CLINICAL AND
// LABORATORY
STANDARDS

INSTITUTE® January 2008

----------------------------------------------------------------------------------

EP12-A2

User Protocol for Evaluation of Quc<'ative
Test Performance; Approved
Guideline—Second Editio

This document proviccs a consistent approach for protocol
design and data analysis when evaluating qualitative
diagnostic tests. Guidance is provided for both precision and

method-comparison studies.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

A guideline for global application developed through the Clinical and Laboratory Standards Institute consensus process.



Clinical and Laboratory Standards Institute

Setting the standard for quality in clinical laboratory testing around the world.

The Clinical and Laboratory Standards Institute (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 laboratory
standards and guidelines that help laboratories fulfill their responsibilities with efficiency, effectiveness, and
global applicability.

Consensus Process

Consensus—the substantial agreement by materially affected, competent, and interes i idsore to the
development of all CLSI documents. It does not always connote unanimous agreeme
participants in the development of a consensus document have considered and resolve
and accept the resulting agreement.

Commenting on Documents

CLSI documents undergo periodic evaluation and modification to J
procedures, methods, and protocols affecting the laboratory o

CLSI's consensus process depends on experts who volunteer
participants in the reviewing and commenting proces
developed the document is obligated to review all com
and revise the draft document as appropriate.

comment period, the committee that
i writing to all substantive comments,

Comments on published CLSI documents
any document. All comments are addressed

be submitted by anyone, at any time, on
s process by a committee of experts.

Appeals Process

guatelYaddressed, the process for appeals is documented in

All comments and n draft and published documents are retained on file at CLSI and are

Get Involved—V
Do you use CLSI documents in yo
involved in the revision

orkplace? Do you see room for improvement? Would you like to get
maybe you see a need to develop a new document for an emerging
technology? CLSI wants to hear from you. We are always looking for volunteers. By donating your time and
talents to improve the standards that affect your own work, you will play an active role in improving public
health across the globe.

For further information on committee participation or to submit comments, contact CLSI.

Clinical and Laboratory Standards Institute
950 West Valley Road, Suite 2500

Wayne, PA 19087 USA

P:610.688.0100

F:610.688.0700

www.clsi.org

standard@clsi.org




EP12-A2

Vol. 28 No. 3
ISBN 1-56238-654-9 Replaces EP12-A
ISSN 0273-3099 Vol. 22 No. 14

User Protocol for Evaluation of Qualitative Test Performance; Approved
Guideline—Second Edition

Volume 28 Number 3

Patricia E. Garrett, PhD
Fred D. Lasky, PhD
Kristen L. Meier, PhD

Abstract

Clinical and Laboratory Standards Institute User Protocol for Evaluation of Qualitative Test Performance;
Approved Guideline—Second Edition provide sistent approach for protocol design and data analysis when
evaluating qualitative diagno ests. Gui i i th precision and method-comparison studies.

Clinical and Laboratory Stand rotocol for Evaluation of Qualitative Test Performance; Approved
Guideline—Second Edition. CL' e ISBN 1-56238-654-9). Clinical and Laboratory Standards Institute, 950
West Valley Road, Suite 2500, 2’19087 USA, 2008.

tdated editions with the current editions of CLSI documents. Current editions are listed in
ur website at wwwe.clsi.org. If your organization is not a member and would like to become
of the catalog, contact us at: Telephone: 610.688.0100; Fax: 610.688.0700; E-Mail:
ebsite: www.clsi.org.

the CLSI catalog and posted
one, and to request a
customerservice

CLINICAL AND
// LABORATORY

STANDARDS

INSTITUTE®



Number 3 EP12-A2

Copyright ©2008 Clinical and Laboratory Standards Institute. Except as stated below, any reproduction of
content from a CLSI copyrighted standard, guideline, companion product, or other material requires
express written consent from CLSI. All rights reserved. Interested parties may send permission requests to
permissions@clsi.org.

CLSI hereby grants permission to each individual member or purchaser to
this publication for use in its laboratory procedure manual at a single sit
this publication in any other manner, e-mail permissions@clsi.org.

Suggested Citation

CLSI. User Protocol for Evaluation of Qualitative Test Perf
Edition. CLSI document EP12-A2. Wayne, PA: Clinica

Proposed Guideline
July 2000

Approved Guideline
August 2002

Approved Guideline—Seco
January 2008

ISBN 1-56238-654-9
ISSN 0273-3099



Volume 28 EP12-A2

Contents

AADSTIACT ..ottt ettt ettt et a i nnaeete et eeea e e e e eeaeeaereraaaaes i
Committee MEMDEISIIP.....cuiiiiiiiiiii ettt e et e e st e e e beeeebeesabeeestaeesseeenseeensneas 1ii
FOTEWOIT ...ttt e e e e e e ettt e e e e e e e e et e eeeseeesaaaareeeeesessnnnaaeeeas vii

1
2
3
4 CHNical ULIEY .oovveviiniiiiienecienecteee e
4.1 SCreening TeSS ..cccuviieiiieciieeiie ettt ee e ereeeseaee s §
4.2 DiIagNOSEIC TESIS.c.ueeuiiiiieiieeiieiierieeste e ereereebeesreesseeseeesraessneees
43 Confirmatory Tests
5 TermMINOlOZY ...cveeieeieiiiiieeiee et
5.1 A Note on Terminology .......c..cceveeeeeeeves @B ... S oo e, 3
52 Terms for Comparative Benchmark... #8577 S8R .S . 4
53 Definitions .....ooceeeeeeeneeneeneeeeeee 0 i S e 5
6 Device Familiarization and Training ...........
6.1 Purpose ....cceeevveeciieeeiien
6.2 Duration .......cccceeeveenenennene.
7 Evaluation Materials ...........cccoeveenenl
7.1 Controls
7.2 Specimen Collectio
8 Bias and Imprecjsion Studies
8.1
8.2
8.3
9
9.
9.3 10T O PUOUPTRUSPR
9.4
9.5  Discrepant RESUILS ......c.ceoiiiieiiieiee ettt
9.6 Reference Specimen Panels
10 DT N 1 1 £ RSP PSR 17
10.1  Comparator [s Diagnostic Accuracy Criteria.......cceereereeriereeriieeieeieeieeieeseesiee e 17
10.2  Comparator Other Than Diagnostic Accuracy Criteria .........cceevveevreevrrereeseesvennennnns 23
L0 T 2 11 o) (< USSP 25
RETETEIICES ...ttt sttt et s h et b e s bt et esbeeb e e e s bt et e naesbeentens 32
Appendix. Statistical Reasoning for Precision Experiment Conclusions ...........c.ccceeceeveenieenieneennennn. 34
Summary of Consensus Comments and Working Group ReSpOonses ..........ccceveevveeieevieenreenreerneenneennn. 40



Number 3 EP12-A2

Contents (Continued)

Summary of Delegate Comments and Working Group ReSponses ...........ccvevververienveniencveeieenieenieens 41
The Quality Management System APPIrOACK .......cevuieiiiiiiiiiiiie ettt 44
Evaluation Protocols Documents, Descriptions, and Key Words...........cccoeevvevieeviieniienieniesiecre e, 45

L
S

vi



Volume 28 EP12-A2

User Protocol for Evaluation of Qualitative Test Performance; Approved
Guideline—Second Edition

1 Scope

This guideline provides protocols for the evaluation of qualitative test performance characteristics. In this
document, a qualitative test is restricted to those tests that have only two possible outcomes (eg,
positive/negative, present/absent, reactive/nonreactive). EP12 is written primarily for individuals and
laboratories that use and evaluate such tests. These protocols are intended to helpfusers determine test
performance in their own testing environment. This guideline for qualitative te rformance evaluation
should help the device developer and the user to meet documentation and Is. While this
document is not intended for manufacturers to establish test performance isti e data analysis
principles described here can be used by manufacturers.

Test methods with values that are reported as, for instance, negative, +1, +2 endpoint
dilutions (commonly in multiples of 8, reflecting the microtit es of 10) are
often called semiquantitative. These methods are not further di i h if one of the
values results is considered the cutoff for a positive test, 3 mended here could
be applied to that cutoff. For instance, if a test for anti i athogen was reported
as positive if the endpoint titer was > 1:160, the pre n experiments discussed

below could be applied to that cutoff.

2 Introduction

analysis, and interpretation of s defined approach to method evaluation for
many qualitative tests.

capabilities.

In addition to te diversity, qualitative tests may differ just by having a different cutoff or medical
decision point. For example, a qualitative candidate method for screening blood donations for an
infectious disease, such as human immunodeficiency virus (HIV) or hepatitis B virus (HBV), would have
a cutoff chosen to ensure a high sensitivity and high negative predictive value (NPV), so there is a
correspondingly high probability that an infected unit would be excluded from the blood supply. The
same method could be used to make a qualitative test for diagnosis, with a cutoff that is chosen to
minimize the number of false-positive and false-negative results.

When a qualitative test is used as an aid in the diagnosis of an infectious disease, such as HIV,
Streptococcus, or Trichomonas, the “cutoff” is the “limit of blank.” (See the Definitions section and
CLSI/NCCLS document EP17.°) The objective is to recognize the presence of the characteristic, such as
immunologic response in the host or the presence of an antigen of the pathogen, which is indicative of

“Clinical and Laboratory Standards Institute. All rights reserved. 1
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infection. In these cases, recording a measurable response from the device for a “negative” result is often
not possible because, by definition, “negative” means the characteristic is below the “limit of blank.”
Additionally, for many microbiological qualitative tests (such as the type often called “rapid tests”), there
is no recognized reference material. For many such antigen or antibody tests, response as a function of
“concentration” is not feasible. In those cases, cutoff information, although useful, might not be consistent
between sample types (serum vs urine or a swab vs a saline wash), detected organisms (when several
organisms have a common antigen), immune response, or device batches. Users must then rely on the
labeling provided by the manufacturer for specific information on how the cutoff or limit of blank was
established; or gain experience with the device in their patient population to correlate test results with
clinical findings.

When the examination is performed by operator observation only, witho € objective response
generally provided by instrumentation, the variability caused by operator ign can be large

A protocol is provided that can be used to judge performance a ly controlled
parameter, such as dilution (or titer, the inverse of dilution), operators. The
dependent variable is the ratio of accurate readings (seeing tic is present above
the cutoff and not seeing color when it is absent) comy 2 everal operators using
replicates of the same sample. The comparison didate and comparison
methods can be heavily dependent upon the sour e of ristic detected. In addition,
the use of contrived materials (dilutions or c s) as test samples might be advantageous
for consistency of preparation, but might no sent patient samples.

Some nucleic acid testing devices further ill ity of qualitative test evaluations with
exquisitely sensitive techniques t ds of DNA or RNA, which is not necessarily

the same as detecting disease.’ i diagnostic test, the meaning of a positive or

The objective of this ddcumient, i idance for performing uniform, well-defined studies that
erformance characteristics of qualitative tests.

at combine the major features of “universal precautions and body substance
isolation” practices. Standard precautions cover the transmission of all infectious agents and thus are
i universal precautions, which are intended to apply only to transmission of
. 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.*

4 Clinical Utility

Qualitative tests may be used for a wide range of clinical purposes. Their uses can be described as
screening, diagnostic, confirmatory, or monitoring. The test’s sensitivity and specificity, predictive
values, and the prevalence of the disease or condition in the population tested determine the clinical
utility of the qualitative test.

2 “Clinical and Laboratory Standards Institute. Al rights reserved.
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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 approach is based on the model presented in the
most current edition of CLSI/NCCLS document HS1—A Quality Management System Model for Health Care. 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:

Documents & Records Equipment Information Management

Organization Purchasing & Inventory Occurrence Management

Personnel Process Control Assessments—External &
Internal

s Improvement

EP12-A2 addresses the QSEs indicated by an “X.” For a description of the other docu , please
refer to the Related CLSI Reference Materials section on the following page.
g 3 2
Z w = = =)
£3 2 5 g £ 5 g
Q N 17} — O
£ S B= g g E] 273 £ 3 !
A S & g £ E &3 o £ 3
EP18 EP18 X M29

Adapted from CLSI/NCCLS Quality Management System Model for Health Care.

44 “Clinical and Laboratory Standards Institute. All rights reserved.
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Evaluation Protocols Documents, Descriptions, and Key Words

EP5-A2 Evaluation of Precision Performance of Quantitative Measurement Methods; Approved Guideline—Second
Edition (2004). This document provides guidance for designing an experiment to evaluate the precision
performance of quantitative measurement methods; recommendations on comparing the resulting precision
estimates with manufacturers’ precision performance claims and determining when such comparisons are valid; as
well as manufacturers’ guidelines for establishing claims.

Evaluation protocol, experimental design, medical devices, outlier, precision, quality control

EP6-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, rmining and stating a
manufacturer's claim for linear range.

Allowable difference, allowable error, linearity, matrix effects, measurement

EP7-A2 Interference Testing in Clinical Chemistry; Approved Guideline—Secon iti . Thi cument
provides background information, guidance, and experimental procedures for igati i ing, and
characterizing the effects of interfering substances on clinical chemistry test results.

Evaluation, hazard analysis, interference, interferent, matri risk management,
specificity, validation, verification

EP9-A2 Method Comparison and Bias Estimation g ; ved Guideline—Second
Edition (2002). This document addresses proced i en two clinical methods, and

EP10-A3 Preliminary Evaluation of Quantit ini poratory Measurement Procedures; Approved
Guideline—Third Edition (2006). This i erimental design and data analysis for preliminary
evaluation of the performan i

Carry-over, comparison 0 i i col, experimental design, linearity, multiple regression,
outlier, precision

EP14-A2 i iX ; d Guideline—Second Edition (2005). This document provides guidance

EP15-A2 formance for Precision and Trueness; Approved Guideline—Second Edition (2005).

the demonstration of method precision and trueness for clinical laboratory quantitative

EP17-A
ent 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.

Limit of blank, limit of detection, limit of quantitation, nonparametric statistics

* Proposed-level documents are being advanced through the Clinical and Laboratory Standards Institute consensus process;
therefore, readers should refer to the most current editions.

©Clinical and Laboratory Standards Institute. All rights reserved. 45
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Evaluation Protocols Documents, Descriptions, and Key Words (Continued)

EP18-A Quality Management for Unit-Use Testing; Approved Guideline (2002). This guideline recommends a quality
management system for unit-use devices that will aid in the identification, understanding, and management of
sources of error (potential failure modes) and help to ensure correct results. It is targeted for those involved in the
supervision of laboratory-testing quality management, and it addresses issues related to specimen collection
through reporting of test results.

Quality assurance, quality control, quality management, quality system, unit-use system

EP19-R A Framework for NCCLS Evaluation Protocols; A Report (2002). This document describes the different types
of performance studies that are conducted to evaluate clinical assays.

Demonstration, evaluation protocol, validation, verification

EP21-A Estimation of Total Analytical Error for Clinical Laboratory Methods; ine (2003). This
document provides manufacturers and end users with a means to estimate to
collection protocol and an analysis method which can be used to judge the cli ili ethods
using patient specimens are included. These tools can also monitor an assay’
quality control samples.

GP10-A Assessment of the Clinical Accuracy of Laboratory g i i i haracteristics (ROC)
Plots; Approved Guideline (1995). This documen ¢ the accuracy of a test to
discriminate between two subclasses of subjects, ant reason to separate them.

Clinical accuracy, false-negative fral
evaluation, receiver operating charact
positive fraction

fraction, medical decision analysis, performance
sensitivity, specificity, true-negative fraction, true-

Other Related Publications

C24-A3 Statistical Quality Control
Approved Guideline—Third E

Measurement Procedures: Principles and Definitions;
. guideline provides definitions of analytical intervals; plans for
r quality control applications.

M29-A3 om Occupationally Acquired Infections; Approved Guideline—Third
S regtlations, this document provides guidance on the risk of transmission of
ols, droplets, blood, and body substances in a laboratory setting; specific precautions for
transmission of microbial infection from laboratory instruments and materials; and

anagement of exposure to infectious agents.
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