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Abstract
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fibrosis. The primary audience includes laboratory a. 1 cii.ical personnel responsible for collecting, analyzing, reporting, and
evaluating sweat test results. Sweat stimulat.on, «~'iect on, and the quantitative measurement of sweat chloride are described
along with quality assurance and result evaluatic.

Clinical and Laboratory Standards Institu.( "LST). Sweat Testing: Sample Collection and Quantitative Chloride Analysis;
Approved Guideline—Third Edition’ C_ST document C34-A3 (ISBN 1-56238-713-8). Clinical and Laboratory Standards
Institute, 940 West Valley Road, Suite 407, Wayne, Pennsylvania 19087-1898 USA, 2009.

The Clinical and Laboratety Su ndards Institute consensus process, which is the mechanism for moving a document through
two or more levels of review. bv..ne health care community, is an ongoing process. Users should expect revised editions of any
given document. Because rap: | changes in technology may affect the procedures, methods, and protocols in a standard or
guideline, users shoula replace outdated editions with the current editions of CLSI/NCCLS documents. Current editions are
listed in the CLSI c. *alog and posted on our website at www.clsi.org. If your organization is not a member and would like to
become one, anu to request a copy of the catalog, contact us at: Telephone: 610.688.0100; Fax: 610.688.0700; E-Mail:
customerst vice@clsi.org; Website: www.clsi.org

STANDARDS
INSTITUTE®

%CLINICAL AND
// LABORATORY


https://www.stdhive.com/standards/clsi-c34-a3-r2018-pdf/

Number 27 C34-A3

Copyright “2009 Clinical and Laboratory Standards Institute. Except as stated below, neither this
publication nor any portion thereof may be adapted, copied, or otherwise reproduced, by any means
(electronic, mechanical, photocopying, recording, or otherwise) without prior written permission from
Clinical and Laboratory Standards Institute (“CLSI”).

CLSI hereby grants permission to each individual member or purchaser to make a single reprodution. of
this publication for use in its laboratory procedure manual at a single site. To request permissicn tu use

this publication in any other manner, contact the Executive Vice President, Clinical ~ad " .aboratory
Standards Institute, 940 West Valley Road, Suite 1400, Wayne, Pennsylvania 19087-1898, URA.

Suggested Citation

CLSI. Sweat Testing: Sample Collection and Quantitative Chloride Analysis, .*op.cved Guideline—Third
Edition. CLSI document C34-A3. Wayne, PA: Clinical and Laboratory Stat. Yard s Institute; 2009.

Proposed Guideline
March 1993

Approved Guideline
December 1994

Approved Guideline—Second Edition
June 2000

Approved Guideline—Third Ed:tiol
December 2009

ISBN 1-56238-713-8
ISSN 0273-3099

i


https://www.stdhive.com/standards/clsi-c34-a3-r2018-pdf/

Volume 29

Committee Membership

Area Committee on Clinical Chemistry and Toxicology

David A. Armbruster, PhD, Graham Henderson White, PhD
DABCC, FACB Flinders Medical Centre
Chairholder Bedford Park

Abbott Diagnostics Australia

Abbott Park, Illinois, USA
Jack Zakowski, PhD, FACB

David G. Grenache, PhD, Beckman Coulter, Inc.

MT(ASCP), DABCC, FACB Brea, California, USA

Vice-Chairholder

University of Utah, ARUP Advisors

Laboratories

Salt Lake City, Utah, USA John Rex Astles, PhD, FACB
Centers for Disease Control and

David M. Bunk, PhD Prevention

National Institute of Standards and Atlanta, Georgia, USA

Technology

Gaithersburg, Maryland, USA Greg Cooper, CLS, MHA
Bio-Rad Laboratories, Inc., QSD

Steven C. Kazmierczak, PhD, Division

DABCC, FACB Plano, Texas, USA

Department of Pathology

Oregon Health and Science Paul D’Orazio, PhD

University Instrumentation Laboratory

Portland, Oregon, USA Bedford, Massachusetts, USA

Loralie J. Langman, PhD Carl C. Garber, PhD, FATB

Mayo Clinic Quest Diagnostics, Incorpoi ‘ted

Rochester, Minnesota, USA Madison, New Jersey. JSA

Jeffrey E. Vaks, PhD Uttam Garg, PhD, DABCC

Roche Molecular Diagnostics Children’s Mc¢ cy Hospitals and

Pleasanton, California, USA Clinics

Kansas City, Missouri, USA
Hubert Vesper, PhD
Centers for Disease Control and
Prevention
Atlanta, Georgia, USA

Subcommittee on Sweat Test ng

Vicky A. LeGrys, DrA, Rosetta Hickstein, MT(ASCP)
MT(ASCP) All Children’s Hospital
Chairholder St. Petersburg, Florida, USA
Univ. of North Carcii.:a Schoor of
Medicine Stanley F. Lo, PhD, DABCC,
Chapel Hill, Noi h Ccrolina, USA FACB
Children’s Hospital of Wisconsin
Robert Appl quist Milwaukee, Wisconsin, USA
Labc nco T
Kirsas Tity, M issouri, USA Rosa Passarell
TECIL
Dinnis &. Briscoe Barcelona, Spain
Wescor, Inc.
Lougan, Utah, USA Douglas W. Rheinheimer, MT
FDA Ctr. for Devices/Rad. Health
Phillip Farrell, MD, PhD Rockville, Maryland, USA

University of Wisconsin
Madison, Wisconsin, USA

C34-A3

Claude Giroud, PhD
Bio-Rad Laboratories, Inc.
Marnes-La-Coquette, France

Neil Greenberg, PhD
Ortho-Clinical Diagnostics, Inc.
Rochester, New York, USA

Christopher M. Lehman, M.>
Univ. of Utah Health Scic ~ces
Center

Salt Lake City, Utah. US~.

W. Gregory Miller, >hD
Virginia Cor: monweaith University
RichmonAd. Vi ginia, USA

Garyr L. M vers, ’hD

Conte,  for Disease Control and
Prev 'ntion

120 ta, Georgia, USA

David Sacks, MD

Brigham and Women’s Hospital
and Harvard Medical School
Boston, Massachusetts, USA

Thomas L. Williams, MD
Nebraska Methodist Hospital
Omaha, Nebraska, USA

Beryl J. Rosenstein, MD

Johns Hopkins University School of
Medicine

Baltimore, Maryland, USA

Jeftrey E. Vaks, PhD
Roche Molecular Diagnostics
Pleasanton, California, USA

Advisors

Ronda Greaves, PhD, MAACB,
MAppSc

Royal Children’s Hospital
Victoria, Australia

Paul Griffiths, DipCB, FRCPath,
MBA

Birmingham Children’s Hospital
Birmingham, United Kingdom

il


https://www.stdhive.com/standards/clsi-c34-a3-r2018-pdf/

Number 27

Staff

Clinical and Laboratory Standards
Institute
Wayne, Pennsylvania, USA

Lois M. Schmidt, DA

Vice President, Standards
Development and Marketing

v

David E. Sterry, MT(ASCP)
Staff Liaison

Patrice E. Polgar
Project Manager

Melissa A. Lewis, ELS
Editorial Manager

Carol DiBerardino, MLA, ELS
Assistant Editor

C34-A3


https://www.stdhive.com/standards/clsi-c34-a3-r2018-pdf/

Volume 29 C34-A3

Contents
F N o1 2 T USRS PPt i
Committee MEMDEISIIP. ... ccciiiiiiiieiieiieeeee e ste ettt et et esteseb e e seesse e saesseessaesssessseesseesseeseensss iii
FOTEWOI ...t ettt ettt e e e e et e e e be e e tbeeeabeeebbeesnbeeenbeeesseeanseesnseeennns vii
1 N TeTe] o LTS U PR 1
2 Standard PTrECAULIONS. ........ccviriiiiieiieieerieeseestesteete et e bt e e esseessaessaesssessseasseesseesseesseesssesseessns 1
3 B4 010010) Lo} e 2SSOSR 1
3.1 A Note 0N TermMINOIOZY ...ccuviieiiieiiieeiie ettt ettt eree et e eeeeeesveeeveeeseseesanaa
3.2 DEfINILIONS ..vievvieiiiciiecie ettt ettt et sre b ereereereesreestaesevessseesseesseesseesssesssesssens iarees 2
33 Abbreviations and ACIONYIMS ........c.ccverevereierireerieerieesieeseesnessressseesseesseesses eenis - .6
4 Procedural PreCautions.........c.viccuiiiciiiiiiceie ettt eeveeetre e ve e eeae e sebaeeane e e e 6
4.1 Chemical HYZIENE......cc.eccvieiieiieiiecie ettt sre e ve e e VTR VETORRRRRR 6
4.2 Verification of Measurement Procedures ...........cecvevvereeriirnieenic s heiens veeveeveennens 6
43 BUITIS ettt e e e re e e e tae e e e aae e e e b a e e e e abaeeeeanees 7
4.4 Electrical Malfunctions...........cccueeevieeciieeiiieriie e eeiee e eeet et 8
4.5 Allergic ReaCtiONS........c.ccvveevieriieieesieesiieciesreereeveereereeseeess s D et eas 8
5 PrINCIPLE ..ttt se s e hteeuteeate e bt e bt et e saeeshteenteeseenteens 9
5.1 Sweat StMUIALION .......vieeiiieciie et et e eetee e re e sree e ebeeenaee s 9
5.2 SWeat COILECION .....vieevierieiieriiesiie e ere e e s ettt e et e et e e steesteestreseressbeesseesseesnes 9
53 Measurement of Chloride in Sweat............... N SRR 10
6 Apparatus and EQUIPIMENL ........ccooviiiiiiiiiiieriies e ettt 10
6.1 Tontophoresis EQUIPIMENT .........c..viiiieiieiiiciicie ettt ere e eve e senesenes 11
6.2 (001 o) g e 0111151 1< o T SRS 12
7 Materials and Reagents................. iy . TR 12
7.1 Tontophoresis Materiala.... .. ittt e e e e sereeenraeeseree s 12
7.2 Sweat Collection SUL DIICT c.viiiiiiiciiceeeiecte ettt re v e sarestressneesses 13
7.3 Chloride Determinctio1 by ChloridOmeter ..........ccceveeiirriieeiieeierieeeee e 13
8 Sweat Stimulation and “oll :ction Procedures............ccveeviieriieiiiieiieeciee e 14
8.1 Patient FaUCCHION ..uiuviiiiciieiicee ettt b e eetb e e b e b e e taestaessaesenennnas 14
8.2 Effects of FAtIENT AZE ...viiiiiiiieciiecie ettt seae e e a e enes 15
8.3 Collection [TMING and STLES.......cccuerrieerieerierieeie ettt sttt ee s 15
8.4 Gtinomlation and Collection of Sweat on Gauze or Filter Paper.........ccooovveeveeennenneee. 16
8.5 Microbore Tubing Collector Stimulation and Collection Procedure.......................... 19
8.6 2rocedural Notes and Precautions for Stimulation and Collection............c..ccuveennne.. 20
8. Sample REQUITEMENLS .......oceiiiiiiieciieciie et eee ettt e et sreeeteeeseaeessbeeeeveesnseas 21
9 Ana ysis of Sweat Chloride by Titration With a Chloridometer.............ccceevveevienienienvennenenn. 22
9.1 S0 11163 o) LSRR 22
9.2 Specimen Stability and StOTage ..........cccvvieriiiiiiieecieeeiee et 22
9.3 Procedure Using Gauze or Filter Paper Collection..........c.ceevvvevieeviienienienresnesneeene. 23
9.4 Procedure Using Microbore Tubing ColleCtion............cccvevvereereernesieeieeieenieenenenens 24
9.5 RESUIt REPOTTING ..ottt sttt et ettt e e e st eanes 25
9.6 Procedural Notes and Precautions ..........occveeecvieiriieiiieeiie et esveeeieeesivee v ens 25
9.7 Method Validation ..........cceeviieiieiiieiiicie et e steeseaessreesseeaeesaessnenens 26


https://www.stdhive.com/standards/clsi-c34-a3-r2018-pdf/

Number 27 C34-A3
Contents (Continued)

10 SWEAL CONAUCTIVILY ..eeuviiiiiieiiie et ecieeerteeetee et e et e eteeesbeeebeeessbeeeseaeessseesssseessseeessseessseesssens 27
11 Labeling Of CONLAINETS.........ccviiieiiierieieesieesteeseeseresreereesseeseesseesseessaesssesssesssesssessseesssesssessnes 27
11.1  Reagents, Calibrators, and COntrols...........ccccceveeriirriieriieeiieiieseesiesee e sre e 27
11.2  Weighing Vials and Specimen COontainers............c.eeeveerieerieenieeseenienieseeseeseeeeeeeens 27
11.3 THrAtION VIALS .eeiieieiieieeiee ettt st sttt et e b et e st e e 27
12 Quality Control and QUAality ASSUIANCE ........c..ccverveereerrerierieeieeteeseeseessresresreeseeseesseesses 28
12.1  Analytical Quality Control.........ccceeriiriiiiiiiieit e 28
12.2  QUALILY ASSUTANCE....cccuvieerieeirieerieeteeesireeeteeesteeessseeeseeessseesssesesseessseesseeenssesssseennsss 28
12.3  Continuous Quality MONItOTING ........c.cccveevrieriiereerieareereesteesreeseesresreasreeseesseesseens W22
13 Evaluation 0f RESUILS .....c..ooiiiiiieeeee e .22
13.1  Dia@noStic CIiteIIa....ccuuierrieeirieeriiierteeeeteeesreesreeesreesreeessseessseeesseeessseessseeesont -4 29
13.2  Recommended Reference Intervals for Sweat Chloride...........ccoeeeeeicieienceiiene. 29
13.3  Transient Elevation in Sweat Electrolyte Concentrations..........cccoccoiiveert vveveeveennenn 30
13.4  Intermediate Sweat Chloride Concentrations ............ccceeevveeeveeererss heveenins veeeveeeenes 30
13.5 Repeat Sweat Chloride Determination............cccuveeevereriieiiiieesieeet et it eiee e 31
13.6  Other Diseases Associated With Elevated Sweat Electrol;+¢ Cc “1ccutrat10ns ............ 31
13.7  Sources Of EITOr.......ccouiiiciiiiiiccieeeece e SR 31
RETEIEIICES ...ttt ettt sttt et sbes e teeatesatesaeeeabeeabe s be e bt e sbeesaeeeaees 33
Appendix A. Indications for SWeat TeStNG........ceccveivvierieeriesseen crreri ettt se e seresereseresenes 36
Appendix B. CUIrent DENSILY .......cccueeeierciirciieiieriienierresiees eies eeseeesseessseasseesseesseesseesssesssesssesssessennns 37
Appendix C. Concentration of Pilocarpine Nitrate......... eeccevitiviiiirriiieie et 38
Appendix D. Reported Diseases or Conditions Other Than Cystic Fibrosis Associated With an
Elevated Sweat Electrolyte CONCENIIAtiON. .......cce.t iveveeiveeieeieeieesieeseeseresereseeeseeseesseesseessnesssesssensnes 39
Summary of Consensus Comments and Subcamimitice ReSponses........coceevevevieneneeninenieneneenene. 40
Summary of Delegate Comments and Sut comrnittee ReSponses.........oevveeecvererieeiiieenieecciee e 42
The Quality Management SyStem AP, TOGTH c..ccvviiiiieiieiieiiieriereereeie et steeseeseresebeesbeesreesbeesseessnesenas 48
Related CLSI Reference Materitic .. ittt ettt et et s v e et e e taeeenveseaeneenneas 49

vi


https://www.stdhive.com/standards/clsi-c34-a3-r2018-pdf/

Volume 29 C34-A3

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 1:3200, CF is the most common
life-threatening genetic disease within the white 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-causing
mutations or demonstration of abnormal nasal epithelial ion transport.'?

The sweat test has been reported to have unacceptably high false-positive (up to 15%) and false-ri>gai've
(up to 12%) rates attributable to inaccurate methodology, technical error, and patient physialogy.”®
Comprehensive guidelines addressing the collection of sweat and the quantitative 1. :asurveraent of
chloride 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 arni analysis, quality
control, and evaluation of results. This document describes, in detail, the cuai.itrtive pilocarpine
iontophoresis test for the determination of sweat chloride, including techniquec to 1.2inin ize the potential
for false-positive and false-negative test results. Screening methods based ci=wer? conductivity are also
mentioned. Other methods for measuring sweat electrolytes after pilocarp.ae it ntophoresis exist but are
not inclu%e;l in the guideline. Some of these methods are document2d as having significant analytical
problems.™

The Cystic Fibrosis Foundation requires that, at accredited ys‘ic ‘ibrosis Care Centers for diagnosis,
sweating be stimulated by pilocarpine iontophoresis and -oliccted in either gauze or filter paper, or
microbore tubing followed by quantitative measuremen® of ci.'oride.” At alternative sites, as a screening
procedure, conductivity may be measured (see Section '0) Patients with a sweat conductivity value of
50 mmol/L (equivalent NaCl) or above should have a quantitative measurement of sweat chloride.”"

This edition replaces the second edition apnreve: guideline, C34-A2, which was published in 2000.
Several changes have been made in th’s . dniun, including the following additions: a microvolume
chloride procedure for sweat collected i1, coi.s; storage conditions for sweat; new reference ranges for

infants; suggestions for enhancing sw=at ~ollection volume. It also includes sections on method validation
and on developing and monitoring gua ity assurance and quality control.

Key Words

Chloridometer, iontoph res) 5, sweat chloride, sweat testing
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Sweat Testing: Sample Collection and Quantitative Chloride Analysis;
Approved Guideline—Third Edition

1 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. Sweat chloride (Cl) determination is
described using coulometric titration. Screening methods based on sweat conductivity are also mentioned.
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 and
also have limited diagnostic application.”® Validation studies and quality assurance (QA) techniques are
discussed, along with analytical and biological sources of error. The evaluation of sweat chloride test
results to include reference intervals and diagnostic criteria are described, with an emphasis on the
application of sweat chloride testing to newborn screening for cystic fibrosis (CF). This document is
primarily directed towards laboratory and clinical personnel responsible for collecting, analyzing,
reporting, and evaluating sweat chloride test results.

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,”® comprehensive
guidelines addressing the collection of sweat and the quantitative measurement of chloride 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 (QC), 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 Standard Precautions

Because it is often impossible to know what isolates or specimens might be infectious, all patient and
laboratory specimens are treated as infectious and handled according to “standard precautions.” Standard
precautions are guidelines that combine the major features of “universal precautions and body substance
isolation” practices. Standard precautions cover the transmission of all infectious agents and thus are
more comprehensive than universal precautions, which are intended to apply only to transmission of
blood-borne pathogens. Standard and universal precaution guidelines are available from the US Centers
for Disease Control and Prevention.'' For specific precautions for preventing the laboratory transmission
of all infectious agents from laboratory instruments and materials and for recommendations for the
management of exposure to all infectious disease, refer to CLSI document M29."

Currently, standard precautions for protection from transmissible infectious agents exempt sweat unless it
contains visible blood. However, it is recommended that laboratory personnel wear powder-free gloves

during sweat collection and analysis as routine practice, both for their protection and to prevent
contamination of the sample."’

3 Terminology

3.1 A Note on Terminology

CLSI, as a global leader in standardization, is firmly committed to achieving global harmonization
whenever possible. Harmonization is a process of recognizing, understanding, and explaining differences

while taking steps to achieve worldwide uniformity. CLSI recognizes that medical conventions in the

©Clinical and Laboratory Standards Institute. All rights reserved. 1



