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Purpose: The Druze community is characterized by consanguinity and endogamy, and by reluctance to genetic

testing and technological interventions for the prevention of birth defects. Multiple patients with four rare and

severe inborn errors of metabolism cerebrotendinous xanthomatosis, prolidase deficiency, argininosuccinate lyase

deficiency, and carbamyl phosphate synthetase I deficiency were identified in an isolated Druze village in northern

Israel. The aims of this study were to identify couples at risk for four inherited diseases, and to prevent birth

defects in a community presenting religious and cultural obstacles to genetic testing. Methods: A genetic

screening and counseling program in a high-risk community. Results: The 1425 residents who attended group

genetic counseling sessions between 2003 and 2007 consented to genetic testing. We identified 217 carriers for

either one or two disease causing mutations. High carrier frequencies for cerebrotendinous xanthomatosis, prolidase

deficiency, argininosuccinate lyase deficiency, and carbamyl phosphate synthetase I deficiency were identified as 1:11,

1:21, 1:41, and 1:95, respectively. Fifty-eight percent (125) of the carriers’ spouses agreed to genetic counseling and

testing. Ten couples at risk for affected offspring were identified and offered prenatal genetic counseling and diagnosis.

Conclusions: The genetic screening program, the first of its kind reported in a Druze community, was well received. We

expect this program to increase awareness of genetic counseling, to contribute to disease prevention, and to serve as

a model for other isolated communities. Genet Med 2008:10(12):903–909.
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The Druze population comprises separate isolated commu-
nities in Syria, Lebanon, Jordan, and Israel. The 150,000 Druze
in Israel reside in three distinct geographical regions: the Car-
mel, the Golan Heights, and the Galilee. Haplogroup analyses
indicate particular isolation of the Galilee population.1 The
practices of endogamy and consanguinity, and the prohibition of
conversionhavepreserved isolationof theDruzecommunities. In
studies conducted in Israel during 1990–1992, 53% of the Druze
women interviewed after giving birth were married to a relative,2

compared with 2.3% of Jewish women.3

A high inbreeding coefficient is a risk factor for birth defects
and autosomal recessive (AR) disorders.4–7 Not surprisingly,
the prenatal incidence in Israel for almost all major malforma-

tions is higher among Druze than Jews.8 The fact that termi-
nating pregnancies of affected fetuses is much less common
among Druze than Jews8 results in a difference in the rate of
malformations between these populations that is even greater
at birth thanprenatally. For example, during 1991 and 2000 the
rate of Down syndrome at birth was 2.4 times higher among
Druze than Jews, and the rates for anencephaly and encepha-
locele were more than five times higher.8

Screening of high-risk populations has proven successful
and cost effective for the prevention of life-limitingARdiseases
such as Tay Sachs, cystic fibrosis, and Thalassemia.9–12 The
ultimate goal of population screening is reduction in the inci-
dence, morbidity, and mortality of birth defects and genetic
disorders. The risk of disease, the availability of highly sensitive
testing, and the benefit of early diagnosis are among the criteria
for selecting genetic tests to be performed in particular sub-
populations. Technological advances and population assimila-
tion have enhanced the viability and benefit of pan-ethnic ge-
netic testing.13 However, the screening of endogamous populations
at high risk for identified diseases should still be a public concern.
In 2002, the Israeli Ministry of Health launched a program to
provide free of charge genetic screening to high-risk populations
in Israel.14 Consequently, we and others15,16 set out to systemati-
cally screen isolatedcommunities for severegeneticdisorderswith
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local disease prevalence rates exceeding 1 per 1000 live births and
local carrier rates exceeding 1/15.
Wedescribe herein the genetic screening programwe imple-

mented in an isolated Druze village in the Galilee, in northern
Israel (Fig. 1). Founded more than 1000 years ago by a few
nuclear families, this village currently has a population of
14,000 residents. Multiple patients for four rare inborn errors
of metabolism (IEMs) have been identified there over the last
20 years: cerebrotendinous xanthomatosis (CTX), prolidase
deficiency (PD), argininosuccinate lyase deficiency (ASLD),
and carbamyl phosphate synthetase I deficiency (CPSD).
We report here the first genetic screening program imple-

mented in a Druze community.

MATERIALS AND METHODS
The four metabolic disorders screened

Cerebrotendinous xanthomatosis

Cerebrotendinous xanthomatosis (CTX), OMIM # 213700,
is a lipid-storage disease characterized by infantile-onset diar-

rhea, childhood-onset cataracts, adolescent-to-young adult-
onset tendon xanthomas, and adult-onset progressive neu-
rologic dysfunction (dementia, psychiatric disturbances,
pyramidal and/or cerebellar signs, and seizures). CYP27A1 is
the only gene known to be associated with this disorder. A
nonsense mutation, 355delC in exon 2 of the gene CYP27A1,
was identified in 20 Israeli Druze CTX patients residing in the
village described herein.17 Patients treated at the early asymp-
tomatic stagewith cenodeoxycholic acid (CDCA) do not suffer
from the irreversible consequences of cholestanol and choles-
terol depositions in multiple body organs.18

Prolidase deficiency

Prolidase deficiency (PD), OMIM# 170100, is characterized
by a highly variable phenotype, from no manifestation to se-
vere progressive skin lesions, severe infections, respiratory ab-
normalities, and impaired cognitive development.19,20 Af-
fected subjects excrete massive amounts of iminopeptides into
the urine, these peptides being the substrate for the deficient
enzyme, prolidase. Three affected individuals in this village

Fig. 1. A map of the Druze communities in the Middle East. The arrow indicates the Druze village, where the screening program took place.
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were found homozygous for the mutation c.605C�T
(S202F)20 in exon 8 of the PEPD gene.

Argininosuccinate lyase deficiency and carbamyl phosphate
synthetase I deficiency

Argininosuccinate lyase deficiency (ASLD), OMIM #
207900, and carbamyl phosphate synthetase I deficiency
(CPSD), OMIM # 237300, are noncurable IEMs involving the
urea cycle. In cases of homozygous deficiency of ASLD or
CPSD, hyperammonemia and irreversible severe brain dam-
age occur. The causative mutations for ASLD or CPSD identi-
fied in the described village are fatal.
A nonsense mutation, c.346C�T (Q116X), in exon 4 of the

gene ASL,21 was identified in five patients.
The CPS1 gene was sequenced using standard protocols

searching for the causativemutation in the three patients iden-
tified in the village.

Structure and process of the screening program

In the first stage, from January 2003 until May 2005, we
screened 1134 individuals for the four metabolic disorders de-
scribed earlier. In May 2005, the Israeli Ministry of Health
decided to cease the funding of genetic testing for CPSD and
ASLD, due to the low number of carriers detected (the carrier
frequency was �1/15, the cutoff point determined by the
Israeli Ministry of Health). Consequently, during the period
from June 2005 until December 2007, we screened 291 indi-
viduals for CTX and PD only.
The screening program consisted of the following:

1. A medical geneticist, genetic counselor, and genetic mo-
lecular biologist from the Institute of HumanGenetics of
the Western Galilee Hospital-Nahariya met with the

family practitioners and nurses in the village to discuss
the importance of the program and means of achieving
maximum cooperation in the community. The prenatal
clinic in the village was determined as the best place to
approach women and couples of child-bearing age, the
target population for the proposed screening.

2. The nurses invited to each meeting 15–25 women of
childbearing agewhose spouses originated from the same
village. Each meeting comprised:

a. Group genetic counseling in Arabic, the local lan-
guage (Fig. 2), including the following topics: the ra-
tionale of the screening program, the pathologies of
the four testedmetabolic disorders, heredity of reces-
sive disorder, and the correlation between consan-
guineous marriages and the birth of children with
genetic defects.

b. Private counseling, including intake on family med-
ical history and the preparation of a three-generation
pedigree, and an in-depth explanation about the sig-
nificance of molecular testing and the informed con-
sent process. Issues of privacy and high confidential-
ity were emphasized.

3. We extracted genomic DNA from 10-mL blood samples
using a standard salting outmethod, and performedmo-
lecular tests to detect carriers for the four metabolic dis-
order causative mutations. Results were available within
3 weeks. Abnormal test results were reported at individ-
ual counseling sessions.

We invited the spouses of detected carriers for genetic coun-
seling andmolecular testing. Couples with both partners iden-
tified as carriers were invited for an additional genetic counsel-

Fig. 2. A slide from the counseling lecture in Arabic—the local spoken language, explaining the process of molecular testing and genetic counseling pursued when an individual is
identified as a carrier. If the spouse is also a carrier then the couple is referred for genetic counseling regarding their options for prenatal diagnosis.
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ing session, in which they received more specific information
about the particular disease for which they were carriers, and
options available for prenatal diagnosis (PND).

Carrier detection assays

We developed molecular assays consisting of DNA amplifi-
cation, followed by restriction enzyme analyses. The PCR con-
ditions for the molecular assays were as follows: denaturation
at 94°C for 5 minutes; 35 subsequent amplification cycles per-
formed at 94°C for 15 seconds, at 55°C for 30 seconds, at 72°C
for 10 seconds, and at 72°C for 5 minutes.

Cerebrotendinous xanthomatosis

Weperformed carrier detection by amplification of a 262 bp
fragment from genomic DNA, containing the causative muta-
tion 355delC in exon 2 of the gene CYP27A1.17 The sense
primer 5�-GCTTGGCCCAGTTATTCAGTTTTG-3�, and the
antisense primer 5�-GCCCTGTTCCAGTCCCTTCAG-3�.
Themutation revokes a restriction site for Fnu4H I restriction

enzyme.Wedigested amplified fragments ofDNAcontaining the
mutation with Fnu4H I restriction enzyme and electrophoresed
them on 8% acrylamide gels. Normal alleles showed 138 and 124
bpbands, heterozygous carriers showed262, 138, and124bpbands,
andhomozygous-affected individuals showed 262 bp fragments.

Prolidase deficiency

We performed carrier detection of the mutation c.605C�T
(S202F) in exon 8 of the gene PEPD by amplification of a 200
bp fragment fromgenomicDNAcontaining themutation. The
sense primer 5�-GTGCCTCCTGATAGTCACTGA-3�, and the
antisense primer 5�-TCATCCTCACG CAGTTCTCTC-3�.
The mutation introduces a new restriction site for Mbo II

restriction enzyme. We digested amplified fragments of DNA
containing the mutation with Mbo II restriction enzyme and
electrophoresed them on 8% acrylamide gels. Normal alleles
showed 173 and 27 bp bands, heterozygous carriers showed
173, 104, 69, and 27 bp bands, and homozygous affected indi-
viduals showed 104, 69, and 27 bp fragments.

Argininosuccinate lyase deficiency

We performed carrier detection of the mutation c.346C�T
(Q116X) in exon 4 of the geneASL by amplification of a 197 bp
fragment from genomic DNA containing the mutation. The
sense primer 5�-TCACCTCCAGGAGCTCATTG-3�, and the
antisense primer 5�-AGGAGATGGTGCTCAGGGAG-3�.
The mutation introduces a new restriction site for Bfa I re-

striction enzyme. We amplified fragments of DNA containing
the mutation with Bfa I restriction enzyme and electropho-
resed them on 8% acrylamide gels. Normal alleles consisted of
197 bp bands; heterozygous carriers showed 197, 133, and 64
bp bands; and homozygous affected individuals showed 133
and 64 bp fragments.

Carbamyl phosphate synthetase I deficiency

Weperformed carrier detection of themutation c.3265C�T
(R1089C) in exon 26 of theCPS1 gene by amplification of a 290

bp fragment fromgenomicDNAcontaining themutation. The
sense primer 5�-CCAATGGCTGATATTGTGAG-3�, and the
antisense primer 5�-AATATTCAGGTTGCAGCTCT-3�.
The mutation revokes a restriction site for Alw I restriction

enzyme. We digested amplified fragments of DNA containing
the mutation with Alw I restriction enzyme and electropho-
resed them on 8% acrylamide gels. Normal alleles showed 160
and 130 bp bands, heterozygous carriers showed 290, 130, and
160 bp bands, and homozygous affected individuals showed
290 bp fragments.

RESULTS
Compliance for genetic counseling and testing

Attendance at eachgroupcounseling sessionwas10–20during
the first phase (untilMay2005) and5–8during the second phase
(from June 2006). Many of the invitees of the second phase
had been noncompliant in the first phase. The fact that most
couples of child-bearing age were approached in the first phase
further reduced the number invited in the second phase.
The attendeeswere predominantlywomen. At the end of the

sessions, all attendees consented to genetic testing. The total
number of individuals tested through December 2007 was
1425. The nurses in the village assess this to be about 70%of the
target population.
By December 2007, 58% (125 individuals) of the spouses of

identified carriers agreed to attend counseling sessions and
perform genetic tests. Figure 3 presents the results of the
screening program.

Mutation identification

We identified a novel mutation, c.3265C�T (R1089C), in
the highly conserved and catalytically important exon 26 of the
CPS1 gene in three individuals from the village.

Carrier frequencies

By December 2007 we identified 217 carriers for either one or
two mutations. The carrier frequencies of CTX, PD, ASLD, and
CPSD were 1:11, 1:21, 1:41, and 1:95, respectively. Twenty-one
individuals were found carriers for both CTX and PD (Table 1).

Detection of couples at risk

During the screening program, 10 couples were identified at
risk for having a childhomozygous for oneof the testeddisorders.
Of them, six are carriers forCTX, three forPD, andone forCPSD.

Prenatal diagnosis and birth defect prevention

Of the 10 couples detected as carriers, we know of seven preg-
nancies. All seven arrived at the prenatal clinic early enough in the
pregnancy to be offered amniocentesis but not early enough to be
offered chorionic villus sampling (CVS). Three agreed to amnio-
centesis, all of them carriers of CTX. Two of the fetuses tested
homozygous for the causativemutation andoneheterozygous. In
all three cases, the parents decided to continue with the pregnan-
cies. Parents of the two homozygotic newborns were counseled
about treatment, and the newborns commenced with chenode-
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oxycholic acid (CDA) starting at the age of 1 month. This treat-
ment has been recognized as effective for CTX.18,22

The four couples that refused PND did so on religious and
social grounds, and also fromphysical fear of the test. Three were
carriers of PD and one of CPSD. All the newborns of PD carriers
were testedatbirth.Twowerehomozygous for thewild allele.The
third couple had fraternal twins; both were found carriers for the

familial mutation. The CPSD carrier couple delivered a healthy
baby, for whom genetic testing was not performed.

DISCUSSION

AR disorders are especially common in the Middle East23,24

and are associated with a unique spectrum of mutations of

Table 1
Carrier frequencies of the four disorders screened from 2003 to 2007

Disorder
No. screened
individuals

Carriers
numbers

Carrier
frequency

General carrier frequency for one of the
four screened disorders in the village

Worldwide carrier
frequency

Cerebrotendinous xanthomatosis
(CTX)

1425 135 �1:11 �1:6 1:115a

Prolidase deficiency (PD) 69 �1:21 Rare (no
published data)

Argininosuccinic aciduria (ASA) 1134 28 �1:41 Rare (no
published data)

Carbamyl phosphate synthetase I
deficiency (CPSD)

12 �95 Rare (no
published data)

CTX � PD 1425 21 �1:68

CTX � ASA 1134 1

CTX � CPSD 1

PD � ASA 1

PD � CPSD 1

ASA � CPSD 2

Total number of carriers detected, 217; total number of spouses tested, 125; response rate, 58%.
aFrom Ref. 28.

Fig. 3. Results of the screening program.
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nonuniformdistribution.25 The ensuing logistic and economic
burden is high for affected families, local health care systems,
and communities.26 However, preventative and consulting
services are limited because of cultural, legal, political, finan-
cial, and religious issues.24,27 This reality presents challenges
for genetic awareness and screening programs. To the best of
our knowledge, this is the first study that reports general pop-
ulation genetic screening in a Druze community.
The genetic disorders we tested for, although rare world-

wide, are relatively frequent in the described village, apparently
due to founder novelmutations and a high rate of consanguin-
ity. The carrier frequency for CTX, themost common disorder
in this study, is 1:11, which is more than 10 times the highest
reported previously.28 No published worldwide data are avail-
able to compare the carrier frequencies found for the other
three disorders.
If the goal of population screening is reduction in the inci-

dence and morbidity of inborn genetic disorders, true assess-
ment is best after at least a generation of births. The Tay-Sachs
screening program is informative. Over the course of 20 years,
disease incidence dramatically decreased,9 exemplified by a
90% reduction inMontreal.10 A similar assessment of our pro-
gram is difficult, not only due to its incipient stage but also to
the number of challenges precipitating from the cultural and
religious principles of the community:

1. The high, although decreasing, rate of consanguinity
continually increases incidence rates of ARdiseases.5–8 In
the Druze community, however, reducing the number of
first-cousin marriages may not significantly affect the
number of birth defects, since in very inbred communi-
ties the risk of birth defects for couples that are first cous-
ins is similar to that of those who are more distantly re-
lated.29

2. Lack of knowledge and apprehension of genetic counsel-
ing, fears of stigmatization, and the restrictions of a se-
cretive religion, present obstacles to genetic counseling
among the Druze. Not unexpectedly, only one third of
the invitees attended the genetic counseling sessions,
only 58% of spouses of women found to be carriers
agreed to genetic testing, and only three of the couples at
risk agreed to PND.None of the couples have terminated
pregnancies. Of note, none of the women at risk reached
a clinic at an early enough stage of their pregnancy to be
offered CVS testing.

A screening program for Thalassemia implemented in the
same village as our program provides a relevant comparison,
with enlightening implications. During the years 1995–2007,
85 carrier couples were identified. Of the 179 times women
were referred for genetic counseling (from a total of 213 preg-
nancies), 101 (56%) and 35 (20%) underwent CVS and am-
niocentesis, respectively. The percentages of women who ter-
minated pregnancies subsequent to the detection of an affected
embryo were 84% (21 of 25) and 15% (2 of 13) after CVS and
amniocentesis, respectively. Supporting this data are a study
that shows that both the severity of the disorder and the gesta-

tion time at detection of the abnormality affect an Arab cou-
ple’s decision to terminate pregnancy.30,31 The couples de-
tected as carriers in our screening program reached clinics at a
relatively late stage of their pregnancy and, therefore, were of-
fered amniocentesis only and not CVS. Furthermore, the facts
that CTX is a treatable disease, and PD is characterized by
great, unpredicted phenotypic variability, complicated the ge-
netic counseling and the decision-making process related to
pregnancy management.19

The presence in most carrier families of both healthy and
affected children as would be predicted according to AR inher-
itance, increases suspicion about birth defects. Furthermore,
residents expressed the belief that affected children are “the
will of God.” Suspicion regarding birth defect prevention has
been reported in other religious communities in Israel.30,31

Considering the challenges inherent in a screening program
in a Druze community, characterized by a secretive religion
and endogamous culture, our program has made a number of
achievements:

1. A large number of women attended educational sessions.
2. All of the attendees performed genetic testing at the end

of the sessions.
3. Early detection of newborns affected with CTX enabled

treatment, which prevented disease symptoms.

We attribute the success of our program to a number of factors.
First, the implementation of population screening within the
isolated village seems to have reduced stigmatization. This is in
contrast to cascade screening in which only relatives of a pro-
band are screened. The screening of all community members
of childbearing age, regardless of their relation to an affected
individual, has demonstrated effectiveness, while preserving
the privacy imperative in closed communities.
Second, our sensitivity to the local culture is a high priority.

This is manifested in our use of linguistically and culturally
accessible materials, implementation of the program in the lo-
cal prenatal clinic, assurance of confidentiality, sensitivity to
stigmatization, flexibility regarding results reporting and
counseling, and our full respect for couples’ decisions regard-
ing testing or terminating an affected pregnancy. From the
inception of the program, we achieved high cooperation with
local professionals, andwith timewe gradually gained the trust
of the residents as well.
Drawbacks of the program are evident in the low turnout of

spouses at the educational and testing sessions, and the fact
that carrier couples did not arrive at prenatal clinics early
enough during pregnancies to be offered CVS.
In time, it will be possible to calculate the impact of our

screening program, including its cost effectiveness, on the pre-
vention of genetic disorders and on the initiation of vital early
treatment. We expect awareness of the importance of genetic
counseling and evaluation, together with accessibility of the
genetic counseling team, to increase interest in testing for other
possible diseases and risk factors specific to couples’ back-
grounds and family history, such as recurrent abortions, car-
diac anomalies, deafness, and mental retardation.
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Furthermore, our ongoing care of the residents of the village
affords us the exceptional opportunity to follow the long-term
health consequences of being a carrier for a defect in a major
metabolic pathway. In the CPS1 group, for example, we are
alert to the possibility of increased incidence of pulmonary
hypertension or a pathologic condition involving compro-
mised NO production.32 In the CTX group, the development
of accelerated atherosclerosis, abnormal lipid profiles, and the
dietary affect of cholestanol33 are matters for future follow up.
We conclude that genetic screening of endogamous popu-

lations at high risk for identified mutations should be a public
concern. With time we will be able to assess if, by encouraging
couples at childbearing age to use medical genetic services and
modern genetic technology, we are planting seeds of empow-
erment, while minimizing pain and shame.
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