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Summary
It is essential to confirm or exclude the diagnosis 
of cystic fibrosis in time and with accuracy in or-
der to avoid inappropriate testing. The aims of this 
study was to determine features of Cl ions concen-
tration in patients sweat test that were suspected 
having cystic fibrosis and to evaluate correlation 
between this concentration and C reactive protein 
levels in serum. Results showed, that 9 out of 48 
patients (18,75 % ) showed higher than normal Cl 
ions concentration values. 6 of them (12,5%) had a 
borderline concentration, while 3 (6,25%) were pos-
sitive according to Cl ions concentration test. Mean 
value of Cl ions concentration in males sweat was 
25,37 mmol/l (p<0,05; PI=21,05-30,40) and there 
was no statistical significance compared to mean 
Cl ions concentration in females sweat which was 
24,44 mmol/l (p<0,05; PI=19,96-28,91). All genetic 
tests‘ results were negative for CFTR gene muta-
tions. CRP test was performed in 17 cases (35,42%). 
No statisticaly significant correlation between con-
centration of Cl ions in sweat and serum CRP was 
found (r= -0,16; p=0,531 ). No statisticaly signifi-
cant difference between Cl ions concentrations in 
sweat test according to gender was found in exa-
mined group. In our study no mutations of CFTR 
gene were found. Statisticaly significant correlation 
between Cl ions concentration in sweat test and se-
rum CRP level was not found.

Introduction
Cystic fibrosis is autosomal recessive genetic disorder 

affecting function of exocrine glands. Most often lower 
respiratory tract, pancreas and sweat glands are affected. 
As a result of this disorder, sodium and chlorine concen-
trations increase in patients sweat. Sweat test plays mayor 
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role in diagnosing cystic fibrosis. It is essential to confirm 
or exclude the diagnosis of cystic fibrosis in time and with 
accuracy in order to avoid inappropriate testing [1]. Last 
year an article was published which revealed that some blo-
od biomarkers can be usefull to estimate the activity of cys-
tic fibrosis and to predict pulmonary exacerbations. It was 
shown that C-reactive protein test has the most potential in 
clinical usage when the diagnosis of cystic fibrosis is pre-
sent [2,3]. Futhermore, it is now known that lung function 
impairment was independently associated with elevated 
plasma levels of CRP [3,4]. One of our aims was to de-
termine whether increase in CRP could predict the onset 
of cystic fibrosis symptoms, when clinicians suspect cystic 
fibrosis.

Aims of this study was to determine features of Cl ions 
concentration in patients sweat test that were suspected ha-
ving cystic fibrosis and to evaluate correlation between this 
concentration and C reactive protein levels in serum.

Methods
We investigated retrospectively case files of patients 

with performed sweat test in period of 2011-2012 in Hospi-
tal of Lithuanian University of Health Sciences Kauno Cli-
nic's Paediatrics department. These patients were suspected 
having cystic fibrosis (n=48). Results of Cl ions concentra-
tion in sweat test, information about genetic testing of cys-
tic fibrosis transmembrane conductance regulator (CFTR) 
gene‘s mutations and levels of C reactive protein (CRP) 
were used in our study. Cl ions concentration in sweat test 
is borderline if results are between 40-60 mmol/l, positive – 
if exceeds 60 mmol/l concentration in sweat. CRP is positi-
ve if exceeds 5 mg/l. Data were processed using SPSS v15 
statistical software. Statistical significance is p<0,05. Cor-
relation between CRP and Cl ions concentration in sweat 
test was evaluated using Pearson‘s correlation coefficient.

Results and discussion
Our studied group was comprised of 48 patients, 30 of 
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them were males, while 18 were females. Mean age when 
first symptoms occured was 3,8 ± 3,1 years for males and 
3,0 ± 3,1 years for females.First symptoms predominantly 
indicated respiratory tract lesions – 47 (97,9%) patients. 
1 patient had only gastrointestinal tract symptoms, 3 had 
both respiratory tract and gastrointestinal tract symptoms. 
9 out of 48 patients (18,75 %), who had been tested for 
sweat Cl ions concentration, showed higher than normal 
concentration values. 6 of them (12,5%) had a borderline 
concentration, while 3 (6,25%) were possitive according to 
Cl ions concentration test (Figure 1). 3 patients (50%) who 
had a borderline increase were males and 3 patients (50%) 
were females. All patients with possitive test results were 
males. Mean value of Cl ions concentration in males swe-
at was 25,37 mmol/l (p<0,05; PI=21,05-30,40) and there 
was no statistical significance compared to mean Cl ions 
concetrantion in females sweat which was 24,44 mmol/l 
(p<0,05; PI=19,96-28,91). All patients who were possiti-
ve for Cl ions concentration in sweat test and one patient 
with borderline increase were tested geneticly for muta-
tions of CFTR gene. All genetic tests‘ results were nega-
tive for CFTR gene mutations. CRP test was performed in 
17 cases (35,42%). The mean value was 32,31±73,68 mg/. 
13 patients (82,35%) had an increase in serum CRP. No 
statisticaly significant correlation between concentration 
of Cl ions in sweat and serum CRP was found (r= -0,16; 
p=0,531) (Figure 2). The reference ranges for normal sweat 
osmolality are 50–150 mmol/kg, and values greater than 
200 mmol/kg are consistent with CF [4- 8]. Borderline va-
lues are considered to be between 150–200 mmol/kg by 
some authors [9-10], others are considering values <170 
mmol/kg as normal [9]. Measuring osmolality can help as 
a screening method but it is not recommended for the dia-
gnosis of CF [11-15]. Conductivity is the property of a so-
lution that allows it to conduct a current. It depends on the 
concentration and mobility of the ions in the solution, and 
is therefore an indirect measurement of ions [16]. Sweat 

conductivity is not equivalent to sweat chloride concentra-
tion because of other ions in sweat such as bicarbonate and 
lactate, therefore sweat conductivity is approximately 15 
mmol/L higher than the sweat chloride concentration [14]. 
According to the American CF Foundation, a conducti-
vity value less than 50 mmol/L is considered normal and 
patients with values >50 mmol/L should be referred for a 
quantitative pilocarpine iontophoresis test (QPIT) [17]. A 
conductivity level >80 mmol/L is believed to be diagnos-
tic in addition to its screening value by some authors [18-
25], while others suggest values >90 mmol/L to support 
a diagnosis of CF [26]. The UK guidelines recommend 
that a sweat test can be performed after 2 weeks of age 
in infants >3 kg [27], whereby others suppose that sweat 
collection can be reliably performed in infants >36 weeks 
postmenstrual age, >2 kg, and >3 days postnatal age [16]. 
Sweat testing should not be performed before a child is 
at least 48 hours old, as in the first 24 hours after birth, a 
baby’s sweat electrolyte concentrations are known to rise 
transiently [28-30]. A sweat test should always be delay-
ed in children who are dehydrated, systemically unwell or 
who have eczema affecting the potential stimulation sites, 
or who are oedematous and/or on systemic corticosteroids 
[14]. In addition, many other diseases can lead to false-po-
sitive and false-negative results which is described in detail 
elsewhere [1,16].

Conclusions
18,75% of checked patients had a higher than normal Cl 

ions concetration in sweat. No statisticaly significant diffe-
rence between Cl ions concentrations in sweat according to 
gender was found in examined group. 33,33% of patients 
who had Cl ions concentration in sweat above normal ran-
ge were females and 66,66% were males. Genetic testing 
is performed usually only when the Cl ions concentration 

Figure 2. Pearson‘s correlation between Cl concentration in swe-
at and CRP in serum

Figure 1. Cl ions concentration in sweat test
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test in sweat is positive. In our study no mutation of CFTR 
gene were found and therefore no correlation between mu-
tations of CFTR gene and chlorine concentration in sweat 
was found.
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CHLORO KONCENTRACIJOS YPATUMAI 

VAIKŲ PRAKAITO TYRIME 
D. Serapinas, M. Sauspreskis, J.  Žiūraitis, D. Barkauskienė, 

M. Žemaitis,  R. Sakalauskas 
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Santrauka
Chloro kiekis dažnai būna padidėjęs esant cistinės fibrozės 

diagnozei, tačiau esant lėtinėms kvėpavimo takų ligoms chloro 
kiekis prakaite gali būti labai įvairus. Tyrimo tikslas nustatyti 
chloro koncentracijos prakaite ypatumus įtariant cistinę fibrozę. 
Metodika. Atrinktos istorijos pacientų, kuriems 2011-2012 metais 
buvo darytas chloro koncentracijos tyrimas įtariant cistinę fibrozę 
(n=48). Iš ligos istorijų surinkta chloro koncentracijos prakaite 
tyrimo rezultatai, duomenys apie genetinius cistinės fibrozės 
transmembraninį laidumą reguliuojančio baltymo koduojančio 
geno (CFTR) mutacijų tyrimus, bei C reaktyvaus baltymo (CRB) 
reikšmės. Chloro koncentracijos prakaite mėginys laikomas 
abejotinu, jei gauti rezultatai yra 40-60 mmol/l intervale, ir 
teigiamu, jei >60 mmol/l. CRB laikomas padidėjusiu, jei jo kiekis 
serume viršija 5mg/l. Gauti duomenys apdoroti SPSS v15 paketu. 
Reikšmingumo lygmuo pasirinktas p<0,05. Sąsajos tarp CRB ir Cl 
koncentracijos prakaite tikrintos Pearson‘o koreliacijos koeficientu. 
Rezultatai. Iš 48 pacientų, kuriems buvo tirta chloro koncentracija 
prakaite, 9 (18,75%) nustatytos normą viršijančios reikšmės. 

6 (12,5%) iš jų nustatytas abejotinas padidėjimas, 3(6,25%) - 
teigiamas chloro koncentracijos mėginys. 3(50%) pacientai su 
abejotinu mėginiu yra vyriškosios lyties, 3 (50%) – moteriškosios. 
Visi pacientai su teigiamu mėginiu yra vyriškosios lyties. Vidutinis 
chloro koncentracijos kiekis vyriškosios lyties tiriamųjų prakaite 
25,73mmol/l (p<0,05; PI=21,05-30,40) statistiškai reikšmingai 
nesiskyrė nuo moteriškosios lyties tiriamųjų 24,44 mmol/l 
(p<0,05; PI=19,96-28,91). Visiems pacientams su teigiamu chloro 
koncentracijos prakaite mėginiu bei vienam su abejotinu atlikti 
genetiniai CFTR geno mutacijų tyrimai. Visų tyrimų rezultatai 
neigiami. CRB tyrimas atliktas 17 (35,42%) pacientų, vidutinė 
reikšmė 32,31±73,68 mg/l. 13pacientų (82,35%) CRB kiekis 
serume buvo padidėjęs. Statistiškai reikšmingos koreliacijos tarp 
chloro koncentracijos prakaite ir CRB serume nenustatyta (r= -0,16; 
p=0,531 ). Gautos išvados parodė, kad genetinis tyrimas atliekamas 
tik nustačius teigiamą chloro koncentracijos prakaite mėginį, tačiau 
tyrimo metu mutacijų nustatyta nebuvo ir sąsajų tarp CFTR geno 
mutacijų ir chloro koncentracijos prakaite nenustatyta. Statistiškai 
reikšmingos koreliacijos tarp chloro koncentracijos prakaite ir CRB 
serume nenustatyta (p>0,05).
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