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Ab stract. Ec ua dor is one of the Latin Amer i can coun tries where cys tic fi -
bro sis has not been thor oughly stud ied. The goal of this study was to es tab lish 
the in ci dence of this spe cific pa thol ogy and the in ci dence of the 29 most com -
mon Eu ro pean CF mu ta tions in Ec ua dor´s pop u la tion.We per formed a pro -
spec tive-de scrip tive study with the in ten tion of in clud ing pa tients reg is tered
at the Ec ua dor ian Cys tic Fi bro sis Foun da tion as well as the main pe di at ric
hos pi tals in Ec ua dor. The in clu sion cri te ria were clin i cal man i fes ta tions of
cys tic fi bro sis plus two pos i tive pilocarpine iontophoresis sweat tests (CI > 60 
mEq/L). We tested F508del mu ta tion by heteroduplex method and then, we
con firmed these re sults and searched for other 28 fre quent Eu ro pean mu ta -
tions aside from F508del by a re verse dot blot tech nique (INNO-LiPA CFTR 29 
+ Tn). Sixty two un re lated pa tients were in cluded. Both heteroduplex and re -
verse dot blot meth ods iden ti fied 53.22% of all mu ta tions. The es ti mated Ec -
ua dor ian cys tic fi bro sis in ci dence was 1:11,252. The mu ta tions found and
their in ci dence were F508del (37.1%), G85E (8.9%), G542X (2.4%), N1303K
(2.4%), G551D (1.6%) and R334W (0.8%). The in ci dence of cys tic fi bro sis in
Ec ua dor is closely sim i lar to other Latin Amer i can coun tries where there is a
large “mes tizo” pop u la tion. We are re port ing one of the high est in ci dences of
G85E in the world.
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Aná li sis de las mu ta cio nes del gen CFTR y de la in ci den cia de
Fi bro sis Quís ti ca en la po bla ción ecua to ria na.
Invest Clín 2007; 48(1): 91 - 98

Palabras clave: Fi bro sis quística, CF, CFTR, incidencia ecuatoriana, F508del,
G85E.

Re su men. Ecua dor es uno de los paí ses la ti noa me ri ca nos don de la fi bro -
sis quís ti ca no ha sido pro fun da men te es tu dia da. El ob je ti vo de este es tu dio
fue es ta ble cer la in ci den cia de esta pa to lo gía iden ti fi car las 29 mu ta cio nes eu -
ro peas mas fre cuen tes que afec tan a los pa cien tes fi bro quís ti cos ecua to ria nos. 
Se rea li zó un es tu dio des crip ti vo-pros pec ti vo que in clu yó pa cien tes pro ve nien -
tes de las Fun da ción Fi bro sis Quís ti ca y de los prin ci pa les hos pi ta les pe diá tri -
cos del Ecua dor. Los cri te rios de in clu sión fue ron la pre sen cia de ma ni fes ta -
cio nes clí ni cas clá si cas de fi bro sis quís ti ca más dos prue bas del su dor por ion -
to fo re sis de pi lo car pi na po si ti vas CI > 60 mEq/L. Se uti li zó he te ro du plex para 
iden ti fi car la mu ta ción F508del y pos te rior men te se con fir mó di chos re sul ta -
dos e iden ti fi có otras 28 mu ta cio nes fre cuen tes de la po bla ción eu ro pea uti li -
zan do un test de hi bri da ción re ver sa in situ (INNO-LiPA CFTR 29 + Tn). Se -
sen ta y dos pa cien tes fue ron in clui dos y se lo gró iden ti fi car el 53,22% de to -
dos los ale los mu ta dos. Las mu ta cio nes en con tra das fue ron F508del (37,1%),
G85E (8,9%), G542X (2,4%), N1303K (2,4%), G551D (1,6%) y R334W (0,8%). 
La in ci den cia es ti ma da de la fi bro sis quís ti ca en el Ecua dor (1:11.252) es muy 
si mi lar a la de otros paí ses la ti noa me ri ca nos que po seen un gran por cen ta je
de po bla ción mes ti za. Re por ta mos una de las fre cuen cias más al tas de la mu -
ta ción G85E en el mun do.

Re ceived: 21-03-2006. Ac cepted: 13-07-2006.

INTRODUCTION

Cys tic fi bro sis (CF; MIM# 219000) is
an autosomal re ces sive dis ease caused by a
mu tant pro tein called Cys tic Fi bro sis
Transmembrane Reg u la tor (CFTR) which
func tions as a chlo ride chan nel that has
reg u la tory func tions over other ion chan -
nels (1, 2). The de fec tive pro tein leads to
in creased vis cos ity of glan du lar se cre tions
and is re spon si ble for all clin i cal man i fes ta -
tions in CF pa tients (3). There are more
than one thou sand re ported mu ta tions at
the cys tic fi bro sis gene (4).

Cys tic fi bro sis is the most com mon se -
vere autosomal re ces sive ge netic dis or der,

and its in ci dence ranges from 1:2,500 to
1:90,000 af fected new borns among dif fer -
ent eth nici ties (5, 6).

Cys tic fi bro sis has been stud ied in few
Latin Amer i can coun tries. Its in ci dence var -
ies through out His panic coun tries, 1:9,000
in México (7), 1:9,600 in Uru guay (8),
1:6,573 in Ar gen tina (9, 10) which prob a bly 
re flects eth nic vari a tion in these coun tries.
This fact is sup ported by the vary ing in ci -
dence that mu ta tions have among coun -
tries. F508del is the most com mon mu ta -
tion world wide, but its in ci dence in Co lom -
bia is 41.8% (11), in Chile is 45% (12), in
Ar gen tina is 58.64% (10), in Uru guay is
40.4% (8), in Belém (North Brazil) is 22.7% 
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(13), in Costa Rica is 23% (14), in México is 
40.72% (7) and in Ven e zuela 26.79% (15).

In a pre vi ous study con ducted in Ec ua -
dor the F508del in ci dence was found in a
small sam ple of pa tients (16). We tried to
ex tend the knowl edge about CF in Ec ua dor
by screen ing the 29 most fre quent Eu ro -
pean mu ta tions in the CF Ec ua dor ian pop u -
la tion and by re port ing the es ti ma tive in ci -
dence of this pa thol ogy through out the
coun try.

MA TE RI ALS AND METH ODS

Sam ple col lec tion
We con tacted the Ec ua dor ian CF

Foun da tion to col lect pa tients. This Foun -
da tion reg is ters the ma jor ity of the CF pa -
tients through out the coun try. There are
prac ti cally no CF pa tients out side of this
en tity in Ec ua dor. The Foun da tion ap proved 
the pro ject´s eth i cal fields, set up the hos -
pi tal ap point ments, and we planned sev eral
vis its to ob tain con sent and draw blood
sam ples from the pa tients.

The in clu sion cri te ria for each pa tient
were CF clin i cal man i fes ta tions plus two
pos i tive pilocarpine iontophoresis sweat
tests (chlo ride >60 mEq/L) (17). The ex -
clu sion cri te ria were a neg a tive sweat test
or not hav ing it un der gone.

Sixty two pa tients were col lected from
June 1996 un til Jan u ary 2003. They came
from 7 dif fer ent prov inces (Pichincha:
n = 28, Guayas: n = 26; El Oro n = 2,
Azuay n = 2, Los Ríos n = 2, Manabí n = 1
and Tungurahua n = 1).

Pa thol ogy in ci dence
To cal cu late the Ec ua dor ian CF in ci -

dence, we ob tained data from the most re -
cent pop u la tion cen sus (year 2001) and
used the city Guayaquil, part of Guayas
prov ince. This city rep re sents 16.7% of the
Ec ua dor ian pop u la tion, groups the larg est
num ber of mi grants from the coun try’s in -

ner prov inces (18) and was the most rep re -
sen ta tive source of pa tients in our study. Fi -
nally, we pro jected Guayaquil’s in ci dence
rate to the coun try’s new born pop u la tion
re ported in the last cen sus to cal cu late the
es ti ma tive CF in ci dence in Ec ua dor dur ing
2001.

De tec tion of CFTR mu ta tions
DNA was iso lated from white blood

cells us ing a mod i fied salt ing out tech nique 
(19). DNAs were stocked with a fi nal con -
cen tra tion of 3 ng/µL.

Us ing poly mer ase chain re ac tion
(PCR), exon 10 was am pli fied in all pa tients 
(20) to look for F508del mu ta tion us ing
CF1 5´-GTTGGCATGCTTTGATGACG
CTTC-3´ and CF2 5´-GTTTTCCTGGAT
TATGCCTGGCAC-3´ prim ers by hetero -
duplex method (21). Once F508del re sults
were ob tained, we em ployed INNO-LiPA
CFTR 29 + Tn, a re verse dot blot tech -
nique, to con firm the pre vi ous re sults and
to look for the 29 most fre quent Eu ro pean
CF mu ta tions: E60X; G85E; 394delTT; 621
+ 1G à T; R117H; 711 + 5G à A;
1078delT; R347P; R334W; A455E; Tn;
F508del; I507del; G542X; 1717-1G à A;
G551D; R553X; R560T; Q552X; 2183AA à
G; 2184delA; 2143delT; 2789 + 5G à A;
R1162X; 3659delC; 3849 + 10kb à T;
3905insT; W1282X; S1251N y N1303K (22).

The statiscally anal y sis of mu ta tion in -
ci dences was per formed us ing Pearson Chi
square test.

RE SULTS

Blood was col lected from 62 non-fa mil -
ial pa tients ag ing 0 to 25. There was a small 
num ber of pa tients older than 15years
(14.51% of the sam ple), with no pa tients
older than 25years.

Our study in cluded pa tients from 7 of
the 22 prov inces of Ec ua dor (Ta ble I). The
or i gin of the ma jor ity of the pa tients was
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Guayas (n = 26) and Pichincha (n = 28),
prob a bly be cause these are the prov inces
where there are first level pe di at ric hos pi -
tals and where the CF Foun da tion works as
a non-profit or ga ni za tion.

Con sid er ing that dur ing the year 2001
there were 45,011 new borns (18) and 4 new 
pa tients re ported in Guayaquil, the es ti -
mated CF in ci dence in Guayaquil was
1:11,252 new borns. When this in ci dence
rate was pro jected to the en tire Ec ua dor ian 
new born pop u la tion (278,170 new born) we
in ferred a to tal of 25 af fected new borns
dur ing year 2001 in the whole coun try,
which would be the es ti ma tive in ci dence of
cys tic fi bro sis in Ec ua dor.

Of 124 al leles stud ied by heteroduplex
anal y sis, forty six (37.1%) had F508del mu -
ta tion (Ta ble I). Of these 46 al leles, 24
(57.2%) were iden ti fied as homo zy gotes for

the F508del ge no type (12 pa tients)
(Table II). Af ter wards, these re sults were
con firmed us ing the INNO-LiPA CFTR 29 + 
Tn method, which found 28 ad di tional mu -
tated al leles. We re solved 17 com plete ge -
no types (27.4 %), de tected one mu tated al -
lele in 32 pa tients (51.6 %) and didn´t find
the mu tated al lele (WT: Wild Type) in 13
pa tients (21.0 %) (Ta ble II). The CFTR mu -
ta tion in ci dences and the pa tients’ or i gin
dis tri bu tion among Ec ua dor ian prov inces
are shown in Ta ble I.

DIS CUS SION

Con sid er ing the es ti ma tive in ci dence
we cal cu lated (1:11,252 new borns), the fact 
that there are prac ti cally no CF pa tients
out side the Cys tic Fi bro sis Foun da tion in
Ec ua dor and that our study in cluded all its
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TABLE I
Pa tients’ dis tri bu tion ac cor ding to ori gin and CFTR mu ta tion incidences

Mutation Guayas Pichincha El Oro Manabí Tungurahua Azuay Los Ríos Total
country

n = 26
N (%)

n = 28
N (%)

n = 2
N (%)

n = 1
N (%)

n = 1
N (%)

n = 2
N (%)

n = 2
N (%)

n = 62
N (%)

F508del 19
(41.3)

25
(54.3)

2
(4.3)

0 0 0 0 46
(37.1)

G85E 6
(54.5)

1
(9.09)

0 0 2
(18.18)

2
(18.18)

0 11
(8.9)

G542X 0 2
(66.6)

0 0 0 0 1
(33.3)

3
(2.4)

N1303K 2
(66.6)

1
(33.3)

0 0 0 0 0 3
(2.4)

G551D 1
(50)

1
(50)

0 0 0 0 0 2
(1.6)

R334W 1
(100)

0 0 0 0 0 0 1
(0.8)

Mutated alleles 
identified

29 30 2 0 2 2 1 66 alleles
(53.2)

WT alleles 23 26 2 2 0 2 3 58 alleles
(46.8)

Total alleles 52 56 4 2 2 4 4 124

n = num ber of pa tients.    N = num ber of alle les.



mem bers, it can be as sumed that al though
these 62 cases rep re sent the high est num -
ber of CF pa tients stud ied in Ec ua dor so
far, there is prob a bly a large num ber of
non-re ported CF pa tients. This phe nom e -
non prob a bly can be ex plained by the lack
of good health sys tems in Ec ua dor cou pled
with the med i cal be lief that it is an un com -
mon pa thol ogy in non-Cau ca sian pop u la -
tions and the lack of in for ma tion on this
par tic u lar dis ease and its clin i cal man i fes ta -
tions among health work ers.

The fact that there were no pa tients
older than 25 years old in our sam ple prob -
a bly re flects that al though the mean sur -
vival age in First World coun tries is 32 year
(23), this would not be ap pli ca ble to Third
World pa tients as our sam ple, where only a
small group of pa tients sur vive past 15
years.

Ec ua dor’s most fre quently found mu ta -
tion was F508del (37.1%). Its in ci dence is
not sta tis ti cally higher (p = 0.66) than the
one re ported in a pre vi ous Ec ua dor ian pub -
li ca tion where it was iden ti fied in 25% of all 
al leles (16), sup port ing the the ory that the
Ec ua dor ian F508del in ci dence in much

lower than the 66.8 re ported world wide
(24).

De spite the vary ing in ci dences of
F508del among His panic Coun tries, the Ec -
ua dor ian F508del in ci dence was only
statiscally dif fer ent than the one re ported
in Spain and Ar gen tina (Ta ble III). This
F508del data may re flect the vary ing eth nic 
dis tri bu tions among His panic Coun tries.
Ar gen tina and Spain have a large Cau ca sian 
pop u la tion, while Ec ua dor is a coun try
where mes ti zos make up two thirds of the
pop u la tion (18). This Cau ca sian dis tri bu -
tion might be the rea son why the cys tic fi -
bro sis in ci dence in Ec ua dor is lower than
the ones de scribed in Ar gen tina and Spain
(9, 10, 25).

The most com mon mu ta tions we iden -
ti fied (Ta ble I) do not match with the most
com mon mu ta tions world wide (F508del
66.8%, G542X 2.6%, N1303K 1.6%, G551D
1.5%, y W1282X 1%) (24). More in ter est -
ingly, ac cord ing to our lit er a ture search,
the in ci dence of our sec ond most com mon
mu ta tion (G85E 8.9 %) is by far one of the
high est among His panic Coun tries
(Table III) and world wide (24, 25), even
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TABLE II
Pa tient´s ge noty pes

Genotype Patients Percentage

               WT/WT 13  21.0

               G85E/WT  5   8.1

               G542/WT  3   4.8

               G551D/WT  2   3.2

               DF508/WT 18  29.0

               R334W/WT  1   1.6

               DF508/DF508 12  19.4

               DF508/G85E  4   6.5

               N1303K/WT  3   4.8

               G85E/G85E  1   1.6

               Total 62   100.00

WT Wild Type –non iden ti fied mu ta ted alle les.
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higher than the one re ported in the Med i -
ter ra nean re gion and the south of Greece
(3.4%) where it is said to have orig i nated
(24, 26). G85E al though with lower in ci -
dence, was more wide spread than F508del
in our study (Ta ble I), which re flects that in 
the case of per form ing a larger study in -
clud ing all the Ec ua dor ian prov inces, its in -
ci dence is more likely to be even higher
than the one re ported in this work. G85E is 
a se vere class II missence mu ta tion in exon
3 at nu cle o tide po si tion 386 as so ci ated
with se vere lung dis ease. Gua nine is re -
placed by adenosine, re sult ing in sub sti tu -
tion of glutamic acid for glycine-85 in the
first mem brane-span ning do main (26).

Al though Ec ua dor was col o nized by
the Span iards, its pop u la tion has a ge netic
makeup no ta bly dif fer ent from that of the
Span ish pop u la tion and in stead re flects the
nu mer ous in dig e nous eth nici ties to its re -
gion. The ge netic makeup of the Ec ua dor -
ian pop u la tion is even quite dif fer ent from
that of neigh bour ing Co lom bia (11). The
dif fer ing ge net ics can be seen in the in ci -
dence of F508del and G542X mu ta tions in
CF pa tients in Ec ua dor, Spain, and Co lom -
bia (Ta ble II).

Ac cord ing to Ta ble I, Ec ua dor’s Span ish 
his tory would only in flu ence the pop u la tion
of Pichincha where F508del and G542X are
the most com monly found mu ta tions.

Al though 53.22% is an ac cept able sen -
si tiv ity if we com pare it with other stud ies
(25), it is clear that other meth ods, in clud -
ing se quenc ing and de le tion test ing, will be 
needed to iden tify the mu ta tions in about
half of Ec ua dor’s CF pa tients as well as to
de scribe some novel mu ta tions char ac ter is -
tic of this par tic u lar pop u la tion as other
His panic stud ies have done (7, 11).
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