Brasil”) who were 
known to be alive and living in Brazil in 2020 [14]. Due 
to the lack of data of clinical data on patients deceased or 

lost to follow-up, they were not included in the present 
analysis. The MPS Brazil Network is a partnership involv-
ing Brazilian medical centers that treat MPS patients 
and the Medical Genetics Service of Hospital de Clíni-
cas de Porto Alegre (MGS-HCPA). MGS-HCPA service 
coordinates the project, provides the necessary informa-
tion and performs the biochemical and genetic analyses, 
results of which are forwarded to network members of 
participating centers in the whole country [15]. The ethi-
cal approval of this study is covered by the MPS Brazil 
Network project (#03-066/GPPG/HCPA) and all the 
patients or caregivers gave written informed consent to 
this publication.

The MPS Brazil Network has records of 13 living 
patients as of date, out of a total of 27 MPS VII Brazil-
ian cases diagnosed from 1982 to 2019 (unpublished 
MPS Brazil Network data). All treating physicians were 
contacted and invited to a meeting to discuss the report 
and agreed to send available data of their patients. Patient 
clinical data were obtained from a review of the medi-
cal records using a standardized form developed by the 
study members.

Descriptive statistics was applied and variables were 
summarized using counts and percentages of the total 
population. Although all the information from partici-
pating centers was compiled, information on some items 
could not be obtained or were not available. Variables 
were summarized using descriptive statistics including 
mean, median, ranges, percentages and/or frequencies. 
Unless otherwise reported, the presented data refers to 
the latest assessment.

Results
This study collected data on 13 patients, 6 males and 7 
females, from 11 unrelated families, ranging in age from 
2 to 23 years (mean 12.9; median 13.5). The majority of 
the patients were from the Northeast region of Brazil 
(N = 8), two were from the Southeast region, one from 
the Center-West region, one from South region, and one 
from the North region (Fig. 1). The father of the patient 
from the Center-West region was originally from Per-
nambuco, a State in the Northeast region of the country. 
In seven families the parents of affected patients have 
some degree of consanguinity.

Among the signs and symptoms that raised the clini-
cal suspicion of MPS, coarse face was the most frequent 
(3/10), followed by NIHF (2/10) and dysostosis multi-
plex (2/10). Short stature, hepatosplenomegaly or joint 
deformities was the leading diagnostic symptom for three 
patients. Parental consanguinity and family history were 
also observed by physicians as warning signs at the time 
of diagnosis. The information about the triggering factor 
for clinical diagnosis was not available for three patients. 
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The mean age at diagnosis was 5  years, ranging from 1 
to 14  years. Additional patient demographics, fam-
ily history, and individual backgrounds are described in 
Table 1.

Anthropometric measures at the last assessment are 
described in Fig.  2. The 3rd and 97th percentile in the 
graphs were obtained from WHO (World Health Organi-
zation) charts [16] Patients numbered 7 and 12 both par-
ticipated in a CLUX003-301 clinical trial (NCT02230566) 
and have been receiving ERT with alfa vestronidase since 
2015 [12]. Therefore, the clinical course of their disease 
might be modified by the therapy during the period of 
the assessments here described.

Clinical exams at last assessment are described in 
Table 2. All the subjects presented short neck and trunk. 
The majority presented typical phenotypical signs, such 
as thick eyebrows, coarse facial features and abdomi-
nal protrusion. They all presented neurodevelopmental 
delay and cognitive impairment, while hyperactivity and 
seizures were less frequent. Four patients had genu val-
gum, three had genu varum, and three had no alterations 

on the knees. One patient had no foot alterations, four 
presented equinus feet (one of them slightly valgum), 
two valgum, three varum, and three unknown/not 
assessed. Most patients had dysostosis multiplex (11/13; 
2 unknown); 10/13 did not have cardiomyopathy and 
the status of the remaining three were unknown/not 
assessed.

Discussion
MPS VII is an ultra-rare genetic disorder, one of the least 
prevalent MPS types. This case series is the biggest MPS 
VII data collection of patients alive in Latin America, 
and as such, contributes to a better understanding of this 
highly heterogeneous condition. In Brazil, during the last 
40 years, 27 MPS VII patients were diagnosed by MGS-
HCPA and MPS Brazil Network, representing 1.3% of 
the total MPS cases (unpublished data of the MPS Bra-
zil Network). The 13 patients described in this case series 
include all MPS VII patients known to be alive in the 
country. This is likely representative of the actual num-
ber and geographical distribution of MPS VII patients in 

Fig. 1  Geographical distribution of families with MPS VII (number of patients is in brackets)
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Brazil, as MGS-HCPA is the main reference center for 
the diagnosis of MPS disorders in the country, receiving 
samples from every Brazilian state since it was estab-
lished in 1982 [15, 17].

In Brazil, the overall mean rate of consanguineous 
marriages is about 4.8%, the lowest inbreeding levels 
were described in the southern states, whereas in some 
states of the Northeast these rates vary from 6 to 12% 
[18, 19]. This could potentially explain why most of the 
MPS VII patients described here are from this region. 
Nine out of the 13 patients described here have history 
of parental consanguinity, seven of which are from the 
Northeast region.

As previously described in MPS VII [20–22], patients 
can present a history of NIHF. In our study 58% (7/12) 
of the patients had a history of NIHF, a proportion 
higher even than that found in previous case series, 
with percentages reported as 38.5% [22], 41.1% [4], 
45.5% [23] and 48.6% [20], which reinforces the impor-
tance of testing for MPS VII during the etiologic inves-
tigation of an hydropic fetus.

As in the cohort described by Montano et  al. [4], 
some phenotypic characteristics are frequently 
reported in patients with MPS VII and should lead to 
a suspicion of MPS, highlighting coarse face, thick eye-
brows, short trunk and short neck. Montano further 
described that dysostosis multiplex on X-ray was the 
most consistent finding in the MPS VII patient survey 
(90% of the patients) [4], which is in accordance with 
our findings, as 100% of our patients presented this 
abnormality.

Cognitive impairment is common in MPS VII patients 
and has been attributed to the storage of the GAG hep-
aran sulfate (HS). This finding is present in 86 to 94% 
of patients, according to Montano. Since MPS VII is a 
progressive disease, due to continuous accumulation 
of GAGs, patients usually deteriorate cognitively dur-
ing the course of the disease [24]. All Brazilian patients 
described here have neuromotor development, cognitive, 
and/or behavioral disturbances.

The skeletal phenotype of the patients described here 
is very typical of MPS, with patients presenting a set of 
abnormalities known as “dysostosis multiplex”. However, 
some characteristics seem to be more prominent in MPS 
VII patients, such as very short trunk and an apparent 
proportionally long lower extremities with feet deformi-
ties. One of the patients with congenital talipes equino-
varus was due to neuro tube defect.

Short stature is one of the most characteristic features 
observed in patients with MPS VII. However, in this sur-
vey, it was not observed in patients under three years of 
age. Previous cohort studies have also reported normal 
growth until 18–24  months of age [4]. These findings 

suggest that short stature is not a hallmark for early MPS 
VII diagnosis.

Regarding the organomegaly often found in MPS, 50% 
of the patients from this cohort have hepatomegaly/sple-
nomegaly, compared to 75% from Montano et  al. [4], 
39.8% from Zielonka et al. [23] and 46.2% from Morrison 
et al. [22]. The fact that 2 out of 13 patients were receiv-
ing ERT may have an impact on the proportion of hepa-
tomegaly/splenomegaly observed in our cases. Umbilical 
and/or inguinal hernia was found in 91% while in other 
cases ranged from 31.8 to 61% [4, 22, 23].

The cardiorespiratory impairment, which is an impor-
tant cause of morbidity in patients with MPS, was not so 
evident in our cohort as from other reports [4, 22]. This 
may not reflect that the patients in Brazil are less severe, 
but simply that cardiac and pulmonary assessments were 
available for only a few patients.

Regarding the 14 patients diagnosed by MGS-HCPA 
and MPS Brazil Network since 1982 but not included 
in this analysis, we have the following comments: 1)one 
patient moved to the United States shortly after receiv-
ing the diagnosis and we know is alive and receiving 
ERT;2) six patients we know that have passed away; of 
the six deceased patients, three were siblings of a con-
sanguineous couple, described by Schwartz et al. (2003) 
as the first report of MPS VII in a Brazilian family: one 
died at 6 years from respiratory problems, another died 
at 20  months due to complications of bone marrow 
transplantation and the patient who was 18  years old 
at the time of publication, died later. The three siblings 
had early onset of symptoms, dysostosis multiplex and 
did not have NIHF [8]. Another deceased patient was 
a girl from the city of Araci, in Bahia, which is in the 
same micro-region of five patients reported here (cities 
of Monte Santo, Tucano and Araci, Fig.  1). This patient 
had a similar phenotype, including NIHF, dysostosis mul-
tiplex, hepatomegaly and behavioral problems; she died 
of pneumonia at age 12. We are aware that two other 
patients died, but we do not have clinical details; 3) the 
remaining seven patients were diagnosed but no clinical 
details are available and no follow-up was possible.

One peculiar characteristic of the Brazilian cohort is 
that almost all patients are homozygous for the c.526C>T 
(p.Leu176Phe) mutation. This mutation was first identi-
fied in a Mennonite family and was the fourth mutation 
in GUSB gene reported [25]. This is the most common 
mutation among MPS VII patients worldwide, with an 
overall allele frequency of 20.4% [26]. The phenotype-
genotype correlation for this mutation is still not clear 
as some patients were described as moderately severe 
[8, 25] while others as presenting an attenuated pheno-
type [26]. We also observed a broad clinical spectrum 
for this genotype in our study, with a tendency to have 
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patients at the severe end of the spectrum. This level of 
severity might not be expected based on data from bio-
chemical assays and mouse models, which suggest that 
the c.526C>T (p.Leu176Phe) GUS allele has 84% of the 
enzyme activity of wild-type GUS [26, 27].

One patient in this cohort is a compound heterozy-
gote for c.526C>T (p.Leu176Phe) and c.875T>C 
(p.Leu292Pro), a mutation was not previously reported. 
This patient has a moderate phenotype despite present-
ing with very low GUS plasma activity (0.7 nMol/h/mg). 

In fact, all 13 patients in this study had very low enzyme 
activity, which does not seem to be predictive of their 
clinical phenotypes. The heterozygous patient presented 
initially with persistent jaundice, hepatosplenomeg-
aly and umbilical hernia and by the age of 3, presented 
coarse facial features, neurodevelopmental delay, and 
skeletal dysplasia.

Both patients receiving ERT could be considered 
with a moderate/severe phenotype, they had history of 
NIHF and all typical MPS VII clinical features, includ-
ing neurocognitive impairment. Although the objective 

Fig. 2  Anthropometric measures in the last assessment a height, b weight, with 3rd and 97th percentile obtained from WHO charts [16])
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of this study was not to evaluate the effects of the ERT, 
it becomes clear that some signs as hepatosplenomegaly 
were reduced and the progression of the disease was 
apparently stabilized.

Conclusions
The overall clinical picture of the MPS VII patients is very 
similar to other MPS disorders, including a broad spec-
trum of severity, as observed in the Brazilian patients. 
This spectrum of severity is characterized by patients 
who died in the first years of life, from complications of 
the disease, to patients who reached the third decade 
of life, with the disease relatively stable, even before the 
availability of specific treatments. This clinical hetero-
geneity is somewhat surprising considering that all the 
living patients but one are homozygous for the same 
missense mutation c.526C>T(p.Leu176Phe). Therefore, 

it seems very challenging to establish whether there is a 
genotype–phenotype correlation for this ultra-rare con-
dition. The novel variant c.875T>C (p.Leu292Pro), iden-
tified in heterozygosity in one patient, is being described 
here for the first time.

The geographical origin of the patients described here 
matches with regions in Brazil with high consanguin-
ity rates, which is in line with the occurrence of cases of 
ultra-rare disorders. The fact that patients from different 
families with the same homozygous mutation were iden-
tified in different regions of the country suggests that the 
mutation arrived in Brazil long ago. Molecular genetic 
studies on the ancestrality of this mutation are planned to 
provide further trace its path in Brazil.

It is also important to reinforce the need to consider 
MPS VII as a differential diagnosis for NIHF, as most 
patients described in our series had a history of fetal 

Table 2  Summary of clinical findings in the last assessment

Clinical data Yes Not Unknown

Head and neck Coarse facies 10 3 0

Corneal clouding 8 5 0

Thick eyebrows 10 3 0

Macroglossia 9 4 0

Dental changes 10 3 0

Gum hypertrophy 9 3 1

Short neck 13 0 0

Trunk Short trunk 13 0 0

Kyphosis 7 6 0

Scoliosis 9 4 0

Gibbosity 7 5 1

Pectus carinatum/excavatum 9 4 0

Abdominal protrusion 11 2 0

Hernia 10 1 2

Visceromegaly palpable Liver 6 6 1

Spleen 5 7 1

Limbs Joint contractures 6 7 0

Restricted mobility 10 3 0

Claw hands 5 7 1

Curved fingers 6 6 1

Neurological Neuromotor development delay 13 0 0

Cognitive deficit 11 1 1

Limited vocabulary 12 0 1

Behavior disturbances 3 9 1

Seizures 1 11 1

Radiographic and complementary 
exams findings

Reduced pulmonary function (CVF) 0 5 7

Valvular heart disease 7 3 3

Cardiomyopathy 0 11 2

Dysostosis multiplex 13 0 0

Acetabular dysplasia in the hips 9 2 2

Hepatosplenomegaly 6 5 2
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hydrops. In fact, the majority of patients presented here 
had a delayed diagnosis. With the availability of a tar-
geted treatment, early diagnosis and treatment is key to 
improve clinical outcomes, as seen for other MPS that 
also have specific treatment.
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