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A B S T R A C T

Background: Gaucher disease is a rare multi-systemic metabolic disorder resulting from the deficiency of acid
β-glucosidase activity, with consequent accumulation of glucocerebroside. Less than 15% of mean normal acid
β-glucosidase activity in leukocytes is the gold standard for the diagnosis of Gaucher disease, and is generally
supplemented by a massive elevation in chitotriosidase activity. We report here our experience in the biochemical
diagnosis of Gaucher disease by showing the heterogeneity of the activity of enzymes over 25 years from 1993-
2017, through the analysis of 5128 clinically suspected Gaucher disease cases referred to the Biochemical Ge-
netics Department, National Research Centre, as the main reference lab in Egypt for the diagnosis of Inherited
Metabolic Disorders.
Methods: Acid β-glucosidase and chitotriosidase activities were measured in all referred cases. Sphinogmylinase
activity was estimated for all cases with normal β-glucosidase activity and moderate elevation of chitotriosidase.
Results: Out of the 5128 suspected cases, 882 (17%) showed a deficiency in acid β-glucosidase activity, accom-
panied by a raised chitotriosidase activity, ranges (213-66700 umol/l/h) and mean (7255 umol/l/h). Deficient
chitotriosidase activity was found in 9 patients (1%) with low β-glucosidase. 451 cases were diagnosed with acid
sphingomyelinase deficiency patients (8.8%).
Conclusion: Other biochemical markers are needed in addition to chitotriosidase for the diagnosis and follow up.
Molecular testing was done to a relatively small number but needs to be done to all diagnosed patients as many
mutations are known to predict the course of the disease.
1. Introduction

Gaucher disease (GD; MIM #230800) is an autosomal recessive
lysosomal storage disorder. Primarily resulting from the deficiency of
beta-glucocerebrosidase activity (acid β-glucosidase; GBA; EC 3.2.1.45)
which, leads to accumulation of undegraded glucocerebroside in several
tissues, mainly in monocyte-macrophage origin of cells [1] or secondarily
due to mutations in the sphingolipid activator protein SAP C gene [2] The
disease prevalence in general population is between 1:20,000 to 1:200,
000, with a high prevalence in the Ashkenazi Jewish population (1:450)
[3].

GD presents as three variants according to the clinical signs and the
onset of disease: GD type 1 Non-neuronopathic (OMIM# 230800) [4, 5],
GD type 2 acute neuronopathic [6] and GD type 3 subacute neuro-
nopathic [7, 8] GD type 3 is mainly seen in Northern Europe, Egypt and
East Asia [9].

Acid β-glucosidase, cleaves the β -glucosyl linkage of
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glucosylceramide (GC) and glucosylsphingosine (GS); deficiency leads to
accumulations of GC and GS in visceral organs and CNS regions. GC
displays the greatest accumulation by mass, which is formed of β-D-
glucose and ceramide. The latter consists of sphingosyl as well as fatty
acid acyl chains (FAAC) of varying chain length from 16 to >26 carbons
[10].

Glucosylsphingosine is the deacylated form of GC and belongs to the
lyso-glycosphingolipid family, glucosylsphingosine is almost undetect-
able in tissues in healthy individuals, but is elevated in neuronopathic
disease and correlates more with phenotype severity compared to glu-
cosylceramide [11].

The location of acid β-glucosidase gene is on chromosome 1q21. More
than 350 different GBA mutations have been reported [12].

Point mutations, deletions, splice-site mutations, and recombinant
alleles are included in the identified mutant alleles. The most common
known reported mutations are L444P, N370S, IVS2þ1G4A, and 84GG,
which account for 90% of the mutant alleles in the Ashkenazi Jewish
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populations and about 50–60% of alleles in non-Jewish individuals [13].
Some mutations have been associated with specific phenotypes. For

example, the N370S mutation has been linked to GD type 1 [14].
The L444P mutation can occur as either a single base substitution or a

part of a complex allele and can be related to all three types of GD [13].
Homozygotes for the L444P mutation typically develop GD type 3,
whereas heterozygotes are more likely to develop GD type 1 or GD type 2
[15].

The standard biochemical diagnosis of GD is by demonstrating acid
β-glucosidase deficiency in blood leukocytes or cultured skin fibroblasts
and recently, in dried blood spot using synthetic substrates and tandem
mass spectrometry [16, 17].

In affected cases the activity of acid β-glucosidase is about 0%–15% of
normal activity; however, enzyme activity cannot detect the disease
phenotype or heterozygote carriers of GD nor of saposin C deficiency
[16].

Increased chitotriosidase (CT) activity is an epiphenomenon resulting
from activation of macrophages upon up take of glucosylceramide; it is
used as biomarker for GD since 1994 and to reflect the total storage of
Gaucher cells and response to therapy [18].

Although GD patients usually display a massive (10–100fold) eleva-
tion in chitotriosidase, other lysosomal storage diseases (LSDs) may show
elevated levels too but to lesser extent [19].

However, some individuals including GD patients (4–5%) are ho-
mozygous for 24 bp duplication in exon 10 chitotriosidase gene which
renders the enzyme inactive. So, other biochemical markers will have to
be tested [20].

Gaucher cells, such as activated macrophages, are responsible for
several cellular responses manifested in GD, like cytokines (interleukin-
1b, interleukin-1 receptor antagonist, interleukin-2 receptor, CD14 and
M-CSF): [21, 22]. In 2013, Rolfs et al have proposed that, glucosyl-
sphingosine is a more specific and sensitive biomarker than CT and
CCL18/PARC in normal individuals, GD cases, GD carrier and other LSD
patients [23].

The aim of the treatment is to reduce the excessive amount of glu-
cocerebroside and other glycolipids. There are four routes for treatment:
enzyme replacement therapy [24], substrate synthesis inhibition therapy
(SRT) [25], pharmacological chaperone (PC) therapy [26, 27, 28], and
gene therapy [29].

The aim of this study focuses on five different points: 1 – to describe
our biochemical experience and recommendations for the diagnosis of
Gaucher disease through (1993–2017) as a guide for an effective diag-
nosis, 2- to enroll all previously diagnosed cases and their total number
over 25 years from 1993 to 2017,3 – to give an overview of the annually
diagnosed cases, 4- to estimate approximately the incidence of the
diagnosed cases among our population and 5- to compare the number of
diagnosed cases versus the cases under treatment.

2. Material and methods

2.1. Materials

From March 1993 till December 2017, the Biochemical Genetics
laboratory; the reference laboratory for inborn errors of metabolism in
Egypt at National Research Centre, received blood samples from 5128
patients with suspected Gaucher signs and symptoms. These samples
came from various areas throughout Egypt.

Ethical approval following the regulations of Helsinky-Ethical prin-
ciples for medical research involving human subjects through the insti-
tutional review board at the NRC was obtained (n# 19004).

2.2. Methods

5 ml of whole blood were collected by venous puncture in EDTA tube.
Plasma was obtained for CT assay and leukocytes were separated to
determine the activity of acid β-glucosidase using synthetic substrate.
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Leukocytes were isolated from peripheral blood according to Skoog
and Beck (1956) [30]. Plasma was obtained through centrifugation (2,
500 rpm for 5 min). Before initiating enzymatic analysis, protein content
was estimated according to Lowry et al. (1951) [31].

For all cases, measurement of acid β-glucosidase activity was done
with the assessment of chitotriosidase and finally sphinogmylinase ac-
tivity in peripheral leukocytes.

Normal enzyme activities in healthy controls, for chitotriosidase was
4–80 umol/l/h, for acid β-glucosidase was 1-5umol/g prot./h. and for
sphingomylinase was 9–47 umol/g prot./h. All the chemicals were pur-
chased from Sigma- Aldrich, St. Louis, MO. USA.

Assay of acid β-glucosidase activity was done by using fluorogenic
substrate 4-methyl-umbelliferyl-β-D-glucopyranoside in the presence of
pure sodium taurocholate and Triton X-100.Activity was expressed in
umol/g prot./h [32].

Chitotriosidase activity was measured by incubating plasma with 4-
methylumbelliferyl-β-D-NN,N'triacetylchitotriose (4 MU-chitotrioside)
as substrate in citrate/phosphate buffer pH 5.2, at 37 �C. The result
was expressed in umol/l/hr [18].

3. Results

The present study included a total number of 5128 patients suspected
to have Gaucher disease referred to the Biochemical Genetics Depart-
ment from 1993 to 2017. From the patients reporting, age range was (3
months to adulthood) and the positive parental consanguinity was pre-
sent in 3897 cases (76%) of the studied group.

Acid β-glucosidase and chitotriosidase activities were determined for
all suspected cases to diagnose Gaucher patients.

Sphingomylinase activity was determined in all non Gaucher patients,
with elevated chitotriosidase activity.

Out of 5128 suspected cases, 882 were diagnosed as Gaucher patients
(17 %) and 451 cases were diagnosed as acid sphingomyelinase defi-
ciency patients (8.8%), Fig. 1.

In 719 of 882 GD patients (81.5%) showed positive parental con-
sanguinity, with male to female ratio (1.6:1). The age range of diagnosed
Gaucher patients was (3 months - 45 years), the age of majority of pa-
tients (859, 97.5%) ranged (1.7:8 years), followed by 16 patients (1.8%)
with a range (25 : 45 years) and six patients (0.7%) aged below 2 years (3
months: 1.4 years).

Most of the patients 873 (99%) revealed a decrease in acid β-gluco-
sidase activity with a mean of (0.3 umol/g prot./h, 30% of low normal
value) and showed dramatically increased in chitotriosidase activity with
range (213-66700 umol/l/h) and mean value (6243 umol/l/h, �20211
umol/l/h) Table 1.

Out of 882 cases 9 patients (1%) showed a zero chitotriosidase ac-
tivity, accompanied with low activity of acid β-glucosidase as well,
Table 1.

A group of suspected cases 103 (2%) showed an elevation in chito-
triosidase level with mean (131.8 umol/l/h, �24 umol/l/h), normal
activity of acid β-glucosidase with mean (3.2 umol/g prot./h) and normal
sphingomylinase activity.

Figs. 2 and 3 showed reduction in chitotriosidase activity in 28 pa-
tients under treatment.

Out of 882 diagnosed cases, only 282 cases received the treatment
(32%) and out of this 28 patients (10%) followed up their treatment by
measuring CT enzyme activity.

The range of chitotriosidase activity at time of diagnosis was (367-
29636 umol/l/h), with mean (5185 umol/l/h, �7461 umol/l/h) while
after the last follow-up the range was (38-3572 umol/l/h), and mean was
(904 umol/l/h, �1112 umol/l/h).

Large number of suspected cases were referred in the years 2014,
2015, 2016 and 2017 while the percent of diagnosed cases was not
equally high. In the years 1999, 2000 and 2001 the number of referred
cases was not as high but on the other hand the number of diagnosed
cases was high, Table 2.



Fig. 1. Total number of referred cases, Gaucher and Acid Sphingomyelinase deficiency patients during the period (1993–2017).

Table 1
Activities of acid β-glucosidase and chitotriosidase in diagnosed Gaucher
patients.

Number of
cases

Normal level of acid
β-glucosidase (1-5 umol/
g prot./h) (Mean)

Normal level of
chitotriosidase (4-80
umol/l/h) (Mean)

The Percent
out of 882
cases

9 0.45 Zero 1%
873 0.3 6243 99%
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4. Discussion

Biochemical Genetics Department, National Research Centre, the
main reference lab in Egypt for the diagnosis of Inherited Metabolic
Disorders received 5128 patients suspected to have Gaucher disease from
different hospitals and diagnostic centers throughout Egypt.

The consanguinity rate among Egyptians was reported in many arti-
cles, Temtamy and Loutife in 1970 [33], stated that the consanguinity
rate was 30%, in 1983 Hafze et al. [34], reported that it was 28.9%.
While in 2010, Temtamy et al. [35], stated that the consanguinity rate
Fig. 2. Reduction of chitotriosidase activity in some cases under treatment. t0: time
patient 2, P3: patient 3……………etc.
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was 40%.
In the present study, the parental consanguinity was found in 3897

(76%) of the referred cases. While among the diagnosed GD patients, it
was 719 (81.5%) and supported by previous studies among Egyptians GD
patients, Ragab et al., 2000 (100%) [36], El-Beshlawy et al., 2006 (68%)
[37], Khalifa et al., 2011 (88.8%) [38] and Fateen et al., 2017 (45.5%)
[39].

Among 19 Syrian GD patients, the consanguinity rate was 82%, which
is very similar to our results [40], while among 425 Tunisian GD patients
the consanguinity was (64.94%) [41].

Among 412 Brazilian GD patients, the consanguinity rate reached to
58% [42]. All these high consanguinity rates among GD patients match
its autosomal recessive mode of inheritance.

Although GD is an autosomal recessive disorder affecting both sexes
equally [43] our results showed a difference betweenmale patients (541)
and female patients number (341) with a ratio (1.6: 1) this reflects tra-
ditions in Arab and Eastern countries; who give more care to males than
females especially in rural areas where the consanguinity rate and
metabolic disorders are high.
at diagnosis, t1 to t6: times of follow-up at different intervals. P1: patient 1, P2:



Fig. 3. Reduction of chitotriosidase activity in some cases under treatment. t0: time at diagnosis, t1 to t6: times of follow-up at different intervals. P19: patient 19, P20:
patient 20, P21: patient 21……………etc.

Table 2
Number of referred cases, diagnosed GD patients and their percent in certain
years.

Years Referred cases Diagnosed GD cases Precent of diagnosed cases

1999 37 13 35%
2000 100 25 25%
2001 179 43 24%
2014 424 59 14%
2015 430 61 14%
2016 551 68 12.3%
`2017 710 136 19.2%
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El-Beshlawy et al., 2006 showed that, the male to female ratio among
21 GD patients was (1.2:1) [37], Khalifa et al., 2011, found the ratio
among 48 patients was (3.5:1) [38]. El-Morsy et al., 2011 [44] found
that, the ratio among17 GD patients was (3.25:1), Fateen et al., 2017 [39]
showed the ratio in 34 GD patients was (1.6:1) However Ragab et al.,
2000 showed that, the ratio in 13 GD patients was (1:1.16) [36], and
Tahia et al, 2017 [45] revealed that the ratio was (1.2:1) in 29 patients
from Upper Egypt. Our result agrees with all previous reported studies.

Similarly among 30 Tunisian GD patients the ratio was (1.5:1) [46]. A
study in India showed that among all the confirmed lysosomal storage
disorders, the incidence in males was observed to be more common than
in females, with male to female ratio (3.5:1) except for metachromatic
leukodystrophy and mucopolysaccharidosis type IVA [47]. This study
has no scientific explanation except the small number of the studied
groups, which cannot give accurate estimate of the real ratios.

While among 412 Brazilian Gaucher patients, the ratio was (1: 1.35)
[42] which is different from our findings and the findings in other Arab
countries.

About 14% of GD patients were diagnosed between the age of 31 and
50 years [46]. In this study, only16 patients (1.8%) were diagnosed be-
tween the ages 25–45 years, with mild type of GD pointing to type 1, our
finding does not reflect the real number of adult Gaucher patients in
Egypt, it only reflects that adult GD patients are under diagnosed either
because of the mild course of the disease or low awareness by the
physician in a country like Egypt with so many other causes of hep-
atosplenomegaly. But from our experience it is mostly due to the mild
form of disease in the adult diagnosed cases.

Six cases (0.7%) aged below 2 years were diagnosed as GD type 2,
which also do not reflect the real number of type 2 patients, who die very
early due to severe neurologic manifestations without being diagnosed
4

[48]. These two types need more awareness among the physicians to
estimate the real number of these patients among our population.

Most of the diagnosed patients 859 (97.4%) were around the age of
two years reflect severe disease with performed anemia, thrombocyto-
penia, organomegaly and early onset of mild neurological signs, pointing
to GD type 3.

Our results agree with previous studies on Egyptian Gaucher patients;
El-Beshlawy et al., 2006 [37] found that, out of 22 patients, 13 (59.1%)
patients were diagnosed as GD type 3, Khalifa et al., 2011 [38] detected
among 48 GD patients, 32 (66.7%) exhibited type 3 followed by type 1 10
(20.8%) while type 2 had the lowest frequency 6 (12.5%).
Tylki-Szymanska et al., 2010 [9] mentioned that GD type 3 is mainly seen
in Northern Europe, Egypt and East Asia.

Fateen et al., 2017 carried out a study on 34 Gaucher patients. This
study showed that, GD 3 was the most common form followed by GD 1
and one patient with type 2 [39].

Out of 30 Tunisian Gauher patients, 28 were classified type 1 GD and
2 patients were diagnosed types 2 and 3 [49].

In conclusion the prevalence of type GD 3 among Egyptian patients
correlates well with the age of diagnosis of 97.4% of the patients which
are diagnosed at around the age of 2 years and the severity of the disease.

The protocol for the diagnosis of GD starts with measurement of acid
β-glucosidase activity in peripheral blood leukocytes, Baris et al., 2014
[11] pointed that acid β-glucosidase activity in Gaucher patient was
0–15% and Cabrera-Ortiz et al., 2016 [50] stated that cut off value of acid
β-glucosidase was 30% in the studied cases confirmed by molecular
study. The cut off value in the present study was 30% of low normal value
accompanied with a massive elevation of chitotriosidase, on average 78
times of high normal value of CT activity, Table 1.

Molecular study for diagnosed cases is an important step for further
confirmation and prediction of the disease type, but unfortunately, it has
not been done on all 882 diagnosed Gaucher patients.

Molecular analysis has been done in some of these patients in several
previous studies (El-Morsy et al., 2011 [44], Khalifa et al., 2011 [38] and
Fateen et al., 2017 [39], who stated that, the most commonmutation was
L444P/L444P.

The second step in the protocol is assessment of CT activity. As
mentioned previously, 873 GD cases (99%) showed a massive elevation
in CT level over other LSDs [51]. The level of CT in this study was higher
than the high normal value (80umol/L) with range
(213-66700umol/l/h) and mean (7254.8umol/L, �20211.38 umol/l/h).

One hundred and three patients out of 5128 (2%) showed increased
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CT with normal acid β-glucosidase activity. This led us to search for
another LSD and allowed us to establish other diagnoses, especially acid
sphingomyelinase deficiency types among the referred cases.

Lo et al., 2010 reported a misdiagnosed acid sphingomyelinase defi-
ciency case, who was diagnosed first as GD patient, then after a negative
response to the therapy the case was re-evaluated and diagnosed as acid
Sphingomyelinase deficiency type C patient [52].

According to our similar experience through the years, we always
assess sphingomylinase activity in all the referred GD patients. Still, some
cases are diagnosed with GD. We attributed this to the poor quality of
blood of these patients; which to unknown reason improves after ERT
and by reassessment after fewmonths of treatment a secured diagnosis of
acid sphingomyelinase deficiency was obvious.

Although, chitotriosidase activity is a reliable biomarker for the
diagnosis and follow up of GD patients, there were 9 cases (1%) with zero
CT activity. Boot et al., 1998 [20] stated that about 4–5% of the popu-
lation showed CT deficiency due to the presence of 24 bp duplication
homozygous in exon 10 of the CHIT1 gene.

This raises the demands for new biomarkers for different LSDs, Lobato
et al., 2016 [53] mentioned different biomarkers for different LSDs;
glucosylsphingosine as biomarker for GD, proposed by Rolfs et al. [23]
has emerged as a more effective alternative biomarker. Their results
showed that the concentration of glucosylsphingosine in Gaucher sam-
ples was about 100 times higher than in healthy individuals and in pa-
tients with other LSDs. In the same direction, Murugesan et al., 2016
stated that, the utility of glucosylsphingosine as a biomarker of GD is
underscored by its biological role and impressive associations with in-
dicators of disease severity as well as treatment status [54].

Misdiagnosis of GD and resulting diagnostic delays can occur in all
types of GD patients, due to the vast heterogeneity in overall disease
severity as well as differing patterns of organ involvement [55].

As a result, the parents of the affected child lose out on timely genetic
counseling, and the advantage of prenatal diagnosis. This puts the couple
on the risk of having another affected child. In the present study, 33
families (0.77 %) had history of an affected sibling notably in the first
years of study. In the recent years all diagnosed families sought prenatal
diagnosis.

In 1999, Project HOPE began to implement the Gaucher Disease
Initiative in Egypt in partnership with Genzyme Corporation, through
donation of more than 30 million units of Cerezyme (imiglucerase for
injection).

A total of 282 cases that received therapy in Egypt till now, repre-
sented 32% of the number of GD patients diagnosed in this study (882),
therefore large numbers of patients did not receive any therapy.

According to the data we had in this study, 28 patients (10%) are
regularly having follow up by measuring CT enzyme activity. Their CT
activity has decreased from mean 5185umol/l/h to mean 904umol/l/h.
By this regular follow up the ERT can be tuned; which is very important
for such very an expensive medication.

The time of follow up was variable between patients and there were
massive differences in CT activity between patients and between the
same patient (Figs. 2, 3). Due to financial reasons and we are a devel-
opmental country, there is no guarantee to receive the therapy in regular
way or receive a suitable dose. Moreover, the transportation is expensive
for families as they live in rural areas and there is no specific centre near
them. Besides, the awareness of the importance of follow up is not equal
between patients and must be increased among them and treating
physicians.

The increased annual number of referred cases in the last four years of
this study and the lower percent of positive GD cases compared with the
first years of study reflect the increased awareness among the pediatri-
cians about the diverse clinical features of GD and the availability of the
specific investigations and treatment.

In the general population the prevalence of GD type 3 is 1:100.000
[56,57] so the total number of diagnosed Gaucher patients in Egypt
should be 1000 cases according to the calculation using the prevalence
5

and the total number of the population in Egypt (100.000.000), that
means the difference betweenwhat we diagnosed over 25 years and what
we predict is small 1000-882¼ 118 cases around Egypt. Which lead us to
think that the prevalence in Egypt may be higher than 1:100.000.

Lysosomal disorders are rare, inherited disorders that impact meta-
bolic processes resulting from dysfunction or loss of function of lysosomal
enzymes. Early diagnosis is critical in determining treatment options for
patients, and there is evidence that starting treatment early mostly results
in a better outcome. There is a need to review the molecular and biologic
principles behind early treatment of lysosomal disorders with a focus on
Fabry and Pompe diseases. The panel of experts in lysosomal diseases will
explore the opportunities and challenges of starting treatment early
before irreversible organ damage occurs.
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