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INTRODUCTION

Lysosomal Storage Disorders (LSDs) comprise a group of at least 

50 distinct genetic diseases, each one resulting from a defi ciency of 

a particular lysosomal protein activity, or in a few cases from non-

lysosomal activities that are involved in lysosomal biogenesis or 

protein maturation. All share a common biochemical characteristic 

in that they result in accumulation of normally degraded substrates 

within lysosomes. Th is eventually leads to an irreversible cell damage, 

and ultimately multi-organs dysfunction. Th e substrates stored 

and site of storages vary, leading to a wide spectrum of clinical 

manifestations [1-3].

Th e majority of LSDs are inherited in an autosomal recessive 

manner, with the exception of few disorders which follow the 

X-Linked mode of inheritance. Th e overall frequency of LSDs varies 

according to the populations studied, time of data collection, method 

of diagnosis and calculation used to estimate the prevalence [4-10]. 

Th e collective prevalence was estimated to be 13/100,000 live births 

in Australia [4] and up to 26/100,000 live births in United Arab of 

Emirates [10].  However, newborn screening a high prevalence for 

LSDs due to the detection of a later onset of forms of the disease [11-

14]. Since the recognition by Chamoles and his coworkers [15] that 

lysosomal enzymes retain activity in dried blood spots on fi lter paper, 

novel substrates were designed to be used by diagnostic and screening 

laboratories for detection of LSDs. Th is ultimately had facilitated the 

introduction of few LSDs for routine Newborn screening utilizing 

mass spectrometry and recently fl uorimetry for enzyme activity assay 

[16]. Interest in newborn screening for additional LSDs continues to 

expand as new technologies, second tier tests and treatments become 

available.

Th e aim of our study is to calculate the prevalence of LSDs 

among the Saudi population in Th e Eastern Province of Saudi Arabia 

from January, 1st, 1983 to December, 31st, 2013. To the best of our 

knowledge, there is no reported data on the prevalence of LSDs in 

Saudi Arabia. A former published data on the incidence of the inborn 

errors of metabolic diseases in our population showed that LSDs 

represented one third of all the disorders [17]. 

METHOD

Saudi Aramco provides a comprehensive healthcare for a 

population of 363,973 including the employees and their dependents 

at several medical facilities and a main tertiary hospital in Dhahran. 

Th is review covers a 33 years from January 31st 1983 to December 31st 

2016.  Th e study was approved by the institutional review board. 

Th e medical records of all the patients diagnosed with LSDs 

born from January 1st 1983 to December 31st 2016 were reviewed. 

During the study period 210,897 live births were registered. Th ose 

children followed within our medical facility from the time of their 

birth till their father retirement from the company. Th e diagnosis 

was suspected due to the presence of typical manifestation, or 

history of previous aff ected family members. Th e confi rmation 

was established by measuring the enzyme activity in either the skin 

cultured fi broblasts, or leukocytes of the index case. Genetic study 

was available for only 24 of the 43 (55 %) studied families due to the 

early death of the aff ected individuals. DNAs were extracted from 

the index patients aft er obtaining the consents. Th e samples used to 

be sent for analysis to diff erent internationally accredited diagnostic 

Labs (Mayo Clinic, Willink Royal Manchester, Toronto molecular 

Lab, and others). Recently, all the samples are directed to Cento gene, 

Rostock, Germany. Th e methodology included PCR and sequencing 

of the entire coding region and the highly conserved exon-intron 

splice junctions.  Parents of the deceased patient with Wolman disease 

were tested for a previously identifi ed genotype c.260G > Tp.G87V in 

the LIPA gene within their tribe.  Both were found to be heterozygous 

for the same variant. Th e prevalence was calculated as the number 

of the patients diagnosed with particular LSDs divided by the total 

number of live birth during the same period (the interval between the 

year of the birth of the eldest patient and the year of the birth of the 

youngest patient). Patients born prior to 1983 were excluded from the 

study. Birth prevalence was expressed as number patients per 100,000 

live births. 

RESULTS 

A total number of 89 patients from 43 families were diagnosed 

with diff erent types of LSDs over the last three decade. All except one 

family were consanguineous (fi rst cousins marriage). Th e combined 

birth prevalence of all LSDs is 42 per 100,000 live births (Table 1). 

More than one third of these patients had lipidosis and the second 

one third had Mucopolysaccharidosis (MPSs).  MPS VI represented 

the largest subtype where a single genotype was identifi ed in all except 

one of the tested families [18]. Th e remaining one third of patients 

were distributed between diff erent types including NCL, glycogenosis 

II, mucolipidosis, glycoprotienosis and cystinosis (Figure 1). Another 

common genotype was also identifi ed among families with NCL5. 

Ten of the twenty four identifi ed mutations were novels (Table 2).

DISCUSSION

Saudi Arabia is the second largest Arab state situated at southwest 

of Asia and occupies almost 80 % of the Arabian Peninsula (map) 

with an estimated population of approximately 22,000,000 people. It 
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is characterized by a rapid growth, large family size with a high rate of 

consanguineous marriages (fi rst or second cousin). Th is had resulted 

in the appearance of certain genetic disorders among some extended 

families and tribes [19].

Given the progressive industrial development at the Eastern 

province, people from the rest of the country started migrating to 

where a good job opportunity and better standard of living.  Th is 

is a hospital-based study with its limitation to estimate the exact 

prevalence of the LSDs in this part of the word.  However, it provides 

a good overview of the phenotype and genotypes spectrum for these 

disorders among the Saudi population. To the best of our knowledge, 

there had been no reported data on the prevalence of LSDs in Saudi 

Arabia. Ozand et al 1990 [20] had reported 125 cases in three years 

refl ecting the high prevalence of LSDs in the Saudi population. His 

data suggested that MPS IVA (Morquio disease), multiple sulfatase 

defi ciency, Niemann-Pick disease type B, Sandhooff  disease, GM2, 

and ceroid Neuronal lipofuscinosis are encountered frequently in 

Saudi Arabia, as compared to other storage diseases. Th e reported 

incidence of inborn error of metabolism in our population showed 

that LSDs represented 30 % of all the disorders [17]. Th e collective 

prevalence of LSDs in the Saudi population at the Eastern Province 

of Saudi Arabia was estimated to be 42.2 per 100,000 live births. Th is 

is signifi cantly higher than former reported prevalence for other 

countries [4-10]. In the other hand, this not the case when our results 

were compared with data obtained in recent screening studies (Table 

3). Th is is due to missing of patients with late onset presentation 

in the old studies. In our group of patients lipidosis was the most 

frequently diagnosed LSD (20 per 100,000 live births), followed by 

MPS (18 per 100,000 live births), and then NCL (5.5 per 100,000 

live birth). Sandhoff  disease was the most common lipidosis subtype 

(6 per 100,000 live births). Interestingly, Tay-Sachs disease was not 

Table 1: NL-Netherlands; MPS-Mucopolysaccharadosis; MLD-Metachromatic Leukodystrophy; MSD-Multiple Sulfatase Defi ciency; NCL-Neuronal Ceroid 
Lipofuscinosis; GSD-Glycogen Storage Disease; ISSD-Infantile Sialic Acid Storage Disease. 

Disease Number of 
Patients

Prevalence 
/100,000 Live 

Births

Other Countries Prevalence/100,000 Live Birth
Australia

(Mickle et al 
1999)

NL
(Poorthuis et al 

1999)

Czech
(Poupetova et al 

2010)

Portugal
(Pinto et al 

2004)

Emirates
(Al - Jasmi et al 

2012)
MPS I 7 3.31 1.14 1.19 0.72 1.33 0.25
MPS II 0 0 0.74 0.67 0.43 1.09 -

MPS IIIB 3 1.42 0.47 0.42 0.02 0.72 1.05
MPS IIIC 0 0 0.07 0.21 0.42 0.12 0.25
MPS IVA 6 2.85 0.59 0.22 0.71 0.60 1.41
MPS VI 17 8 0.43 0.15 0.05 0.42 2.51

Total MPS 33 15.64
Niemann-Pick A/B 7 3.31 0.33 - - - 0.25
Niemann-Pick C 2 0.94 0.47 0.35 0.91 2.2 0.25

Fabry male 3 1.42 0.86 0.21 0.52 0.21 0.25
Fabry Female 5 2.37 - - 0.77 - -

Tay-Sachs 0 0 0.5 0.41 0.30 3.13 0.74
Sandhoff Disease 11 5.21 0.26 0.34 0.19 1,49 1.12

GM1 Gangliosidosis 4 1.89 0.26 0.41 0.26 0.62 4.66
Wolman Disease 1 0.47 - - 0.27 - -
Farber Disease 1 0.47 - - - - 0.96

Gaucher Disease 1 0.47 1.75 1.16 1.13 1.35 0.25
Krabbe 0 0 0.71 1.35 0.4 1.21 0

MLD 0 0 1.09 1.42 .69 1.85 1.50
MSD 0 0 0.07 0.05 0.26 0.48 0

Total Lipidosis 36 17.07
NCL5 9 4.26
NCL8 1 0.47

Total NCL 10 4.74 - - 2.29 2.14 3.54

GSDII 7 3.31 0.69 2.0 0.37 0.17 2.66

Galactosialidosis 1 0.47 0 0.04 0 0.77 0
α-Mannosidosis 0 0 0.1 0.09 0.38 0.12 1.15
β-Mannosidosis 2 0.94 0 0.13 0.16 0.12 0

Fucosidosis 0 0 0 0.05 0 0 2.02
Α-N-Acetyl-galacosaminidase 

Defi ciency 0 0 0 0 0.2 9 0

Aspartylglucosaminuria 0 0 0.05 0.13 0 1.72 0
Sialidosis 0 0 - - - - 0

Mucolipidosis I 0 0 0.02 0.05 0.07 0 0
Mucolipidosis II/III 0 0 0.31 0.24 0.22 0.81 1.33
Mucolipidosis IV 0 0 0 0 0.02 0 0

ISSD 0 0 0.19 0.07 0.02 0 0
Total Glycoprotienosis 3 1.42

Cystinosis 1 0.47 - - - - 0.25
Total LSDs 89 42.2 12.9 14 12.25 25 26.87



SCIRES Literature - Volume 1 Issue 2 - www.scireslit.com Page - 041

International Journal of Neurological Disorders

Table 2: Summary of Genotype and Phenotype Correlation of LSD at the Eastern Province of Saudi Arabia.

Disease Category Gene Phenotype
Genotype

Known Novel
MPS I Attenuated P533R

Severe-Hurler G208V
IUDA Severe-Hurler c.1868T > Cp.L623P

MPS IIIB NAGLU Severe, the patient has comorbidity (sickle 
cell disease, died at 13 year)

MPS IIIB  Homo - c.14C > T p.A5V
Homo - c.100G > C p.A34P 

Severe progressive psychomotor 
retardation MPS IIB  (NAGLU) c.217G > Cp.A73P

MPS IVA Severe progressive c.860C > Tp.S287L
GALNS Severe progressive c.466T > Cp.F156L

Severe progressive c.697G > A p.Asp233Asn

MPS VI
ARSB Severe progressive c.753C > GY251X

Severe progressive c270 - 274del5bp pc.91Afs*34

GSD II (Infantile)
Infantile c.118C > Tp.R40X
Infantile c.G55G > Ap.G219R
Infantile c.1930dupG (p. 1Ala644Glyfs*93)

Niemann-Pick  A/B Severe, infantile onset c.1267C > Tp.H423V

Niemann-Pick C NPC1 Neonatal onset Cholestatic hepatic 
disease, respiratory failure, died at 2 years C93F in NPC2 gene

Fabry Disease GLA Classic systemic, the index male 
developed renal failure at 17 years. G373D

Sandhoff’s Disease HEXB Infantile onset C508C > Tp (Arg170*)

NCL (Juvenile)
CLN5/CLN8

CLN5-Juvenile onset c.595C > Tp.R199X

CLN8-Juvenile onset
c.595C > Tp.R199X-hetero -CLN5

c.699 - 700del p.Ph734Prof*12 Homo 
- CNL8

CLN5-Late Infantile c.1105C > T p.Q369X

Gangliosidosis  (GMI)
GLB1 Early Infantile Onset R590C/CGC11768TGC

Early 1nfantile Onset, Presented with 
cardiomyopathy c.65 - 75del11 + IVS1 - 1delG

Gaucher Disease GBA Infantile onset
Non-neuropathic c.1448T > C (p.Leu483Pro)

Wolman Disease LIPA Severe phenotype c.260G  > Tp.G87V
Total 14 10

Table 3: Summary of the LSDs Prevalence in The Eastern Province of Saudi Arabian in Comparison with Data obtained By Newborn Screening Studies.

Disease Prevalence
/100,000 Live Birth

Prevalence /210,897 
Live Birth 

Scott C.R.
et al USA
MS/MS (12)

Hopkins P.V. et al 2015/
USA

Fluorimetry (13)

J. Orsini. et al. 2016 
USA

MS/MS (14)

MPS1 3,31 1/30,128 1/35,700 1/14 567 -

Fabry (male) 1.42 1/70,299 1/7,800 1/2913 -

Pompe 3.31 1/30,128 1/27,800 1/5463 -

Gaucher 0.47 1/210,897 - 1/43 701 -

Krabbe 0 0 - - 1/ 94,000

detected in our population. Th e high frequencies for MPSVI, and 

NCL5 refl ect the presence of gene founder for these two disorder 

in a geographically isolated community. Gaucher disease which is 

the most prevalent LSD in other population [4,5,7,8] was diagnosed 

only in one patient presented with an early onset non-neuropathic 

phenotype. Th is patient was found to be homozygous for c.1448T > C 

(p.Leu483Pro) mutation which is known to be associated with a severe 

phenotype [21]. Fabry disease is the second most LSDs disorder was 

encountered in one family with 9 aff ected family members including 

the mother (three males and six females). Ten novel mutations 

were identifi ed for CLN5, CNL8, GALNS, NAGLU, GAA, IUDA, 

and GLB1 genes resulting in severe phenotypes and signifi cant 

decreased enzyme activity. For patients with NCL, the diagnosis was 

supported by the presence of the typical fi ngerprint intra cytoplasmic 

inclusions on either white blood cells or cultured skin fi broblasts. 

LSDs are considered to be rare disorders. However, as a group they 

are not uncommon as seen from the published data. Unfortunately, 

the information on the birth prevalence is still missing for most 

populations due to the lack of clinical experience and accessibility 

to the diagnostic tool. Th is information has become essential for 

genetic counseling and estimating the risk for those disorders. Given 

the availability of diff erent therapeutic options for these progressive 

and their life-threatening nature, an accurate estimation of the 

birth prevalence is mandatory. Th is eventually will have a positive 

impact for an earlier diagnosis and treatment. Th e last but not the 

least, identifying the patient and family genotyping is necessary for 
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providing asymptomatic carrier testing, selective screening for high 

risk population, and off ering invasive prenatal genetic diagnosis for 

couple with an increased recurrence risk.
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