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The molecular genetic epidemiology of cystic fibrosis

1. Introduction

This document is one of a series related to Cystic Fibrosis (CF) that have been published by WHO since
1983. Most documents report joint meetings and workshops organized by WHO in association with
various organizations devoted to CF, including the International Cystic Fibrosis (Mucoviscidosis)
Association (ICFMA) now Cystic Fibrosis Worldwide, the Cystic Fibrosis Foundation (CFF), the
European Cystic Fibrosis Thematic Network (ECFTN) and the European Cystic Fibrosis Society (ECFS).
The meetings considered a range of topics including the Distribution of CF, Prospects for Treatment,
Prevention of CF, Delivery of Health Care for CF in Developing Countries, Health Care Services for
Adults with CF and, most recently, proposed a Classification of Cystic Fibrosis and Related Disorders [1].

The present document should be read in the light of its predecessors. It does not revisit areas, such as the
diagnosis of CF, which remains clinical [1]. Rather, it attempts to set out what is known about the
worldwide epidemiology of CF and related disorders. Thus, a meeting was convened to consider
worldwide relevance of current clinical and genetic knowledge of CF in its various forms, and how the
latter affect different populations. The report is intended to provide a point of reference for national and
international health organizations, and to help them in planning diagnostic, advisory and therapeutic
services for affected patients and their families.

2. Background

CF is a common autosomal recessive disorder usually found in populations of white Caucasian descent,
such as those of Europe, North America and Australasia. CF is caused by mutations in the CFTR (Cystic
Fibrosis Transmembrane conductance Regulator) gene. Each individual inherits one CFTR gene from his
father and one CFTR gene from his mother, both genes are called CFTR alleles. Since CF is a recessive
disease, CF will develop when deleterious mutations are found on both CFTR alleles. When a deleterious
mutation is found on one CFTR allele, the individual is called a CF carrier. More than 1000 CF-causing
CFTR mutations have been found (http://genet.sickkids.on.ca/cgi-bin/WebObjectss MUTATION). A CF
patient can carry an identical CF-causing CFTR mutation on both CFTR alleles, or two different CF-
causing CFTR mutations on both CFTR alleles.

While the earliest clear medical descriptions date from the 1930s [1], CF obviously existed prior to this
date though had remained unrecognized. Its clinical features individually resemble those of other diseases
such as pneumonia, bronchiectasis, asthma, failure to thrive, and coeliac disease. Indeed, where these
conditions are prevalent CF may still lie unrecognized. Moreover, if clinicians believe that CF is absent
from their population they will not consider it in a differential diagnosis. A better awareness of CF and the
increasing availability of diagnostic tests - the sweat test and/or DNA tests - frequently leads to the
identification of a higher number of affected individuals.

In the last two decades, CF has been increasingly diagnosed in Latin America, the Middle East, and
populations derived from the Indian subcontinent that have emigrated to Western Europe, thus implying
the presence of CF in significant numbers among the citizens of India and Pakistan who have remained in
their homelands.

Reports from South Africa show the presence of CF in persons of pure African descent, thus
demonstrating that the earlier observation of the presence of CFTR mutations in African Americans was
not simply due to a mixture of European genes [2].

A small proportion of CF patients (<3 %) remains undiagnosed until adulthood [3]. Late CF diagnosis is
mainly caused by the delayed expression and mild progression of clinical symptoms. It is associated with
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milder pulmonary disease, less pancreatic insufficiency, and the presence of milder CFTR mutations.
Patients with late diagnosis have a better prognosis than those diagnosed early.

In the populations of Western Europe, North America and Australasia, there has been a significant
increase in survival of CF patients during the last 2-3 decades, resulting in ageing CF populations. There
are at least two reasons that account for this. First, the improvement in patient care and disease
management and, secondly, improved diagnosis of CF may have included a higher proportion of mild or
atypical cases. Moreover, neonatal screening, cascade screening, and prenatal diagnosis of CFTR
mutations are expected to change the incidence of CF in time, as has been shown for the Brittany region in
France, where a decrease of 30% in CF incidence has been observed during the last 10 years [4].

The identification of the CFTR gene in 1989 [5], the gene defective in CF, has been followed by the
recognition of CF-related conditions which do not amount to “classical” CF, but have one or more of its
characteristic features, e.g. congenital bilateral absence of the vas deferens (CBAVD), disseminated
bronchiectasis, chronic pancreatitis, diffuse panbronchiolitis [1].

More than a decade has passed since the CFTR gene was identified, and more than 1200 mutations
have been reported. It is therefore timely to review and assess what is known about the epidemiology
of CF and its CF-related disorders worldwide.

3. Phenotypic variation in CF

Despite the sophisticated molecular technology available in genetic laboratories, CF remains a clinical
diagnosis [1]. “Classical” CF is characterized by progressive lung disease, pancreatic dysfunction,
elevated sweat electrolytes, and male infertility [1]. However, a wide variability in the clinical expression
is found among patients. Up to 20% of affected infants are born with intestinal obstruction and present
inspissated meconium (meconium ileus). Other patients are diagnosed with various modes of presentation
from birth to adulthood and with considerable variability in the severity and rate of disease progression.
Although progressive lung disease is the most common cause of mortality in CF, there is great variability
in the age of onset and severity of lung disease in different age groups. Even within the same CFTR
genotype, there is evidence that other genes, as well as environmental factors, make important
contributions to the pulmonary phenotype.

The extent of pancreatic disease also varies. Most affected individuals suffer from pancreatic
insufficiency (pancreatic insufficient CF, PI), but up to 15% of patients possess sufficient exocrine
pancreatic function to permit normal digestion and are called pancreatic sufficient (PS). A small group
of patients present typical, but usually relatively mild CF symptoms but have normal/borderline sweat
tests, which are then referred to as “atypical CF”. Variability is also found in male infertility. Almost
all CF male patients are infertile due to congenital bilateral absence of the vas deferens (CBAVD);
however occasional fertile CF male patients have been reported. The population incidence of CF
varies between countries, and between ethnic groups within the same country (Table 1, Figure 1).

4. CF incidence and CFTR mutations

The spectrum and distribution of CF-causing CFTR mutations world-wide are given in Figure 2 and Table
2 (see poster insert). Data for sub-regions and the frequencies of CFTR mutations causing classic CF are
given in Table 3. These frequencies found in CF patients are unsuitable for calculating the frequencies of
these mutations in the general population or other CFTR-related diseases.
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4.1 Europe

The incidence of CF is well documented in Europe. On average 1 in 2000-3000 new-borns are affected
with CF. Even where populations appear relatively homogeneous, there may be marked local and regional
variations. In France, for example, there is a very high incidence of CF in Northwest Brittany and a lower
incidence in the South [6].

CFTR gene mutations have been well characterized in most European populations. In several Western-
European countries, mutations are detected in more than 95% of the CFTR genes derived from CF
patients.

The F508del CFTR mutation is the most common mutation causing CF. F508del. Frequencies vary from a
maximum of 100% in the isolated Faroe Islands of Denmark, to a minimum of about 20% in Turkey. In
central, northern, western, and north-eastern Europe, F508del has a frequency of about 70%.

Apart from F508del, 5 to 10 relatively frequent mutations contribute to 10%-15% of all CF-causing CFTR
mutations, such as the G542X, N1303K, and G551D mutations. The G542X and N1303K mutations are
most common in Mediterranean countries. Ethnic specific mutations are observed in some populations
such as the Nordic mutation 394delTT, the 3905insT mutation in Switzerland, the R1162X mutation in
Northeast Italy, and the Eastern Slavic CFTRdele2,3(21kb) mutation. The remaining mutations are
heterogeneous, private, or limited to a small number of individuals.

4.2 Africa

There are no accurate CF prevalence figures for northern African countries bordering the Mediterranean,
although small CFTR mutation detection studies have been done in Algeria and Tunisia, showing largely
European mutations such as F508del, G542X and N1303K, albeit at different frequencies. Some unique
mutations were identified in these populations.

The identification of CFTR mutations in individuals of sub-Saharan African origin presents evidence that
CF is relatively common in Africa and is vastly under-diagnosed. The only systematic study comparing
Causian Americans and African Americans concluded that the clinical manifestations are similar, and that
the only difference was poorer nutrition in the African Americans [7]. The CFTR mutation profile in sub-
Saharan Africans has revealed a common African mutation, 3120+1G—A, which is found on about 46%
of the CFTR alleles derived from patients [8]. Several rare mutations were also found, while the F508del
mutation was not detected. In southern Africa there is a corrected carrier frequency of 1 in 42, with a
calculated expected incidence of CF of 1 in 7056 in healthy Africans with little or no European
admixture.

4.3 North America

The incidence of CF, based on derivative populations, is about 1 in 3500 in North America [9].

The CFTR mutations reflect the geographic origin of a current population with a strong relationship to
Europe. About 10 CF-causing CFTR mutations are found at greater than 0.5% frequency in CF patients
residing in the United States. These 10 mutations account for 79.7% of the identified CF-causing CFTR
mutations.

The African CFTR mutation 3120+1G—A is the second most prevalent allele in African American CF
patients and is second only to the F508del mutation, which presumably emerged via ethnic admixture with

Caucasians. Complete analysis of CFTR genes from African American CF patients allowed the detection
of a mutation in 96% of the CFTR genes [2].
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In Canada, most of the mutations again reflect a strong relation with the Caucasoid population of
European origin. An important difference in ethnic origin is the proportion of populations tracing their
origin to French or British ancestry. Therefore the mutations found in the respective regions of Canada
reflect the ancestral French and British frequency. There is an east to west decrease in frequency of
F508del, probably associated with increased ethnic diversity of the central and western Canadian
populations, and a significant number of ethnic-specific rare mutations. Some mutations can reach higher
frequencies in particular populations due to founder effects (e.g. M1101K in Hutterites [10]). A distinct
mutation spectrum is also observed in the genetic isolate in the Saguenay-Lac St. Jean region of north-
eastern Quebec where only three CFTR mutations (F508del, 58%; 621+1G—>T, 23% and A455E, 8%)
account for 89% of all CF'TR alleles of CF patients [11].

4.4 Latin America

Latin America’s ethnic makeup is very heterogeneous. In countries like Uruguay and Argentina, about
90% of the population is Caucasoid, whereas in others, for example Mexico, Colombia or Chile, between
57% and 85% is Mestizo (Caucasoid + Amerindian admixture). In addition, in Uruguay, Ecuador,
Colombia, Venezuela and Brazil, the presence of descendants of African origin is important, although its
percentage does not exceed 10%. The incidence of CF ranges respectively from 1/3900 to 1/8500 neonates
in Cuba [12] and Mexico [13].

The F508del mutation is the most frequent CF-causing CFTR mutation in Latin America, with the highest
frequency found in countries that have a higher Caucasoid contribution (e.g. 59% in Argentina), and a
lower frequency in countries with a lower Caucasian contribution (e.g. 29% in Chile). The spectrum of
mutations in Latin Americans of European extraction mimics that of the major southern European
exploratory nations. The spectrum of CFTR mutations in Mestizo is less defined. In Latin America, all
mutations described for the first time were found only once, suggesting the absence of frequent mutations
in this region of the world and indicating that each country has its own set of private, rare mutations. For
example, 14% and 25% respectively of the Colombian and Mexican CFTR alleles of CF patients are rare
and are unique to that country. This shows that the history of CF in Latin America is as complex as it is in
Europe and North America.

4.5 Middle East

The incidence of CF in the Middle East varies according to the ethnic background and the degree of
consanguinity. Consanguinity is claimed to be about 65% in the Arab world. Estimates range from 1 in
2,560 to 1 in 15,876.

A few mutations in the Middle East are shared with many other regions in the world, i.e. F508del,
N1303K, W1282X and 3120+1G>A. Although F508del is much more frequent in Europe than in the
Middle East, it is relatively common in Israel and the Lebanon. On the other hand, 3120+1G>A is more
frequent in individuals of African descent and may have spread from African to Arabic populations.

There are mutations that appear to be more widely spread throughout the Near and Middle East but are
rarely observed elsewhere. In some cases, these more frequent mutations may be specific for a subset of
the people in the Middle East defined by a common ethnic or religious background, e.g. Bedouin tribes in
the case of 11234V, Muslim Arabs in case of CFTRdele2(ins186), Christian Arabs in case of
4010delTAAT, the S549R(T>G) mutation in Bedouins from the United Arab Emirates and Oman, the
548 A>T mutation in Bahrain, and the 1548delG mutation in Saudi Arabia [14-19].
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Thus, CF further illustrates that, in addition to its indigenous founder mutations, the geographic location
and ethnic admixture has made the Middle East a “melting pot” of different genetic influences from
outside and over time.

4.6 Asia

CF is normally rare in Asians and there are few reports of CF affected people of Asian origin. The exact
incidence is not known but the predicted incidence for Asians in the United Kingdom (mainly
Indian/Pakistani) is 1 in 10,000 [20] and 1 in 40,000 in the USA [21]. In India, the CF incidence is
estimated to be 1 in 40,000 to 100,000 live births (S. Kabra, 2002, unpublished). In Japan, the estimated
incidence is 1 in 100,000 to 350,000 live births, but is likely to be higher than anticipated (K. Yoshimura,
2002, unpublished).

There is limited information available from most Asian countries. According to the United Kingdom CF
database, 88 (1.67%) out of 5,274 children with CF were from the Indian subcontinent, 63 were Pakistani,
12 Indian, 7 Bangladeshi, and 6 from other Asian regions (A. Mehta, 2002, unpublished). CF definitely
exists in the Indian subcontinent but is probably less common than in Europe.

The frequency of F508del reaches about 60% in Pakistani CF patients, but is much lower in Indian (about
20%) and Japanese patients (about 10%). In 36 Asian CF patients in the United Kingdom (26 Southern
Asians and 10 Central Asians), 26% were homozygous for F508del [22]. There are other rarer CFTR
mutations in the Indian population, but no second frequent of mutation could be detected, possibly because
of the highly heterogeneous nature of the population. Although a limited number of patients have been
studied, no single mutation has a frequency higher than 15%. In studies of Pakistani patients, some rarer
mutations appear to be relatively frequent, however they are mostly found in homozygous state because of
consanguinity [23]. In Japan, no mutation frequent for clinically diagnosed CF has been found.

4.7 Oceania

Given the historical emigration of Europeans to this region, the distribution of CFTR mutations reflects the
European distribution of CFTR mutations.

5. CF-related disorders

Mutations in the CFTR gene are also involved in diseases that share part of the CF symptoms, such as
CBAVD, obstructive azoospermia, disseminated bronchiectasis, diffuse panbronchiolitis, pulmonary
emphysema, allergic bronchopulmonary aspergillosis, asthma, chronic pancreatitis and neonatal
hypertrypsinaemia (Table 4). For some diseases, it should be noted that the discovery of an involvement of
CFTR in disease is based on limited, or even single studies.

So far, most genetic studies of these CFTR-related diseases have been performed in Caucasian patients.
There is little published information about the relative contribution of CFTR mutations to their incidence,
compared with other genetic and environmental factors.

When CFTR is involved in this broader spectrum of CFTR-related disorders, many patients may carry a
severe CFTR mutation on one CFTR allele. The spectrum of these severe CFTR mutations thus reflects the
spectrum of mutations found in CF patients of the same population.

The other CFTR allele, or even both CFTR alleles, may carry a milder mutation that might be specific for
the CFTR-related disease. Except for the [IVSS-T5 polymorphism, these mutations are rather rare in the
general population. The IVS8-T5 polymorphism is a mutation that can cause CBAVD, however with
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reduced penetrance. The IVS8-T5 polymorphism has a frequency of 5% in the Caucasian control
population, while it has a frequency of 25% in CBAVD patients. When found in combination with other
CFTR polymorphism(s) that reduce the amount of functional CFTR, a disease phenotype is very likely
found [24]. The IVS8-TS5 allele may also be involved in the other CFTR-related diseases. The percentage
of CFTR genes that harbour a disease mutation varies between the different CF'TR-related diseases. The
highest proportion (79%) is found in CBAVD patients. In the other CFTR-related diseases, a lower
proportion of mutations is found. In fact, the latter diseases may be multifactorial diseases in which CFTR,
in some patients, might be one genetic component that contributes to the disease.

A different distribution of CFTR mutations is thus found in CFTR-related diseases compared to classic CF
(Table 2). For example, the R117H CFTR mutation is found at a higher frequency in CBAVD patients
compared to classic CF patients.

In non-Caucasian populations, data are scarce with regard to alleles conferring milder phenotypes such as
CBAVD. The IVS8-T5 allele is a recurrent mutation in many populations, including the Middle East and
East Asia. Data obtained for Jewish CBAVD patients, and studies from neighbouring countries such as
Turkey and Egypt indicate that the [IVSS-TS allele, and probably certain other mild CFTR alleles, should
be considered in these populations as well.

Of special interest is diffuse panbronchiolitis, which is a chronic inflammatory airway disease that affects
East Asian populations exclusively. The respiratory manifestations are remarkably similar to those of CF.
In Japan, a CFTR missense mutation or the IVS8-T5 allele was observed in 22% of the CFTR alleles
derived from patients having diffuse panbronchiolitis.

6. Regions where CF appears to be under recognized

It is likely that cystic fibrosis and CF-related diseases are under-diagnosed in Latin America, Africa and
the Indian continent due to the medical community's lack of knowledge of the disease, poor access to
medical facilities and health care for CF patients, confounding diagnosis, a high infant mortality rate, and
low life expectancy in general. Respiratory and gastro-intestinal problems associated with malnutrition are
very common in developing countries, and the diagnosis of CF can therefore be missed due to a low index
of suspicion.

In South Africa alone, it is expected that over 110 African CF babies are born annually. With an overall
infant mortality rate of 52 per 1000, CF would only make up between 0.12 and 2.5% of the total. In South
America, a lower incidence of CF is reported than one would expect on the basis of the frequency
observed in Europeans and European migration to Latin America over the past 500 years. In India, based
on a neonatal screening study of the F508del mutation, a carrier frequency of 1/50 to 1/66 was found. This
has been calculated to produce as many infants affected with CF born annually as in the whole of Europe
or North America (S. Kabra, 2002, unpublished).

CF disease is therefore clearly under-diagnosed in developing countries. In countries, such as Japan and
the Gulf States of the Middle East, some under-diagnosis may exist, but most probably results from the
medical community's lack of familiarity with CF. Under-representation of severe CF cases in some
populations may modify the observed ratio of mild to severe cases. This could account for the unexplained
low F508del incidence in some countries with a large proportion of Caucasians of European origin.

7. Regions, which appear to have no significant CF burden

The incidence of classic CF is less clear, but probably low in eastern Asia. It is rare in China and Japan,
even in cities such as Hong Kong and Singapore where both western and eastern medicine is practised and



The molecular genetic epidemiology of cystic fibrosis

doctors are familiar with cystic fibrosis in Europeans. It is still possible that other factors, including
genetic factors, may modify the phenotype in these populations, and the general medical community may
not be sufficiently aware to detect a variant form of CF. On the other hand, the high incidence of CF
elsewhere is explained by an heterozygote advantage in Caucasians. The low prevalence of CF in Asia
may therefore be associated with the likely, but unproven scenario, that there are only a small number of
CF-causing CFTR mutations in these populations because of the absence of a heterozygote advantage
pressure in Asians.

The F508del mutation, which is the most common mutation in Europeans, is thought to be absent from
east asian populations. However, the finding of Asian homozygous F508del CF patients in the United
Kingdom [22] raises questions of whether the same mutation has arisen spontaneously in different
populations, and why it should be so rare in east asians compared with its frequency in Europe, if the
possibility of European input into the ancestry of these few Asian United Kingdom patients can indeed be
ruled out.

On the other hand, CF-related diseases do exist in East Asia, and other CFTR mutations have been
reported in some of them. Moreover, diffuse panbronchiolitis is exclusively found in east asian
populations and a high proportion of the CFTR genes derived from such patients harbour a mutation. In
this region, CFTR disease might possibly result in a diffuse panbronchiolitis phenotype, rather than a CF
phenotype.

8. Other gene(s)

In many populations, mutation-screening assays of the complete coding region, and exon/intron junctions,
of the CFTR gene have been performed permitting the detection of most CFTR mutations. However, the
finding of a mutation in 100% of the CFTR genes analysed, is rarely observed. Even in most well
characterized Northern European countries, a mutation cannot be identified in 1-3% of the CFTR genes
(Table 2). In some populations the frequency of CFTR genes in which a mutation cannot be identified,
even after extensive screening of the complete coding region and exon/intron junctions of the CFTR genes,
is considerable: 25% in Turkey [25], 25% in Mexico [13] and 14% in Pakistan [23].

Possible explanations for failure to detect all mutations are: the diagnosis of cystic fibrosis is incorrect; the
technique used for identifying mutations fails to detect the mutation e.g. the mutation is located deep in
intronic regions of the CFTR gene or distant regulatory elements, or the mutation is caused by complete
deletion or duplication of one or more exons, which are not detected with the screening protocols that are
currently used; a combination of different CFTR mutations/polymorphisms causes a defective CF'TR gene;
the mutation is located in another gene than the CFTR gene, or a combination of these. Regarding the
penultimate option, there have been reports that CF-like disease may occur which is not caused by
defective CFTR [26,27].

9. CFTR mutation panels

For genetic testing and screening of CFTR, complete analysis of the CFTR gene is presently too laborious
and expensive. In general, screening for selected mutations is routinely performed in genetic testing
facilities.

In developed countries, the spectrum and distribution of CFTR mutations is well known. For genetic
testing, a general rule would be that most common mutations that have been observed in the national or
regional populations are those which are routinely screened. A typical cut-off would be to screen for all
mutations having a frequency of 0.5%, or higher.
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In most European countries, when screening for the most frequent mutations (>0.5%) in a given
population, a mutation will be identified in 90-95% of the CF'TR genes derived from CF patients (Table 2).
In large heterogeneous regions, such as North America, a cut-off of 0.1% would be more desirable; even
then, no more than 88% of the mutations in CF'TR genes in CF patients will be identified. A core mutation
panel of 25 mutations has been recommended by the American College of Medical Genetics, which
detects 83.7% of the mutations in CFTR genes of American CF patients [28]. It is clear that for individuals
with a different ethnic background, the mutation panel relating to their region of genetic origin should be
used. In addition, mutation panels developed for classic CF may miss several mutations that can be
responsible for less severe CFTR-related diseases.

10. Recommendations

1. The spectrum and distribution of CF in developing countries is still not well known. It is therefore
highly desirable to collect this information in order to improve the accuracy of the predicted incidence of
CF, and to provide appropriate genetic services for CF patients and their families.

2. The spectrum and distribution of CFTR mutations in target populations should be defined by
screening the complete CFTR gene in selected true CF patients (n=50-100) in a reliable laboratory. This
will allow a suitable mutation panel to be set up, which can then be applied to determine the population
incidence of CF and the CFTR mutations. This should be a priority in India and South Africa where there
is good prima facie evidence that the true burden of CF is much greater than has been appreciated.
Advanced research laboratories should be encouraged to collaborate with CF centers in developing
countries by providing in-house CFTR screening on collected patients. Many past collaborations of this
sort greatly contributed to the present knowledge of ethnic-specific mutation spectra.

3. Evidence of serious under-diagnosis of CF could most readily be obtained through (limited) neonatal
screening programmes, particularly in countries where routine neonatal screening for conditions such as
hypothyroidism is already being performed (some Latin American countries). Screening for the most
common mutation(s) alone would allow the country to determine the approximate overall incidence of CF
and CFTR mutations.

4. Multicentre studies may be more fruitful to delineate common mutations in eastern Asia. Indeed, from
the Japanese experience it seems that a frequent mutation does not exist in east asian populations, in
contrast to the Caucasian F508del mutation and black 3120+1G>A mutation. The finding of common
mutation(s), although at a low frequency, in different Asian regions would be a prerequisite to determine
the incidence of CF and CFTR mutations in this region of the world.

5. Insufficient knowledge of CF in the medical community in developing countries, as well as in non-
Caucasian developed countries, contributes to the under-diagnosis of CF in these countries. Severe cases
are missed because they die before the diagnosis has been considered. The medical community should
therefore be made more aware of CF through the teaching of CF to medical and other healthcare
students and postgraduates, so that typical and atypical cases (such as those presenting in adult life) can
be correctly diagnosed and treated.

6. In some countries, poorly developed local laboratory services, a lack of experience of the optimal
performance of the sweat test, and the unacceptable expense of DNA testing make it unlikely that the
situation will improve in the near future. National or regional reference laboratories for sweat testing
and genetic diagnosis, serving a large population, are therefore needed.
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7. Cystic Fibrosis organizations such as the American and Canadian CF Foundations, ECFTN, ECFS,
the Latin American CF Association (LAFQ) and the Australasian CF Association would be sources of
expert advice, and could facilitate the training of healthcare professionals.

8. Genetic technology companies should be encouraged to support these studies by providing suitable
panels of mutations dependent on ethnic correlates, to enable these investigations to be performed in
developing countries.

9. Genetic defects causing CF, other than mutations in the coding region and exon/intron junctions of
the CFTR gene, should be searched for in populations where and after extensive screening, genes no
mutation was identified in the CFTR coding region and their exon/intron junctions in a large percentage of
CFTR. This will allow a more complete characterisation of the genetic defects in these populations, which
may also be of relevance to other populations, especially in populations where no mutation can be
identified on a rather small number of CFTR alleles and where such studies are difficult to undertake given
the small sample size.

10. The incidence of CF-related diseases, or at least the proportion of these CF-related diseases in which
CFTR is involved, is not well known. This is even true in the Caucasian populations. Except for CBAVD,
CF-related disease incidence data are needed and further research encouraged, whether obtained from
limited, or even single, small studies.

11. Where significant under-diagnosis of CF is demonstrated, appropriate responses from governmental
and professional bodies are needed to ensure the delivery of reliable diagnostic, healthcare and advisory
services to patients and their families.
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Table 1: Incidence of cystic fibrosis

COUNTRY

INCIDENCE
(1 CASE PER X BIRTHS)

EUROPE

Finland 25,000
Turkey <10,000
Sweden 7,300
Poland 6,000
Northern Ireland (United Kingdom) 5,350
Russian Federation 4,900
Denmark 4,700
Estonia 4,500
Norway 4,500
Netherlands 3,650
Greece 3,500
Spain 3,500
Germany 3,300
Czech Republic 2,833
United Kingdom 2,600
Italy 2,438
France 2,350
Switzerland 2,000
Scotland (United Kingdom) 1,984
Ireland 1,800
USA 3,500
LATIN AMERICA

Mexico 8,500
Brazil 6,902
Chile 4,000
Cuba 3,900
MIDDLE EAST

United Arab Emirates 15,876
Bahrain 5,800
ASITA

India 40,000 - 100,000
Japan 1000,000 - 350,000
AFRICA

South Africa (African population) 7,056
AUSTRALIA 2,500
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