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A B S T R A C T

Background: Undegraded glycosaminoglycans (GAGs) induced by deficiency of enzymes are the primary cause of
mucopolyscchardoses. Mucopolysacchardoses (MPS) are a group of rare lysosomal storage diseases (LSD). The
quantification of a specific enzymatic activity is needed for accurate diagnosis. The objectives of this work were:
first, to continue the study of mucopolysacchardoses disease in Egypt after the start of using the enzyme
replacement therapy (ERT). Second, to define the commonest types among our population after 18 years expe-
rience with the disease. Third, to compare the different MPS types’ distribution, diagnosed after the start of the
ERT, to identify the impact of using ERT on the number and type of diagnosed patients.
Method: Urinary GAGs were measured for all referred cases followed by two-dimensional electrophoretic sepa-
ration for cases with high levels of GAGs; the specific enzyme activity was assayed for each type depending on the
abnormal electrophoretic pattern obtained. Clinically suspected cases of Morquio syndrome were directly sub-
jected to measuring the specific enzyme.
Results: Out of 1448 suspected cases, 622 (42.9%) MPS patients were diagnosed revealing the following distri-
bution: MPS I (172, 27.7%), MPS II (57, 9.1%), MPS III [(177, 28.5%: 134 type B and 43 types A, C or D)], MPS
IVA (124, 19.9%), MPS VI (90, 14.5%) and MPS VII (2, 0.3%). MPS III was the most commonly diagnosed type
followed by MPS I and MPS IVA. MPS IVA represented the most common type receiving treatment, followed by
MPS I, MPS II and MPS VI.
Conclusion: The presence of treatment encouraged the affected families and physicians to seek diagnosis. MPS III
was the commonest type among our studied group after 7 years of diagnosis, while MPS IVA was the commonest
type receiving treatment.
1. Introduction

The degradation of the glycosaminoglycans (GAGs) takes place in the
lysosomes. Under physiological conditions, the main GAG chains —

dermatan sulphate (DS), heparan sulphate (HS), keratan sulphate (KS)
and chondroitin sulphate (CS) — are degraded by 11 lysosomal hydro-
lases enzymes [1, 2].

The deficit of any one of the 11 acid hydrolase activities gives rise to
the progressive accumulation of GAGs in most tissues and organ systems,
as well as in urine, resulting in 7 distinct types of mucopolysaccharidoses
disorders (MPS). MPS I, MPS II, MPS III has 4 biochemical subtypes (A, B,
C and D), MPS IV has 2 biochemical subtypes (A and B) and MPS IX is the
rarest type which is recorded only in 4 patients worldwide [3, 4].

All MPS disorders follow an autosomal recessive inheritance pattern,
with the exception of MPS II, which is X-linked [5].
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Patients with MPS progressively develop growth impairment and
deficiencies in respiratory, cardiovascular, musculoskeletal, nervous,
gastrointestinal, auditory and visual systems [2].

All MPS disorders are heterogeneous with respect to genotype, clin-
ical presentation and progression rate [4]. All MPS types may have severe
or attenuated presentations depending on the residual enzymatic activity
of the patient. Patients with severe forms experience symptoms in a wide
range of organ systems and clinical recognition is therefore early; pa-
tients with attenuated forms and less obvious clinical manifestations may
not be diagnosed until they reach adolescence or adulthood [4].

The assessment of GAG level (quantitative and qualitative), as well as
the deficient enzyme activity, is crucial for the biochemical diagnosis of
MPS [5].

The diagnosis of MPS starts with themeasurement of GAG in the urine
in suspected patients. A positive result is very suggestive of an MPS, but
st 2021
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false-negative/positive results are sometimes obtained due to a lack of
sufficient sensitivity and specificity. Further separation methods, as
qualitative assessment of GAGs, are required. A confirmative diagnosis
requires enzyme assay in cultured fibroblasts, leucocytes, plasma and
dried blood spot, which is considered the gold standard for diagnosis [6,
7].

In addition, tandem mass spectrometry (MS/MS) have been estab-
lished to measure GAGs level in different matrices, it gives a sensitive,
specific and reproducible GAG analysis making it potentially useful for
the screening, prognosis and monitoring of any therapeutic effect in MPS
patients [6].

However, uGAGs measurement is widely used due to its simplicity,
the availability of commercial kits and adaptation to an inexpensive
qualitative visual test [8, 9] but, there are many previous studies inter-
ested in finding new biomarkers [9, 10, 11].

Alongside biochemical analysis, the molecular tests play a critical role
in the identification of the genotype of MPS and potentially help in the
genetic counseling. The estimated prevalence of MPS has been influenced
by the fact that there is a significant variation among nations and ethnic
backgrounds, depending on which type of MPS dominates a geographic
area [5].

Early start of treatment helps reduce the accumulation of intracellular
GAGs and the deceleration of progressive multiorgan worsening [12].
The Choices of treatment include bonemarrow transplantation (HSCT) in
MPS I, II, III, IV and VI and enzyme replacement therapy (ERT), which is
developed and licensed from the beginning of the 2000s in MPSs I, VI, II,
IVA and VII [13].

The aim of this report is to complete the mucopolysacchardoses sur-
vey in Egypt after the start of ERT at the National Research Centre by six
years to compare the differences between the study done before in 2014
and the findings after six years; in an attempt to find out the effect of the
presence of a treatment on the numbers of referred and diagnosed pa-
tients. Also, to define the commonest types among our population after a
total period of 18 years. Also, to compare the commonest types diagnosed
in the ERT era and the types receiving treatment verses the diagnosed one
during the same period of time.

2. Patients and methods

2.1. Patients

This study included 1448 clinically suspected Egyptian MPS patients.
They were referred from all over Egypt to the Biochemical Genetics
Department, Human Genetics and Genome Research Division, National
Research Centre during the last seven years (2014 till end of 2020) for the
diagnosis or exclusion of MPS.

All patients were subjected to thorough medical history taking that
included family history, pedigree construction for parental consanguinity
and any other similarly affected family member.

Four to five ml urine samples were collected from all referred cases,
100 μl were used to measure the total levels of GAGs and 3 ml were used
for the extraction of GAGs; followed by electrophoretic separation to
detect the type of GAGs excreted. According to this type, we assayed the
activity of the corresponding enzyme in 5 ml of whole blood on EDTA.
Plasma and the leukocytes were separated to assay the different enzymes.

This study was approved by the Research Ethics Committee of the
NRC according to the World Association Declaration of Helsinki and
written informed consent was obtained from all patients’ legal guardians
(National Research Centre, Medical Research Ethics Committee (MREC)
# 1441022021).

2.2. Method

2.2.1. Quantitation of urinary GAGs
Quantitative determination of total GAGs in urine samples was car-

ried out by the method of De Dong et al. (1989) [14]. This method is
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based on the reaction of urinary GAGs with the dye dimethylmethylene
blue yielding a colored complex that can be measured spectrophoto-
metrically at 520 nm and using dermatan sulfate as a standard. GAGs
concentration (mg/dl) was subsequently normalized to urinary creati-
nine concentrations, which were determined by the method of Hortin
and Gools by (1997) [15], to yield final reported values of GAGs con-
centrations in units of mg/mmol creatinine [16]. Total amounts of GAGs
in the urine samples were compared with the age-dependent reference
values of De Dong et al. 1992 [17].

2.2.2. Characterization of urinary GAGs
Two-dimensional electrophoresis separation of GAGs was done to

samples with high levels of total GAGs. Extraction of GAGs from urine for
electrophoretic separation was carried out according to Whiteman
(1973) [16]. One μl of extracted GAGs or reference standard GAGs so-
lutions (1 mg/ml) was applied on cellulose acetate sheets. The separation
proceeded into two phases; a first phase (pyridine, glacial acetic acid,
water) for 1 h and a second phase (barium acetate buffer) for 3 h.
Staining was done with 0.05%Alcian blue solution containing 50mmol/l
MgCl2 in 50 mmol/l sodium acetate buffer (pH 5.8) and washed with 5%
acetic acid solution. Clear blue spots on a white background were ob-
tained [16, 18]. According to the pattern of separation, each type of MPS
was confirmed by assaying the activity of its specific deficient enzyme.

2.2.3. Analysis of enzyme activity in leukocytes or plasma
Before initiating enzymatic analysis, protein content was estimated

according to Lowry et al. (1951) [19]. Activity of α-iduronidase for MPS I
was assayed by Hopwood et al. (1979) [20]. Incubation of 4-methylum-
belliferyl α-L-iduronide with peripheral blood leukocytes at 37 �C was
done for 1 h, the reaction was stopped by sodium glycinate buffer (pH
10.3). The liberated 4-methylumbelliferone was measured fluorometri-
cally at an excitation wavelength of 358 nm and an emission wavelength
of 438 nm.

MPS II was diagnosed by assaying the activity of Iduronate-2-
Sulfatase according to Voznyi et al., 2001 [21]. Leukocyte homogenate
and 4-methylumbelliferyl-α-iduronate-2-sulfate were incubated at 37 �C
for 4 h afterwards; McIlvain's buffer and iduronidase solution were
added. Second incubation was carried out at 37 �C for 24 h. The reaction
was stopped by sodium bicarbonate/sodium hydrogen carbonate buffer
and read with an excitation wavelength of 365 nm and an emission
wavelength of 450 nm.

MPS III B was confirmed by assaying the activity of N-acetyl- α-D-
glucosaminidase [22]. Plasma and 4-methylumbellifer-
yl-N-acetyl-α-d-glucosaminide as buffer substrate were incubated at 37
�C for 2 h. The reaction was stoppedwith glycine-NaOH (pH 10.3) as stop
solution and the fluorescence was read.

Before initiating enzymatic analysis, protein content was estimated
according to Lowry et al. (1951) [19]. The activity of N-acetylgalacto-
samine-6-sulfatase for MPS IVA was assayed according to Van Diggelen
et al., 1990 [23]. Leukocyte homogenates were sonicated in demineral-
ized water. The tubes are centrifuged and the supernatant was dialyzed
against the dialysis buffer. Dialyzed supernatant and 4-methyl-
umbelliferyl-β-d-6-sulfo-N-acetylglucosaminide were incubated at 37 �C
for 17 h. The reaction was stopped by glycine-carbonate buffer (pH 9.6)
and read with an excitation wavelength of 365 nm and an emission
wavelength of 450 nm.

Protein content was measured according to Lowry et al. (1951) [19]
before starting the enzyme assay. The activity of N-acetylgalactosami-
ne-4-sulfatase (arylsulfatase B) in patients with MPS VI was assayed ac-
cording to Baum et al. (1959) [24]. Leukocyte homogenate was
incubated with 4-nitrocatechol sulfate dipotassium salt as substrate
buffer with sodium acetate buffer containing barium acetate at 37 �C for
90min. The reaction was stoppedwith sodium hydroxide as stop solution
and the absorbance was read at 490 nm.

Before initiating enzymatic analysis, protein content was estimated
according to Lowry et al. (1951) [19]. Activity of beta-glucuronidase for



Table 1. Demographic data among 1448 suspected cases.

Total number of suspected cases Age range Consanguinity [n (%)] Gender [n (%)]

Consanguineous Non-consanguineous Male Female

1448 (10 days - 29 years) 979 (67.6%) 469 (32.4%) 911 (63%) 537 (37%)

Table 2. The age-dependent mean values of urinary glycosaminoglycans ac-
cording to De Dong et al., 1992 [17].

Age Mean (SD)

(0–5 months). 33.9 (9.2)

(6–12 months). 23.3 (4.1)

1 year. 19.5 (5.2)

2–3 years. 14.5 (3.4)

4–5 years. 11 (1.7)

6–7 years. 9.3 (1.8)

8–9 years. 8.4 (1.6)

10–14 years. 7 (1.8)

15–19 years. 4.1 (1.3)

>20 years. 3.3 (0.9)
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MPS VII was measured according to Sly et al., 1973 [25]. 4-methyl-
umbelliferyl-β-d-glucuronide was incubated with leukocyte homogenate
at 37 �C for 45 min. The reaction was stopped with glycine-carbonate
buffer (pH 9.6) and the fluorescence was read with an excitation wave-
length of 365 nm and an emission wavelength of 450 nm.

3. Results

Throughout the time of the study (2014–2020), 1448 clinically MPS
suspected cases were referred to the Biochemical Genetics Department.
Positive parental consanguinity among the study group was recorded in
979 (67.6%) andwas negative in 469 (32.4%). Patient's ages ranged from
10 days to 29 year. They were 911 males and 537 females with a ratio of
1.7:1 (Table 1).

Quantitative determination of total GAGs in urine was done to all
referred cases. It was found that 586 (40.5%) patients out of 1448 had
high levels of urinary GAG (Table 3) as according to the age-dependent
reference values of De Dong et al., 1992 ([17], Table 2). Good Confi-
dence Intervals of age was calculated for each group Table 3.

Two-dimensional electrophoretic separation was done to 586
cases. Eighty eight cases (15 %) out of 586 showed normal electro-
phoresis pattern while 498 cases (85%) showed pathologic pattern.
Each type of abnormal electrophoretic pattern was confirmed by
assaying the specific enzyme activity. Measurement of the enzyme
activity was done to 498 patients. In addition, one hundred and
twenty four patients (8.6%) out of 1448 were clinically suspected
Morquio syndrome patients. The activity of Acetylgalactosamine-6-
sulfatase was measured to confirm this clinical suspicion. The
enzyme assay results proved that they were Morquio A, without
measuring their GAGs levels or electrophoretic separation. The total
number of MPS patients diagnosed in this study over 7 years was 622
(42.9%) out of 1448 referred cases Table 4.
Table 3. Age group of 586 patients with confidence intervals (CI) of age and mean l

Age group 95% CI Number of p

Group I (0–12 months) [6.95,7.05] 87 (14.9%)

Group II (1–5 years) [2.86, 3.14] 288 (49.1 %)

Group III (5–10 years) [6.78, 7.22] 141 (24.1%)

Group IV (>10 years) [11.23, 12.77] 70 (12%)
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The mean age of diagnosis was around 4–6 years as follows for each
disorder.

Within the age range of MPS I (0.17 y- 27 y), there were 29 patients
with higher age from 6 to 15 years. In addition, there were 5 patients
with an age of (2–4 months) and 2 patients with 25 and 27 years, Table 4.

For MPS II, there were 9 patients with relatively high age (8-14 y),
beside 2 patients with an age of 0.17 year, Table 4.

In the case of MPS III, 23 patients had high age range (8-16 y). Twelve
patients had the age range of 0.17–0.75 year, Table 4.

In MPS IVA, 36 patients had a relatively high age range (6-16 y), three
patients with an age range of 0.17–0.42 year and one patient was 29
years old, Table 4.

In MPS VI, there were 14 patients with an age range of 6 to 17 y,
beside 7 patients with an age range of 0.25–0.66 year, Table 4.

The highest consanguinity was found among MPS I patients (82.5%).
In the case of MPS II, although an x-linked disorder, still the consan-
guinity was 33%. Totally, the consanguinity was reported in 449 patients
(72.2%) out of 622 patients, if we exclude MPS II which is X-linked,
consanguinity will rise to (76.1%), Table 4.

Excluding MPS II which is an X-linked disorder, the number of male
patients were 321 out of 565 (56.8%) while female patients were 244 out
of 565 (43.2%), Table 4.

N-acetylglucosaminidase activity was measured in the plasma of 177
patients, with big heparan and heparan sulfate spots in electrophoretic
pattern specific for MPSIII. Forty three patients (24.3%) had either MPS
III A, C or D while 134 (75.7%) had MPS III B, Table 4. Patients of MPS III
(28.5%) and MPS II (27.7%) were the most frequently diagnosed types in
this study, followed by MPS IVA (20%), MPS VI (14.5%) then MPS II
(9%), and at the end was MPS VII (0.3%) (as seen in Table 4, Figure 4B).

Out of 622 patients, there were 80 samples from siblings (13%), the
highest number of families with previously affected patients was found in
MPS III and MPS IVA followed by MPSs VI, I and II, Figure 1.

The following figures summarize the comparison between the present
study and our previous one (2002–2013), which was published in 2014
[22].

The duration of the previous study (11 years) was almost double the
duration of the present study (6 years) equal to 1.8:1. A higher number of
referred cases was reported in the current work (1448 vs 1249) with ratio
1.15:1, and a higher number of diagnosed caseswas observed in the present
work [622 (42.9%) vs 278 (22.3%)] with ratio 2.2:1 as well, Figure 2(A).

Also, the number of positive consanguinity and male cases were
higher in the present study in the referred case than the previous one
with ratios 1.5:1 and 1.4:1 respectively. The number of female cases was
similar in both studies, as shown in Figure 2(B).

Although the number of cases with high GAGs levels was similar in
both studies (548 vs 584). The numbers of abnormal electrophoretic
patterns were higher in the current study (239 vs 498), almost the double
(1:2.1), Figure 3.
evels of total urinary glycosaminoglycans (GAGs) for each group.

atients (%) Mean age Mean (SD) Urinary GAGs
(mg/mmol creatinine)

7 months 45.8 (�28.3)

3 years. 34.5 (�25)

7 years 30 (�22)

12 years 31 (�21)



Table 4. Biochemical results and demographic data of 622 diagnosed patients with MPS.

MPS TYPES (N, %) Mean GAGs levels (mg/
mmol creatinine)

Electrophoretic
Pattern

Mean activity of deficient
enzyme

Reference range of
enzyme activity

Age in years(y)
mean (range)

Consanguinity Male N
(%)/Female N
(%)

Consanguineous
N (%)

Non-
consanguineous
N (%)

MPS I (172, 27.7%) 40.5 Dermatan sulfate, Heparan sulfate. α-L-Iduronidase ¼ 0.54 μmol/gp/h. 10–40 μmol/gp/h. 0.17 y (0.17 y-0.33 y) 142 (82.5%) 30 (17.5%) 102 (59.3%)/70
(40.7%)4 y (0.5 y-15 y)

26 y (25 y-27 y)

MPS II (57, 9%) 35.8 Dermatan sulfate, Heparan sulfate. Iduronate-2-sulfate sulfatase ¼ 0.34
nmol/4 h/ml.

167–475 nmol/4 h/
ml.

0.17 y (0.17 y-0.17 y) 19 (33%) 38 (67%) 57 (100%)/0

4.5 y (1.2 y-14 y)

MPS III (134 type B and 43 type A, C
or D) (177, 28.5%)

30.8 Heparan sulfate. N-Acetyl- α-D-glucosaminidas type
B ¼ 0.2 mmol/l/h

10–45 μmol/l/h 0.5 y (0.17 y-0.75 y) 131 (74%) 46 (26%) 100 (56.5%)/77
(43.5%)3.8 y (1.8 y-7 y)

10 y (8 y-16 y)

MPS IVA (124, 20%) 18 Normal pattern N-Acetylgalactosamine-6-
sulfatase ¼ 90.8 pmol/gp/h.

400–2000 pmol/gp/h.0.25 y (0.17 y-0.42 y) 90 (72.5%) 34 (27.5%) 68 (54.8%)/56
(45.2%)6 y (1.5 y-16 y)

29 y (29 y)

MPS VI (90, 14.5%) 36.6 Dermatan sulfate Arylsulfatase B ¼ 0.17 mmol/gp/h 5–70 μmol/gp/h. 0.55 y (0.25 y-0.66 y) 65 (72.2%) 25 (27.7%) 51(56.6%)/39
(43.4%)3.4 y (1 y-5.6 y)

9.8 y (6 y-17 y)

MPS VII (2, 0.3%) 34 Chondroitin-4 and -6 sulphate, Dermatan
sulfate Heparan sulfate.

beta-glucuronidase ¼ 1.6 μmol/gp/h 100–800 μmol/gp/h 3.3 y (2.5 y-4 y) 2 (100%) - 0/2 (100%)

MPS I (Hurler, Scheie, Hurler/Scheie syndrome), MPS II (Hunter syndrome), MPS III (Sanfilippo syndrome), MPS IVA (Morquio syndrome), MPS VI (Maroteaux-Lamy syndrome) and MPS VII (Sly syndrome).
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Figure 1. Families with more than one affected siblings.

Figure 3. Comparsion between biochemical results among referred cases in the
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To confirm the diagnosis, the enzyme activity was assayed in 239
patients in the previous study, while in the current study; enzyme activity
was measured in 498 patients, Figure 3.

In addition to the above, the enzyme activity for the clinically sus-
pected MPS IVA patients was measured in 104 cases in the previous study
and in 124 cases in the present one. The results showed that, the numbers
of MPS IVA patients were higher in the present study (124) than the
previous one (39), with ratio 3.2:1, Figure 3.

Totally, the number of diagnosed patients in the current study was
higher (622) than the previous study (278) (2.2:1).

In the previous study [26] MPSs I and VI were the most prevalent
types, followed by MPSs II and III, while in the present study, MPSs III
and I had high incidence, followed by MPSs IVA, VI and II, Figure 4.

The total number of MPS diagnosed patients during the time period
from 2002 to 2020 (eighteen years) is 900, distributed as follows: MPS I
in the first order with ratio 28% (251 out of 900), then MPS III in the
second order 24.4% (220 out of 900), then MPS IVA 18.1% (163 out of
900), then MPS VI 18% (161 out of 900), then MPSII 11.5% (103 out of
900) and MPS VII 0.2% (2 out of 900), Figure 5.

Enzyme replacement therapy has started in December 2013 at the
National Research Centre. At the moment, 77 patients receive the
treatment at the Enzyme Replacement Therapy Unit (ERTU), NRC.

Thirty-one MPS IVA patients receive the treatment (40.2%) followed
by MPS I (19, 25%) then MPS II (14, 18%) and MPS VI (13, 17%),
Figure 6.

4. Discussion

The term mucopolysaccharidosis defines a series of rare disorders
(accounting for <0.1% of all genetic diseases). They are characterized by
defects in the catabolism of glycosaminoglycans [1] which causes the
Figure 2. (A): Comparison between the numbers of referred and diagnosed cases in th
two studies.
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progressive accumulation of these macromolecules in cellular lysosomes
in different tissues [2].

This is the second retrospective study from the Biochemical Genetics
Department (the reference laboratory for Inborn Errors of Metabolism at
National Research Centre, Egypt) regarding the MPS types diagnosed.

Relative to our report in 2014 (Fateen et al., 2014) [26], in the pre-
sent study, we analyzed more numbers of clinically suspected patients
(1448 versus 1294) in a less time period (6 years vs 11 years). We
diagnosed more than double the number of positive cases (622, 42.9%
versus 278, 22.3%). This may be attributed to increased awareness
among the population and clinicians especially with the availability of
treatment, Figures 2(A) and 3.

Previous Egyptian studies matched with our results; a study was done
over 15 years (1995–2010) by Fateen et al reported that lysosomal
storage diseases (LSD) came in the first order among inborn errors of
metabolism (69.4%). Of this percent, 49% had MPS [27]. Elmonem et al
showed that 94 (44.5%) patients out of 211 were diagnosed with
mucopolysaccharidoses in a study carried out between (2008–2014)
[28], indicating that mucopolysaccharidoses were the most common
group of lysosomal storage diseases diagnosed in Egypt.

In Tunisia during the period 1970–2005, there were 96 (72.7%)
confirmed MPS patients out of 132 referred cases [29]. In Libya over 12
years (2001–2012), lysosomal storage diseases (LSD) came in the third
order among the inborn errors of metabolism pattern, where five patients
(33.3%) out of 15 had MPS disease [30]. In Saudi Arabia, a study carried
out from 2001-2014, MPS was diagnosed in 15/187 (8%) [31]. While in
the Eastern Province of Saudi Arabia, a study covered 33 years
(1983–2016), MPS came in the second place 37% (33 of the 89 patients)
in the prevalence of LSDs [32]. But still the numbers of diagnosed pa-
tients are very small compared with our experience and publications.
This is mostly due to the large Egyptian population number (100 million)
and the availability of testing at our laboratory which make it easier for
e two studies. (B): Comparison in demographic data among referred cases in the

two studies.



Figure 4. A: Types of mucopolysaccharidoses among 278 diagnosed patients in eleven years (2002–2013) [27]. B: Types of mucopolysaccharidoses among 622
diagnosed patients in six years (2014–2020).

Figure 5. Types of mucopolysaccharidoses among 900 diagnosed patients
during the time of the study (2002–2020).

Figure 6. Types and percent of MPS0 patients receiving treatment at ERT unit
in NRC.
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patients and physician to receive a diagnosis. This is not available in
many other neighboring countries.

Arab populations have a deeply rooted tradition of consanguineous
marriages mostly due to socio-cultural factors. The consanguinity rate
among Egyptians in general ranged between 30% to 40% [33, 34]. In the
present study, the parental consanguinity was found in 67.6% of the
referred cases, Table 1. This is higher than what was reported by Fateen
et al. 2014 where parental consanguinity was 54.1% among the referred
cases [26]. This might be due to the larger number of the study group, but
also it is an important marker of the increase in consanguineous mar-
riages mostly due to socioeconomic factors as well.
6

A high consanguinity rate among the referred cases was also found in
Fateen et al., 2014 [27], 74% (8998 out of 12,148) and in Fateen and
Abdallah, 2019 [35], 76% (3897 out of 5128).

Parental consanguinity among the diagnosed MPS patients in this
study was 76 % Table 4. This matched with the previous studies of
Shawky et al (77.1%) [36], Shawky et al (80%) [37] and Ben Turkia
et al., (83%) [29]. MPS II was an exception, although it is an X-linked
disorder, 33% of the diagnosed MPS II patients were to consanguineous
marriages.

The higher male to female ratio of referred (1.7:1) and diagnosed
cases (1.4:1), Tables 1 and 4 is a tradition among the Arab population,
who give more care to males than females especially in rural regions. We
did report these findings in different studies and publications before such
as: Shawky et al., 2008, the M:F ratio was 1.2:1 [37], Fateen et al., 2014,
it was 3:2 [27], Elmonem et al, 2016 it was 1.3:1 [28], Selim et al, 2016 it
was 2.1:1 [38], Ben Turkia et al., 2009 it was 1.2:1 [29] and Al Obaidy,
2013 it was 1.2:1 [30].

The severely affected patients showed signs and symptoms in the first
year of life while the attenuated forms started in childhood or adoles-
cence [2, 4] and are often under diagnosed and generally taken into
account only when signs and symptoms become clearly evident.

Individuals with severe MPS I usually have symptoms apparent by the
age 6 months, most of our MPS I patients are diagnosed at an age from 6
months to 3 years. Also, 5 patients were diagnosed at an age of 0.17–0.33
year. These were siblings to previously affected families. The attenuated
form may not become apparent until after the age of 3 years. Many
attenuated MPS I patients were not diagnosed until late childhood or
even later age. That was seen in some of our patients with high age at
diagnosis, around 6–15 years, and in two patients at the age of 25 and 27
years, Table 4 [39].

For severe cases of MPS II, a diagnosis is often made between the ages
of 1.5 and 3 years of age. This agrees with our findings that 46 patients
(80.7% out of 57) were diagnosed from 1.2 to 5 years. Two patients were
diagnosed at the age 0.17 year; they were siblings to affected patients,
whereas the attenuated form was diagnosed between the ages of 4 and 8
years. Some of our attenuated form patients were diagnosed between 6
and 14 years, Table 4 [40].

Symptoms of MPS III usually begin to appear between 2 and 6 years of
age. It was found that 145 (82%) patients with MPS III were diagnosed at
the age from 1.8 to 7 years in the present study. Nine patients were
diagnosed at the age from 0.17-0.75 year, which were siblings to affected
families. There were 23 patients with higher age (8–16 years), they are
relatives of previously affected patients, Table 4 [41].

Patients with MPS IVA appear healthy at birth like many other lyso-
somal disorders. The age of onset is usually between 1 and 3 years. Most
of our patients were diagnosed around the age of 1.5–5 years. Three
patients were diagnosed earlier between 0.17 to 0.42 year as they were
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siblings to previously affected patients. Thirty six patients were diag-
nosed later; between 6 to16 years and one patient was 29 years old. Many
of themwere siblings and the others showed the attenuated form, Table 4
[42].

Patients with the classical form of MPS VI generally present within
the first 3 years of life. Seventy four patients were diagnosed between 0.5
to 5 years. Two patients were diagnosed around age 0.17 and 0.25 year,
as they were relatives to affected patients. In contrast, patients with non-
classical MPS VI present later in life with more subtle disease manifes-
tations, 14 patients were diagnosed at the age of 6–17 years, Table 4
[43]. We can conclude that most of the MPS patients are diagnosed early
except for the mild forms which present late.

According to our laboratory experience in the biochemical diagnosis
of MPS [26], the diagnostic process started with a set of full GAG profile
including both quantitative and qualitative analysis. Most MPS patients
have higher GAG excretion in urine compared with age-matched normal
subjects. Our result showed that, the mean value of GAG of (40.5%)
patients was high in respect to the age of matched controls, Table 3.

Mahalingam et al. stated that MPS III and MPS IVA patients in general
excrete fewer amounts of GAGs in their urine which is observed in our
study, Table 4 [44]. Patients with MPS types are not only different in the
total amount of GAG, but also in the relative proportion of various types
of GAG. [2], so qualitative analysis of GAG using two-dimensional elec-
trophoresis is a diagnostic step for MPS disorders. The electrophoretic
results revealed that 88 cases (15 %) with high GAG level in urine had
normal electrophoretic pattern. This is much lower than what we re-
ported previously were 56.4% of the referred cases showed normal
pattern, Figure 3 [26] this means that the diagnostic skills of the physi-
cians rise with the increased flow of cases.

Mucopolysaccharidoses share many signs and symptoms with other
disorders like mucolipidosis II, oligosaccharidosis and multiple sulfatase
deficiency. High level of GAG could be detected in these conditions as
well and in many dysplasia conditions [45, 46]. Consequently, the level
of GAG is not diagnostic of MPS but it could be used as a screening test
only [6].

Sheth et al. mentioned that overlapping clinical phenotypes are a
diagnostic challenge to the clinician in the cases of mucolipidosis (ML)
and mucopolysaccharide disorders [47]. Also, Khan and Tomatsu stated
that these disorders share characteristic bone deformities. In addition,
several lysosomal glycosidases and sulfatases enzymes are deficient in
ML lysosomes and are involved in a step by step degradation of GAGs
[48]. During the study period, 47 mucolipidosis cases were diagnosed.

Previous literature mentioned that, patients with MPS I excrete more
dermatan sulfate (DS) than heparan sulfate (HS), and patients with MPS
II excrete heparan sulfate more than dermatan sulfate, throughout our
study in some patients we could not observe these differences. Quanti-
tative measurements are needed to confirm such observations. Also,
quantitative measurements of the different GAGs are needed for moni-
toring the response to treatment. We are currently working on estab-
lishing this technique by LC MS/MS. Measuring both the α-iduronidase
and iduronate-2-sulfate sulfatase enzyme activities is required to confirm
the diagnosis [49, 50].

In addition, patients with MPS VI have 100% concentration of DS,
while MPS I has higher concentration of DS than HS [51]. We found an
overlap between the patterns of these types; accordingly, the deficient
enzyme must be measured for both types for accurate diagnosis.

MPS diagnosis should not be confirmed nor ruled out on the basis of a
single GAG quantification test, it should be followed by qualitative
analysis of GAG to identify the abnormal pattern, which highly reduces
the cost of diagnosis by circumventing the assay of all 11 enzymes in all
suspected cases. Measuring the activity of the accused MPS enzyme is
universally acted as the key component of diagnosis according to the
GAG results and clinical suspicion.

Regarding MPS IVA, we did not depend on the total GAGs levels,
because their levels were mostly close to the normal range, this agrees
with the finding of Tomatsu et al., 2004 [52], Tomatsu et al., 2014 [53]
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and Sawamoto et al., 2020 [54]. Besides, we could not detect the keratan
spot by using two-dimensional electrophoresis, Table 4, as mentioned by
Tomatsu et al., 2014 [53], we depend on the clinical and radiologic
features of MPS IVA, that agrees with a previous statement, “this syn-
drome has distinct clinical and radiologic features that are characteristic
and do not overlap with any other MPS types” [55]. Hence, the deficient
enzyme activity was determined in clinically suspected cases [23].

Sometimes, there can be a delay in the diagnosis of MPS due to the
late onset or less progressive phenotypes. Less awareness by physicians
especially in the rural areas, can delay the diagnosis. Theymay detect few
signs or symptoms, subsequently patients are sent to different medical
departments before diagnosis [56]. This was obviously seen in the high
age range of diagnosis in severe and attenuated forms between our pa-
tients in each type as mentioned previously, Table 4.

MPS is a genetic disease and the recurrence is 25%, possibility with
each pregnancy. Counseling of the parents is important especially with
the availability of prenatal diagnosis. Prenatal diagnosis is routinely done
at our laboratory to all our MPS patients’ parents [57].

Differences in incidence rely on many factors, among which are
consanguinity and cultural characteristics [58]. In the previous report,
the distribution of MPS t̓ypes between the diagnosed patients was MPSs I
(29%), VI (26%) followed by MPS II (17%), MPS III (15%) and MPS IVA
(13%) [26], Figure (4A). In this study, MPSs III (28.5%) and I (27.7%)
were the most prevailing types, followed by MPSs IVA (20%), VI (14.5%)
and MPS II (9%), Figure (4B).

The sample sizes in both studies were 1249 and 1448 but the study
periods were 11 years versus 6 years. Although this report studied
retrospectively the last six years while our previous report (2014) [27]
reported eleven years‘ experience, the number of diagnosed cases in this
six years is almost double that diagnosed in the previous eleven years
study, Figure (2A).

The availability of enzyme replacement therapy at ERTU in NRC since
December 2013, Figure 6, encouraged the affected families to seek for
diagnosis thereby increasing their numbers that attend clinics and in turn
encouraging many physicians to refer their patients. This with time led to
an increase in the awareness among affected families and an increase in
the experience among physicians.

If we add the patients numbers in both studies to give the frequency of
each MPS type diagnosed over 18 years, which will give a more accurate
look on the distribution of eachMPS type among the Egyptian population
according to our studies, we will find out that MPS I is the most common
type in both studies by 28%. In the second place comes MPS III by 24.5%,
followed by MPS IVA by 18.1%, MPS VI by 18% and MPS II by 11.5%,
Figure 5.

A study carried on 132 suspected cases in Tunisia over 35 years from
1970-2005 found that MPS I and III were the most frequent MPS types
observed, which matches our finding but the rest of the MPS types
showed a different distribution [29].

The current findings differ from results that have been reported in
other Arab countries. In Saudi Arabia, MPS VI represented the most
common type, followed by MPS I, IVA and MPS III in a study from 1983
to 2008 [59]. While in Emiratis, MPS IIIB, IVA, and VI were the most
common types of mucopolysaccharidoses [60].

In Asia, the frequency of MPS types were MPS II, MPSI, MPS III then
MPS IV and MPS VI according to the studies carried on China and Japan
[61, 62].

In Germany and the Netherlands MPS III came first, followed by MPS
I, MPS II, MPS IV and MPS VI [63]. While in Denmark and Norway, a
study from the 1970s–2000s reported that MPS I was the most common
prevailing type. This agrees with our findings as MPS I came first in
distribution [64]. The same finding was observed in studies carried out in
America and Canada while the rest of MPS types were different. In
America MPS I came first then MPS II followed by MPS III, MPS IV and
MPS VI, while in Canada the ranking was MPS IV, MPS VI, MPS III then
MPS II [65]. This might be attributed to the large number of Asian
population in the USA. In Brazil, a study carried out from 1994 to 2018
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indicated that MPS II was the first condition, followed by MPS VI, MPS I,
then MPS III, MPS IV and MPS VII [66].

This study's main limitation was that, enzymes activity for MPS III A,
C and D were not diagnosed in our lab. They are rare in Mediterranean
region. Measure of these enzymes was done abroad. At the moment we
did start measuring the activity of MPS IIIA and may be in the future we
will add the measuring activity of MPS IIIC and D.

4.1. In conclusion

The presence of treatment for four MPS types promoted the diagnosis
exponentially as we diagnosed double the patients number in almost half
the period of time.The presence of treatments encourages the parents to
seek diagnosis and equally challenged the physicians.

Although MPS III is the most prevalence type during the present
study, but MPS I is the most common type among our Egyptian popula-
tion after 18 years of precise diagnosis. Counseling of the parents is an
essential part of the diagnosis.

The follow up of the response to treatment needs accurate quantita-
tive tools for the different GAGs types beside the clinical evaluation.

The level of inbreeding is high due to the lack of awareness and
commitment of individuals to their traditional cultural values. These
leads to an increase in the incidence of autosomal recessive diseases,
including Mucopolysacchardoses, multidisciplinary preventive programs
are needed to alert the population, for example: prenatal screening,
carrier detection, genetic counseling and public health education.
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