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ABSTRACT
Objective: The sweat test (ST) measures chloride levels in sweat and is considered the
gold standard for the diagnosis of cystic fibrosis (CF). However, the reliability of a ST
depends on their being performed by experienced technicians and in accordance with
strict guidelines. Our aim was to evaluate how sweat stimulation, sweat collection, and
chloride measurement are performed at 14 centers (9 public centers and 5 private centers)
that routinely perform STs in the state of São Paulo, which has the highest frequency of
CF in Brazil. Methods: This was a cross-sectional cohort study, using a standardized
questionnaire administered in loco to the staff responsible for conducting STs. Results:
No uniformity regarding the procedures was found among the centers. Most centers
were noncompliant with the international guidelines, especially regarding the collection
of sweat (the samples were insufficient in 10-50% of the subjects tested); availability
of stimulation equipment (which was limited at 2 centers); modernity and certification
of stimulation equipment (most of the equipment having been used for 3-23 years); and
written protocols (which were lacking at 12 centers). Knowledge of ST guidelines was
evaluated at only 1 center. Conclusions: Our results show that STs largely deviate from
internationally accepted guidelines at the participating centers. Therefore, there is an
urgent need for standardization of STs, training of qualified personnel, and acquisition/
certification of suitable equipment. These are essential conditions for a reliable diagnosis
of CF, especially with the increasing demand due to newborn screening nationwide, and
for the assessment of a possible clinical benefit from the use of modulator drugs.
Keywords: Cystic fibrosis/diagnosis; Cystic fibrosis/prevention & control; Sweat.

INTRODUCTION
The early observations of salty sweat in cystic fibrosis
(CF) led to the development of the “still” gold standard
test for CF diagnosis, consisting in the measurement of
sweat chloride (Cl−) and sodium (Na+) concentrations.
For most of the patients with CF, at least those with
classical CF, this assay will reveal elevated levels of
both electrolytes, confirming a diagnosis of CF by this
relatively straightforward sweat test (ST).
As in many other countries,(1) the implementation of
newborn screening (NBS) for CF in Brazil challenged the
diagnosis paradigm by leading to the routine diagnosis
of various asymptomatic children. In 2001, NBS was
initiated in some states in Brazil, the Brazilian Unified
Health Care System providing a nationwide coverage
in 2014 (Appendix 1; available in the online version
of the JBP; http://www.jornaldepneumologia.com.br/
detalhe_anexo.asp?id=48). Although the incidence of CF
ranges from 1:2,500 to 1:6,000 live births in Europe and

North America,(2) the estimated incidence is 1:10,000 live
births in Brazil.(3) Based on these data, it is estimated that
60 new CF cases occur per year in the state of São Paulo
(SP). NBS for CF caused an increase in the survival of
these patients since it enabled the early diagnosis of CF
and allowed the adoption of nutritional and therapeutic
approaches before the advent of clinical manifestations
and complications of the disease,(4-6) being economically
justifiable for the public health care initiative.(7) In the
first month of life of an individual, NBS is carried out
by two determinations of the level of immunoreactive
trypsinogen. However, the follow-up of the patients
with positive results in NBS requires the confirmation
of a diagnosis of CF. This is achieved by ST values ≥ 60
mEq/L in two different samples and/or the identification
of two mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene.(8)
Although the ST remains the most sensitive indicator
of CF, in order to be considered as the “gold standard”,
it should be performed using the Gibson and Cooke (GC)
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technique, also called the quantitative pilocarpine
iontophoresis ST.(9)
For the GC method to be reliable, it needs to be
performed in laboratories with experienced and skilled
technicians according to strict guidelines,(10) requiring
that sweating be stimulated by pilocarpine iontophoresis;
sweat is collected on a filter paper or gauze pad, weighed,
eluted, and analyzed for Na+ and Cl− using a variety of
validated methods described below. The Cystic Fibrosis
Foundation summarized its guidelines in 23 topics in
order to ensure the appropriate quality of STs.(11,12) The
topics are based on the classical GC method of pilocarpine
stimulation,(9) use of filter paper or Macroduct® Sweat
Collection System (MSCS; EliTechGroup, Paris, France)
for sweat collection, and determination of Cl− by manual
titration or by a coulometric quantitative test.(9,10,12-15)
The qualitative method is not accepted for confirming
a definitive diagnosis of CF.(10,13,16)
Indeed, the ST is complex, and its accuracy is related
to the competence and commitment of the professional
who carries out its various steps.(9,10) For this reason,
various countries organized standardized protocols
for STs. The first country to publish a consensus
standardization and external quality control for STs was
the USA in 1994, followed by the United Kingdom in
2000.(17-20) Since then, numerous guidelines have been
published, enforcing specific rules to be adopted while
carrying out STs, as well as demanding accreditation
and periodic monitoring of the laboratories by official
regulatory agencies.(13)
Nevertheless, even in countries where the standardization of STs is well established, there are details
in the performance and interpretation of the tests
that are often omitted and overlooked from center
to center.(12,21) Moreover, the ST has also become a
major outcome measure in clinical trials, namely those
involving CFTR modulators that rescue the function of
the dysfunctional mutant protein.(22,23) Therefore, it has
become increasingly relevant that the performance and
the standard procedures of STs should be reviewed
at present times.
Taking into account the socioeconomic status and
the miscegenation of the Brazilian population, the
importance of STs and other methods for the diagnosis
of CF is even more relevant.(24-28) In Brazil, to date,
there is no critical and comparative analysis regarding
the performance and the interpretation of STs. We
selected the state of SP because it is the most populous
in Brazil, with approximately 45 million inhabitants in
2016 (Appendix 2 ; available in the online version of
the JBP; http://www.jornaldepneumologia.com.br/
detalhe_anexo.asp?id=48).(29)
The objective of the present study was to evaluate
how STs are performed and interpreted at the centers
that agreed to participate in the study and that routinely
perform these tests in various cities in the state of
SP, comparing their routine with those specified in
international guidelines. These centers, altogether,
carry out approximately 4,500 tests per year.
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METHODS
This was an observational, descriptive, cross-sectional
cohort study. A total of 18 centers that routinely perform
STs in the state of SP were invited to participate in
the study in 2013. The study was approved by the
Research Ethics Committee of the Universidade Estadual
de Campinas (State University of Campinas; Protocol
no. 86624/2012) and was carried out in accordance
with the Declaration of Helsinki. All participants gave
written informed consent.
A questionnaire was developed, consisting of 54
questions that comprised all of the steps for performing
STs: sweat stimulation; collection of sweat; and
determination of the level of Cl−(12,13) (Appendix 3
; available in the online version of the JBP; http://
www.jornaldepneumologia.com.br/detalhe_anexo.
asp?id=48). The questionnaire was given to the staff
responsible for conducting the STs at all of the centers
included in the study. In our study, two researchers
performed the interviews simultaneously. The data
were compiled in Excel spreadsheets, and the results
were presented in tables and figures.
RESULTS
A total of 18 centers were identified as performing
STs as part of their routine (9 were private and 9 were
public). Of the 18 centers, 14 agreed to participate in
the study, 5 (35.7%) being private institutions and 9
(64.3%) being public health care centers (Figure 1).
At the moment of the visit, 4 of the centers were not
performing STs by lack of supplies. The 14 centers
included in the study perform approximately 4,500 STs/
year, 4,000 of those being carried out at public centers.
The number of STs/year per center is shown in Figure
2. Among the 14 centers, the length of experience in
performing STs ranged from 1 to > 20 years (Appendix
4 ; available in the online version of the JBP; http://
www.jornaldepneumologia.com.br/detalhe_anexo.
asp?id=48).
We interviewed the professionals involved in
the performance of the three stages of STs at the
participating centers. Regarding their occupation, one
was a physician, seven were biomedical technicians,
two were biologists, four were nurses, and seven
were nursing technicians. Among the 14 centers, 11
professionals were trained by colleagues from the same
center (internal training), 2 were trained at another
center (external training), and 1 had both internal and
external training. Only 1 of the centers was aware of
the ST guidelines and had a printed version of the
standard operating procedure manual.
Among the 14 centers, 2 had no equipment for sweat
stimulation. Some centers used more than one device,
the equipment used being nine MSCS; one CF-Indicator®
(Polychrome Medical Inc., Brooklyn Center, MN, USA);
five Iontokit® (Advanced Instruments Inc., Norwood,
MA, USA); and one produced by Qualiterm (Qualiterm,
São Paulo, Brazil). The five devices connected to a
power grid were as follows: three Iontokit® (Advanced
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Figure 1. Participating referral centers for cystic fibrosis in the state of São Paulo according to the cities where they
are located in.
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Figure 2. Number of sweat tests performed per year per
center. From 0 to 50 tests: two private centers and one
public center; from 51 to 100 tests: one private center;
from 101 to 200 tests: three public centers and one private
center; from 201 to 400 tests: one private center; and
from 401 to 1,500 tests: five public centers. Total = 4,500
tests/year at the 14 centers.

Instruments Inc.), one Iontoplus® (NAIMCO Inc.,
Chattanooga, TN, USA); and one handmade craft.
These devices were older, with a mean usage time of
15 years (Figure 3).
There were 21 pieces of stimulation equipment at
12 of the centers altogether. None of the pieces of
equipment had an official registration for the clinical
diagnosis of CF in the country. Among these, there
were 8 MSCS, 7 of which not being in operation due to
lack of spare parts or supplies, or because they broke
down less than a year ago. Among the 12 centers that
carried out sweat stimulation, 8 used the forearm/arm
for electrode placement, whereas the other 4 used
other sites (Figure 4A). Sweat stimulation was achieved
by one or more of the following techniques: use of a
blanket, at 6 centers; use of a coat, at 6; running or
walking outdoors, at 4; skin lock with plastic wrap, at
2; use of a bandage, at 1; and Parafilm wrapping, at

3

5

Equipment for sweat stimulation
Without stimulation

Battery

Electric grid

Figure 3. Sweat stimulation equipment used in the centers
regarding the energy source used. None was licensed by the
Brazilian National Health Oversight Agency. CF-Indicator®
(Polychrome Medical Inc., Brooklyn Center, MN, USA);
Macroduct® Sweat Collection System (EliTechGroup, Paris,
France); Iontoplus® (NAIMCO Inc., Chattanooga, TN, USA);
Qualiterm (Qualiterm, São Paulo, Brazil); and Iontokit®
(Advanced Instruments Inc., Norwood, MA, USA).

1. Sweat was collected from the patient with the help
of a disposable spoon and placed into a sterile tube
for the determination of the level of Cl− at 1 center.
At 2 private centers, sweat was induced without
stimulation by iontophoresis devices (Appendix 5
; available in the online version of the JBP; http://
www.jornaldepneumologia.com.br/detalhe_anexo.
asp?id=48).
The electrical stimulation time to induce sweat ranged
from 3 to 10 min (Figure 4B). The type of current
used was known at only 3 of the 14 centers (direct
current) and unknown at 9, 5 of which also failed to
report the intensity of the current used. The intensity
of the current was known at 5 centers (Figure 4C). At
4 centers (28.6%), it was reported that the electrical
stimulation procedure had caused skin burn in some
J Bras Pneumol. 2017;43(2):121-128
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Figure 4. In A, site for stimulation and collection of sweat in the 12 participating centers that performed sweat stimulation.
In B, stimulation time to induce sweat per center. In C, information available regarding the type and the intensity of the
current applied for sweat stimulation per center. In D, duration of sweat collection per center. In E, materials employed
for sweat collection per center.

patients; however, 5 centers (35.7%) reported that
it had never occurred with any of their patients,
whereas 3 centers (21.4%) were unable to report that
information since the interviewees had been recently
working at those centers. Finally, 2 centers (14.3%)
did not use electrical stimulation.
The duration of sweat collection ranged from 10 to
60 min (Figure 4D). The materials employed for sweat
collection at the 14 centers are described in Figure
4E. It is of note that 2 centers were using unusual
materials/techniques: a watch glass was placed over
the site of pilocarpine stimulation, then fixed with tape,
and the sweat droplets were collected using a sterile
pipette or a disposable spoon into a sterile tube at 1
of the centers, whereas the other center did not have
appropriate precision scales for weighing the collected
124
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material. In addition, 2 centers did not perform sweat
stimulation using any kind of equipment and, therefore,
were disregarded regarding this issue.
The Cl− level was determined by using the manual
titration technique and the quantitative coulometric
test (chloridometer), at 6 centers each. Among the
latter, 1 center was not in operation. The need to repeat
a ST was due to insufficient sweating and unknown
causes at 10 and 4 of the centers, respectively. The
rate of repeat STs was 5%, at 1 center; 10-20%, at
7; 30%, at 1; and > 50%, at 1.
The number of people who collected sweat and
conducted the STs is summarized in Figure 5A. The
same professional was responsible for the collection
and the performance of the ST at 6 centers. The
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minimum acceptable amount of sweat in order to
conduct a reliable ST considerably varied among the
centers and is summarized in Figure 5B. At 11 centers
that used filter paper or gauze to collect sweat, the
amount of sweat considerably ranged from 50 to 100
mg, and 1 center had no knowledge of the acceptable
value (Figure 5B). Regarding the 3 centers using the
MSCS, the acceptable volume of sweat was 15 µL, 20
µL, and no standard. The center that used the watch
glass reported that the required minimum volume was
20 µL. Most of the professionals at the centers were
unaware of the correct number of tests with positive
4
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Figure 5. In A, number of people who perform sweat tests
(collection and quantification of chloride) per center. In six
centers, the staff is responsible for collecting sweat and
determining the level of chloride in it. In eight centers, the
staff that collects sweat is not the same as that determining
the level of chloride. In those centers, the laboratory team
is responsible for determining the level of chloride. In B,
knowledge of the professionals involved in the performance
of sweat tests about the minimum acceptable amount of
sweat for chloride level determination per collection method
per center. In C, knowledge of the professionals involved
in the performance of sweat tests about the necessary
number of abnormal test results in order to confirm the
diagnosis of cystic fibrosis per center.

results (Cl− ≥ 60 mEq/L) for a definitive diagnosis of
CF (Figure 5C). Figure 6 shows how compliant with
the Cystic Fibrosis Foundation guidelines(13) each of
the 14 centers was.
DISCUSSION
In Brazil, the diversity of expression of the disease is
conditioned by miscegenation, which highly increases
the genetic diversity expressed in a variability of
mutations in the CFTR gene in our population, thus
rendering the genetic diagnosis difficult and costly.
The monitoring of CF patients in Brazil is performed at
referral centers, most of which are public and linked to
the Brazilian Unified National Health Care System with
public financial support and generally associated with
universities. The state of SP has the second per capita
income in the country and has the largest number of
referral centers for CF (n = 7), all of which being public
health care centers (Appendix 6 ; available in the online
version of the JBP; http://www.jornaldepneumologia.
com.br/detalhe_anexo.asp?id=48).
The present study on the performance of STs at 14
centers, which perform 4,500 tests/year altogether,
revealed that there is no uniformity in the ST procedures
and that there are serious difficulties in its performance
and significantly inadequate conditions, which largely
deviate it from internationally accepted guidelines.
Similar studies, however, had been previously performed regarding the quality of STs at various centers
in several other countries, also presenting significant
diversity and inconsistent results.(12,30,31) The diagnostic
confirmation of CF enables health care centers to
provide better care and monitoring, which translates
into higher life expectancy for the patients.(8) This was
also found at our referral center.(32) The standardization
of STs is key to a reliable diagnosis of CF.
In particular, the present study has shown that there
is no uniformity in the performance of ST in its three
stages (stimulation, collection, and quantification) at
the participating centers. The main issues and possible
alternatives to the three steps can be summarized
as follows:
(i) Stimulation: the lack of awareness about the
existence of adequate equipment for sweat stimulation and its usage was present at approximately
30% of the participating centers. Alternative
methods of stimulation, noncompliant with the
international guidelines (e.g. exposure to the sun
with a blanket, exposure to the sun inside a car,
usage of noncertified sweat induction equipment,
and lack of knowledge of stimulation techniques),
were in practice at 4 of the centers and might even
impair the health of patients (e.g. skin burning,
dehydration, or even death). In addition, those 4
centers also collected inadequate sweat samples
for determining the level of Cl−. Every center should
rely on the iontophoresis stimulation technique with
pilocarpine, use certified stimulation equipment, and
carry out its regular maintenance and calibration
J Bras Pneumol. 2017;43(2):121-128
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GUIDELINE
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Figure 6. Compliance with the sweat test guidelines by LeGrys et al.(13) per center. 1A: Macroduct® coils available; 1B:
Stimulation of sweat using pilocarpine iontophoresis; 1C: Evaluation of the amount collected either in weight (mg) or
volume (µL); 1D and 2A: without sweat stimulation; 1E and 2B: inadequate collection method (alternative methods); 1F
and 2C: use of a helper method to increase sweat volume; 1G and 6: collection of sweat into Macroduct® coils; 1H and
6B: collection of sweat on filter paper; 1I and 6C: collection of sweat in gauze; 1F and 12A: chloride level determined
by manual titration, using the Schales and Schales mercuric nitrate procedure; 1G and 12B: chloride level determined
by coulometric titration, using a chloridometer; 2D: following the US National Committee for Clinical Laboratory
Standards guidelines(17); 2E: laboratory must have access to a copy of the guidelines(17) (paper copy or electronic file);
3A: iontophoresis equipment must be battery powered and regularly inspected; 3B: iontophoresis equipment powered
by electrical network; 3C: iontophoresis performed with electrode lead; 3D: knowledge about the current applied;
3E: inspection for current control and leakage must be periodically performed by biomedical engineering according to
the manufacturer’s recommendations; 4: the minimum age for testing is 48 hours of life; 5: arms or legs were used
as collection sites, and the iontophoresis current should not cross the heart; 6: iontophoresis should be carried out
using pilocarpine for 5 min; 7: sweat collected for no more than 30 min; 8A: the incidence of insufficient samples
was investigated and resolved if it exceeded 5% for patients older than three months of age; 8B: exclusion criteria
were adopted; 9: collection and analysis were performed in duplicate; 10A: insufficient samples were not analyzed
and were not pooled for analysis; 11A: collection and analytical procedures were designed to minimize evaporation or
contamination; 11B: sweat collected in gauze, once reweighed, was stored with or without diluents in a tightly sealed
container for up to 3 days at refrigerator temperature; 13A: performing and evaluating quality control in every sweat
analysis run in order to determine quality control; 13B: a control sample was assayed with each patient run; 13C: a
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positive and negative control (or more) were assayed with each patient run; 14: sweat tests are included in the overall
evaluation of continuous quality improvement in the laboratory; 15A: reagents were appropriately labeled; 15B: sweat
samples were appropriately labeled for patient identification throughout the process of sweat collection and analysis;
16: appropriate reference values for chloride in sweat were used; 18: laboratories document successful performance in
the Brazilian National Health Oversight Agency proficiency testing survey for sweat test analysis; 19: the director of the
center reviews all sweat test results by using procedures consistent with Health Insurance Portability and Accountability
Act of 1996 regulations; and 21: all positive tests were confirmed with a repeat sweat chloride test. Red: noncompliant
with the guidelines; green: compliant with the guidelines; white: not evaluated; and blue: no data.

by the manufacturer or a qualified company in
order to ensure the safety of the procedure. Every
center should also provide (or seek elsewhere)
adequate training of the professionals responsible
for handling the equipment.
(ii) Collection: most of the participating centers
used methods for sweat collection that were in
accordance with the established recommendations
(use of filter paper, gauze, or MSCS). However,
2 centers used alternative, nonrecommended
collection methods (use of a spoon and a watch
glass), which affect the reliability of the ST.
Although MSCS has been described as a suitable
method for the collection of sweat by the US Health
Department since 2013, it was not registered in
Brazil during the period of study.(13) In September
of 2014, the use of MSCS was properly licensed,
as well as of the digital chloridometer, which
enabled adequate, periodic maintenance of
the equipment and uninterrupted acquisition of
supplies. This fact will possibly change the present
scenario: 7 centers were not using MSCS due to
the lack of spare parts/supplies, difficulties in the
maintenance of the equipment, or lack of trained
professionals capable of using the system (how
to perform sweat induction, sweat collection,
and Cl− level determination). Another factor to
be considered is the high cost of supplies, which
are imported, in comparison with the traditional
method of stimulation and collection for the GC
method, which uses pilocarpine and filter paper
or gauze for sweat collection.
(iii) Quantification: The determination of the
Cl− level must be quantitative and performed
by coulometry, flame photometry, or manual
titration. Regardless of the procedure, there
were no problems regarding this issue at the
participating centers, except that conductivity,
which is an unreliable procedure, was used for the
diagnosis of CF at 2 centers. At another center,
conductivity was used just for screening, which
is an appropriate, correct approach.
CF is a progressive disease, which requires that
patients be treated at referral centers so as to receive
the best health care and adequate treatment. Having
a safe, reliable diagnosis is the first step, and it is
critical for the guidance of patients and their families
by the medical staff.
The present study shows the real situation of STs in the
state of SP, which may be representative of the overall
situation for STs in Brazil. Altogether, our results show
that STs largely deviate from internationally accepted

guidelines at the participating centers. There is an
urgent need for either domestic or imported equipment
for sweat stimulation and for determining the level of
Cl− in sweat in accordance with international guidelines.
Maintenance should be adequate, and spare parts and
supplies should be always available so that the results
obtained are reliable and appropriate.
From this unique moment, when we celebrate the
introduction of NBS for CF in all states in Brazil, we
must be prepared to overcome the challenges ahead.
These challenges can only be overcome if they are first
identified and objectively faced by the CF teams. In
addition, we need to work together so as to change
the current reality; we believe that we can only build a
new reality if we first become aware of the limitations
and difficulties inherent to each individual center.
The present study provides a warning regarding the
need for standardization of STs in Brazil by means of
the construction and adoption of guidelines for the
diagnosis of CF. The issue has been in the discussion
agenda of the Brazilian CF Study Group.
Directors of CF referral centers should review each
current step in the performance of STs, working closely
together with the laboratory staff, which will undoubtedly
improve the quality of the results so as to provide a
reliable CF diagnosis and minimize the possible bias
of STs. The professionals who perform STs should be
aware of the specificities of the disease and recognize
the important role of a correctly performed ST to
confirm or exclude a diagnosis of CF. Such training
should be provided by the CF referral centers to its
professionals, fostering their participation in internal or
external training, scientific events, and other discussion
forums. The proximity among the different professionals
working in the area of CF, as well as the exchange of
information among the different referral centers, will
allow to increasing the knowledge regarding STs and,
therefore, improve the procedures involved in it toward
a more reliable diagnosis of CF.
In conclusion, we found no uniformity in the steps
carried out in the performance of STs and large
deviations from internationally accepted ST guidelines
at the various participating centers in the state of
SP. Major inadequate conditions included insufficient
production of sweat, lack of stimulation equipment
or clinical chemistry equipment, absence of written
protocols, and use of obsolete noncertified measuring
equipment. Even though we know that there are
various difficulties and barriers to be overcome,
we need to move towards meeting the 23 topics
of the Cystic Fibrosis Foundation guidelines(13) so
that STs are adequately carried out to this end.
J Bras Pneumol. 2017;43(2):121-128
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There is an urgent need for standardization of STs,
training of qualified personnel, suitable equipment,
and certification. These are essential conditions
for a reliable diagnosis of CF, especially with the
increasing demand due to NBS nationwide, and for
the assessment of a possible clinical benefit with the
use of CFTR modulator drugs.
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