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Regulator (CFTR) gene. Early diagnosis through newborn screening (NBS) benefits patients with CF and is now practiced
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for follow-up care. The document focuses on the use of immunoreactive trypsinogen (IRT) assays and the detection of specific
CFTR mutations with the IRT/deoxyribonucleic acid screening strategy. Special attention is given to CFTR mutations in
geographically and ethnically diverse populations. A core panel of CFTR mutations is recommended with guidance included on its
potential expansion. The intended target audience includes NBS laboratory and program personnel, regulatory agencies, CF center
personnel, neonatologists, primary care providers, organizations responsible for networks of CF centers, and a variety of public
health policy makers.
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Foreword
Newborn screening (NBS) programs are organized, population-based public health services applying
preventive medicine principles in defined regions to reduce morbidity and mortality from certain
congenital disorders. This is done by presymptomatic detection of risk using dried blood specimens from
newborns analyzed in central laboratories that are linked to clinical follow-up programs for diagnosis and
rapid institution of specialized therapies. Their organization features a system of care that includes
education, screening per se, follow-up, diagnosis, management, evaluation, and quality assurance.
Targeting genetic disorders that typically cause severe metabolic abnormalities and are difficult to
diagnose before irreversible morbidity ensues, NBS programs have been very successful for five decades
and are models of applying public heath principles to a vulnerable population.
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Cystic fibrosis (CF) is a genetic disorder that affects young children because of mutations in the cystic
fibrosis transmembrane conductance regulator (CFTR) gene that ultimately cause defective chloride
transport. CF is often very difficult to diagnose in traditional pediatric practice, even though affected
children develop a life-threatening chronic disease with digestive defects leading to severe malnutrition
and respiratory tract abnormalities that are associated with recurrent pneumonia and persistent cough. On
the other hand, the use of NBS based on initial detection of elevated immunoreactive trypsinogen (IRT)
levels provides an opportunity for presymptomatic detection on a routine basis before irreversible
pathology develops. Because early diagnosis through NBS benefits patients with CF, this strategy of
expedited diagnosis is now practiced throughout the United States, Australasia, and most western
European countries. In fact, CF NBS satisfies defined screening criteria that guide the selection of genetic
disorders appropriate for screening, based primarily on the capacity to detect the condition at an early
stage and the availability of an effective treatment. Thus, a group of experts convened by the American
College of Medical Genetics included CF as one of the 29 “core conditions” recommended for inclusion
on a uniform panel for NBS in the United States (http://mchb.hrsa.gov/screening). That recommendation
and
endorsement
by
both
the
Centers
for
Disease
Control
and
Prevention
(www.cdc.gov/mmwr/preview/mmwrhtml/rr5313a1.htm) and the US Cystic Fibrosis Foundation led to a
relatively rapid implementation from 2005–2009, and over 8 million newborns worldwide are annually
screened for CF. Approximately 90% of infants are evaluated with the IRT/deoxyribonucleic acid (DNA)
two-tiered strategy, which potentially applies DNA analyses to their dried blood spots—a unique
development in NBS in which most of the tests are biochemical rather than molecular. Indeed, this
international application of population-based DNA analyses is unprecedented.
Despite its widespread use, CF NBS is complicated by a number of issues and controversies regarding
both the laboratory science and public health application. This has led to highly divergent approaches,
some of which may not provide optimal use of laboratory technology or the best public health practices.
Although NBS for CF offers many important new opportunities for enhanced care, teaching, and research,
its dissemination occurred with such rapidity on an international scale that a need for quality
improvement and assurance has become apparent. For instance, a variety of methods are used for
decisions regarding IRT levels and many different CFTR panels are employed for IRT/DNA screening. In
addition, as over 1800 CFTR mutations have been reported, there has been uncertainty about how many to
include in NBS panels. Consequently, a consensus guideline on CF NBS should provide a global resource
for programs to evaluate and refine their current procedures and practices for all aspects of the CF NBS
system, including the challenging follow-up components of sweat chloride testing and genetic counseling.
This comprehensive guideline describes the use of NBS laboratory tests for detecting risk for CF and
presents the various approaches currently used with commentaries on their strengths and limitations. In
particular, it addresses in detail for the first time both the proper use of IRT assays and the detection of
specific CFTR mutations in second-tier screening with the IRT/DNA strategy. Variations in the IRT/DNA
method are also summarized with explanations of their advantages and disadvantages. Special attention is
given to describing CFTR mutations in geographically and ethnically diverse populations.
vii
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Newborn Screening for Cystic Fibrosis; Approved Guideline
1

Scope

This guideline describes the use of newborn screening (NBS) laboratory tests for detecting risk for cystic
fibrosis (CF) from newborn dried blood spots (DBS). It addresses both the primary screening tests and the
second or third tier tests performed on DBS. The guideline presents the various approaches used for CF
NBS and discusses their strengths and limitations. It addresses the detection of specific cystic fibrosis
transmembrane conductance regulator (CFTR) mutations in second-tier screening with the
immunoreactive trypsinogen/deoxyribonucleic acid (IRT/DNA) strategy.
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Emphasis is placed on the selection of CFTR panels that have the potential to optimize IRT/DNA
sensitivity and potentially ensure equity in NBS, ie, equal detection of CF in “minority populations” to
the extent possible at this time. The guideline focuses on NBS and excludes prenatal testing. Only
mutations currently known to cause CF disease are included in these recommendations. Special attention
is given to geographically and ethnically diverse populations. The document development committee
recognizes that the effects of additional mutations not listed, or even combinations of those present, are
not fully understood and should be interpreted with utmost caution.
The intended target audience includes NBS laboratory and program personnel, regulatory agencies, CF
center personnel, neonatologists, primary care providers (PCPs), organizations responsible for networks
of CF centers, and a variety of public health policy makers.

2

Introduction

SA

M

In 2010, CF NBS programs became universal in the United States and were well established in
Australasia and most Western European countries after three decades of research and screening test
development. With an estimated 8 million newborns worldwide being screened based on published annual
births,1,2 a paradigm shift occurred for this life-threatening genetic disease in which the benefits of early
therapy can be provided preemptively on a routine basis. In addition, because most NBS programs use
tiered strategies that employ DNA analyses, there has been an unprecedented international application of
molecular biotechnology for this population. Because of this rapid progress, a need for quality
improvement and assurance has been recognized because of numerous issues ranging from selection of
analytes and clinically relevant cutoff values, to CFTR mutation panels, to implementation of follow-up
procedures. Consequently, it is timely for CLSI to conduct a comprehensive, critical review of CF NBS
and develop guidelines for the use of various screening technologies and strategies.

3

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 known 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 Centers for
Disease Control and Prevention (CDC).3 For specific precautions for preventing the laboratory
transmission of all known infectious agents from laboratory instruments and materials and for
recommendations for the management of exposure to all known infectious diseases, refer to CLSI
document M29.4
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Terminology
A Note on Terminology

4.2

E

CLSI, as a global leader in standardization, is firmly committed to achieving global harmonization
wherever 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
global metrological community have evolved differently in the United States, Europe, and elsewhere; that
these differences are reflected in CLSI, International Organization for Standardization (ISO), and
European Committee for Standardization (CEN) documents; and that legally required use of terms,
regional usage, and different consensus timelines are all important considerations in the harmonization
process. In light of this, CLSI’s consensus process for development and revision of standards and
guidelines focuses on harmonization of terms to facilitate the global application of standards and
guidelines.

Definitions

PL

accuracy (measurement) – closeness of agreement between a measured quantity value and a true
quantity value of a measurand (JCGM 200:2008)5; NOTE 1: The concept “measurement accuracy” is not
a quantity and is not given a numerical quantity value. A measurement is said to be more accurate when it
offers a smaller measurement error (JCGM 200:2008)5; NOTE 2: The term “measurement accuracy”
should not be used for measurement trueness and the term “measurement precision” should not be used
for “measurement accuracy,” which, however, is related to both these concepts (JCGM 200:2008)5; NOTE 3:
“Measurement accuracy” is sometimes understood as closeness of agreement between measured quantity
values that are being attributed to the measurand (JCGM 200:2008).5

M

allele – alternative forms of a gene at a given locus.

SA

analyte – component represented in the name of a measurable quantity (ISO 17511)6;
NOTE 1: In the type of quantity “mass of protein in 24-hour urine,” “protein” is the analyte. In “amount
of substance of glucose in plasma,” “glucose” is the analyte. In both cases, the long phrase represents the
measurand (ISO 17511)6; NOTE 2: In the type of quantity “catalytic concentration of lactate
dehydrogenase isoenzyme 1 in plasma,” “lactate dehydrogenase isoenzyme 1” is the analyte. The long
first phrase designates the measurand (ISO 18153)7; NOTE 3: The analyte is the particular component of
interest to the patient; NOTE 4: This includes any element, ion, compound, substance, factor, infectious
agent, cell, organelle, activity (enzymatic, hormonal, or immunological), or property, activity, intensity,
or other characteristics of which are to be determined; NOTE 5: This is the chemical entity/substance that
is actually intended to be measured.
benign sequence variation – variations in the genome that are not associated with clinically recognized
diseases.
bias – difference between the expectation of the test results and an accepted reference value (ISO 3534-1).8
calibrator – measurement standard used in calibration (JCGM 200:2008)5; NOTE 1: For this document,
a material or device of known or assigned quantitative characteristics (eg, 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; NOTE 2: 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 a measurement procedure’s response to the characteristic
measured for all methods or restricted to some; NOTE 3: Calibration materials with different amounts of
analytes may be used to establish a calibration or response “curve” over a range of interest.
2
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The Quality Management System Approach
Clinical and Laboratory Standards Institute (CLSI) subscribes to a quality management system approach in the
development of standards and guidelines, which facilitates project management; defines a document structure via a
template; and provides a process to identify needed documents. The quality management system approach applies a
core set of “quality system essentials” (QSEs), basic to any organization, to all operations in any health care
service’s path of workflow (ie, operational aspects that define how a particular product or service is provided). The
QSEs provide the framework for delivery of any type of product or service, serving as a manager’s guide. The QSEs
are as follows:
Organization
Customer Focus
Facilities and Safety

Personnel
Purchasing and Inventory
Equipment

Process Management
Documents and Records
Information Management

Nonconforming Event Management
Assessments
Continual Improvement

GP26

GP26

GP26

GP26

X
C34
EP05
EP06
EP07
EP09
EP10
EP12
EP14
EP15
EP17
EP19
EP21

GP26
GP27
I/LA27
I/LA31
I/LA32
LA04

I/LA32

GP02

GP02

GP26

GP26

GP26

Continual
Improvement

Assessments

E
Nonconforming
Event Management

Information
Management
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Documents and
Records

Process
Management

Equipment

Purchasing and
Inventory

Personnel

Facilities and
Safety

M

GP26

SA

GP26

Customer Focus

Organization

NBS05-A addresses the QSE indicated by an “X.” For a description of the other documents listed in the grid, please
refer to the Related CLSI Reference Materials section, beginning on page 62.

EP07
EP10

GP26
GP27

GP22
GP26
GP27

M29

60

MM01
MM03
MM14
MM17

©

MM03
MM14
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Path of Workflow
A path of workflow is the description of the necessary processes to deliver the particular product or service that the
organization or entity provides. A laboratory path of workflow consists of the sequential processes: preexamination,
examination, and postexamination and their respective sequential subprocesses. All laboratories follow these
processes to deliver the laboratory’s services, namely quality laboratory information.
NBS05-A addresses the clinical laboratory path of workflow processes indicated by an “X.” For a description of the
other documents listed in the grid, please refer to the Related CLSI Reference Materials section on the following
page.

Sample
management

C34
GP26

E
X
C34
GP26

Results reporting
and archiving

Interpretation

LA04
MM01
MM03

X
C34
GP26
I/LA27
I/LA32
LA04
MM01
MM03

Results review
and follow-up

LA04
MM01
MM03

GP26
I/LA27

I/LA32

I/LA32

MM01
MM03

MM01

MM01
MM03

GP26

LA04
MM01

SA
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LA04
MM01

C34
GP26
I/LA27
I/LA32
LA04
MM01
MM03

Postexamination
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Sample transport
C34
GP26

Examination

Sample collection

GP26

C34
GP26

Examination
Sample
receipt/processing

Examination
ordering

Preexamination
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Related CLSI Reference Materials
C34-A3

Sweat Testing: Sample Collection and Quantitative Chloride Analysis; Approved Guideline—Third
Edition (2009). This document addresses appropriate methods of collection and analysis, quality control, and
the evaluation and reporting of test results.

EP05-A2

Evaluation of Precision Performance of Quantitative Measurement Methods; Approved
Second Edition (2004). This document provides guidance for designing an experiment to
precision performance of quantitative measurement methods; recommendations on comparing
precision estimates with manufacturers’ precision performance claims and determining
comparisons are valid; as well as manufacturers’ guidelines for establishing claims.

EP06-A

Evaluation of the Linearity of Quantitative Measurement Procedures: A Statistical Approach;
Approved Guideline (2003). This document provides guidance for characterizing the linearity of a method
during a method evaluation; for checking linearity as part of routine quality assurance; and for determining
and stating a manufacturer’s claim for linear range.

EP07-A2

Interference Testing in Clinical Chemistry; Approved Guideline—Second Edition (2005). This document
provides background information, guidance, and experimental procedures for investigating, identifying, and
characterizing the effects of interfering substances on clinical chemistry test results.

EP09-A2-IR

Method Comparison and Bias Estimation Using Patient Samples; Approved Guideline—Second Edition
(Interim Revision) (2010). This document addresses procedures for determining the bias between two clinical
methods, and the design of a method comparison experiment using split patient samples and data analysis.

EP10-A3

Preliminary Evaluation of Quantitative Clinical Laboratory Measurement Procedures; Approved
Guideline—Third Edition (2006). This guideline provides experimental design and data analysis for
preliminary evaluation of the performance of a measurement procedure or device.

EP12-A2

User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline—Second Edition
(2008). This document provides a consistent approach for protocol design and data analysis when evaluating
qualitative diagnostic tests. Guidance is provided for both precision and method-comparison studies.

EP14-A2

Evaluation of Matrix Effects; Approved Guideline—Second Edition (2005). This document provides
guidance for evaluating the bias in analyte measurements that is due to the sample matrix (physiological or
artificial) when two measurement procedures are compared.

EP15-A2

User Verification of Performance for Precision and Trueness; Approved Guideline—Second Edition
(2006). This document describes the demonstration of method precision and trueness for clinical laboratory
quantitative methods utilizing a protocol designed to be completed within five working days or less.
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Guideline—
evaluate the
the resulting
when such

EP17-A

Protocols for Determination of Limits of Detection and Limits of Quantitation; Approved Guideline
(2004). This document provides guidance for determining the lower limit of detection of clinical laboratory
methods, for verifying claimed limits, and for the proper use and interpretation of the limits. An NCCLS-IFCC
joint project.

EP19-R

A Framework for NCCLS Evaluation Protocols; A Report (2002). This report describes the different types
of performance studies that are conducted to evaluate clinical assays.

EP21-A

Estimation of Total Analytical Error for Clinical Laboratory Methods; Approved Guideline (2003).
This document provides manufacturers and end users with a means to estimate total analytical error for an
assay. A data collection protocol and an analysis method that can be used to judge the clinical acceptability of
new methods using patient specimens are included. These tools can also monitor an assay’s total analytical
error by using quality control samples.

GP02-A5

Laboratory Documents: Development and Control; Approved Guideline—Fifth Edition (2006). This
document provides guidance on development, review, approval, management, and use of policy, process, and
procedure documents in the medical laboratory community.



CLSI documents are continually reviewed and revised through the CLSI consensus process; therefore, readers should refer to
the most current editions.
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Related CLSI Reference Materials (Continued)
Quality Management System: Continual Improvement; Approved Guideline—Third Edition (2011).
This document considers continual improvement as an ongoing, systematic effort that is an essential
component of a quality management system. A continual improvement program may consist of fundamental
processes and common supporting elements described in this guideline.

GP26-A4

Quality Management System: A Model for Laboratory Services; Approved Guideline—Fourth Edition
(2011). This document provides a model for medical laboratories that will assist with implementation and
maintenance of an effective quality management system.

GP27-A2

Using Proficiency Testing to Improve the Clinical Laboratory; Approved Guideline—Second Edition
(2007). This guideline provides assistance to laboratories in using proficiency testing as a quality
improvement tool.

I/LA27-A

Newborn Screening Follow-up; Approved Guideline (2006). This guideline describes the basic principles,
scope, and range of follow-up activities within the newborn screening system.

I/LA31-A

Newborn Screening for Preterm, Low Birth Weight, and Sick Newborns; Approved Guideline (2009).
This guideline outlines the recommended protocols for screening preterm, sick, or low birth weight infants for
hearing loss and disorders detectable through dried blood spot testing.

I/LA32-A

Newborn Screening by Tandem Mass Spectrometry; Approved Guideline (2010). This guideline serves as
a reference source for the numerous activities related to operating a tandem mass spectrometry laboratory as
part of public and private newborn screening programs with the goal of creating greater test accuracy,
performance, and consistency among laboratories, thereby ensuring data quality that will ultimately benefit all
newborns worldwide.

LA04-A5

Blood Collection on Filter Paper for Newborn Screening Programs; Approved Standard—Fifth Edition
(2007). This document addresses the issues associated with specimen collection, the filter paper collection
device, and the application of blood to filter paper, and provides uniform techniques for collecting the best
possible specimen for use in newborn screening programs.

M29-A3

Protection of Laboratory Workers From Occupationally Acquired Infections; Approved Guideline—
Third Edition (2005). Based on US regulations, this document provides guidance on the risk of transmission
of infectious agents by aerosols, droplets, blood, and body substances in a laboratory setting; specific
precautions for preventing the laboratory transmission of microbial infection from laboratory instruments and
materials; and recommendations for the management of exposure to infectious agents.

MM01-A2

Molecular Diagnostic Methods for Genetic Diseases; Approved Guideline—Second Edition (2006). This
document provides guidance for the use of molecular biological techniques for clinical detection of heritable
mutations associated with genetic disease.

SA

M

PL

E

GP22-A3

MM03-A2

Molecular Diagnostic Methods for Infectious Diseases; Approved Guideline—Second Edition (2006).
This guideline addresses topics relating to clinical applications, amplified and nonamplified nucleic acid
methods, selection and qualification of nucleic acid sequences, establishment and evaluation of test
performance characteristics, inhibitors, and interfering substances, controlling false-positive reactions,
reporting and interpretation of results, quality assurance, regulatory issues, and recommendations for
manufacturers and clinical laboratories.

MM14-A

Proficiency Testing (External Quality Assessment) for Molecular Methods; Approved Guideline (2005).
This document provides guidelines for a quality proficiency testing program, including reliable databases;
design control in the choice of materials and analytes; good manufacturing processes; documentation
procedures; complaint handling; corrective and preventive action plans; and responsive timing of reports. A
CLSI-IFCC joint project.

MM17-A

Verification and Validation of Multiplex Nucleic Acid Assays; Approved Guideline (2008). This
guideline provides recommendations for analytic verification and validation of multiplex assays, as well as a
review of different types of biologic and synthetic reference materials.
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As we continue to set the global standard
for quality in laboratory testing, we’re
adding initiatives to bring even more
value to our members and customers.

E

Explore the Latest
Offerings from CLSI!

Power Forward
with this Official
Interactive Guide

Fundamentals for implementing
a quality management system
in the clinical laboratory.

The value of a CLSI membership begins with significant discounts—
up to 70% off—on our trusted clinical laboratory standards and
guidelines, but the benefits extend far beyond cost savings:
Benefits to Industry

Contribute to Standards that Streamline Product Review Processes
Access a Deep Network of Customers, Peers, Regulators, and Industry Leaders
Raise Your Organization’s Profile in the Clinical Laboratory Community

Benefits to Laboratories
Directly Influence CLSI Standards to Ensure they are Practical and Achievable
Access Globally Recognized Standards for Accreditation Preparedness
Help Drive Higher Levels of Patient Care Quality All Over the World

Benefits to Government
Aid in the Development of Consensus Standards that can Impact Legislation
Connect with Over 2,000 Influential Organizations Across the Global Laboratory Community
Help Laboratories Provide Safe and Effective Care of the Highest Quality and Value

www.clsi.org/membership

About CLSI
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The Clinical and Laboratory Standards Institute

Visit the CLSI U
Education Center
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Where we provide the convenient
and cost-effective education
resources that laboratories
need to put CLSI standards into
practice, including webinars,
workshops, and more.

Shop Our Online
Products

e CLIPSE

TM

Ultimate Access

Including eCLIPSE Ultimate
Access™, CLSI’s cloud-based,
online portal that makes it easy
to access our standards and
guidelines—anytime, anywhere.

Introducing CLSI’s
New Membership
Opportunities

(CLSI) is a not-for-profit membership organization
that brings together the varied perspectives and

expertise of the worldwide laboratory community

for the advancement of a common cause: to foster
excellence in laboratory medicine by developing

and implementing clinical standards and guidelines

950 West Valley Road, Suite 2500, Wayne, PA 19087
P: 610.688.0100 Toll Free (US): 877.447.1888
F: 610.688.0700 E: membership@clsi.org

that help laboratories fulfill their responsibilities

with efficiency, effectiveness, and global applicability.

More Options. More Benefits. More Value.

Join in Our Mission to Improve
Health Care Outcomes

We’ve made it even easier for your organization to take

full advantage of the standards resources and networking
opportunities available through membership with CLSI.

Find Membership
Opportunities
See the options that make it even
easier for your organization to take
full advantage of CLSI benefits and
our unique membership value.

For more information, visit
www.clsi.org today.
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