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Abstract
Objectives: A sweat test is the gold standard method for the diagnosis of cystic fibrosis (CF). The most important preanalytical error for sweat testing is insufficient sweat volume. The aim of this study was to determine rates of insufficient
sweat volume and evaluate the relationship of sweat volume with demographic characteristics of patients, as well as
the implementation of corrective preventive actions.
Methods: This study was performed retrospectively in the sweat test laboratory of the Cerrahpasa Faculty of Medicine
of Istanbul University-Cerrahpasa. A total of 545 specimens that were referred to the laboratory between May and December 2016 were evaluated. Sweating was stimulated with pilocarpine iontophoresis, and the Macroduct Coil System
(Wescor, Inc., Logan, UT, USA) was used as the sweat collection system. Sweat volume <15 μL was evaluated as quantity
not sufficient (QNS). A chi-square test was used for statistical analysis; p<0.05 was considered significant.
Results: The QNS rate in the study laboratory was 13.8% for infants ≤3 months of age and 6% for patients aged >3
months (p=0.019). There was no significant difference in the QNS ratios according to gender (p=1.000) or the season
when the test was applied (p=0.181).
Conclusion: The determination of QNS rates is a crucial step in the standardization of the preanalytical conditions of a
sweat test. In this study, the QNS rate was above that recommended by the Cystic Fibrosis Foundation (<10% for infants
≤3 months of age, <5% for patients >3 months). High QNS ratios may be due to the inadequacy of optimization of
pre-test preparation. Laboratory staff and parents should be well informed about preanalytical factors before a sweat
analysis is performed in order to reduce the QNS rate.
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C

ystic fibrosis (CF) is a fatal disease, an inherited autosomal
recessive disorder resulting from mutations in the CF transmembrane conductance regulator gene, located in the long
arm of chromosome 7 [1]. The prevalence is about 1 in 3500
live births [2]. According to the limited number of studies, the
incidence of CF is about 1/3000 in Turkey. However, the rate is
thought to be higher due to the frequency of consanguineous
marriage [3]. In studies, early diagnosis and treatment has led
to improved nutritional status and lung function, prolonging
the life span by reducing hospitalizations and morbidity [1, 4].

Therefore, CF has been part of newborn screening programs
in some parts of the world for many years [5]. In Turkey, all
newborns have been screened for immunoreactive trypsinogen from a dried blood spot since January 1, 2015 and positive
cases are referred for a sweat test.
The sweat test is the gold standard method for the diagnosis
of CF based on the quantitative determination of electrolytes
in the sweat sample [6]. The test consists of 3 steps: Stimulation of sweat glands by pilocarpine iontophoresis, sweat collection, and analysis. The primary sweat collection methods
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are the Gibson-Cooke procedure and use of the Macroduct
sweat collection system (Wescor, Inc., Logan, UT, USA). In both
of these systems, after stimulation of sweating, gauze, filter
paper, or a collector is used to collect the sweat sample [7].
The preanalytical phase is defined as processes that start, in
chronological order, from the clinician’s request and include
the preparation and identification of the patient, collection of
the primary sample(s), and transportation to and within the
laboratory, and end when the analytical examination begins
[8]. Preanalytical mistakes account for up to 70% of all errors
made in laboratory diagnostics, most of which arise from
problems in patient preparation, sample collection, transportation, preparation for analysis, and storage [9]. The most
important preanalytical error encountered during sweat testing is insufficient sweat volume. Factors that influence sweat
volume include age, sex, body weight, race, condition of the
skin, and the collection system used [10]. The minimal acceptable sweat volume for analysis is 75 mg for the Gibson-Cooke
procedure and 15 µL for the Macroduct system [7, 11]. Lower
weights or volumes of sweat specimens cannot be analyzed
and are labeled as quantity not sufficient (QNS) [2]. The aim
of this study was to evaluate the data of 1 sweat test laboratory to determine the rate of insufficient sweat volume and
the eventual implementation of corrective preventive actions.

Materials and Methods
Study population
This study was performed retrospectively in the sweat test laboratory of the Cerrahpasa Faculty of Medicine of Istanbul University-Cerrahpasa. In addition to infants with positive newborn
screening (immunoreactive trypsinogen) for CF, children and
adults are also referred to the study sweat test laboratory.
Processing and data storage
A total of 545 specimens that were referred to the laboratory
between May and December 2016 were evaluated retrospectively, of which 59 were newborns with positive screening
results. Details of the adequacy of sweat volume (sufficient/
insufficient), sex, the date of birth, the date the sweat test was
performed, and which service requested the test, were obtained from the laboratory information system. The patient’s
age at the time of the sweat test application was calculated
according to the patient’s date of birth and the date of the
application of the test. QNS ratios were calculated as the proportion of tests reported as inadequate sweat volume to the
total number of sweat tests. QNS rates were calculated for patients aged ≤3 months and >3 months of age. The adequacy
of sweat volume was also evaluated for patients ≤3 months
of age based on the number of weeks of life. In addition, QNS
rates were examined according to gender and the season in
which the test was performed. Tests applied in summer (MayAugust) and winter (September-December) were analyzed
and QNS ratios were calculated according to the season.
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Test method
As a pre-test protocol, written information was given to the
patients before the test, and the families of patients provided
oral responses about factors that might have the possibility
of affecting sweating volume using the following guidelines:
1. Fluid intake in the days prior to the test is important. Pay
attention to consumption. Liquids such as water, hot milk,
or breast milk should be consumed at least 1 hour before
and during the application of the test.
2. The patient should be bathed 24 hours before the appointment date; however, no cream, baby body oil, lotion, etc.
should be applied to the arms and legs.
3. Try to avoid conditions in which the patient might sweat
before the test.
4. Warming materials, such as blankets, should be provided if
it is required for optimum sweat volume.
5. A sweat test should not be applied to patients who have
limited hydration.
The test was performed by certified technical personnel
and medical biochemistry specialists. The front of the forearm or leg was the preferred application site for infants. A
Wescor Macroduct coil system was used as the sweat collection system. The iontophoretically-stimulated area on
the skin was cleaned with alcohol and deionized water, and
2 electrodes with 2.8 cm-diameter solid agar gel discs (CFΔ
discs, UCF 100) containing 0.5% pilocarpine nitrate in 96%
water were placed on the forearm. The electrodes (UCF 2010
Iontophoresis Unit; UTSAT Sağlık Teknolojileri San. Tic. Ltd.,
Istanbul, Turkey) were supplied with a maximum of 1.5 mA
current for 5 minutes. After the stimulation, the electrodes
were removed and the skin was cleaned with deionized water and thoroughly dried. Subsequently, the collector (UTS021 CF Δ Collector; UTSAT Health Technologies Industries,
Ltd., Istanbul, Turkey) was placed on the area where the positive electrode was located, sealed with film to prevent evaporation, and left for 25 minutes to obtain adequate sweat
volume. A sweat volume <15 μL (<3 spiral) was evaluated as
inadequate.
The Macroduct collector that was used in this study is a disposable, concave plastic disc and a spiral plastic tube with
an inner diameter of 0.64 mm and a total capacity of about
85 μL, with a 0.025-inch hole in the middle of the disc. The
sweat sample accumulates in the plastic tube and transitions
through the hole, avoiding the risks of dead space or evaporation. A blue, water-based paint on the underneath surface of
the concave disc that does not interfere with the electrolytes
in the sample allows for the clear visualization of the sweat
inside the plastic collection spiral. The quantity of sweat that
could be obtained during the test was recorded.
After collection of the sweat sample, the UCF 2011 Sweat Analysis Unit (UTSAT, Health Technologies Industries, Ltd., Istanbul,
Turkey) was used to determine the conductivity and the chloride concentration of sweat using the coulometric method.
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This study was approved by the ethics committee of Cerrahpasa Faculty of Medicine, Istanbul University-Cerrahpasa on
May 10, 2018 (no: 171792).
Statistical analysis
Descriptive statistics were calculated using the median and
range for continuous variables and the percentage for categorical variables. The Yates continuity correction was used to
evaluate the difference in the QNS rate between gender, the
season when the test was performed, and age (≤3 months
and >3 months). The difference in QNS rates in infants aged
between ≤2 weeks and >2 weeks was examined with Fisher’s
exact test. All of the analyses were performed using IBM SPSS
Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY,
USA) and p<0.05 was considered significant.

Results

Healthy child policlinic
Pulmonology (Adult)
Neonatal intensive care
Pediatric metabolic diseases
Pediatric immonology-allergy
Pediatric gastroenterology
Adolescent policlinic
General pediatric policlinic
Pediatric pulmonology
Others

A newborn screening test was positive in 10.8% of the patients and they were referred for a sweat test to confirm the
diagnosis. The median age of these patients at the time the
test was administered was 2.4 months.
The distribution of the patients according to sweat volume,
age, gender, and season is summarized in Table 1.
In all, 40 samples had a QNS error and the sweat tests were
not analyzed. The inadequate sweat volume rate in the laboratory was 13.8% for infants ≤3 months of age, and 6% for patients >3 months of age, with a significant difference between
these 2 groups (p=0.019). The percentage of sweat tests that
were reported as QNS according to weeks of life is shown in
Figure 2. A few tests (n=5) were performed within 2 weeks after birth. There was no significant difference in the QNS rate
between those aged 2 weeks or less and those older than 2
weeks (p=0.533).
Of the samples that were reported as QNS, 22 patients were
male and 18 were female. When the QNS samples were com-
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Departments

The inpatient and outpatient services of the study hospital
that most frequently requested a sweat test are provided in
Figure 1.

The age of the patients ranged from 8 days to 35 years. The
median age at the time of the test was 3.7 years.
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Figure 1. Distribution of the sweat test order count from inpatient
and outpatient services for 8 months (May-Dec 2016).
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Figure 2. Percent of sweat tests reported as quantity not sufficient
(QNS) at 2-week age intervals.

Table 1. The distribution of the patients according to sweat volume, age, gender, and season
			

Sweat volume

Overall		

Age
≤3 months
>3 months
Gender
Female
Male
Season
Summer
Winter

QNS		

Sufficient

n

%

n

%

n

%

p

94
451

17.2
82.8

13
27

13.8
6

81
424

86.2
94

0.019

242
303

44.4
55.6

18
22

7.4
7.2

224
281

92.5
92.7

1.000

225
320

41.3
58.7

12
28

5.3
8.7

223
292

94.7
91.3

0.181

P value of <0.05 was considered significant; QNS: Quantity not sufficient.
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pared according to the season, 12 samples were observed in
summer and 28 samples in winter. There was no significant
difference in the QNS ratio according to gender (p=1.000) or
the season when the test was performed (p=0.181) (Table 1).

Discussion
The most important preanalytical error in sweat testing is
insufficient sweat volume. A test analysis that is not evaluated due to insufficient sample volume can only be reliably
repeated 2 weeks later, which leads to a delay in diagnosis, increased re-testing costs, and additional stress for both
the children and their parents. Therefore, the Cystic Fibrosis
Foundation (CFF) recommended that the laboratory QNS rate
should be measured at certain intervals and minimized. Based
on the recommendation of CFF, the standard is that QNS rates
should not exceed 10% for infants aged 3 months or less and
5% for patients older than 3 months [2, 12]. However, there
is no recommendation how to reduce the rate of inadequate
sweat volume in the CFF guidelines. The QNS rate of the study
laboratory was above the CFF recommended rate. Especially in
infants aged ≤3 months, a higher QNS ratio may be explained
by the fact that the pre-test preparation is more difficult. One
of the precautions that can be taken to reduce the QNS rate is
that a sweat analysis test should not be administered within
the first 2 weeks after birth [13]. The highest QNS rate in our
study was seen newborns within the first 2 weeks after birth,
as has been described in the literature. It was found that there
was no significant difference between the first 2 weeks and
later age groups, probably due to the small number of sweat
analyses performed in the newborn period. In our study, the
QNS rate was similar in the age groups of 3-4, 5-6, 9-10, and
11-12 weeks, but the 7-8 weeks group had a higher QNS rate.
We could not explain this elevation. Parad et al. [14] evaluated
age-related differences according to inadequate sweat samples and found that the QNS rate was 17% in the first 2 weeks
of life but was reduced to 3-11% at 3-8 weeks of life.
Factors that influence sweat volume include sex, body weight,
race, condition of the skin, collection systems used in analysis
and age at the time of the sweat test application [10]. Collins et
al. [15] reported that race and gender were not associated with
QNS rates. They also showed that history of prematurity and
weight of less than 3 kg were related to an increased chance
of QNS collection. However, in this study subjects older than 3
months were not evaluated for QNS. In our study, it was found
that gender had no effect on the ratio of QNS. In addition to
factors previously mentioned in the literature, we found that
the season when the test was performed had no effect on the
sweat volume. We did not find any published study examining
the relationship between sweat volume and the season when
the test was administered.
In order to ensure adequate sweating, especially in outpatients, adequate hydration and skin condition are very important. The sweat analysis should be delayed in the presence of
additional diseases and treatments such as corticosteroids
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that might affect the patient's hydration status [7]. Laguna et
al. (16) recommended that hydration of at least 120mL/ kg/day
for 24 hours prior to the test and no eczema in the region of
the test were essential to collect adequate sweat. In our laboratory, parents are informed about adequate fluid intake, as
well as skin integrity and preparation before the analysis.
Another factor affecting the QNS rate is the sweat collection system. Standardized methods should be used both for the stimulation of sweating and the collection of the sample [13]. The
risk of evaporation in Macroduct collectors is very low. Laguna
et al. [16] found that the QNS rate was 2.1% for the Macroduct
method, while it was 15.4% for the Gibson-Cooke method. The
precautions we applied during the preanalytic period such as
tightening the collector, using Parafilm (Bemis Company, Inc.,
Neenah, WI, US) to avoid evaporation, and heating the room
where the test is performed, may increase the sweat volume.
Aqil et al. [17] developed a quality improvement program for
sweat test analysis, which includes some precautions to reduce
the number of QNS results when using the Macroduct method.
First of all, the analysis was not performed in such conditions
as a body weight <2 kg, a gestational age <36 weeks (premature), and in the first 48 hours after birth. Secondly, they noted
the importance of informing the families about hydration and
advising clinicians about deferment of testing for patients on
intravenous infusions in the arm and patients on certain mineralocorticoids. The thigh was eliminated as a collection site.
In addition they added the use of a heel warmer, and Parafilm
with firm placement of the collector prevent evaporation. The
number of collectors was restricted to a total of 5. Staff training was conducted and weekly meetings were held to evaluate the QNS ratios and minimize this preanalytic problem. After
these changes were implemented, the QNS rate decreased from
16.7% to 8.5% in infants aged ≤3 months and from 9.3% to 2.2%
in patients older than 3 months.
The staff plays a major role in the preanalytical phase of the
sweat test. Therefore, limiting the number of staff who perform the test and additional staff training can affect QNS rates.
In our laboratory, the test is performed by 6 laboratory technicians who have been appropriately certificated.
Obtaining sufficient sweat volume for chloride determination
is very important for the early diagnosis of CF and rapid initiation of treatment. The high QNS ratios in our laboratory may
be due to inadequacy of optimization of the pre-test preparation stage rather than the demographic characteristics of
the patients. The determination of QNS rates is a crucial step
in the standardization of the preanalytical conditions of the
sweat test. After this study, we aim to ensure continuity in staff
training and to evaluate the QNS rates more frequently (every month). We are also planning more effective methods to
inform families about hydration, especially in young infants.
This study has some limitations, such as the short-term and
retrospective study design, and the small sample size. Large,
prospective cohort studies can provide more information
about factors that influence sweat volume.
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Conclusion
Laboratory staff and parents should be well informed about
preanalytical factors, especially hydration and skin condition
before a sweat analysis in order to help reduce the QNS rate.
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