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Abstract
Cystic fibrosis (CF) is one of the most common hereditary dis­
orders among Caucasians. In such populations a highly preva­
lent mutation causing CF, AF508, has been identified. It com­
prises 88% of Danish CF mutations. This mutation and five 
others account for 90% of all CF mutations, making carrier 
screening on a population basis worthy of consideration. We 
have therefore performed a pilot screening programme for CF 
carriers among pregnant women. From June 1, 1990, for the 
following 2 years, 6,599 women were tested: 172 were hetero­
zygous for AF508. Three of 162 partners tested were also het­
erozygous for AF508. After genetic counselling all three cou­
ples at risk for having a child with CF requested prenatal diag­
nosis. One fetus was homozygous for AF508, and the pregnan­
cy was terminated. With currently available techniques, the 
screening programme presented here causes no practical prob­
lems, and screening for CF carriers can easily be run on a larg­
er scale.

would be restricted to families with at least 
one member with CF. However, the frequen­
cy of AF508 varies greatly among different 
populations [4], influencing the percentage of 
carriers detected when screening for this mu­
tation alone. It has been argued that a carrier 
detection rate ^ 90% must be obtained before 
a carrier screening programme can be recom­
mended [5].

Introduction

Cloning of the cystic fibrosis (CF) gene and 
the subsequent identification of a highly prev­
alent mutation, AF508, have made carrier 
screening worthy of consideration in several 
countries [1-3], Such screening could give 
couples with a high risk of having a child with 
CF a reproductive choice which otherwise
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These criteria were met as follows:
(1) The incidence of CF in Denmark has 

recently been estimated to be 1:4,700 [8] giv­
ing an overall mutant gene frequency (q) of 
1:68 and a carrier frequency (2pq) of 1:34.

(2) Of 570 investigated chromosomes from 
285 unrelated Danish CF patients, 500 (88%) 
were found to carry AF508 [6]. Among the 70 
chromosomes without AF508, five other 
known CF mutations were identified on 15 
chromosomes: G542X, 621 + 1G-TT, G551D, 
N1303K, and W1282X [7, 9-12] (table 1).

(3) The AF508 mutation was detected by
the polymerase chain reaction (PCR), using 
primers flanking the mutation, separation of 
the PCR product(s) by polyacrylamide gel 
electrophoresis, and direct visualization by 
ethidium bromide staining [13], The analysis 
was performed on 3 pi whole blood with no 
purification step prior to amplification of the 
DNA fragment(s) containing AF508. The 
other five CF mutations were detected by 
PCR using primers flanking the appropriate 
exons, followed by restriction enzyme cleav­
age [11-13] or by using the commercially 
available assay based on the amplification 
refractory mutation system (ARMS) for de­
tecting AF508, G542X, G551D and
621 + 1G—>T (courtesy of Cellmark [14]). Pos­
itive test results were confirmed by repeated 
analysis.

(4) and (5) Facilities for genetic counselling 
and prenatal diagnosis are well established in 
our centre. Records of test results are kept in 
the womens’ hospital records, which are con­
fidential.

Table 1. Mutations detected in 
285 unrelated CF patients of Dan­
ish origin [7]

Mutation

500 87.7AF508
G542X
G551D
N1303K
621+1G-»T
W1282X
Unknown

0.74
0.21

5 0.9
0.74
0.21
9.655

Total 570 100.0 * 1 2

We have shown previously that approxi­
mately 90% of CF carriers in the Danish pop­
ulation can be detected by testing for AF508 
[6, 7], Therefore, we have performed a pilot 
screening programme among pregnant wom­
en with the aim of assessing the practical and 
economic aspects of such a programme. In 
addition to data relevant to these goals, our 
results allow a comparison between the ex­
pected and the observed frequencies of CF 
carriers.

Methods and Target Population

Several criteria must be fulfilled before 
starting a screening programme for CF:
(1) the approximate incidence of the disorder 
must be known in the population studied;
(2) accurate estimates of the frequencies of 
the most common CF mutations should be 
made; (3) easy and cost-effective methods for 
collecting samples and for analysis of the mu­
tation^) must be available; (4) counselling 
about the risk of CF before and after the test 
must be available from experienced person­
nel, and (5) the couples identified as carriers 
must have access to prenatal diagnosis and 
termination of affected pregnancies.

Target Population
The following two groups were chosen as 

the target population for the pilot study. 
Group 1: Pregnant women referred to our 
hospital for chorionic villus sampling (CVS) 
and prenatal chromosome analysis, most of­
ten because of advanced maternal age.
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Group 2: Women attending the obstetric out­
patient clinic for routine prenatal care.

None of the participating women had a 
family history of CF.

Table 2. Risk of having a child with CF

Partner not Partner 
tested negative1

Woman, AF508 negative 
Woman AF508 positive 
Fetus positive2 
Fetus negative

1 in 38,624 1 in 387,376 
1 in 136 
1 in 68

Risk Calculations
The carrier detection rate of the method 

(sensitivity) was 88% for AF508 alone and 
90% when five other mutations were also con­
sidered [7]. With a CF carrier frequency of 
1:34, the rate of false-negative results of car­
rier testing is 2pq(l - 0.88)/(p2 + 2pq(l - 
0.88)) = 1:284, and for a detection rate of 
90%, 1:341 [15]. The various risks for a cou­
ple having a child with CF after carrier test­
ing, depending upon the test result, are given 
in table 2.

A leaflet explaining the purpose of the pilot 
programme, including information about CF, 
was sent to all women in a letter with their 
first appointment to the clinic. Written in­
formed consent was obtained. All participat­
ing women were informed in writing about 
the result of their analysis. If a woman was 
AF508-positive, she was informed both by 
mail and by telephone about the result and the 
offer was made to have her partner tested as 
soon as possible for AF508, G542X, G551D, 
N1303K, 621+1G->T, and W1282X. If the 
partner was found to carry one of these muta­
tions, the couple was offered further genetic 
counselling, including the possibility of prena­
tal diagnosis. If the partner did not have one 
of the mutations tested for, the couple was 
informed by telephone that the risk of having 
a CF child was very low, albeit not zero.

1 in 1,3643 
1 in 6824
00

1 Negative for AF508, and 5 other mutations.
2 The fetus was only tested in group 1 and only when 
the woman was positive (carrier) for AF508. Provided 
that she does not have CF, the risk for the fetus, nega­
tive for A508, will be zero.
3 1 X 1/341 X 1/4.
4 1 X 1/341 X 1/2.

wished to do so. The average maternal and 
gestational ages in the two groups are shown 
in table 3. 6,599 women were tested for 
AF508. The average duration of analysis (the 
time period from blood sampling to mailing 
the first answer) was 6 days. The time period 
which elapsed from testing the partner until 
delivering the final answer for the couple was 
11 days (table 3).

We identified 172 women as heterozygotes 
for AF508 (table 4). All but 10 of the 172 part­
ners were tested, revealing three AF508 het­
erozygous men (table 4). No partner was 
found to be heterozygous for any of the other 
five mutations. Thus three couples at risk for 
having children with CF were identified. The 
three women came from group 1 (ages 21,23 
and 38 years). After genetic counselling all 
three couples requested prenatal diagnosis. 
This was done on chorionic villus cells already 
obtained for other reasons. The first fetus 
examined was homozygous for AF508, and 
the couple chose to terminate the pregnancy. 
The other two fetuses were heterozygous for 
AF508, and the pregnancies continued.

Results

In the period June 1, 1990 to June 1,1992, 
7,400 women were asked to participate in the 
programme. More than 98% and 80% of the 
women in groups 1 and 2, respectively,
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Table 3. Age at referral, 
gestational age, and test result 
delay in groups 1 and 2

Group 2 
(n = 3,054)

Group 1 
(n = 3,545)

median range median range

33 19-47 28 17-41
11-20

Age at referral, years 
Gestational age, weeks 
Time delay for women, days 
Time delay for couples, days2

8-15 1311
l 6 6 4-114-11

4-28 4-2811 11

Time delay between first blood sampling and result of the woman’s CF 
screening test.
2 Time delay between first blood sampling of the woman and her part­
ner’s result.

l

Table 4. CF screening results
N/AF5081 AF508/AF5082Persons tested n

6,599 172 0Pregnant women 
Partners
Fetuses (group 1)

162 03
l396 44

Heterozygotes for AF508.
2 Homozygotes for AF508.
3 Pregnancy terminated.

l

mountable medical, ethical, legal, and social 
problems. We decided to offer the screening 
to pregnant women for two reasons: it would 
have immediate consequences for the couples 
involved, and it is the most economic proce­
dure; i.e., screening all fertile women would 
result in unnecessary examinations as not all 
women become pregnant. Furthermore, in 
our experience, most couples are not con­
cerned about their genetic load before preg­
nancy. Even in well-informed families with 
X-linked disorders, it is our experience that 
more than 90% are not referred to our clinic 
until pregnancy has occurred.

Discussion

Although recent advances in the treatment 
of CF allow survival for three or even four 
decades, more than 95% of Danish CF fami­
lies with a previous child with CF have re­
quested prenatal diagnosis in subsequent 
pregnancies [Danish CF Centre, pers. com­
mun.].

Many arguments have been presented for 
and against population-wide carrier screening 
for CF [16-18]. Only pilot studies such as 
ours and the studies recently published [17, 
19] can reveal if it is possible to prevent the 
birth of children with CF without insur­
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The patients’ acceptance rate of the project 
was high, greater than 98 and 80%, in the two 
groups, respectively. A major problem of 
screening in early pregnancy is the time-lag 
between sampling and the availability of a test 
result. On average, we were able to test both 
partners for CF heterozygosity in 11 days.

It is extremely important that screening be 
voluntary. In our study very few women (2%) 
felt they were forced to accept the screening, 
although some (25%) felt it difficult to refuse 
an offered test. Information about their CF 
carrier status shocked or worried the majority 
of the women and, to a lesser extent, their 
partners. However, most were helped by ge­
netic counselling [unpubl. results].

With a detection rate of carriers of 90%, we 
can identify 81 % of all couples at risk for hav­
ing a child with CF. If, on average, 82% of 
women offered screening accept the test, then 
with an annual number of births in Denmark 
of 60,000 we will have to test 49,200 women 
plus 1,273 partners in order to identify 34 
pregnancies with a l-in-4 risk. If all couples 
opt for prenatal diagnosis, 9 CF fetuses will be 
found. The cost per test including counselling 
will be approximately 300 Danish crowns 
(£30), i.e., a total sum of approximately 
18 million crowns, including the price of pre­
natal diagnosis and abortion. The average an­

nual cost of treatment of a CF child is 500,000 
crowns [The Danish CF Centre, pers. com­
mun], With an average life span of 30 years 
this will amount to 15 million crowns per CF 
patient. Although these are a very rough esti­
mates of costs, financial considerations cer­
tainly favour the proposed screening pro­
gramme for CF.

From the data obtained, a true carrier fre­
quency for CF can be calculated. We found 
(172 + 3) carriers among (6,599 + 162) per­
sons tested giving a carrier frequency of 
1:38.6. With a detection rate of 88%, the true 
carrier frequency will be 1:34.5. This gives a 
true incidence of CF of 1:4,761, which is 
remarkably close to the previous estimate of 
1:4,700 [8], suggesting that most, if not all, 
Danish CF patients were identified in the 
period of 1945 to 1985.
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