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ABSTRACT. Cystic fibrosis is the most common hereditary disease in
populations of European descent, with its prevalence depending on the
populations and ethnic groups studied. In contrast to Europe and North
America, there is little information about this disease in Latin America.
Uruguay currently has a human population of 3,000,000, with a low rate
of miscegenation and no remaining isolated Amerindian groups. In the
present study, we estimated the prevalence of cystic fibrosis in this coun-
try based on the detection of ∆F508 mutation carriers in 500 unrelated
individuals and on the frequency of individuals homozygous for this mu-
tation within the affected population. The latter was calculated from the
frequency of the different mutations and genotypes observed in a sample
of 52 previously described patients with confirmed cystic fibrosis. A theo-
retical estimate of the prevalence of cystic fibrosis based on anthropo-
logical data suggested a frequency of 25 affected individuals/100,000
inhabitants. However, our data indicated that the true prevalence in the
population was considerably lower (6.9 cases/100,000 inhabitants).
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INTRODUCTION

Cystic fibrosis (CF) is the most common hereditary disease in populations of Euro-
pean descent. To date, more than 1000 mutations have been described in the CF trans-
membrane regulator gene. The prevalence observed depends on the populations and eth-
nic groups studied (Zielenski and Tsui, 1995). Variations in the prevalence between 1:1,700
and 1:7,700 have been described in northern European populations (Tsui, 1992), with lower
values being reported for an Asian population in Hawaii (1:90,0000) (Estivill, 1991) and an
African population (1:100,000) (Tsui, 1992). In contrast, there is little information on this
disease in Latin America (Raskin et al., 1993; Chertkoff et al., 1997). The few studies that
have been reported have yielded contradictory results (Ríos et al., 1994) or have estimated
the prevalence of CF using indirect (Pivetta and Olek, 1991) or theoretical (Valenzuela,
1988) approaches.

In contrast to other Latin American countries, Uruguay has a population with peculiar
characteristics that include: a) a total population of 3,000,000 inhabitants, half of whom live in
the capital Montevideo, b) no remaining isolated Amerindian groups living in the country since
the end of the 19th century, c) a low rate of miscegenation (Sans et al., 1993,1997), and d) one
of the highest health care standards in South America, with 92.5% of the population being
attended by the health care system (PNUD, 1997).

We have previously estimated the frequency of various mutations and genotypes in
a sample of 52 patients with confirmed CF (Luzardo et al., 2002). Considering the peculiar
characteristics of the Uruguayan population and the lack of molecular data on CF in this
population, we have now estimated the prevalence of CF in this country based on the
detection of ∆F508 mutation carriers in a representative sample of 500 unrelated individu-
als, and on the frequency of individuals homozygous for this mutation in the affected popu-
lation.

MATERIAL AND METHODS

Population sample

The sample size (500 individuals) for the detection of ∆F508 carriers in a Montevidean
population was determined based on a probable frequency of 2% (estimated with 95% confi-
dence) which is similar to that observed in Europe (The Cystic Fibrosis Genetic Analysis Con-
sortium, 1994) for this mutation. The subjects were selected at random from among unrelated
individuals attended at 15 (5 public and 10 private) medical health institutions. Data from a
previous unpublished study (Cardoso, M.E., personal communication) allowed us to stratify the
population at each health center into six arbitrary socio-economic categories and to deter-
mine their corresponding frequencies. The number of subjects enlisted at each institution
was established based on the socio-economic categories identified above. The individuals
were selected while attending one of the health centers for blood analyses unrelated to CF and
were informed that they would be enrolled in the study anonymously and that they would not
receive the test results. After providing informed consent, 5 ml of peripheral blood was collected
from each subject. This study (Ref. 1081/96) was approved by the Ministerio de Salud Pública
(Uruguay).
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DNA extraction and PCR

DNA was extracted using a standard protocol modified from Valenzuela and Méndez
(1982). The primers, cycles and temperatures for the PCR amplification of CFTR exon 10 were
as described by Kerem et al. (1989) and Riordan et al. (1989). Samples from all of the individu-
als studied were amplified in groups of four DNAs each. The PCR amplification products were
separated on 8% polyacrylamide gels. Normal homozygous and known heterozygous (normal/
∆F508) PCR products were used as controls in each run. When more than one band was
observed in any of these groups, the corresponding four DNAs were amplified separately. As a
control for the multiple DNA procedure, 25% of the samples (143 individuals) were randomly
selected and amplified individually. Complete agreement between the multiple and individual
methods was observed in all cases. No DNA or PCR amplifications were obtained in 31 of 531
individuals (21 for DNA, 3.95%, and 10 for PCR, 1.88%) because of technical problems (bro-
ken tubes, coagulated blood, improperly identified samples).

Affected population

The mutation and genotype frequencies were previously established using a sample of
52 patients with clinically confirmed CF selected from a group of 160 individuals (Luzardo et al.,
2002).

RESULTS

Cystic fibrosis population

Twenty-one already-known mutations were detected in the 52 unrelated patients consid-
ered to be an affected population based on their clinical features of CF. According to these data
(Luzardo et al., 2002), 40.4% of the observed mutations corresponded to ∆F508. The other muta-
tions were detected in 38 cases (38.2%), and no mutation was identified in 21.2% of the cases
(Table 1). The mutation ∆F508 was present in heterozygous (∆F508/unknown 17.3%, ∆F508/other
32.7%) or homozygous (15.4%, 8/52) form in a total of 65.4% (34/52) of the cases (Table 2).

Mutation     No. of chromosomes Frequency (%)

∆F508 42 40.4
Others* 38 36.5
Unknown 24 23.1

Total number of chromosomes analyzed = 104.
*G542X, R1162X, G85E, N1303K, R334W, R75Q, R74W, D1270N, W1282X, ∆I507, 2789+5G->A, R1066C,
-816C/T, and R553X.

Table 1. Mutations observed in the population studied.

Non-cystic fibrosis population

Four heterozygous subjects were detected in the sample of 500 individuals. Thus, the
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corresponding ∆F508 carrier status was observed in 1/125 individuals in the population. Based
on these data, one would expect to find a homozygous individual (∆F508/∆F508) in a proportion
of 1:62,500 (1.6 x 10-5).

Based on the observed frequency of homozygous ∆F508 individuals, we estimated that
the prevalence of CF (considering all types of mutations) would be 1:9,613 (1 x 10-4). Consider-
ing the marginality of the analyzed proportions, the variability of this prevalence (1:9,613) was
calculated from the statistical distribution of the random variable:

1 B(500, 0.008) B(500, 0.008) 52
X =    

4 500 500 B(52, 0.225)

where B(n, p) are independent binomial distributions. In all, 9999 simulations were run on a
computer program. The 0.025 and 0.975 percentiles of the resulting distribution (0 and 25 x 10-5,
respectively) were taken as the boundaries for the 95% confidence interval. The 0.5 percentile
(6.93 x 10-5) coincided with the expected value.

DISCUSSION

The prevalence of CF is closely related to ethnic factors (Tsui, 1992). Unlike other
parts of the world including North America, South America has undergone an important misce-
genation of its original inhabitants (Amerindians) with people of European and African origin
who arrived during and following the Portuguese-Hispanic colonization of the 16th century. The
resulting admixture of races has probably modified the prevalence of CF in Uruguay and other
South American countries, although there are still no consistent data to support this conclusion
(Orozco et al., 2000; Venegas et al., 2003). Since it is impossible to obtain reliable information
about ethnic admixture, we selected our subjects based on socio-economic considerations. This
strategy allowed us to maintain the ethnic composition of the sample as similar as possible to
that of the actual population.

Genetic studies of 21 nuclear gene polymorphisms (blood groups, proteins, enzymes,
and HLA loci) have shown that the Montevidean population is composed mainly of people of
European descent (≥86%) with African and Amerindian admixtures of 6-11 and 1-2%, respec-
tively (Sans et al., 1993, 1997). An estimate of the prevalence of CF based on this information

Genotypes No. of individuals Frequency (%)

∆F508/∆F508   8 15.4
∆F508/Others* 17 32.7
∆F508/Unknown   9 17.3
Other/Other   6 17.5
Other/Unknown  11 21.2

Unknown/Unknown   1   1.9

Total number of individuals = 52.
*G542X, R1162X, G85E, N1303K, R334W, R75Q, R74W, D1270N, W1282X, ∆I507, 2789+5G->A, R1066C,
-816C/T, R553X.

Table 2. Genotypes observed in the population studied.
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indicated a theoretical value of 25 affected persons/100,000 inhabitants.
In contrast, the results obtained here demonstrated that the prevalence of CF was

moderately low in our population, with 1.6 individuals/100,000 inhabitants probably being ho-
mozygous for ∆F508. If all of the mutations were considered, this figure would increase to 6.9/
100,000. This frequency is much lower than those reported for Spain (28.6/100,000), Italy (33.3/
100,000) and France (50/100,000), countries where the European ancestors of most Uruguay-
ans originated. This estimated value was only about 53% of the lowest prevalence observed
among European countries (Sweden, 13/100,000) (Tsui, 1992), but was seven-fold higher than
that found in populations of Asian origin (Hawaii, 1.1/100,000) (Estivill, 1991) and approximately
the same as that observed in “Hispanic” individuals of the USA population (Schidlow, D., per-
sonal communication). Thus, as with the frequency of ∆F508 in the CF population, these varia-
tions in prevalence cannot be explained solely by ethnic admixture.
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