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Article Info Abstract

Introduction: Cystic fibrosis (CF) is an autosomal recessive 
disorder. Sweat testing is a cornerstone of CF diagnosis and 
remains essential in settings where nationwide screening and 
registries are limited.

Materials and Methods: We performed a retrospective 
single-center analysis of all patients referred for sweat 
testing in our laboratory between May 2015 and May 
2025 (n=567). Sweat induction and collection were 
performed using the Macroduct® system, and analysis was 
conducted via the Sweat-Chek™ Analyzer (Model 3120, 
ELITechGroup). Statistical analysis was performed using 
Jamovi software (version 2.3.28).

Results: The cohort included 302 males (53%) and 265 
females (47%), with a mean age of 36.3 ±49.2 months 
(Median: 14; IQR: 4–48). The primary indications for 
referral were respiratory manifestations (57%), followed 
by gastrointestinal symptoms (14.1%), failure to thrive 
(6.2%), and others (4.2%). Asymptomatic individuals with 
no symptoms recorded at referral (18.2%). Diagnostic 
outcomes revealed that 83.4% of participants had normal 
results, 11.3% were positive, and 3% were borderline. A 
“quantity not sufficient” (QNS) rate of 2.3% was observed.

Conclusions: In this single-center referral cohort, most 
sweat test results were normal, with an overall positive rate 
of 11.3% and low QNS rates that are benchmark favorably 
against published quality targets. Clear referral pathways 
and strengthened early-life evaluation (including expansion 
of screening access) may support earlier diagnosis and 
reduce disease burden.
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Introduction
Cystic fibrosis (CF), an autosomal recessive disorder caused 
by biallelic pathogenic variants in the CFTR gene, disrupts 
epithelial ion transport, leading to viscous mucus accumulation, 
chronic multi-organ inflammation, and progressive respiratory 
failure [1]. The dysfunctional CFTR protein impairs 
chloride/bicarbonate secretion and sodium hyperabsorption, 
resulting in hallmark manifestations: recurrent pulmonary 
infections, pancreatic insufficiency, elevated sweat chloride 
concentrations, and male infertility due to obstructive 
azoospermia [2].
Globally, CF incidence varies significantly by population. 
While Ireland reports 1:1,353 live births [3], Finland observes 
1:25,000 [4], with Western Europe averaging 1:4,500 [5] 
and Northern/Central Europe 1:6,000 [6]. In Albania, a 
Southeastern European nation with limited epidemiological 
data, CF prevalence was historically underreported due 
to fragmented registries. Before 2017, no national CF 
registry existed; however, the Department of Pediatrics at 
the University Hospital Center “Mother Teresa” (QSUNT) 
served as the sole national referral center, systematically 
documenting all pediatric CF cases since 1992. Retrospective 
analysis of QSUNT records (1992–2017) estimated an 
incidence of 1:4,041 live births [7], though this figure reflects 
hospital-based ascertainment rather than population-wide 
screening and requires validation through prospective studies. 
Importantly, the incidence figure is an estimate derived from 
QSUNT historical case counts and national birth rates, and it 
is not calculated from the referral cohort in the present study 
(which includes patients referred for evaluation rather than a 
population-based denominator).
The sweat chloride test (SCT) remains the diagnostic gold 
standard per Cystic Fibrosis Foundation guidelines [8], 
quantifying electrolyte concentrations following pilocarpine 
iontophoresis. Despite technical standardization, preanalytical 
errors, particularly insufficient sample volume (QNS), 
compromise reliability, with reported QNS rates ranging from 
5–25% globally [9,10]. In resource-limited settings, suboptimal 
patient preparation (e.g., dehydration, skin barriers) and 
inconsistent collection protocols exacerbate these challenges.
This study addresses a critical gap: no prior research has 
characterized SCT outcomes, referral patterns, or QNS 
determinants in Albania’s high-prevalence cohort. Over a 
decade (2015–2025), we analyzed 567 SCTs performed at our 
laboratory to:
Quantify sweat chloride distributions across age groups and 
clinical indications,
Evaluate temporal trends in referral practices following 
updated international diagnostic criteria,
Identify modifiable preanalytical factors contributing to QNS 
events.
Our findings provide actionable insights to optimize diagnostic 
pathways, reduce diagnostic delays, and support evidence-

based implementation of newborn screening in similar 
underserved regions.

Materials and Methods
Study design and participants 
This was a retrospective single-center study including all 
consecutive patients referred for sweat testing in our laboratory 
between May 2015 and May 2025. Inclusion criteria were: 
(i) referral for sweat testing during the study period and (ii) 
availability of key variables (age, sex, referral indication, and 
sweat test outcome). Exclusion criteria were: (i) duplicate 
records/repeat tests for the same individual during the study 
period (only the last test was included in the analysis) and (ii) 
missing key variables required for analysis.” 

Definition of referral indication categories 
Referral indications were classified based on referral 
documentation and clinical notes. “Healthy individuals” refers 
to patients with no symptoms recorded at referral who were 
nevertheless referred for CF evaluation (e.g., screening or 
clinician concern without documented symptoms).

Definition of age categories
Although the study included patients aged 1 month to 39 years, 
the vast majority were pediatric patients. Subgroup analysis 
was performed based on age categories (≤3 months and >3 
months), but no formal comparison between pediatric and adult 
populations was conducted due to the very small number of 
adult subjects.
We used the SS-032 Macroduct Supply Kit (Pilogel Discs, 
Macroduct Collectors), Macroduct Sweat Collection System 
model 3700-SYS, and Sweat-Chek 3120 Sweat Conductivity 
Analyzer by Eli Tech Group Biomedical Systems. The test was 
conducted in the following phases [11]: 

Phase one – stimulation of sweating
The flexor surface of the child’s forearm is cleaned with 
alcohol and deionized water and dried. Pilogel iontophoretic 
discs are applied to the skin with two stainless steel electrodes 
on the top, then fixed to the forearm. The electrodes are 
connected to a power supply, which automatically delivers 
pilocarpine equivalent to five minutes of iontophoresis at 1.5 
mA, in accordance with international guidelines for sweat 
testing in both infants and adults [10].

Phase two – collection of sweat
After sweat stimulation, the pilogel discs are removed by 
hand, and the skin is cleaned with water. Next, the disposable 
collector for sweat collection is fixed to the stimulated area, 
and sweat is collected for 30 minutes, during which the child 
can move, play, eat, and drink. When the sweat collection is 
over, the collector is removed from the child’s forehand.
The sweat specimen is handled with care before analysis to 
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Table 1: Descriptive statistics of the participants.

avoid introducing air bubbles into the sweat column.
Phase three – analytical phase
The chloride concentration in the collected sweat is measured 
in the laboratory. The end of the specimen tube is connected to 
the inlet nipple of the conductivity cell in the left-hand nipple. 
The sweat specimen is transferred from the collector tube 
into the take-up tube via the conductivity cell. After the sweat 
specimen is transferred into the cell, its electrical conductivity 
is measured, the electrolyte concentration is calculated, and the 
result appears on the digital display.

Statistics
Categorical variables are presented as frequency and 
percentage. Continuous variables are summarized as median 
(range). Group comparisons for categorical variables were 
performed using Fisher’s exact test when expected cell counts 
were <5; otherwise, chi-square tests were used. A p-value 

≤0.05 was considered statistically significant. Analyses were 
performed using Jamovi Statistical Software version 2.3.28.

Results
A total of 567 patients were enrolled in our study. There was a 
slight predominance of males with 53%. The mean age of the 
participants was 36.3 ± 49.2 months. Given the non-normal 
distribution of the data (Shapiro-Wilk p<.001), the median age 
of 14 months (IQR: 4–48 months) provides a more accurate 
representation of the cohort’s central tendency. 
The study analyzed a cohort primarily composed of patients 
older than 3 months (80%) and outpatients (69%). Clinical 
referrals were driven primarily by the Department of Pediatric 
Pulmonology (57%), with respiratory tract manifestations as 
the most common clinical sign for testing (57.3%). Detailed 
demographic and referral distributions are provided in Table 1.

N %

Gender

Males 302 53

Females 265 47

Age

≤ 3 months 116 20

> 3 months 451 80

QNS

No 554 97.7

Yes 13 2.3

Result

Normal 473 83.4

Positive 64 11.3

Borderline 17 3

No results 13 2.3

Department

Pediatric Pulmonology 321 57

General Pediatric Policlinic 90 16

Pediatric Gastroenterology 66 12

Pediatric Immunology-Allergy 42 7

Pediatric Intensive Care 22 4

Neonatal Department 7 1

Others 19 3

Signs and Symptoms

Respiratory tract manifestations 325 57.3

Gastrointestinal tract manifestations 80 14.1
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Table 2: Demographic and clinical characteristics of participants by diagnostic result.

N %

Healthy individuals 70 12.3

Failure to thrive 35 6.2

Family history 13 2.3

IRT + 11 2

Confirmed mutations in the CFTR gene 9 1.6

Other manifestations 24 4.2

Hospitalization

Inpatients 177 31

Outpatients 390 69

While the majority of tests yielded normal results (83.4%), 
a definitive positive diagnosis was reached in 11.3% of the 
cases. Statistical analysis revealed that a positive cystic fibrosis 
diagnosis was significantly associated with age, clinical 

symptoms, and hospitalization status (p < .001), whereas 
gender is not a relevant factor (p = 0.346). Table 2 provides the 
full breakdown of these diagnostic correlations. 

Result

pOverall Positive Normal Borderline

N % N % N % N %

Age

≤ 3 months 112 20 26 23.2 85 75.9 1 0.9 <.001

> 3 months 442 80 38 8.6 388 87.8 16 3.6

Gender

M 294 53 39 13.3 245 83.3 10 3.4 0.377

F 260 47 25 9.6 228 87.7 7 2.7

Signs and Symptoms

Respiratory tract manifestations 318 57.4 25 7.9 283 89 10 3.1 <.001

Gastrointestinal tract manifestations 78 14.1 10 12.8 65 83.3 3 3.9

Healthy individuals 70 12.6 2 2.9 67 95.7 1 1.4

Failure to thrive 33 6 3 9.1 30 90.9 0 0

Family history 13 2.3 3 23.1 10 76.9 0 0

IRT + 11 2 4 36.4 6 54.5 1 9.1

Confirmed mutations in the CFTR gene 9 1.6 8 88.9 0 0 1 11.1

Other manifestations 22 4 9 41 12 54.5 1 4.5

Hospitalization

Inpatients 169 30 32 19 130 77 7 4 <.001

Outpatients 385 70 32 8.3 343 89.1 10 2.6
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Table 3: Comparison of age, gender, and symptoms between inpatients and outpatients with positive sweat tests.

Notably, in the subgroup of patients with confirmed CFTR 
mutations, 88.9% returned positive sweat tests, with the 
remaining 11.1% showing borderline results due to active 
modulator therapy (Table 2). 
Among infants referred following a positive IRT screening, 
only 36.4% were confirmed positive by sweat testing, while 
over 54% returned normal results (Table 2). This highlights the 
critical role of SCT in resolving false positives from newborn 

screening.
Table 3 compares clinical characteristics by hospitalization 
status for patients with positive sweat test results. Analysis 
shows that signs and symptoms (p=0.005) represent the only 
variable with a statistically significant difference between 
inpatients and outpatients.

The overall rate of insufficient sweat volume was low at 2.3% 
(n=13). Analysis of sample failure showed:
Non-significant factors: Age (p=0.351), gender (p=0.545), 
and specific clinical symptoms (p=0.315) did not significantly 
affect the ability to collect sufficient sweat.
Significant factors: A statistically significant difference was 

seen based on patient location (p=0.016), with inpatients 
exhibiting a higher QNS rate (4.5%) compared to outpatients 
(1.3%).
Detailed QNS distributions across all variables are summarized 
in Table 4.

Hospitalization

pOverall Inpatients Outpatients

N % N % N %

Age

≤ 3 months 26 41 13 50 13 50 1.000

> 3 months 38 59 19 50 19 50

Gender

M 39 61 17 44 22 56 0.305

F 25 39 15 60 10 40

Signs and Symptoms

Respiratory tract manifestations 25 39 12 48 13 52 0.005

Gastrointestinal tract manifestations 10 16 9 90 1 10

Healthy individuals 2 3 0 0 2 100

Failure to thrive 3 5 2 67 1 33

Family history 3 5 0 0 3 100

IRT + 4 6 1 25 3 75

Confirmed mutations in the CFTR gene 8 12 1 12.5 7 87.5

Other manifestations 9 14 7 78 2 22

Table 4: The distribution of the patients according to sweat volume, age, gender, symptoms and hospitalization.

Sweat volume

pOverall QNS Sufficient

N % N % N %

Age

≤ 3 months 116 20 4 3.4 112 96.6 0.315

> 3 months 451 80 9 2 442 98

Gender

M 302 53 8 2.6 294 97.4 0.587

F 265 47 5 2 260 98
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Sweat volume

pOverall QNS Sufficient

N % N % N %

Signs and Symptoms

Respiratory tract manifestations 325 57.3 7 2.2 318 97.8 0.315

Gastrointestinal tract manifestations 80 14.1 2 2.5 78 97.5

Healthy individuals 70 12.3 0 0 70 100

Failure to thrive 35 6.2 2 5.7 33 94.3

Family history 13 2.3 0 0 13 100

IRT + 11 2 0 0 11 100

Confirmed mutations in the CFTR gene 9 1.6 0 0 9 100

Other manifestations 24 4.2 2 8.3 22 91.7

Hospitalization

Inpatients 177 31 8 4.5 169 95.5 0.029

Outpatients 390 69 5 1.3 385 98.7

Discussion
Cystic fibrosis is an autosomal recessive disease, common 
in Europe, including the Albanian population, but a national 
cystic fibrosis registry was not established in Albania until 
2017 [7]. 
Sweat testing services have been provided since 2015, with an 
annual average of 57 tests. To ensure competency and quality, 
all tests are performed by a single laboratory professional. 
This volume exceeds the minimum requirements set by the 
Cystic Fibrosis Foundation and other professional bodies, 
which recommend at least 50 tests per laboratory and 10 per 
technician annually. [12].
While global literature often indicates a more severe disease 
trajectory in females, often attributed to the onset of estrogen-
related complications post-puberty [13], our data did not reflect 
significant gender-based disparities in clinical presentation. 
We saw a slight male predominance (53%) and a higher 
positivity rate in males (13.3%) compared to females (9.6%), 
yet no significant differences were found in symptoms 
(p=0.879) or hospitalization rates (p=0.204). This lack of 
divergence is consistent with a prepubescent cohort, where 
the hormonal drivers typically associated with gender-specific 
CF morbidity have not yet manifested. Furthermore, since 
our study used cross-sectional data at the point of diagnosis 
without longitudinal follow-up, these findings represent the 
initial clinical state rather than long-term disease progression. 
Consequently, our results suggest that in the early pediatric 
stages of CF in Albania, gender does not appear to be a primary 
determinant of acute clinical severity.
The diagnoses of CF can be made at various ages, but with 
newborn screening, it’s often diagnosed within the first month 

of life, before symptoms appear [14]. Most children are 
diagnosed by age 2, either through newborn screening or when 
symptoms become clear [15]. However, some individuals, 
particularly those with milder or atypical forms of the disease, 
may not be diagnosed until adolescence or adulthood [16]. 
Although we do not have a national program for newborn 
screening (NBS), since this is only offered in private hospitals 
in Albania, we have found a significant difference between the 
diagnosis of cystic fibrosis and age (p<.001) where it resulted 
that 23.2% of patients with a positive diagnosis were ≤3 
months and only 8.6% were >3 months. The data prove that 
diagnosis typically occurs within the first three months of life, 
despite the lack of a universal screening program. This early 
detection points to effective diagnostic pathways and strong 
awareness among both caregivers and medical professionals.
Most referrals originated from the Pediatric Pulmonology 
Department (57%), followed by General Pediatrics (16%), 
Gastroenterology (12%), and Immunology-Allergy (7%), with 
the remainder from Intensive Care (4%) and Neonatology 
(1%). These patterns diverge from international guidelines, 
such as those of the Croatian Society of Medical Biochemistry 
and Laboratory Medicine and University Hospital Centre 
Zagreb, which advocate for primary care physicians to initiate 
referrals to CF specialists [17]. Furthermore, our findings 
contrast with data from Turkey, where general pediatric clinics 
serve as the primary source of referrals [18]. We suggest these 
discrepancies reflect distinct national variations in diagnostic 
and management strategies for cystic fibrosis.
Since 1992, patients with CF in Albania have been managed 
and followed at the Department of Pediatrics within the 
University Hospital Center “Mother Teresa”. The CF diagnosis 
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is based predominantly on clinical criteria and two positive 
sweat test results for patients suspected of the disease. The 
diagnosis is confirmed by the identification of two CF-causing 
mutations. Genetic assessment has been in practice since 
2004, when the search for genetic mutations in patients with 
cystic fibrosis began to be recorded. Unfortunately, there was 
no national registry for cystic fibrosis in Albania until 2017. 
However, every pediatric patient diagnosed in the Department 
of Pediatrics at QSUNT has been documented throughout the 
course of the disease. Practically, this is the only center that 
diagnoses and follows cystic fibrosis patients in our country. 
Since 2017, Albania has been part of the European Cystic 
Fibrosis Society Patient Registry (ECFSPR), which collects 
anonymized demographic and clinical data from consenting 
people in Europe with CF [7].
Our study confirms that respiratory and gastrointestinal 
manifestations are still the primary drivers for sweat test 
referrals, accounting for 57.4% and 14.1% of our cohort, 
respectively. The strong correlation between age, symptoms, 
and test results (p<.001) aligns with established literature [2] 
about the early clinical presentation of cystic fibrosis. 
Beyond clinical symptoms, other primary indications for sweat 
test referral by pediatricians include family history, positive 
IRT results on newborn screening, and confirmed CFTR 
mutations via molecular analysis.
In our cohort, only 23.1% of patients with a family history 
of CF yielded positive sweat test results. While family 
history indicates an increased carrier probability, and thus 
a higher risk of having an affected child, the actual clinical 
risk depends on the specific CFTR mutations present in the 
family. Consequently, genetic counseling and molecular testing 
are essential to determine the precise reproductive risk for 
individuals and their offspring [19].
Approximately 97% of infants with a single CFTR mutation 
identified through newborn screening for immunoreactive 
trypsinogen are false positives [20]. Consequently, CF has 
become a primary model in the United States for integrating 
DNA analysis into NBS programs [21]. While genetic-
based NBS can find presymptomatic infants, it also finds 
asymptomatic heterozygote carriers and infants without 
disease-causing mutations. In such cases, at least one parent is 
typically a carrier, placing the couple at risk for future affected 
pregnancies [22]. While false-positive rates vary by screening 
methodology and ethnic background [23], our data revealed 
a false-positive IRT rate of 54.5%. It is critical to clarify that 
these referrals do not stem from a centralized national screening 
program, as a universal NBS for cystic fibrosis is not yet 
implemented in the Albanian public health sector. Instead, these 
cases represent a specific population of infants born in private 
maternity hospitals where elective screening is available. 
This distinction is vital for interpreting our data, as it reflects 
a self-selected or higher-socioeconomic demographic rather 

than a cross-section of the general population. Our findings 
underscore that even in these private settings, the SCT remains 
the indispensable “gold standard” in resolving the diagnostic 
uncertainty created by initial IRT elevations. 
While it may initially appear that identifying CFTR mutations 
is sufficient for diagnosis, the sweat chloride test remains the 
gold standard for confirming a clinical diagnosis by verifying 
the functional defect of the CFTR protein [24,25]. This is 
particularly critical in cases involving a single identified 
mutation or indeterminate results [26]. In our study, nine 
patients presented with confirmed F508del mutations; eight 
yielded positive sweat test results, while one returned a 
borderline result. The latter case involved a patient previously 
diagnosed with CF who had been receiving CFTR modulator 
therapy in the United Kingdom for nearly a year. This case 
underscores an evolving role for the SCT, moving beyond 
initial diagnosis to become a key metric for assessing the 
effectiveness of CFTR modulators, which work by enhancing 
salt and water transport across cell membranes [27].
Children with cystic fibrosis experience significantly higher 
rates of hospitalization and outpatient visits compared to 
children without CF, with inpatient hospitalization rates often 
exceeding 30 times those of their peers [28]. In our cohort, 
patients with a positive SCT had a hospitalization rate of 19%, 
which was more than double the outpatient management rate 
of 8.3%. Additionally, we found a statistically significant 
association between positive SCT results and hospitalization (p 
< 0.001). These findings call for more research on diagnosis, 
care, and treatment to improve patient outcomes, prevent 
complications, and reduce hospitalizations.
The determination of QNS rates serves as a primary metric for 
assessing the quality of pre-analytical sweat collection. The 
QNS rates observed in our laboratory were well below the 
thresholds recommended by the Cystic Fibrosis Foundation 
(<10% for infants ≤3 months and <5% for older children) [10], 
reflecting strong adherence to preanalytical quality standards. 
These results provide strong evidence of the high technical 
proficiency of our laboratory staff. Furthermore, while literature 
suggests that physiological variables like body weight or skin 
condition can influence volume [2, 18, 29], our statistical 
analysis demonstrated that age (p=0.315), gender (p=0.587), 
and clinical symptoms (p=0.315) did not compromise sample 
adequacy. This stability across diverse pediatric subgroups 
underscores the robustness of our standardized collection 
protocols.

Conclusions 
In this single-center referral cohort, sweat testing yielded 
normal results, with an overall positive rate of 11.3% and low 
QNS rates that benchmark favorably against published targets. 
Expanding access to early-life evaluation (including broader 
screening availability), strengthening referral pathways, and 
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maintaining high-quality sweat testing procedures may support 
earlier CF diagnosis and improved outcomes.
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