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R É S U M É
Prérequis : Dans les pays en développement, les erreurs innées du
métabolisme ne sont pas aussi communes que les maladies
infectieuses et nutritionnelles. En Tunisie, aucune information n’est
disponible sur l’incidence et les caractéristiques épidémiologiques de
ces maladies métaboliques héréditaires.
But: Etudier le profil des aminoacidopathies autres que la
phénylcétonurie et celui des aciduries organiques et estimer leur
incidence.
Méthodes: Durant la période entre 1987 à 2009, notre laboratoire a
reçu 13171 demandes d’analyses pour les patients présentant des
symptômes évocateurs d’erreurs innées du métabolisme. La
chromatographie échangeuse d’ions des acides aminés a été effectuée
sur un analyseur d’acides aminés. Les profils des acides organiques
urinaires ont été déterminés par chromatographie en phase gazeuse
couplée à la spectrométrie de masse.
Résultats: Nous avons trouvé 370 cas pathologiques (2,8%), répartis
en 212 cas d’aminoacidopathies (57,3%) et 158 cas d’aciduries
organiques (42,7%). La leucinose (32,5%), la tyrosinémie type I
(28,8%) et l’hyperglycinémie sans cétose (16%) étaient les plus
fréquentes parmi les aminoacidopathies. Les aciduries
méthylmalonique (33,5%), propionique (18,4%) et 2-hyrdoxy
glutarique (10,8%) étaient les plus fréquentes des aciduries
organiques. Les incidences ont été estimées à 1/13716 pour la
leucinose, 1/14804 pour la tyrosinémie de type I, 1/16144 pour
l’acidurie méthylmalonique et de 1/23176 pour l’acidurie
propionique.
Conclusion: les aminoacidopathies et les aciduries organiques
semblent être fréquentes en Tunisie, en raison d’un taux élevé de
consanguinité. Nous pensons que leur incidence est sous estimée.
Afin d’améliorer leur diagnostic, il est nécessaire de disposer
d’équipements lourds ce qui permettrait une prise en charge précoce
des patients.
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S U M M A R Y
Background: Inborn errors of metabolism are neglected in
developing countries because they are not as common as infectious
and nutritional disorders. In Tunisia, no information is available on
the incidence and epidemiological features of these inherited
metabolic diseases.
Aims: To precise the profile of aminoacidopathies other than
phenylketonuria and organic acidurias and to estimate their
incidences in Tunisia.
Methods: Between 1987 and 2009, our laboratory received 13171
requests for analysis of patients with symptoms suggestive of inborn
errors of metabolism. For these cases, ion exchange chromatography
of free amino acids was performed on amino acids analyser. Urinary
organic acids profiles were determined by gas chromatography-mass
spectrometry. 
Results:Abnormal cases were 370 (2.8%), divided into 212 cases of
aminoacidopathies (57.3%) and 158 cases of organic acidurias
(42.7%). The most frequent aminoacidopathies, were maple syrup
disease (32.5%), tyrosinemia type I (28.8%) and nonketotic
hyperglycinemia (16%). Methylmalonic aciduria (33.5%), propionic
aciduria (18.4%) and 2-hyrdoxy glutaric aciduria (10.8%) were the
most frequent organic acidurias. The incidences were calculated
using the Hardy-Weinberg formula and were estimated at 1/13716
for maple syrup disease, 1/14804 for tyrosinemia type I, 1/16144 for
methylmalonic aciduria and 1/23176 for propionic aciduria.
Conclusion: Aminoacidopathies and organic acidurias turned out to
be highly frequent in Tunisia, mainly because of a high rate of
consanguinity. We believe that they are underestimated. To improve
their diagnosis, it is necessary to have available sophisticated
equipment which would allow early treatment of patients.
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Inborn errors of metabolism (IEM) seem to be common in the
Middle East and North Africa, where high consanguinity rates
still prevail due to frequents marriages between close relatives
[1-3]. Diagnosis of these diseases on the basis of clinical
symptoms followed by biological confirmation constitutes a
reliable approach for both providing early diagnostic and
therapeutic services. Among these IEM, worldwide,
aminoacidopathies (AAP) and organic acidurias (OAP) have a
relatively high incidence [4-6]. IEM are not given great interest
in developing countries because they are not as common as
infectious and nutritional disorders, and consequently are
generally under-diagnosed. However, they may contribute
significantly to morbidity and mortality. Hence a reliable and
cost effective screening for early diagnosis is vitally important
[7]. In Tunisia, no information is available on the incidence and
epidemiological features of these diseases.
This retrospective study reports, the different AAP other than
Phenylketonuria (PKU) and OAP, diagnosed in the metabolic
division of the laboratory of biochemistry of the Rabta Hospital
during a period of 23 years (1987-2009 inclusive). We estimate
also the incidences of the most prevalent disorders of them in
Tunisia. PKU is the most common AAP in Tunisia and has been
explored in other studies [8- 9]. 

MATERIAL AND METHODS
Patients
In Biochemistry Laboratory of Rabta Hospital, 13171 patients
with symptoms suggestive of IEM were investigated between
1987 and 2009. The cases were from different regions of
Tunisia and therefore constitute a random representative sample
from the entire country population. Data can thus be considered
reliable estimate of the actual disease incidence. Main original
hospital departments of these patients were paediatrics (75.4%),
neonatology (10%) and neurology (4.6%).

Methods

Samples
The samples included random urine, fasting venous blood
(collected into heparin-containing tube) and cerebrospinal fluid
whenever the diagnosis of nonketotic hyperglycinemia (NKH)
was suspected. These samples were complemented with
information sheets where the following variables were
recorded: age, gender, geographical origin, consanguinity,
previous family history of IEM, the main clinical symptoms and
current therapy. 

Initial testing
Screening included blood and urine one-dimensional amino
acid thin layer chromatography in n-butanol: acetone: acetic
acid: water (35:35:10:20) [10]. Cephalic spinal fluid amino
acids were also studied in patients with suspected NKH.

Specialized testing
In the case of abnormal result of the amino acid thin layer

chromatography, ion exchange chromatography on amino acids
analyser (Beckman 6300) was performed for the quantification
of aminoacids. Urinary organic acids profiles were determined
by gas chromatography-mass spectrometry (Hewlett Packard
5890/HP 5972). 

Statistical analysis 
Collected data on confirmed patients (AAP and OAP cases)
were analyzed using Epi-Info software.

RESULTS
During 23 years of selective screening, 370 AAP and OAP
cases were diagnosed corresponding to 22 IEM, giving 2.8 % of
total of 13171 patients screened. These IEM were divided into
respectively, 212 AAP cases (57.3 %) grouping 9 different
enzyme deficiencies and 158 OAP cases (42.7 %) with 13
different types of abnormalities. The three most common
disorders of amino acids metabolism were maple syrup urine
disease (MSUD), tyrosinemia type I and NKH. Methylmalonic
aciduria, propionic aciduria and 2-hyrdoxy glutaric aciduria
were the most frequent OAP disorders (tables 1 and 2). Sex
ratio was 1.36 for male/female. Consanguinity accounted for
86.7 % and the presence of previous similar disorders in the
family was identified in 67.5 % of cases. When data is
considered according to geographical origin, no hot spot
location for these disorders could be singled out within the
country, but for MSUD 97% of cases originate from west
central Tunisia and for NKH 71% of patients were from central
Tunisia.

*Age on days; Min, minimum; Max, maximum.

Disorder type

Maple syrup urine disease
Tyrosinemia type I
Nonketotic hyperglycinemia
Homocystinuria
Cystinuria
Tyrosinemia type 2
Hyperhomocystinemia with methyl
tetrahydrofolate reductase deficiency
Sulfite oxidase and xanthine oxidase 
deficiency
Hypophosphatasia

Number
[(%)]

69 (32.5)
61 (28.8)
34 (16)
21 (9.9) 
8 (3.8)
7 (3.3)
5 (2.4)

5 (2.4)

2 (0.9)

Age at diagnosis
Mean (min-max)/

months
6 (1*-108)
15 (1*-192)
1 (1*-30)
104 (3-348)
168 (18-360)
64 (9-180)

108 (20*-252)

8 (10*-36)

25 (19 -31)

Table 1 : Number and respective frequencies of different types of
aminoacidopathies and age at diagnosis 
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Age at diagnosis varied between 1 day and 49 years with a
mean age of 1 year and 9 months. NKH is the AAP whose
clinical symptoms were the earliest followed by MSUD, sulfite
oxidase and xanthine oxidase deficiency and tyrosinemia type I.
For other AAP, onset of clinical symptoms was later in our
patients. Concerning OAP, onset of clinical symptoms was very
heterogeneous. Despite this variability, we remark early onset
of clinical signs during propionic, methylmalonic and
pyroglutamic aciduria (tables 1 and 2).
The main clinical symptoms likely related to clinical disease
state in new born and infants patients were, hypotonia (73.6%),
metabolic acidosis (65.2%), seizures (61%), failure to feed
(59.5%), respiratory difficulties (58.4%), ketosis (57.3%), coma
(54.8%), persistent vomiting (53.8%), hepatomegaly (47.5%),
mental retardation (47%), delay in motor development (43%)
and abnormal movements (36.5%).
Using Hardy-Weinberg formula [E= M/aN + f √M/aN; E,
estimated incidence; M: pathological cases; a: period of study
(23 years: 1987-2009 inclusive); N: total of births per year
during the period of study; f: coefficient of consanguinity
(0.0129)] [11], the diseases incidences were estimated for AAP
and OAP as one per 4514 births (1/4514). Table 3 shows the
calculated incidences for the most frequent AAP and OAP.

DISSCUSION
A retrospective study of inherited metabolic diseases during 23
years in Tunisia showed that AAP were more frequent (1/4464)
than AOP (1/5570). This study has been conducted on patients
with a high rate of consanguinity (86%) and high rate of first-
cousin marriages (56%). In addition, we notice a high
frequency of similar disorders or unexplained deaths among the
families of patients (67.5%). High consanguinity is common in
the Middle East and North Africa, which increased the
occurrence of IEM [7]. Indeed, a study of IEM in an Omani
population of the Arabian Peninsula [1] found that the parental
consanguinity was twice as frequent in the study patients as in
the general population. Other studies from Riyadh, Saudi
Arabia and Kuwait indicate that some diseases are confined to
specific families and Tribal groups [12-16]. In contrast, in other
studies in Italy, British Columbia, Brazil and West Midlands,
patients with IEM had a low rate of consanguinity [4, 17-19].
In this study, we did not find geographic areas at higher risk of
IEM, with the notable exception of west central Tunisia where
MSUD (97% of cases) and NKH (72% of patients) showed a
clear regional clustering. These results are similar to those in
the Mexican study in which MSUD has been found more
frequent in Hispanic population [20]. 
Age at diagnosis was very variable between different metabolic
diseases. Acute diseases (such as NKH, MSUD, methylmalonic
and propionic aciduria) were characterized by a sudden onset of
deterioration of vital functions (like respiratory and
neurological distress). motivating parents regardless of their
level of consciousness to consult early. However, for other
chronic pathologies (such as homocystinuria, cystinuria and 3-
‚-Ketothiolase deficiency) characterized by a gradual onset and
progressive installation of clinical symptoms (such as mental
retardation and delay in motor development), age at diagnosis
was late because the consultation depends on the degree of
awareness of parents and their socio economic conditions. 
More than half of all diagnosed patients corresponded to amino
acid disorders other than PKU. 
It is possible that AAP were often diagnosed due to the
simplicity and low-cost of the detection techniques required,
such as chemical screening tests and amino acid
chromatography. Following PKU, MSUD was the most
frequent AAP; it is interesting that an even higher frequency has
been found in Saudi Arabia [13] and in Mexico [20]. Because
Spain was an Islamic country for 800 years, it is tempting to
speculate whether some of the MSUD mutations in the Spanish-
speaking populations are of Near Eastern origin [20].
Regarding OAP, methylmalonic aciduria was the most
prevalent disorder in this study and also in other studies
performed in Saudi Arabia [13], Mexico [20], Italy [17] and
China [21]. 
Some factors need to be considered when comparing these
results with those of other studies. The number of cases in
Tunisia is under diagnosed because, on the one hand, the
patients not identified in the acute phase die quickly and on the

Disorder

Aminoacidopathies other than
phenylketonuria
Maple syrup urine disease
Tyrosinemia type I
Nonketotic hyperglycinemia
Organic acidurias
Methylmalonic aciduria
Propionic aciduria
2-Hydroxyglutaric aciduria

Cases
diagnosed

212

69
61
34
158
53
29
17

Incidence
(number/live births)

1/4464

1/13716
1/14804
1/21088
1/5570
1/16144
1/23176
1/31573

Table 3 : Calculated incidences of the frequent aminoacidopathies 
other than phenylketonuria and organic acidurias.

Disorder type

Methylmalonic aciduria
Propionic aciduria
2-Hydroxyglutaric aciduria
3-ß-Ketothiolase deficiency
Isovaleric aciduria
Glutaric aciduria type I
Alkaptonuria
Pyroglutamic aciduria
N-Acetylaspartic aciduria
Primary carnitine deficiency
3-Methylglutaconic aciduria
3-Methyl crotonyl glycinuria
Mevalonic aciduria

Number
[percent (%)]

53 (33.5)
29 (18.4)
17 (10.8)
13 (8.3)
10 (6.3)
10 (6.3)
9 (5.7)
5 (3.2)
5 (3.2)
3 (1.9)
2 (1.2)
1 (0.6)
1 (0.6)

Age at diagnosis
Mean (min- max)/

months
12 (2*-144)
7 (3*-58)
80 (1*-456)
18 (6-36)
24 (1*-84)
22 (18*-78)
200 (6*-588)
20 (9*-89)
41 (15-76)
20 (2-36)
36 (4*-72)

24
7

Table 2 : Number and respective frequencies of different types of
organic acidurias and age at diagnosis
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other hand, our Laboratory is the only one specialised in the
diagnosis of these diseases which creates difficulties for
biological exploration of patients living far; in addition, the
screening is selective and no systematic national screening
programmes were done. The diagnosis is delayed for the
majority of patients, because of poor socio economic conditions
of some patients in isolated areas which prevent the parents to
consult early.

CONCLUSION
In total, AAP and OAP seem to be highly frequent in Tunisia,
because of a high rate of consanguinity. It is necessary to make

available sophisticated equipment, to improve the diagnosis of
AAP and AOP as well as other disorders; this is essential to
early diagnosis and effective management and emergency
treatments of patients with suspected IEM.
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