February 2014

MM22-A

SA

M

PL

E

Microarrays for Diagnosis and Monitoring of
Infectious Diseases; Approved Guideline

This document provides guidance for the laboratory development
and use of qualitative nucleic acid microarray methods for the
diagnosis and monitoring of infectious diseases. It also presents
recommendations for validation and verification, quality control, and
interpretation of results.
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

E

Consensus—the substantial agreement by materially affected, competent, and interested parties—is core to the
development of all CLSI documents. It does not always connote unanimous agreement, but does mean that the
participants in the development of a consensus document have considered and resolved all relevant objections
and accept the resulting agreement.
Commenting on Documents

PL

CLSI documents undergo periodic evaluation and modification to keep pace with advancements in technologies,
procedures, methods, and protocols affecting the laboratory or health care.
CLSI’s consensus process depends on experts who volunteer to serve as contributing authors and/or as
participants in the reviewing and commenting process. At the end of each comment period, the committee that
developed the document is obligated to review all comments, respond in writing to all substantive comments,
and revise the draft document as appropriate.

Appeals Process

M

Comments on published CLSI documents are equally essential, and may be submitted by anyone, at any time, on
any document. All comments are addressed according to the consensus process by a committee of experts.

SA

If it is believed that an objection has not been adequately addressed, the process for appeals is documented in
the CLSI Standards Development Policies and Process document.
All comments and responses submitted on draft and published documents are retained on file at CLSI and are
available upon request.
Get Involved—Volunteer!
Do you use CLSI documents in your workplace? Do you see room for improvement? Would you like to get
involved in the revision process? Or 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

ISBN 1-56238-951-3 (Print)
ISBN 1-56238-952-1 (Electronic)
ISSN 1558-6502 (Print)
ISSN 2162-2914 (Electronic)

MM22-A
Vol. 34 No. 3

Microarrays for Diagnosis and Monitoring of Infectious Diseases;
Approved Guideline
Volume 34 Number 3

Abstract

E

Francisco Martinez-Murillo, PhD
Steven A. Miller, MD, PhD
Li Li, MS
Greg Peterson, MS, PhD
Teresa J. Raich, PhD, MBA
Mark Poritz, PhD
Wanda C. Reygaert, PhD
Hossein Salimnia, PhD, D(ABMM)

PL

Yi-Wei Tang, MD, PhD, D(ABMM)
Sherry A. Dunbar, PhD
Joseph D.C. Yao, MD, D(ABMM)
Sridar V. Chittur, RPh, PhD
Sabrina Conoci, PhD
Judy A. Daly, PhD
Subhash Dhawan, PhD
Shuguang Huang, PhD

SA

M

Clinical and Laboratory Standards Institute document MM22-A—Microarrays for Diagnosis and Monitoring of Infectious
Diseases; Approved Guideline discusses the wide variety of nucleic acid microarray technologies that a growing number of
clinical laboratories have adopted for diagnostic testing. The different types of microarrays and their uses in various types of
laboratories have grown tremendously. MM22 specifically addresses infectious disease detection, identification, and genotyping,
as well as drug resistance determinants. This guideline describes types of microarray platforms and general considerations in
microarray development. It also provides recommendations for validation and verification of microarray performance and QC
and QA considerations, and discusses parameters for data analysis and interpretation.
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Foreword
At the time of the publication of CLSI document MM12,1 nucleic acid microarrays were not a major part
of the diagnostic test menu in clinical laboratories. Today, a growing number of clinical laboratories have
adopted a wide variety of microarray platforms for clinical testing and, as a result, the types and
associated purposes of such arrays have grown tremendously.
The scope of this subject is now too large to be covered in CLSI document MM12,1 and users of CLSI
documents would find separate guidance documents on human genetics and oncology and infectious
pathogens to be more useful than one large, comprehensive document. Toward that goal, the Consensus
Committee on Molecular Methods recommended revision of CLSI document MM121 to focus on
expression arrays and to be directed toward assay manufacturers.

Key Words
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Two new CLSI documents were proposed for development to provide guidance to clinical laboratories.
MM22 focuses on the use of nucleic acid microarrays in clinical microbiology and immunology
laboratories (pathogen profiling, etc.) and specifically addresses detection, identification, and genotyping
of infectious pathogens, as well as antimicrobial drug resistance determinants. The second document, in
development concurrently with MM22, focuses on the use of microarrays for human genetics and
oncology.
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Clinical diagnostics, infectious diseases, microarray analysis, nucleic acid testing, pathogen detection
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Microarrays for Diagnosis and Monitoring of Infectious Diseases; Approved
Guideline
1

Scope

Microarrays can be distinguished from each other based upon characteristics such as the nature of the
probe, the solid surface support used, and the specific method used for probe addressing and/or target
detection. MM22 focuses on the use of nucleic acid microarrays in microbiology and immunology
laboratories and specifies the requirements and recommendations for the use of microarrays for diagnosis
and monitoring of infectious diseases. It also covers infectious disease pathogen detection, identification,
and genotyping (strain characterization) as well as virulence and resistance genetic markers.
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Introduction
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The intended users of this guideline are clinical laboratories performing qualitative, multiplexed nucleic
acid–based testing, which includes, but is not limited to, bacteriology, mycobacteriology, mycology,
parasitology, and virology. This guideline is not intended for use by research laboratories, but the research
community may use this guideline in order to translate their findings more easily. MM22 is not intended
for in vitro diagnostic (IVD) device manufacturers or to provide manufacturing guidelines, and does not
cover protein microarrays nor address microarray applications for unknown pathogen discovery, host or
microbial gene expression profiling, or host genomic polymorphism determination related to microbial
infections.

M

The use of molecular detection techniques continues to increase in clinical microbiology and immunology
laboratories. The implementation of in vitro nucleic acid amplification techniques, led by PCR, in
diagnostic laboratories has transformed viral detection and specific microbial pathogen detection. The
continued advancement of molecular infectious disease diagnostics depends on the ability of multiplexing
technologies to easily and reliably detect multiple pathogens in a single clinical specimen. One approach
to multiplex detection, characterization, and monitoring of infectious diseases is microarray analysis.

SA

Simply defined, a microarray is a collection of microscopic features (most commonly DNA) that can be
probed with target molecules to produce either quantitative (gene expression) or qualitative (detection and
identification) data. Largely due to advances in fabrication, robotics, and bioinformatics, microarray
technology has continued to improve in terms of efficiency, reproducibility, sensitivity, and specificity. In
addition, microarray platforms have expanded to include three-dimensional or suspension arrays. These
improvements have allowed for the transition of microarrays from strictly research settings to clinical
diagnostic applications. This has led to optimization of the diagnostic potential of microarrays and to the
development of commercially available qualitative detection platforms. A series of microarray-based
diagnostic devices are commercially available, with some having achieved regulatory agency clearance.
Some platforms can achieve multiplex analysis through parallel detection in multiple reaction chambers
as well. Thus, a new era in molecular diagnostics has arrived where the use of microarray technology in
the clinical microbiology laboratory is a reality.

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. The Centers for Disease Control and Prevention address this topic in published
guidelines that address the daily operations of diagnostic medicine in human and animal medicine while
©
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encouraging a culture of safety in the laboratory.2 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 M29.3

4
4.1

Terminology
A Note on Terminology

PL

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.
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In keeping with CLSI’s commitment to align terminology with established ISO standards, the following
terms are used in MM22: measurand (quantity intended to be measured) is used in combination with the
term analyte (component represented in the name of a measurable quantity) when its use relates to a
biological fluid/matrix. Trueness is used in this document when referring to the closeness of agreement
between the average of an infinite number of replicate measured quantity values; the measurement of
trueness is usually expressed in terms of bias. Measurement procedure has replaced the term analytical
method for a detailed description of a measurement according to one or more measurement principles and
to a given measurement method that is based on a measurement model and includes any calculation used
to obtain a measurement result. The term diagnostic sensitivity is combined with the term clinical
sensitivity because in some jurisdictions, the term “clinical” often refers to clinical studies of drugs under
stringent conditions. For this document, validation is primarily a manufacturer’s responsibility to ensure
that design goals are met and performance claims are stated for a commercially developed assay or device
and a laboratory’s responsibility for a laboratory-developed test (LDT). Verification is an end-user
(clinical laboratory) responsibility to confirm that manufacturer’s claims are met on the specific device in
use by the laboratory and that medical needs are met. Validation is the establishment of analytical and
clinical performance characteristics whereas verification is the confirmation of previously established
performance characteristics.
In order to align the usage of terminology in this document with that of ISO and CLSI document
QMS01,4 preexamination, examination, and postexamination have replaced preanalytical, analytical, and
postanalytical, respectively, when referring to the testing phases within the laboratory path of workflow.

4.2

Definitions

accreditation – procedure by which an authoritative body gives formal recognition that an organization
or person is competent to carry out specific tasks (modified from ISO/IEC 17000).5
accuracy (measurement) – closeness of agreement between a measured quantity value and a true
quantity value of a measurand (JCGM 200:2012)6; NOTE: 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 200:2012).6

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

Continual
Improvement

X
EP05
EP06
EP07
EP09
EP12
EP15
EP17
EP24
EP28
GP27
GP29

Assessments

Nonconforming
Event Management

Information
Management

E

M
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Documents and
Records

Process
Management

Equipment

Purchasing and
Inventory

Personnel

Facilities and
Safety

Customer Focus

Organization

MM22-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 82.

GP27
GP29

GP27
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M29

MM19
QMS01

80

MM19
QMS01

MM19
QMS01

MM19
QMS01
QMS03

MM19
QMS01

MM03
MM05
MM06
MM09
MM10
MM12
MM13
MM17
MM19
QMS01

MM19
QMS01

MM05

MM19
QMS01

MM19
QMS01

MM19
QMS01

MM19
QMS01

MM19
QMS01

QMS13
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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.
MM22-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.

MM12
MM13
MM19
QMS01

MM19
QMS01

X
MM03
MM05
MM06
MM09
MM10
MM12

X

MM05
MM06
MM09
MM10
MM12

X
MM03
MM05
MM06
MM09
MM10
MM12

MM19
QMS01

MM19
QMS01

QMS01

Sample management

Results reporting
and archiving
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MM12
MM13
MM19
QMS01

Interpretation

MM13
MM19
QMS01

Results review and
follow-up

MM06
MM09

X
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MM09
MM10
MM12

Postexamination
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X
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Sample
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Sample transport

MM05
MM06

Sample collection
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Related CLSI Reference Materials
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.

Guideline—
evaluate the
the resulting
when such

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-A3

Measurement Procedure Comparison and Bias Estimation Using Patient Samples; Approved
Guideline—Third Edition (2013). This document addresses the design of measurement procedure
comparison experiments using patient samples and subsequent data analysis techniques used to determine the
bias between two in vitro diagnostic measurement procedures.

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.

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.

EP17-A2

Evaluation of Detection Capability for Clinical Laboratory Measurement Procedures; Approved
Guideline—Second Edition (2012). This document provides guidance for evaluation and documentation of
the detection capability of clinical laboratory measurement procedures (ie, limits of blank, detection, and
quantitation), for verification of manufacturers’ detection capability claims, and for the proper use and
interpretation of different detection capability estimates.

EP24-A2

Assessment of the Diagnostic Accuracy of Laboratory Tests Using Receiver Operating Characteristic
Curves; Approved Guideline—Second Edition (2011). This document provides a protocol for evaluating
the accuracy of a test to discriminate between two subclasses of subjects when there is some clinically relevant
reason to separate them. In addition to the use of receiver operating characteristic curves and the comparison
of two curves, the document emphasizes the importance of defining the question, selecting the sample group,
and determining the “true” clinical state.
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EP05-A2

EP28-A3c

Defining, Establishing, and Verifying Reference Intervals in the Clinical Laboratory; Approved
Guideline—Third Edition (2010). This document contains guidelines for determining reference values and
reference intervals for quantitative clinical laboratory tests. A CLSI-IFCC joint project.

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.

GP29-A2

Assessment of Laboratory Tests When Proficiency Testing Is Not Available; Approved Guideline—
Second Edition (2008). This document offers methods to assess test performance when proficiency testing
(PT) is not available; these methods include examples with statistical analyses. This document is intended for
use by laboratory managers and testing personnel in traditional clinical laboratories as well as in point-of-care
and bedside testing environments.



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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materials; and recommendations for the management of exposure to infectious agents.

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.

MM05-A2

Nucleic Acid Amplification Assays for Molecular Hematopathology; Approved Guideline—Second
Edition (2012). This guideline addresses the performance and application of assays for gene rearrangement
and translocations by both polymerase chain reaction (PCR) and reverse-transcriptase PCR techniques, and
includes information on specimen collection, sample preparation, test reporting, test validation, and quality
assurance.

MM06-A2

Quantitative Molecular Methods for Infectious Diseases; Approved Guideline—Second Edition (2010).
This document provides guidance for the development and use of quantitative molecular methods, such as
nucleic acid probes and nucleic acid amplification techniques of the target sequences specific to particular
microorganisms. It also presents recommendations for quality assurance, proficiency testing, and
interpretation of results.

MM09-A
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nucleic acid; amplification and sequencing of nucleic acids; interpretation and reporting of results; and quality
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Genotyping for Infectious Diseases: Identification and Characterization; Approved Guideline (2006).
This guideline describes currently used analytical approaches and methodologies applied to identify the
clinically important genetic characteristics responsible for disease manifestation, outcome, and response to
therapy in the infectious disease setting. It also provides guidance on the criteria to be considered for design,
validation, and determination of clinical utility of such testing.
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Diagnostic Nucleic Acid Microarrays; Approved Guideline (2006). This guideline provides
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Collection, Transport, Preparation, and Storage of Specimens for Molecular Methods; Approved
Guideline (2005). This document provides guidance related to proper and safe biological specimen collection
and nucleic acid isolation and purification. These topics include methods of collection, recommended storage
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