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Autosomal recessive disorders
among patients attending the
genetics clinic in Alexandria

M.M. Mokhtar,” S.M. Kotb' and S.R. Ismail !
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ABSTRACT A total of 660 patients referred to the genelics clinic, Medical Research Institute,
Alexandria were assessed to determine the frequency of genetic disorders and the proportion of
autosomal recessive disorders. It was found that 298 (45.2%) patients had genetic disorders, 100
(33.6%) of whom had an autosomal recessive disorder; these included 32 patients with metabolic
defects, 18 with haemoglobinopathies and 50 with syndromes and single defects. The frequency
ol cunsanguinily among parents of patlents with autosomal recessive disorders was high (60%,
with 48% first cousins). The average inbreeding coefficient was higher (0.03) than that reported
for the Egyptian population in general (0.01).

Maladies autosomiques récessives chez des patients consultant dans un service de
génétique a Alexandrie

RESUME Un nombre total de 660 patients qui avaient été orientés vers le service de génétique
de I'lnstitut de Recherche médicale d’Alexandrie a fait I'objet d’une évaluation visant a déterminer
la frequence des maladies génétiques et la proportion des maladies autosomiques récessives.
On a constaté que 298 patients {45,2%) présentaient des maladies génétiques dont 100 (33,6%)
une maladie autosomique récessive; parmi ces derniers, 32 patients avaient des anomalies du
métabolisme, 18 des hémoglobinopathies et 50 des syndromes ou des anomalies simples. La
fréquence de la consanguinité chez les parents des patients présentant des maladies auto-
somiques récessives &ait élevée (60%, avec 48% de cousins germains), Le coefiicient de con-
sanguinité moyen était plus élevé (0,03} que celui rapporté pour la population égyptienne en
général (0,01).
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Introduction

It is a useful concept to consider all diseas-
es as being on a spectrum. At one extreme
we hiave those disorders which are largely
environmental in cause; at the other ex-
treme we have those disorders which are
largely genetic [/].

A number of surveys have indicated that
globally at least 2 per 1000 nconates have
autosomal recessive disorders, 2—10 per
1000 have autosomal dominant disorders,
1-2 per 1000 have X-linked recessive dis-
orders, 67 per 1000 have chromosomal
abnormalities and about 20 per 1000 have
congenital malformations {2].

A recent publication on genetic disot-
ders among Arab populations lists 115 new
genetic syndromes reported over the past
two decades. Of these, 100 syndromes are
autosomal recessive, 10 are autesomal
dominant and 5 possibly X-linked recessive
or autosomal recessive [3].

Autosomal recessive disorders are gen-
erally severe; many inborn errors of metab-
olism and malformation syndromes are due
to autosomal recessive genes and their rec-
ognition in the first affected individual in a
family is of great importance as the recur-
rence risks are often high and the disorders
are frequently untreatable [2].

Recessively inherited disorders account
for a substantial proportion of mental and
physical handicaps in some countries. Sim-
ilarly, children of consanguineous parents
may be overrepresented in patients with se-
vere mental retardation, blindness, hearing
impairment and deaf—mutism [3].

The aims of this work were to obtain
baseline information on the frequency of
genetic disorders among a group of patients
attending the genetics clinic of the Medical
Research Institute, Alexandria University,
to classify and estimate the proportion of
autosomal recessive disorders and to deter-

mine the relationship between the disorders
diagnosed and the inbreeding cocfficient.

Patients and methods

The study included all patients (660) at-
tending the human genetics clinic of the
Medical Research Institute, Alexandria
University, during the two-year period,
1995 and 1996. They were referred from
paediatric hospitals and private clinics and
the reasons for the referrals are given in Ta-
ble 1. Accurate diagnosis was made after
the following had been carried out: taking
of the complete genetic and family history,
pedigree construction, clinical genetic ex-
amination and anthropometric measure-
ments. Other investigations were carried
out depending on the individual patient,
such as skeletal survey, ultrasound, electro-
encephalogram, hearing tests and fundus
examination. Laboratory studies were car-

Table 1 Reasons for referral

Reason for referral No.
Mental retardation 213
Delayed milestones 112
Dysmorphic features 90
Short stature 45
Infertility 43
Primary amenorrhoea 27
Stunted growth 30
Blood disorder 37
Eye defect 10
Hearing/speech defect 16
Diplegia/hemiplegia 15
Skin complaint 10
Convulsions 12
Total 660
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ried out as appropriate and included bio-
chemical screening tests and thin-layer
chromatography, determination of haemo-
globin level and red cell morphology, abso-
lute red cell indices, haemoglobin
electrophoresis, chromosomal analysis,
consanguinity and inbreeding coefficient
evaluation.

Results

Genetic disorders

Of the 660 patients, genetic disorders were
detected in 298 (45.2%); of these 100
(33.6%) had autosomal recessive disorders,
40 (13.4%) had autosomal dominant disor-
ders, 20 (6.7%) had X-linked disorders, 15
{5.0%) had multifactorial disorders, 55
{18.4%) had chromosomal abnormalities,
10 (3.4%) were due to teratogens and 58
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(19.5%) were sporadic. The remaining 362
(54.8%) patients were found to have no dis-
order of genetic or known environmental

cause (Tables 2 and 3).

Autosomal recessive disorders

Table 4 shows the classification of the 100
patients with autosomal recessive disor-
ders. Group I consisted of 32 paticnts
(4.8%) with metabolic defects. Among
those, 22 patients (3.3%) had aminoacidop-
athics and 10 (1.5%) had mucopolysaccha-
ridoses. Group II consisted of 18 patients
(2.7%) with haemoglobinopathies. Of
these, 10 (1.5%) had P-thalassacmia major
and 8 (1.2%) had sickle-cell anemia. Group
III consisted of 50 patients (7.6%) with syn-
dromes and single delectls. Microcephaly,
with or without spastic quadriplegia, con-
genital deafness and spinal muscle atrophy
(infantile and juvenile) were the most com-

Tabie 2 Distribution of patients according to their diagnosis

Category Genetic disorders Autosomal recessive
No. % No. %
Genetic disorders
Dysmorphic syndromes 70 10.6 21 3.2
Neurological/neuromuscular disorders 40 6.1 11 1.7
Chromosomal abnormalities 12 1.8 - -
Down syndrome 32 4.8 - -
Bone dysplasia/short stature 10 1.5 3 0.4
Non-specific mental retardation 20 3.0 - -
Inborn errors of metabolism 33 5.0 32 4.8
Recurrent abortion 15 2.3 - -
Eye disorders 15 23 4 0.8
Deafness 12 1.8 5 0.8
Skin discrders 8 1.2 6 0.9
Bicod disorders 25 3.8 18 2.7
Primary amenorrthoea B 0.9 - —
Subtotal 298 45.2 100 15.1
Other disorders 362 54.8 - -
Tolal 660 100
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Table 3 Classification of patients according
to genetic etiology

Tabie 5 Syndromes and single defects
{Group 1)

Genetic disorder No. %
Single gene disorders*
Autosomal recessive 100 33.6
Autosomal dominant 40 13.4
X-linked 20 6.7
Others
Chromosomal aberrations 55 18.5
Multifactoriai 15 5.0
Teratogenic 10 3.4
Sporadic 58 19.5
Total 208 100

*Total single gane disorders = 160 (53.7%)

mon conditions in this group (Table 5). The
rare specific syndromes are also shown in
Table 5.

Table 4 Classification of patients with
autosomal recessive disorders

Category No. %*  Positive
family history
No. %"

Group |

{metabolic defects)

Aminoacidopathies 22 3.3

Mucopoly

saccharidoses 10 1.8

Subtotal 32 48 18 56.3

Group If

(haemogiobinopathies)

p-thalassaemia

major 10 1.5

Sickle-cell anaemia 6 1.2

Subtotal 18 2.7 12 §6.7

Group I (syndromes

and singfe defects) 50 7.6 19 08.0

Total 100 151 49 48.0

2pgreantagae of tha tntal number of patients (660)
bparcentage of the total in each group

Disorder No. McKusick
no. [24]

Microcephaly with

quadriplegia 7 25128
Microcephaly 5 25120
Congenitai deafness 5 22070
Spinal muscle atrophy

{(infantile) 5 25330
Muscle atrophy {juvenile) 2 25340
Xeroderma pigmentosa 4 27870
Fanconi anaemia 3 22765
Friedreich ataxia 2 22930
Ectodermal dysplasia 2 22490
Multiple pterygium syndrome 2 26500
Ataxia-telangectasia 2 20890
Spaslic paraplegia 2 27080
Congenital optic atrophy 2 25850
Retinitis pigmentosa 2 26800
SHORT syndrome 1 26988
Diastrophic dysplasia 1 27730
Robinow syndrome 1 26831
Carpenter syndromo 1 20100
Bardet-Biedl syndrome 1 20980
Total 50 -
Family history

Affected siblings were found in 8 (56.3%)
families with metabolic defects. Of those
patients with haemoglobinopathies, 12
(66.7%) had affected siblings. In group !1J,
affected siblings were found in one patient
with xeroderma pigmentosa, one with atax-
ia-telangectasia, one with multiple ptery-
gium syndrome, two cases with
microcephaly and all cases with deafness.
A positive family history was present in one
case of ectodermal dysplasia and in all cas-
es with spinal muscle atrophy and Robinow
syndrome (Table 4).
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Table 6 Distribution of cases with autosomal recessive disorders according to degree of

parental consanguinity

Degree of parental consanguinity No. % Positive family history
No. %
Consanguineous
First cousins 48 48 30 30
First cousins once removed 8 8 3 3
Second cousing 4 4 - -
Subtotal 60 60 33 33
Non-consanguineous 40 40 16 16
Total 100 100 49 49

Table 7 Average inbreeding coefficient (F) in different genetic disorders

Genetic disorder Total Consanguineous Non-consanguineous F
No. % No. %
Autosomal recessive 100 60 60.0 40 40.0 0.03
Autosomal dominant 40 5 12.5 35 87.5 0.01
X-linked 20 5.0 i9 95.0 0.01
Muitifactorial 15 5 33.3 10 66.7 0.01
Teratogenic 10 10.0 9 90.0 0.002
Sporadic 58 10 17.2 48 828 0.04

Consanguinity and inbreeding
coefficient
Table 6 shows that parental consanguinity
was 60% among cases with autosomal re-
cessive disorders (48% for first cousin).
This vafue was significantly higher than
that of the general population (28.9%) (x*=
32.9, P < 0.01). Parental consanguinity was
68.8% among cases with metabolic defects,
66.7% among cases with haemoglobinopa-
thies and 52% among syndromes and single
defects. These values were significantly
higher than those of the general
population.(y*>= 22.4, 15.7 and 12.8 re-
spectively, P < 0.01).

The average inbreeding coefficient in
the genetic disorders is shown in Table 7.

Discussion

A study similar to ours conducted in Ku-
wait amongst 1300 patients referred to gen-
eral genetics clinics showed that 32% of the
total referred cases were autosomal reces-
sive, 30% had chromosomal abberations,
13% had known multifactorial and poly-
genic disorders, 8% had autosomal domi-
nant disorders, 2% had X-linked disorders
and 15% had unknown disorders [4]. In our
study, 45.2% of the patients had genetic de-
fects. This figure is higher than that report-
ed in a similar study by Devi et al (15.5%)
in India [5], but Arabs appear to have a high
frequency of genetic disorders and in par-
ticular autosomal recessive traits [4]. The
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frequency of single gene disorders in this
study was 53.7%. This value is lower than
that reported by Devi et al (63.5%) {5] and
Teebi (57%) [4]. However, it is higher than
that reported by Hoodfar and Teebi (32.5%
ameng cases of Middle Castern origin) [6].
This might be due to differences in the level
of consanguineous marriage and the geo-
graphical distribution aimnong these popula-
tions.

The frequency of autosomal recessive
disorders in our study was 33.6%. This is
lower than that reported by Devi and col-
leagues (38.1%) [5] and Teebi (45%) [4],
but higher than that reported by Hoodfar
and Teebi (14.5%) in a Middle Eastern pop-
ulation in a western city [6]. This is proba-
bly related to consanguinity.

Metabolic disorders are individually
rare but collectively numerous with wide
variations in their frequencies among cases
with mental retardation in different sur-
veys. Wuu et al. reported 0.5% metabolic
defects among 1248 cases with mental re-
tardation in Taiwan [7]. Henderson et al.
reported a frequency of 0.6% in a survey of
1087 cases with mental retardation in
South Aftica [§]. Tayel et al. found a fre-
quency of 22% in children in Egypt [¢]. In
the present study the frequency was 4.8%.
This value is lower than that reported by
Devi and colleagues (6.4%) [5]. These vari-
ations could be due to the selection of the
cases referred.

Aminoacidopathies are one of the major
causes for psychomotor retardation [Z].
Their frequency among menially retarded
patients varies from 2.5% to 39% in differ-
ent studies [9—/2]. In the present study it
was 2.7%. This value agrees with the result
reported by Devi et al. (2.7%) [5]. Muco-
polysaccharidoses (MPS) are a group of in-
herited disorders of metabolism with
varying clinical manifestations [/3]. There
are wide variations in the frequency of

MPS among mentally retarded children as
reported by different researchers [/4-16].
Piraud et al. studied 2000 patients in France
and found MPS in 170 cases (8.5%) [14],
Di Natale et al. evaluated 297 patients in It-
aly and found MPS in 147 cases (16.2%)
[15] and Michelakakis et al. studied 2745
patients in Greece and found MPS in 36
cases (1.3%) [16]. In the present study,
MPS was detected in 1.5% of cases while
Devi et al. reported a frequency of 1%
amuong 407 cases included in their study
[3]-

There is considerable ethnic and geo-
graphical variation in the incidence, fre-
quency and distribution of haemoglobin
disorders [I7]. Thalassaemia, sickle-cell
anaemia and glucose-6-phosphate dehydro-
genase (G6PD) deficiency are the com-
monest single gene disorders encountered
in the Eastern Mediterranean Region. The
epidemiology of these disorders shows
marked intracountry as well as intercountry
differences. The percentage of B-thalas-
saemia trait ranges from 1% to 6% in the
Eastern Mediterranean Region as assessed
through necnatat screening [ 7]. Our study
found 10 cases (1.5%) with B-thalassaemia
major. The frequency of sickle-cell
anaemia is reported to vary between 1.2%
and 2.1% among neonates in the Libyan
Arab Jamahiriya [/8]. Only 1.2% of pa-
tients in our study had sickle-cell anaemia.

In the present study, syndromes and sin-
gle defects constituted 50% of cases with
autosomal recessive disorders. Reports
from countrigs in the Eastern Mediterra-
nean Region have pointed to higher fre-
quencies ol various autosomal recessive
syndromes [3]. Microcephaly, with or with-
out spastic quadriplegia, had a high fre-
quency (12/50, 24%). Microcephaly
without spasticity is the uncomplicated au-
tosomal recessive type. Microcephaly with
seizures and spasticity was the most com-
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mon type of genetic microcephaly reported
by Tolmie et al. in Scotland [/9], which is
what we found in our study.

Congenital deafness was a relatively
common condition found in this study (5/
50; 10%). Deafness has a remarkable ge-
netic heterogeneity [20]. The presence of
consanguinity and more than one affected
member in the family indicates an autosom-
al recessive type of congenital deafness.

The age of onset is the main feature
which distinguishes the infantile and juve-
nile types of spinal muscle atrophy. In this
study, the infantile type (5/50, 10%) was
more frequent than the juvenile (2/50, 4%).
This could be due to the early onset of man-
ifestations in the infantile type. All cases
had a family history of the discase.

Xeroderma pigmentosa (XP), Fanconi
anaemia (FA) and ataxia-telangectasia (AT)
arc a group of autosomal recessive disor-
ders (chromosomal breakage syndromes),
characterized by defective DNA repair and
increased chromosomal breaks [2]. XP is
the commonest of these disorders and the
most intensively studied [2]. In the present
study, XP was more frequent (4/9, 44.4%)
than other types of chromosomal breakage
syndromes (FA: 3/9, 33.3% and AT: 2/9,
22.2%) and (his concurs with previous re-
ports [2, 21].

Although sex-linked inherited ectoder-
mal dysplasia is the most common type, a
rare autosomal recessive form of anhydrot-
ic or hypohydrotic ectodermal dysplasia
exists [201. In this work two patients had
the autosomal recessive type of ectodermal
dysplasia.

A recessive type of multiple pterygium
syndrome was reported in the present study.
Several cases have been reported and all
had consanguineous parents [20,22], which
was also found in our study.

Retinitis pigmentosa unassociated with
other abnormalities is inherited most fre-

quently as an autosomal recessive disorder.
In our study, two patients were diagnosed
as autosomal recessive retinitis pigmen-
tosa.

Friedreich ataxia is one of the rare
spinocerebellar degenerative disorders. We
found two patients with this disorder.

Two patients were diagnosed with optic
atrophy. Autosomal rccessive congenital
optic atrophy is very rare. The profound bi-
lateral vision loss is stable and usually as-
sociated with nystagmus [23]. Parental
consanguinity has been found in 50% of the
cases [23]. Our findings concur with this.

Spastic paraplegia is a relatively non-
specific manifestation. A recessively inher-
ited spastic paraplegia is rare [20]. Two
patienls with spastic paraplegia were de-
tected in the present study.

Other syndromes and diseases were less
Irequent and represented by one patient
(Table 5). Bardet-Biedl syndrome is differ-
entiated from Laurence Moon syndrome by
the presence of polydactyly, obesity and the
absence of spastic paraplagia [20]. Carpen-
ter syndrome is a rare autosomal recessive
acrocephalopoly syndactyly [29). Robinow
syndrome is usually a dominant disease
[20], but a rare recessive form is suggested
by the reports of Saal et al. [24]. The patient
in this study had a positive history, two sib-
lings affected and the parents were consan-
guineous. SHORT  syndrome is
characterized by short stature, hyperexten-
sibility of joints, ocular depression, Rieger
anomaly and teething delay. It is inherited
as an autosomal recessive disorder [20].
Diastrophic dysplasia is a form of dwarfism
associated with clubbed feet, malformed
pinna, calcification of cartilage and hitch-
hiker thumb [20]. These characteristics
were found in the patient in our study.

Consanguineous mating is genetically
important as closely related individuals
have a higher chance of carrying the same
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alleles than unrelated individuals; hence
the offspring of consanguineous mating are
more frequently homozygous for various
alleles than those from other unions [/].

The rate of consanguinity among par-
ents of patients with autosomal recessive
disorders in the present study was higher
(60%) than that of the general population in
Egypt (28.9%) [25]. This concurs with
Hoodfar and Teebi who found that autoso-
mal recessive disorders were more than
twice as common in inbred families than in
non-inbred ones [6). The rate of first-cous-
in marriages was high (48%) when com-
pared with 14% in the general population
[25]. This is in agreement with the findings
of Roberts and Pembry in a Middle East
sample [26] and Orioli et al. in a South
American sample [27]. In addition, the con-
sanguinity level was highest in the autoso-
mal recessive group when compared with
other genetic conditions in our study (Ta-
bles 6 and 7). Autosomal recessive disor-
ders have a high risk of recurrence. This
was evident in the present study as 49% of
the patients had a positive family history
(33% had positive consanguinity and 16%
were non-consanguineous). This illustrates
the role of consanguinity in increasing the
incidence of autosomal recessive diseases
in a population.

The average coefficicnt of inbreeding in
cases with autosomal recessive diseases
was found to be high (0.03), which is al-

most triple that of the Egyptian popuiation
in general (0.01) [25]. Inbreeding in itselfis
not responsible for the appearance of un-
favourable phenotypes. However, it tends
to reveal deleterious recessive alleles
present in heterozygous carriers and hence
consanguinity will lead to increased fre-
quencies of homozygotes for rare alleles

{1

Conclusion

An understanding of the factors influencing
the genetic disease profile of a population
is important. Our study found that the fre-
quency of genetic disorders among cases
referred to our clinic was 45.2%. Autosom-
al recessive diseases accounted for 33.6%
of these disorders. Consanguinity and the
average inbreeding coefficient among par-
ents of patients with autosomal recessive
disorders were high (60% and 0.03 respec-
tively). These findings are crucial for ge-
neticists and genetic counsellors in their
evaluation, diagnosis, counselling and
management of patients.
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