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Abstract 

This study analyzed the incidence of genetic mutations which cause cystic fibrosis to determine 
which therapeutic option is viable/the best for the children of Bosnia and Herzegovina. We analyzed the 
genetic samples of 14 children and we looked for mutations in the CFTR gene. Test results were obtained 
either from state laboratories or from foreign genetic centers. Out of 14 cases, 8 tested positive for CFTR 
mutations, while the remaining 6 tested negative. The most common mutation was F508del (6/8). Other 
mutations found were I507del, G576A, E538X, and CFTRdupe20. Class II mutations were the most com-
mon (7/8), and because these mutations can be treated with CFTR correctors like lumacaftor/ivacaftor we 
believe children of Bosnia and Herzegovina could benefit from donations for this treatment. The negative 
test results for the CFTR gene in the 6 remaining children imply endemic form of cystic fibrosis, which 
is not tested for. It is important to provide customized, region-specific testing which includes mutations 
missed by standard tests.
Keywords: cystic fibrosis, CFTR gene, lumacaftor, mucoviscidosis.
Резюме

Това проучване анализира честотата на генетични мутации, които причиняват кистозна фи-
броза, за да определи кой терапевтичен вариант е жизнеспособен/най-добрият за децата на Босна 
и Херцеговина. Анализирахме генетичните проби на 14 деца и потърсихме мутации в гена CFTR. 
Резултатите от тестовете са получени или от държавни лаборатории, или от чужди генетични цен-
трове. От 14 случая, 8 са били положителни за CFTR мутации, докато останалите 6 са били отри-
цателни. Най-честата мутация е F508del (6/8). Други открити мутации са I507del, G576A, E538X и 
CFTRdupe20. Мутациите от клас II са най-чести (7/8) и тъй като тези мутации могат да бъдат лекува-
ни с CFTR коректори като lumacaftor/ivacaftor, ние вярваме, че децата от Босна и Херцеговина могат 
да се възползват от дарения за това лечение. Отрицателните резултати от теста на CFTR гена при 6 
останали деца предполагат ендемична форма на кистозна фиброза, която не се изследва. Важно е да 
се осигури персонализирано, специфично за региона тестване, което включва мутации, пропуснати 
от стандартните тестове.
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Introduction
Cystic fibrosis (CF) is a hereditary disease 

related to chromosome 7 (Kulkarni et al., 2019; Al-
mughem et al., 2020). It is characterized by chlo-
ride ion channel deficiency because of disorders of 
the cystic fibrosis trans-membrane regulator gene 
(CFTR) (Almughem et al., 2020). Disorders of the 
CFTR gene reduce the secretion of chloride ions 
into the epithelial tissues, which through hyperac-

tivation of sodium channels causes sodium reab-
sorption and thickens the mucus. Thickened mucus 
causes meconial ileus in 15% of infants affected 
with CF, destruction and obstruction of the pan-
creatic tissue, malabsorption of nutrients, delayed 
growth, and after infancy respiratory problems like 
chronic and recurrent infections of the lungs and 
sinuses (Turcios, 2020). Men can also present with 
congenital absence of vas deferens (Kulkarni et al., 
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2019; Turcios, 2020). One of the earliest manifes-
tations of CF is malnutrition caused by pancreatic 
insufficiency. In the past, it was a major cause of 
death (De Boeck, 2020). CF can also impact ab-
sorption of fat-soluble vitamins such as vitamin K, 
leading do hemorrhagic diatheses (Kulkarni et al., 
2019). After supplementation with pancreatic en-
zymes the next cause of death became chronic res-
piratory infections (De Boeck, 2020). Lung infec-
tions in CF are caused by thickened mucus which 
is an ideal medium for microbe growth. In the be-
ginning, lung manifestations are often mistaken 
for asthma or bronchitis (Turcios, 2020). It is very 
important to treat lung infections and prevent new 
infection, since the progression of disease leads to 
reduced lung function (Fig. 1.) (Kapnadak et al., 
2020). CF reduces life expectancy, with childhood 
mortality in Western Europe being around 5%, with 
the percentage being higher in less developed coun-
tries (Mehta et al., 2010) There are over 2076 mu-
tations of the CFTR gene (Almughem et al., 2020). 
Mutations can be classified into classes I-VII, and 
classes I-VI can be treated by a combination of 
correctors, potentiators, stabilizers and amplifiers. 
Class II encompasses F508del (Almughem et al., 
2020) and I507 (Lopes-Pacheco, 2016). 

Fig. 1. Distribution of CF mutations in Bosnia and 
Herzegovina. 
Materials and Methods

This is a cross-sectional study intended to ana-
lyze the genetic makeup of cystic fibrosis patients in 
Bosnia and Herzegovina. We analyzed the medical 
records and genetic samples of 14 patients present 
on the Pediatric Clinic of the Clinical Center of the 
University of Sarajevo in the period between 2018 
and 2020. Patients were included based on criteria 
for the clinical diagnosis of cystic fibrosis. Inclusion 

criteria were presence of any combination of the fol-
lowing: high sweat chloride, delayed development, 
recurrent upper respiratory tract infections, frequent 
diarrheas and meconial ileus present at birth. Exclu-
sion criteria were low levels of sweat chlorides and 
infrequent upper respiratory tract infections. Patients 
were in regular checkups and were tested for genetic 
analysis. Genetic testing was performed partly in the 
clinics in Bosnia and Herzegovina and partly as a 
donation by genetic centers in the European com-
munity. All patients’ parents were informed about 
the procedure and signed informed consent for the 
testing. 
Results

Results of genetic testing showed that CF 
was confirmed in 8/14 patients. Seventy-five per-
cent (6/8) of the patients tested positive for F508del 
mutation. One patient tested positive for I507 del, 
and another tested positivefor G576A. Patients with 
F508del were homozygous, and all except one who 
were heterozygous with E538X mutation. Addition-
al mutation, heterozygote, was reported in the pa-
tient with G576A mutation, who was also positive 
for CFTRdupe20 mutation. Out of the remaining pa-
tients, 6 tested negative for CFTR mutation. Howev-
er, all these 6 patients were clinically diagnosed with 
CF. The average hospitalization time was 14 days. 
The isolated pathogens included: Pseudomonas 
aeruginosa, Hemophilus influenzae, Staphylo-
coccus aureus and Streptococcus pneumoniae. 
The main treatment was antibiotic and supportive. 
The most commonly used antibiotics were cephalo-
sporins, aminoglycosides and carbapenems. Mucol-
ytics and bronchodilators were used in conjunction 
as a support with the antibiotics. Figure 1 shows the 
distribution of CF mutations in Bosnia and Herze-
govina. To the far left are the areas of Bihać, Cazin 
and Velika Kladuša. In the center are the areas of 
Travnik and Donji Vakuf, which show the greatest 
mutation diversity (4 mutations, F508del, E538X, 
G576A and CFTR dupe20), and on the right is the 
area of Sarajevo.
Discussion

One study reported that in South Europe only 
50% of patients carried the F508del mutation while 
in our study 10 out of 16 patients tested negative for 
CF despite having symptoms (Gasparini et al., 1991). 
Thirty years later, there are still 6/14 unknown muta-
tions as reported by this study. As Gasparini suggest-
ed, the hidden mutations may lie in promoter regions 
or introns (Gasparini et al., 1991). Dörk et al. (2000) 
suggested that there is a CFTR mutation variant CF-
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TRdele2,3 (21 kb) common to Slavic people, which 
was previously missed in routine testing (Dörk et al., 
2000). Boeck et al. (2013) reported that in the 18/23 
countries they researched, 80% of their study sub-
jects had at least one class II mutation, with F508del 
being the most common one. They also reported 
that other countries had a significantly smaller pro-
portion of class I, III, IV and V mutations ranging 
from 3.0-3.9% (De Boeck et al., 2014). Our study 
has a similar finding, because 7/8 confirmed CF was 
caused by class II mutations. Interestingly, Estivill et 
al. (1997) found that in Europe, 55 mutations were 
common in one or several countries, but 217 mu-
tations were rare, with a frequency lower than 1%. 
Furthermore, they stated that while F508del was the 
most common mutation in the world, there were dis-
crepancies. Most notably between Denmark, which 
had 87.2% F508del of all CF, and Algeria, which 
had 26.3% (Estivill et al., 1997). It has been shown 
that a combination of elexacaftor, tezacaftor and iva-
caftor significantly reduces sweat chloride concen-
tration, improves FEV1 and the quality of life (Barry 
et al., 2021). The Cystic Fibrosis Foundation came 
together and wrote consensus guidelines for the care 
of individuals with cystic fibrosis disease. They state 
that even with the new landmark CFTR modulators, 
CF still remains a progressive disease, with people 
inevitably requiring more extensive care and possi-
ble lung transplant (Kapnadak et al., 2020). How-
ever, CFTR modulator therapy significantly slows 
cystic fibrosis progression, buying more time on the 
transplant list and significantly improving the pa-
tient’s condition and quality of life in the meantime 
(Kapnadak et al., 2020). A major downside to CFTR 
modulator therapy is the high cost, ranging from 
150-250 thousand euro per patient per year. Since 
other pharmaceutical companies are also develop-
ing the medicine, cost reduction  and an increase in 
availability can be expected in the coming years (De 
Boeck, 2020). Therefore, it is important in the mean-
time to make the CFTR modulator therapy available 
to a wider circle of recipients in anticipation of drug 
cost reduction.
Conclusion

Cystic fibrosis is a severe condition which 
must be properly diagnosed so it could be properly 
treated, and exacerbations could be prevented. It is 
very important to establish the most common mu-
tations in Bosnia and Herzegovina and in the sur-
rounding countries so that potential CFTR mutations 
would not be missed. Our paper shows that a large 
percentage of patients suffer from type II CFTR mu-
tations, and as such are eligible for treatment with 

CFTR correctors like lumacaftor/ivacaftor. This 
is the first research that has included sophisticated 
genetic testing for CF. The similarity of the genetic 
profile of CF in Bosnia and Herzegovina and in Eu-
rope suggests that children in Bosnia and Herzego-
vina could greatly benefit from donations of CF gene 
therapy and CFTR modulator therapy. Moreover, 
the interesting negative results of the CFTR gene 
tests suggest that Bosnia and Herzegovina could be 
a site of endemic form of cystic fibrosis that evades 
detection.
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