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NCCLS...

NCCLS is an international, interdisciplinary, nonprofit,
standards-developing, and educational organization that
promotes the development and use of voluntary
consensus standards and guidelines within the healthcare
community. It is recognized worldwide for the
application of its unique consensus process in the
development of standards and guidelines for patient
testing and related healthcare issues. NCCLS is based on
the principle that consensus is an effective and cost-
effective way to improve patient testing and healthcare
services.

In addition to developing and promoting the use of
voluntary consensus standards and guidelines, NCCLS
provides an open and unbiased forum to address critical
issues affecting the quality of patient testing and health
care.

PUBLICATIONS

An NCCLS document is published as a standard,
guideline, or committee report.

Standard  A document developed through the consensus
process that clearly identifies specific, essential
requirements for materials, methods, or practices for use
in an unmodified form. A standard may, in addition,
contain discretionary elements, which are clearly
identified.

Guideline  A document developed through the
consensus process describing criteria for a general
operating practice, procedure, or material for voluntary
use. A guideline may be used as written or modified by
the user to fit specific needs.

Report  A document that has not been subjected to
consensus review and is released by the Board of
Directors.

CONSENSUS PROCESS

The NCCLS voluntary consensus process is a protocol
establishing formal criteria for:

• the authorization of a project

• the development and open review of documents

• the revision of documents in response to comments
by users

• the acceptance of a document as a consensus
standard or guideline.

Most NCCLS documents are subject to two levels of
consensus—“proposed” and “approved.”  Depending on

the need for field evaluation or data collection, documents
may also be made available for review at an intermediate
(i.e., “tentative”) consensus level.

Proposed  An NCCLS consensus document undergoes the
first stage of review by the healthcare community as a
proposed standard or guideline. The document should
receive a wide and thorough technical review, including an
overall review of its scope, approach, and utility, and a line-
by-line review of its technical and editorial content.

Tentative A tentative standard or guideline is made
available for review and comment only when a
recommended method has a well-defined need for a field
evaluation or when a recommended protocol requires that
specific data be collected. It should be reviewed to ensure its
utility.

Approved  An approved standard or guideline has achieved
consensus within the healthcare community. It should be
reviewed to assess the utility of the final document, to
ensure attainment of consensus (i.e., that comments on
earlier versions have been satisfactorily addressed), and to
identify the need for additional consensus documents.

NCCLS standards and guidelines represent a consensus
opinion on good practices and reflect the substantial
agreement by materially affected, competent, and interested
parties obtained by following NCCLS’s established
consensus procedures. Provisions in NCCLS standards and
guidelines may be more or less stringent than applicable
regulations. Consequently, conformance to this voluntary
consensus document does not relieve the user of
responsibility for compliance with applicable regulations.

COMMENTS

The comments of users are essential to the consensus
process. Anyone may submit a comment, and all comments
are addressed, according to the consensus process, by the
NCCLS committee that wrote the document. All comments,
including those that result in a change to the document when
published at the next consensus level and those that do not
result in a change, are responded to by the committee in an
appendix to the document. Readers are strongly encouraged
to comment in any form and at any time on any NCCLS
document. Address comments to the NCCLS Executive
Offices, 940 West Valley Road, Suite 1400, Wayne, PA
19087, USA.

VOLUNTEER PARTICIPATION

Healthcare professionals in all specialties are urged to
volunteer for participation in NCCLS projects. Please
contact the NCCLS Executive Offices for additional
information on committee participation.
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Abstract

NCCLS document C34-A2—Sweat Testing: Sample Collection and Quantitative Analysis; Approved
Guideline—Second Edition is a guideline for the performance of the sweat test for the diagnosis of cystic
fibrosis.  The primary audience includes laboratory and clinical personnel responsible for collecting,
analyzing, reporting, and evaluating sweat test results.  Sweat stimulation, collection, and the quantitative
measurement of sweat chloride and sodium are described, with an emphasis on avoiding evaporation and
contamination.  Quality control issues associated with sweat testing are discussed, along with analytical
and biological sources of error.

NCCLS. Sweat Testing:  Sample Collection and Quantitative Analysis; Approved Guideline—Second
Edition. NCCLS document C34-A2 (ISBN 1-56238-407-4). NCCLS, 940 West Valley Road, Suite 1400,
Wayne, Pennsylvania 19087-1898 USA, 2000.

THE NCCLS consensus process, which is the mechanism for moving a document through two or more
levels of review by the healthcare community, is an ongoing process. Users should expect revised
editions of any given document. Because rapid changes in technology may affect the procedures,
methods, and protocols in a standard or guideline, users should replace outdated editions with the
current editions of NCCLS documents. Current editions are listed in the NCCLS Catalog, which is
distributed to member organizations, and to nonmembers on request. If your organization is not a
member and would like to become one, and to request a copy of the NCCLS Catalog, contact the
NCCLS Executive Offices. Telephone: 610.688.0100; Fax: 610.688.0700; E-Mail: exoffice@nccls.org;
Website: www.nccls.org
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This publication is protected by copyright.  No part of it may be reproduced, stored in a retrieval system,
or transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or
otherwise) without written permission from NCCLS, except as stated below.

NCCLS hereby grants permission to reproduce limited portions of this publication for use in laboratory
procedure manuals at a single site, for interlibrary loan, or for use in educational programs provided that
multiple copies of such reproduction shall include the following notice, be distributed without charge,
and, in no event, contain more than 20% of the document’s text.

Reproduced with permission, from NCCLS publication C34-A2—Sweat Testing: Sample
Collection and Quantitative Analysis; Approved Guideline—Second Edition
(ISBN 1-56238-407-4). Copies of the current edition may be obtained from NCCLS,
940 West Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898, USA.

Permission to reproduce or otherwise use the text of this document to an extent that exceeds the
exemptions granted here or under the Copyright Law must be obtained from NCCLS by written request.
To request such permission, address inquiries to the Executive Director, NCCLS, 940 West Valley Road,
Suite 1400, Wayne, Pennsylvania 19087-1898, USA.

Copyright ©2000. The National Committee for Clinical Laboratory Standards.
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Foreword

The quantitative measurement of chloride in sweat (commonly called the “sweat test”) is used to confirm
the diagnosis of cystic fibrosis (CF).  With an approximate incidence of 1:3,200 in the United States, CF
is the most common lethal genetic disease within the Caucasian population. It is an autosomal recessive
disorder characterized by viscous secretions that affect the exocrine glands, primarily in the lungs and
pancreas.  Patients with CF have an increased concentration of sodium, chloride, and potassium in their
sweat.  The criteria for the diagnosis of CF include: the presence of one or more characteristic phenotypic
features, or a history of CF in a sibling, or a positive newborn screening test result; and an increased
sweat chloride concentration by pilocarpine iontophoresis on two or more occasions, or identification of
two CF mutations or demonstration of abnormal nasal epithelial ion transport.1

The sweat test has been reported to have unacceptably high false-positive (up to 15%) and false-negative
(up to 12%) rates attributable to inaccurate methodology, technical error, and patient physiology.2-7

Comprehensive guidelines addressing the collection of sweat and the quantitative measurement of
electrolytes in sweat are needed. Improvement in the performance of such tests can only occur when
laboratory scientists and clinicians are aware of appropriate methods of collection and analysis, quality
control, and evaluation of results.  This document describes, in detail, the quantitative pilocarpine
iontophoresis test for the determination of sweat chloride, including techniques to minimize the potential
for false-positive and false-negative test results.  Because some laboratories analyze sweat sodium in
addition to chloride, a procedure for sodium is found in Appendix F. Nonselective screening methods,
such as conductivity and osmolality, are also mentioned; such methods measure other analytes in addition
to chloride.  Other methods for measuring sweat electrolytes after pilocarpine iontophoresis exist but are
not included in the guideline.  Some of these methods are documented as having significant analytical
problems.2-7

The Cystic Fibrosis Foundation requires that, at accredited Cystic Fibrosis Care Centers, sweating be
stimulated by pilocarpine iontophoresis and collected in either gauze or filter paper, or microbore tubing
followed by quantitative measurement of chloride.  At alternative sites, as a screening procedure,
conductivity may be measured (see Section 8.3.1).  Patients with a sweat conductivity value of 50
mmol/L (equivalent NaCl) or above should have a quantitative measurement of sweat chloride.8

Key Words

Chloridometer, iontophoresis, sweat chloride, sweat testing
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Sweat Testing: Sample Collection and Quantitative Analysis;
Approved Guideline—Second Edition

1 Introduction

Because the sweat test has been reported to have unacceptably high false-positive and false-negative rates
attributable to inaccurate methodology, technical error, and patient physiology,2-7 comprehensive guide-
lines addressing the collection of sweat and the quantitative measurement of electrolytes in sweat are
needed. Improvement in the performance of such tests can only occur when laboratory scientists and
clinicians are aware of appropriate methods of collection and analysis, quality control, and evaluation of
results. This document describes, in detail, the quantitative pilocarpine iontophoresis test for the
determination of sweat chloride, including techniques to minimize the potential for false-positive and
false-negative test results.

2 Scope

The following procedures are described: the stimulation and collection of sweat and the quantitative
measurement of chloride; sweat stimulation by pilocarpine iontophoresis (specific precautions are noted);
and sweat collection in filter paper, gauze, and microbore tubing, with emphasis on avoiding evaporation
and contamination.  Sweat chloride determination is described using coulometric titration. Nonselective
screening methods, such as conductivity and osmolality, are mentioned.  While chloride determinations
provide greater discrimination in CF, sweat sodium determination by flame photometry is measured in
some European countries, and a procedure is included in Appendix F.  Quality control issues are
discussed, along with analytical and biological sources of error.  This document is primarily directed
towards laboratory and clinical personnel responsible for collecting, analyzing, reporting, and evaluating
sweat chloride test results.

3 Definitions a

Calibrator, n - 1) A material or device of known, or assigned quantitative characteristics (e.g.,
concentration, activity, intensity, reactivity, responsiveness) used to adjust the output of a measurement
procedure or to compare the response obtained with the response of a test specimen and/or sample.
NOTES: a) The quantities of the analytes of interest in the calibration material are known within limits
ascertained during its preparation and may be used to establish the relationship of an analytical method's
response to the characteristic measured for all methods or restricted to some; b) Calibration materials with
different amounts of analytes may be used to establish a calibration or response “curve” over a range of
interest.

Control, n – A device, solution, or lyophilized preparation intended for use in the quality control process.
NOTES: a) The expected reaction or concentration of analytes of interest are known within limits
ascertained during preparation and confirmed in use; b) Control materials are generally not used for
calibration in the same process in which they are used as controls.

Iontophoresis, n - The migration of small ions in an electrical field; NOTE: In the sweat test, pilocarpine
is iontophoresed into the skin to stimulate sweating.

                                                  
a   Some of these NCCLS definitions are found in NCCLS document NRSCL8—Terminology and Definitions for Use in NCCLS Documents. For

more detailed source information, please refer to the most current edition of that document.
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