
203

© American College of Medical Genetics and Genomics Brief Report

The initiation in 1971 of a screening program to prevent Tay-
Sachs disease among Ashkenazi Jews in the United States1 led to 
the establishment of a similar program in Israel under the aegis 
of the Ministry of Health. A national carrier screening program 
for the prevention of β-thalassemia was subsequently imple-
mented in Israel for the Arab population and some Jewish com-
munities in which the disease is relatively frequent.2 It quickly 
became apparent that the Tay-Sachs prevention program was 
not applicable to the ultraorthodox Ashkenazi Jewish com-
munity because of their belief-based objection to pregnancy 
termination as a means of prevention. Therefore, a special pro-
gram (“Dor Yeshorim”) was designed and implemented in that 
community with the purpose of preventing the marriage of two 
heterozygotes with mutations in the same gene.3

The ability to perform a molecular diagnosis of many genetic 
diseases that are frequent among different ethnic groups within 
the Israeli population introduced many disorders as candidates 
for screening. These screening tests had been offered privately 
and later had been partially covered by nonmandatory com-
prehensive health insurance held by three-fourths of the popu-
lation. In 2004, the Association of Israeli Medical Geneticists 
recommended including in the national carrier screening 
program for reproductive purposes all severe genetic diseases 
with a carrier frequency of 1:60 and/or with a disease inci-
dence higher than 1 in 15,000 live births. Such expansion, how-
ever, was only gradually sponsored by the Ministry of Health 
because of budgetary limitations. The first step was taken in 

2002, and it targeted severe genetic diseases with an incidence 
higher than 1:1,000.4 Next, screening for cystic fibrosis (CF) 
and familial dysautonomia in at-risk populations began at the 
end of 2008. Launched in January 2013, the national program 
now includes all the severe genetic diseases with a carrier fre-
quency of 1:60 and/or with a disease incidence higher than 1 in 
15,000 live births, as recommended by the Association of Israeli 
Medical Geneticists.5 These are the results of the first year of its 
implementation.

MATERIALS AND METHODS
The population
At the end of 2013, there were 8,134,500 inhabitants in Israel, 
comprising 6,104,500 Jews (75.1%), 1,420,300 Muslim Arabs 
(17.5%), 160,900 Christian Arabs (2.0%), and 134,000 Druze 
(1.6%).6 There were 171,444 live births in 2013, among which 
126,999 were Jews (74.1%), 34,927 Muslim Arabs (20.4%), 
2,602 Christian Arabs (1.5%), and 2,350 Druze (1.4%).6

The screening program
The program is targeted to at-risk populations and includes 
carrier screening for CF, fragile X syndrome (FXS), and spinal 
muscular atrophy (SMA) for most of the population. It also 
includes tests for all severe diseases with a carrier frequency 
of 1:60 or higher that are performed among Jews according to 
the community of origin, among Arabs and Druze according to 
the religion and the locality of origin, or according to the tribe 
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Purpose: The Israeli population genetic screening program for repro-
ductive purposes, launched in January 2013, includes all known, 
nationally frequent severe diseases (carrier frequency 1:60 and/or dis-
ease frequency 1 in 15,000 live births). The carrier screening program is 
free of charge and offers testing for cystic fibrosis, fragile X syndrome, 
and spinal muscular atrophy for nearly the entire population, according 
to disease frequency among the different groups within the population. 
We report the results of the first year of the program.
Methods: Data on the tests performed over a 12-month period were 
collected from laboratories nationwide.
Results: More than 62,000 individuals were examined. The carrier 
frequency was within the expected range for most of the diseases. The 

few exceptions included lower carrier rates for cystic fibrosis among 
Muslim Arabs (1:236) and Druze (1:1,021) and Niemann-Pick type A 
among Muslim Arabs in a delineated region of Israel (1:229).

Conclusion: The national population genetic carrier screening 
is aimed toward providing couples with knowledge of the existing 
options for the prevention of serious genetic conditions when it is 
relevant for them. It is still too early to determine whether this aim 
has been achieved.
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among the Bedouins of the Negev. The definition of “origin” 
applied to those for whom at least one ancestor had that origin.

The screening is performed either before or during a preg-
nancy. It is targeted to couples, and the tests are free of charge 
when both partners are from the at-risk population. The basis 
of the program is sequential screening; most often the woman is 
tested first and if she is found to be a carrier, her partner is also 
tested. An exception is the “Dor Yeshorim” program, in which 
both potential spouses are tested.

The tests are performed either in medical genetic units or 
in community clinics under the supervision of a physician–
medical geneticist. Written recommendations and explanations 
are given before data on the couple’s origin are taken by either 
genetic counselors or a staff member who received appropri-
ate tutoring under the responsibility of the medical geneticist 
in charge. Individuals from a family with a known medical 
problem are referred to genetic counseling before the tests are 
performed. If testing reveals that the person is a carrier, the 
results are reported by a genetic counselor. At-risk couples 
receive genetic counseling and may choose any of the repro-
ductive options, again free of charge. Couples may also undergo 
the  tests through the “Dor Yeshorim” premarital option that 
does not include FXS screening because a positive result could 
preclude the marriage of a carrier woman.

The screening for thalassemia is performed first accord-
ing to blood count indexes (those results were not available 
for this report). The mutations tested for all the diseases that 
were screened in more than one locality/tribe participating in 
the screening program are listed in Supplementary Table S1 
online.

Data collection
The 14 different participating laboratories (including “Dor 
Yeshorim”) reported to the Ministry of Health the tests per-
formed during the 12 months between 1 February 2013 to 31 

January 2014. Because of differences in recording policies, the 
data were not always complete, mostly with regard to ethnicity 
or religion.

RESULTS
Test results
The results of the tests performed in more than 62,000 indi-
viduals are given in Table 1 and the supplementary material 
(Supplementary Tables S2–S7 online). The tests were classi-
fied according to the population screened. The number of tests 
for which the rates were calculated was smaller than the actual 
number of individuals examined because complete data on eth-
nic origins were not always available.

Cystic fibrosis. The screening for CF is done in most of the 
population, excluding some of the Jewish community such 
as Jews from Ethiopia and most of the Bedouin of the Negev. 
Among the 59,644 individuals for whom data were available, 
the carrier rate was 1:45. Among 34,399 individuals for whom 
origin was reported, 674 of 27,347 Jews were carriers (1:41). 
Among the 5,428 Muslim Arabs 23 were carriers (1:236), among 
the 603 Christian Arabs 7 were carriers (1:86), and among the 
1,021 Druze 1 was a carrier.

Spinal muscular atrophy. Screening for SMA is done in the 
entire population. Among the in 62,444 individuals for whom 
data were available, the carrier rate was 1:57. Among the 47,158 
individuals for whom origin was reported, 650 of 36,933 Jews 
were carriers (1:57). Among the 7,767 Muslim Arabs 106 
were carriers (1:73), among the 1,091 Christian Arabs 38 were 
carriers (1:29), and among the 1,367 Druze 29 were carriers 
(1:47).

Fragile X. Among the 44,592 women for whom data were 
available, the FXS carrier rate was 1:149. Among those the 

Table 1  Population carrier screening: results of the tests performed in more than one locality/tribe

Disease Population
Data 

available
Carriers  

(n)
Carrier  
  rates

Cystic fibrosis All 59,644 1,320 1:45

Spinal muscular atrophy All 62,444 1,091 1:57

Fragile X syndrome All 44,592 299 1:149

Tay Sachs Ashkenazi Jews, Jews from the Balkans and North Africa 31,401 697 1:45

Familial dysautonomia Ashkenazi Jews and Jews from the Balkans 21,379 559 1:38

Canavan Ashkenazi Jews 21,348 338 1:63

Pontocerebellar hypoplasia Jews from North Africa and Iraq 8,746 97 1:90

Costeff disease Jews from Iraq 1,689 37 1:46

Metachromatic leukodystrophy Jews from Yemen 891 9 1:99

Infantile cerebral and cerebellar atrophy Jews from the Caucasus Mountains 520 25 1:21

Niemann-Pick type A Muslim  Arabs in a delineated region of Israel 4,359 19 1:229

Cockayne Christian Arabs 1,062 25 1:42

Albinism Christian Arabs 931 29 1:32

Pendred Bedouins from the Galilee 503 11 1:46

Congenital insensitivity to pain with anhydrosis Bedouins from the Negev 1,920 55 1:35

Hypoparathyroidism, retardation, dysmorphism Bedouins from the Negev 1,924 39 1:49
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origin was reported for 26,019, and of 19,418 Jews, 160 were 
carriers (1:121). Among the 4,750 Muslin Arabs 18 were carriers 
(1:264). Among the 604 Christian Arabs 8 were carriers (1:76), 
and among the 1,517 Druze 2 were carriers (1:759).

DISCUSSION
The relative abundance of severe genetic diseases among 
Ashkenazi Jews posed a challenge for the public health sys-
tem in Israel.7 Genetic carrier screening for reproductive 
objectives that was first introduced by the Ministry of Health 
in Israel for Tay Sachs disease resulted in the near disappear-
ance of the disease among Jews. Later, genetic screening for 
additional diseases was recommended by the Association of 
Israeli Medical Geneticists, and it was offered privately first 
for CF, then for FXS, and subsequently for other diseases. 
The overwhelming success of the Tay Sachs program was 
probably behind the high acceptance of these recommenda-
tions among the Jewish population.5 However, many of the 
at-risk individuals—especially the non-Jewish ones—did not 
undergo the tests that were not in the “basket of services” 
provided by national health insurance.8 Those diseases are 
one cause of the high rate of infant mortality among Arabs, 
particularly among Bedouins,9 highlighting the need for the 
introduction of all genetic tests to detect carriers for severe 
genetic diseases that have a frequency of 1:60 or higher. The 
results presented here demonstrate for the first time that a 
large proportion of the population, including its different 
subgroups, participated in the screening. At least 10,225 
of the 62,444 individuals screened for SMA for whom data 
were available were non-Jews, representing 16.4% of the 
individuals screened, which is close to their share within the 
population.

The Israeli genetic screening program is unique not only 
in offering screening for CF, FXS, and SMA free of charge to 
nearly the entire population but also in being tailored accord-
ing to ethnicity and religion. Distinguishing between different 
ethnicities and religions may be objectionable in other coun-
tries, but it is well accepted in Israel for the purposes of equal-
ity of rights and privileges. In addition, the country of origin 
among Jews and non-Jews has solid health relevance. Another 
unique perspective of this tailored screening approach is the 
option of the “Dor Yeshorim” program, directed to the ultrare-
ligious Jewish community.3 The aim of this premarital screen-
ing program for couples is to avoid the marriage of individuals 
at risk for the same autosomal recessive disease. While among 
the ultrareligious Jews the tests are done before marriage, in 
the other communities, we do not have exact knowledge of 
the period in which the tests are done—either before or dur-
ing pregnancy.

Differential screening of Israeli Jews is expected to be 
replaced by a single test that includes all the mutations ubiqui-
tous in that population since there has been a steady increase 
in the mixing of Jews of different ethnic origins. Such an 
approach has been proposed by several groups and is begin-
ning to be implemented.10 One problem is that in a sequential 

screening program such as the one currently implemented 
in Israel, a universal test will increase the cases in which one 
individual is found to be a carrier whereas the other part-
ner is from a community in which the disease is rare. This 
will invariably increase the couple’s level of anxiety and lead 
to additional tests (e.g., sequencing) that are not justified. 
Couple screening would, therefore, be a better approach 
because the results are given as the “risk of the couple” instead 
of the individual.11

Among Jews, the carrier frequency observed after the first 
year of the program was within the range of the expectations for 
most of the screened diseases (Table 1). Much data on the car-
rier frequency were already available for many of the diseases 
frequent among the Ashkenazi Jews.10,12–14 For diseases that 
are relatively frequent in the other non-Ashkenazi communi-
ties, however, this report is the first to outline carrier frequency 
based on relatively large numbers of screened individuals. In 
the few instances where the carrier frequency was lower than 
expected (Table 1), it was still more than the 1% frequency rec-
ommended for screening by the American College of Medical 
Genetics and Genomics.15

A different situation was observed for the non-Jew-
ish subgroups because there were no previous data on 
carrier frequency based on relatively large numbers of 
screened individuals. The first-year results of the expanded 
program indicate that the carrier rates of SMA were high in 
the three non-Jewish subgroups. While the carrier rates for 
CF were relatively low among Christian Arabs (1:86), they 
were low among Muslim Arabs (1:236) and very low among 
Druze (1:1,021). Among the Druze, carrier rates for FXS 
were also relatively low (1:759). The Druze population has 
been relatively isolated, and this can probably explain these 
differences in the rates of CF and FXS.16 Among the other 
diseases examined in the non-Jewish population, the carrier 
rates were in the expected range, although in most cases the 
small number of screened individuals precluded drawing 
any conclusions. The only disease in which the carrier rate 
was significantly less than expected (1:229) was Niemann-
Pick type A among Muslim Arabs in a delineated region of 
Israel17 (Table 1).

The program described herein is planned to be dynamic 
and altered according to the results and the new data on 
additional diseases that meet the inclusion criteria. We 
intend to continue to follow the program and to collect sup-
plementary data in particular about the percentages of tests 
done before or during pregnancy and about the decisions of 
the couples discovered through the program. The purpose of 
the national population genetic carrier screening is to provide 
couples the possibility of preventing the birth of an affected 
child. Obligatory reporting of children born with the screened 
diseases has been implemented since the national program was 
introduced. Follow-up of the affected children will allow the 
determination of whether the couples knew about the existing 
options for prevention of serious genetic conditions when it 
was relevant for them.
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SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper 
at http://www.nature.com/gim
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