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ABSTRACT. Although lysosomal storage disorders (LSDs) are
considered individually rare, as a group they present a non-negligible
frequency. Few studies have been made of populational occurrence
of LSDs; they have been conducted predominantly on Caucasian
populations. We studied the occurrence of LSDs in Cuba. Data from
individuals who had been referred to the Institute of Neurology and
Neurosurgery in Havana from hospitals all over the country between
January 1990 and December 2005 were analyzed. This institute was
the only laboratory to provide enzyme-based diagnostic testing for 19
LSDs in Cuba during this period. Occurrence rates were calculated
by dividing the number of postnatal diagnoses by the number of
births during the study period. The combined occurrence of LSDs in
Cuba was 5.6 per 100,000, lower than that reported in other studies
conducted on Caucasian populations. The most frequent individual
LSDs were: mucopolysaccharidosis type I (1.01 per 100,000) and,
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surprisingly, alpha-mannosidosis (0.72 per 100,000) and fucosidosis
(0.62 per 100,000). These findings may be related to specific genetic
characteristics and admixture of the Cuban population. This is the first
comprehensive study of the occurrence of LSDs in Cuba. We conclude
that the epidemiology of these diseases can vary regionally, and we
stress the need for similar surveys in other Latin American countries.

Key words: Inborn errors of metabolism; Lipidoses; Sphingolipidoses;
Lysosomal storage diseases; Mucopolysaccharidosis

INTRODUCTION

Lysosomal storage diseases (LSDs) form a heterogeneous group of hereditary
metabolic disorders, comprising more than 50 different genetic diseases. Most of them
involve the dysfunction of lysosomal hydrolases. However, proteins involved in vesicu-
lar traffic and the biogenesis of lysosomes can also lead to the disruption of lysosomal
function impaired substrate degradation and eventually cell dysfunction. Most LSDs are
inherited as autosomal recessive traits, with the exception of Fabry disease, mucopoly-
saccharidosis (MPS) type II (Hunter disease) and Dannon disease, which have X-linked
recessive inheritance. LSDs are progressive diseases usually with severe clinical conse-
quences, where it is not a negligible cause of morbidity and mortality, especially in pedi-
atrics (Parkinson-Lawrence et al., 2010).

Although the LSDs are considered individually rare, their incidence as a group may
be considered substantial, ranging from 7.6 per 100,000 in British Columbia (Applegarth and
Toone, 2000) to 25 per 100,000 in Portugal (Pinto et al., 2004). In selected populations, higher
prevalence values have been reported, such as in Aramco Province, Saudi Arabia (44 per
100,000) (Moammar et al., 2010).

Epidemiological studies on LSDs are relatively scarce in the world. Due to the fact
that these are rare diseases, long study periods must be considered to obtain precise data. An
additional challenge is that, in most countries, there are several diagnostic centers, making it
difficult to collect and unify the information (Giugliani, 2010). Some published studies have
focused on specific disorders or groups of disorders that are diagnosed in special reference
laboratories, or in selected populations at particularly high risk for certain conditions. Most
studies have been conducted in Caucasian populations (Meikle et al., 1999; Poorthuis et al.,
1999; Applegarth et al., 2000; Dionisi-Vici et al., 2002; Pinto et al., 2004; Poupetova et al.,
2010), with little or no information from countries where mixed ethnic populations are the
rule, as is the case in Latin America.

The lack of accurate occurrence data is a handicap for those who want to provide appro-
priate clinical services for these patients, as they are required to establish management guidelines
to be adopted by public or private health services, constituting a key factor in the adoption of
screening and treatment programs for LSDs (Fletcher, 2006; Platt and Lachmann, 2009).

After the introduction of the enzyme assays for the diagnosis of LSDs in Cuba in
1986, case reports have been published by several groups (Alvarez-Valiente et al., 1999; Llau-
rado et al., 2000; Campos-Hernandez, 2008), as well as descriptions of case series (Llaurado
et al., 1994; Soto et al., 1995; Menéndez et al., 2003; Gutiérrez et al., 2007).
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During the period 1990-2005, all enzyme-based diagnostic testing for LSDs in Cuba
was carried out at the Institute of Neurology and Neurosurgery, enabling us to use this infor-
mation to estimate the occurrence of LSDs in the country.

PATIENTS AND METHODS

We analyzed data from subjects who had been referred to, or whose blood samples had
been sent to the Institute of Neurology and Neurosurgery in Havana, Cuba, between January
1990 and December 2005. Referrals were made by services of Pediatrics, Neurology, Clinical
Genetics, Hematology, Cardiology, Orthopedics, Gastroenterology, and Ophthalmology from
hospitals all over the country. Because Cuba has universal health care and a consistent stan-
dard of medical care throughout the country, we believe that our data provide a fair estimate
for the minimal occurrence of these diseases.

In all patients, enzyme assays in leukocytes and/or serum were carried out at our
Institute using fluorometric (4-methylumbelliferyl substrates) and spectrophotometric (p-
nitrophenyl and p-nitrocatechol substrates) methods. These assays were available for 16
lysosomal enzymes, enabling the diagnosis of 19 LSDs. The diagnosis of LSD was finally
established by the physician taking into account the clinical and laboratory findings. Data
on the number of births in Cuba from 1990 to 2005 (2,367,619 live births) were obtained
from the 2005 Health Statistics Yearbook (Anuario Estadistico de Salud en Cuba, 2005).
Patient data were compiled according to disorder and year of diagnosis. Incidence rates
were calculated by dividing the number of postnatal diagnoses by the number of births
during the study period as described by Meikle et al. (1999) and Dionisi-Vici et al. (2002).
Confidence intervals (95%) for the incidences of groups of diseases were calculated em-
ploying Statistica 6.0 for Windows (Stat Soft Inc., 2000). Carrier frequency was calculated
considering the incidence obtained for each disease, by using the Hardy-Weinberg equilib-
rium (Mueller and Young, 2001).

RESULTS

From January 1990 through December 2005, 132 patients were diagnosed with one of
16 specific types of LSDs in Cuba. For three LSDs, there were no diagnoses during the study
period (Sandhoff, MPS VII and multiple sulfatase deficiency). Median ages at diagnosis, with
the low and high values, as well as the number of cases for each disease are shown in Table 1.
In 12 of the 16 disorders diagnosed in the Cuban population during this period (75%), the me-
dian age of diagnosis was below 4 years, although the range of ages in some disorders revealed
a considerable variation in the clinical spectrum.

Table 1. Relative frequency and incidence of lysosomal storage diseases in Cuba.

Disease No. of patients (1990-2005) Relative frequency (%)  Incidence (per 100,000)  Confidence interval (95%)
Lipidosis 41 312 1.76 1.10-2.38
Mucopolysaccharidoses 37 28.0 1.56 0.94-1.93
Glycoproteinoses 32 242 1.35 0.66-1.73
Mucolipidoses 11 8.3 0.46 0.13-0.74
Glycogenosis IT 11 83 0.46 0.16-0.95
Total 132 100.0 5.6 4.16-6.71
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The number of live births showed a decreasing trend during the study period; while
the number of diagnoses varied over the years, with a minimum of two in 2001 and a maxi-
mum of 15 in 1996, not related to any specific national or regional screening strategies

(Figure 1).
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Figure 1. Postnatal diagnoses of lysosomal storage disorders made in Cuba from 1990 through 2005.

The frequency distribution and occurrence of the five main groups of LSDs during
the observation period is shown in Table 1. Almost a third of the LSD patients had a lipi-
dosis, followed very closely by MPS and glycoproteinoses; the remaining 16% suffered
from mucolipidosis or glucogenosis II. The combined minimal occurrence for all LSDs
was estimated as 5.6 per 100,000 live births (95%CI = 4.16-6.71).

Data on patients with lipidoses, MPS and other LSDs detected during the study
period - including estimated carrier frequencies - in the Cuban population are presented
in Table 2. The incidence and carrier frequencies of these disorders ranged from 1.01
per 100,000 and 1 per 156, respectively, for MPS I, which was the most frequently
detected LSD, to 0.04 per 100,000 and 1 per 3741, respectively, for Wolman disease,
MPS IV B and Fabry disease. Of note is the fact that the second and third most frequent
individual LSDs were a-mannosidosis and fucosidosis, usually very rare in most parts
of the world.
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Table 2. Incidence of lysosomal storage diseases in Cuba.

Diseases Cuba Other countries prevalence/incidence per 100,000 live births
N Median age Estimated Estimated Australia Czech Republic Portugal British Netherlands
(range) years ocurrence carrier (Meikle (Poupetova (Pinto Columbia (Poorthuis
(per 100,000)  frequency etal., 1999) etal., 2010) et al.,, 2004) (Applegarth ctal., 1999)
et al., 2000)
MPS 1 24 2(0.3-8) 1.01 1/156 1.14 0.72 1.33 0.58 1.19
MPS III B 2 2.5(2-3) 0.08 1/1 870 0.47 0.02 0.72 - 0.42
MPS IV B 1 6 0.04 1/3 741 0 0.02 0 - 0.14
MPS VI 10 2.3 (0.3-6) 0.42 1/374 0.43 0.05 0.42 0.48 0.15
MPS VII 0 - 0 - 0.05 0.02 0 0.29 0.24
MSD 0 - 0 - 0.07 0.26 0.48 0.10 0.05
GMI1 gangliosidosis 10 3(2-26) 0.42 1/374 0.26 0.26 0.62 0.19 0.41
Tay-Sachs 9 1.5(0.5-16) 0.38 1/415 0.50 0.30 3.13 0.39 0.41
MLD 7 3 (2-45) 0.29 1/534 1.09 0.69 1.85 0.58 1.42
Niemann-Pick A-B 2 1.5(1-2) 0.08 1/1 870 0.40 0.33 0.60 0.39 0.53
Fabry 1 2 0.04 1/3 741 0.86 0.64 0.12 0.29 0.21
Gaucher 11 8(2-38) 0.46 1/340 1.75 1.13 135 0.39 1.16
Sandhoff 0 - 0 - 0.26 0.19 1.49 0.29 0.34
Wolman 1 16 0.04 1/3 741 0.19 0.27 - 0.58 0
a-Mannosidosis 17 2(0.6-9) 0.72 1/220 0.10 0.38 0.12 0.19 0.09
Fucosidosis 15 3.5(0.2-17) 0.63 1/249 0 0 0 - 0.05
Mucolipidosis II 7 1(0.6-2) 0.29 1/534 0.31 0.22 0.81 0.29 0.24
Mucolipidosis I11 4 28.5(25-30) 0.17 1/935 -
Glycogenosis 1T 11 3(0.3-32) 0.46 1/340 0.69 0.37 0.17 0.90 2.0

MPS = mucopolysaccharidosis; MSD = mucosulfatidosis; MLD = metachromatic leukodystrophy.

DISCUSSION

The overall incidence/prevalence of LSDs reported in the scientific literature ranges
from 7.6 per 100,000 for British Columbia in Canada (Applegarth et al., 2000) to 25 per
100,000 for Northern Portugal (Pinto et al., 2004). The minimal ocurrence estimated for Cuba
during the study period was 5.6 per 100,000 live births, approximately half of that reported in
European countries and Australia (Meikle et al., 1999; Poorthuis et al., 1999; Dionisi-Vici et
al., 2002; Sanderson et al., 2006; Stromme et al., 2007; Poupetova et al., 2010), but closer to
that reported in British Columbia (Applegarth et al., 2000).

The number of LSDs tested may account for the lower figure that we found. Most
of the epidemiological studies that have been published include 24 to 34 disorders, while
our study was limited to enzymatic diagnosis of only 19 LSDs. For some diseases, this is a
setback due to their relative frequency, which can affect the calculation of a precise combined
incidence; such is the case for MPS II, MPS III A, MPS IV A, Krabbe disease, and Niemann-
Pick C disease. If these enzyme defects would have been assayed, and considering the aver-
age prevalence/incidence reported by other authors, our combined incidence would approach
8.0/100,000, which is very similar to that reported in British Columbia (Applegarth et al.,
2000), but still lower than the rest of the epidemiological studies (Krasnopolskaya et al., 1993;
Meikle et al., 1999; Poorthuis et al., 1999; Pinto et al., 2004; Poupetova et al., 2010). Another
is the case for neuronal ceroid lipofuscinoses (NCL), for which relatively high prevalences
have been reported in Portugal, Czech Republic and Finland (2.14, 2.29 and 12.5 per 100,000,
respectively; Santavuori, 1988; Pinto et al., 2004; Poupetova et al., 2010). Nevertheless, other
epidemiological studies have not included NCLs, and still observed higher combined inci-
dences than Cuba (Meikle et al., 1999; Poorthuis et al., 1999).
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Although MPS 1 was the most frequent LSD diagnosed in Cuba, its occurrence is
within the range reported in the literature. The most surprising finding of our study is the
relatively high occurrence of a-mannosidosis and fucosidosis (0.72 and 0.63 per 100,000,
respectively), compared to the results published by other authors. The studies carried out in
Portugal, Czech Republic, Australia, and Russia did not reveal cases of fucosidosis, while in
the Netherlands a very low incidence was encountered (0.05 per 100,000) (Table 2). Pampols
et al. (1997) reported 3 cases during a study period of 20 years in Spain in 1997, but 10 years
later in another study, Maceira and Atienza (2008) found no cases.

It has been reported that more than 30% of all fucosidosis cases are attributed to the
southern region of Italy, with other regions of high incidence such as Hispanic populations of
New Mexico and Colorado in the USA and the Eastern part of Cuba (Llaurado et al., 1994;
Willems et al., 1999). Cuba is probably one of the regions with the highest incidence of fucosi-
dosis in the world, most cases being concentrated in the Holguin Province, with an estimated
rate of 1.4 per 100,000 in this region, where a high level of consanguinity has been reported
(Llaurado et al., 1994). A single mutation Q422X - in the stop codon of exon 8 (FUCA-1) - has
been detected, supporting the hypothesis of a founder gene (Willems et al., 1999).

For a-mannosidosis there are incidence reports ranging from 0.09 in the Netherlands
to 0.38 in the Czech Republic (Table 2), while the incidence observed in this study doubles the
highest value. With the available data, it seems that the incidence of a.-mannosidosis in Cuba
is one of the highest reported; with a carrier frequency of 1/288, considerably above those
reported in the Czech Republic (Poupetova et al., 2010) and Australia (Poorthuis et al., 1999),
1/514 and 1/3920, respectively.

Summarizing the results of this study, it is of note that the overall minimal occurrence
of LSDs in the Cuban population is 5.6 per 100,000, below the values reported in studies per-
formed in other countries/regions. This may be caused 1) by the limited awareness of physicians
about these diseases (which could impact referral to reference centers), 2) by the limited number
of LSDs tested (19) or 3) by the genetic characteristics and admixture of the Cuban population.

Regarding this last point, the Cuban population is essentially the result of the admix-
ture between Spanish, West Africans and, to a lesser degree, Chinese and Native Americans.
Recent studies have demonstrated the important European/African contribution to the genetic
composition of the Cuban population, indicating that admixture must be considered (Mendiza-
bal et al., 2008; Cintado et al., 2009; Teruel et al., 2011). Thus, in analyzing the differences
between the frequencies of individual LSDs found here and those of other studies, one has to
take into account, not only the level of consanguinity and the possible genetic specificities of
different populations, which occur worldwide, but also the genetic admixture of the Cuban
population, not present in other epidemiological studies.

This study offers the first comprehensive data on the occurrence of LSDs in Cuba,
where it is also a pioneer study in Latin America. The data presented here could be of rel-
evance to assess the burden that these disorders impose on our health systems, enabling the
design of appropriate management and prevention policies.
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