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Abstract

Susceptibility testing is indicated for any organism that eontribites to an infactinus process warranting antimicrobial chemotherapy, if its
suscentibility cannot he relinhly predicted from knowledge of the organism's identity, Susceptibility lests are most often indicated when
’ ( e causstive erganism is thought to belong to a species capable of exhibiting resistance to commenly used antimiceobial agents.

A& varicty of labortery methods ean be used to measure the @ vitrn susceptibility of bacteria 1o anfimicrobial agenis. Tn many clinical
micrnhinlogy labaratories, an ager disk diffusion method is used roufinely for testing common, rapidly growing, snd cerlsin Bstidious
Bacterial pathogens, Clinical and Laboratory Standerds Tnstitule docurnent MO2-A12—Performance Standards for Amitmivrabial Disk
Swrceptibility Tests; Approved Stamdard—Twelfth Edition includes a serics of provedures to standardize the way disk diffusion tests are
pesformed. The performance, applications, and limitations of the curment CLS1-recommended methods are also deseribed,

The sapplemental information (M100' twhles) presented with this standand represents the wost cutrent information for drug selection,
imterpectation, and QC vsing the procedres standardized in MO2. These tables, a2 in previous years, have been updated ard ghonild
replace tables published in esrlier years. Chanpes in the tables since the previous edition (M100-524) appear In boldface type and are
abse summrarized in the froml of the documient,

Clinical and Taboratery Standards Institute (CLS1). Performance Stamdurds for Antimicrobiol Disk Suscepribilily Tesis;
Approved  Standard—Twelfth Edigon, CLST docoment MO2-A12 (ISBN 1-56238-985-H [Printl; ISBN 1-i6233-386-6
[Electromic]), Clinicat and Laborstory Stendards Institate, 950 West Valley Road, Suite 2500, Wayne, Pemeylvama [9087 USA,
2015.

The Climical and Labomtory Stundards Institute consensus process, which is the mechanism for moving a document throngh I
two or more levels of review by the health care community, is an ongoing process. Users should expect revised editions of any
given document. Because rapid changes in technology may affect the procedures, methods, and protocols in a standard or
suideline, users should replace outdated cditions with the current editions of CLSI documents. Cumrent edifioms are listed in
the CLST catalog and posted on our website at wwweelsiorg. Tf you or your organization is not a member and would like to
hecome (me, and [ raquest a copy of the catalog, contact us gt Telephone: 610.688.0100; Fax: 610.685.0700; E-Mail:
customersarvicei@olsl.ong; Website: www.clsiorg,
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Foreword

In this revision of M02, several sections were added or revised as outlined below in the Summary of
Changes. One of the main updates is the reformatting of the document to follow a laboratory’s path of
worklow—defined as the sequential processes of preexamination, examination, and postexamimation. An
overview of the disk diffusion susceplibility testing process is provided in the beginning of the document
in the new Figurc | (sec Chapter 3) with varicus testing methods shown in easy-lo-follow step-action
tables throughout the document.

The most current edition of CLS! document M100,' published as an annual volume of tables, is made
available with this document to ensure that users are aware of the latest subcommitter guidelines related
to both methods snd the tabular information presented in the annual tables.

Many other editorial and procedural changes in this edition of M02 resulted from meetings of the
Subcommitice on Antimicrobial Susceptibility Testing since 2012, Specific changes to the M100' tables
are summarized at the beginning of CLSI document M10{.! The most important changes in M02 are
summurized below, :

Summary of Changes
Formatting Changes Throughout the Document:

s Main sections are now referred to as “Chaplers.” Seclioms within the chapters are referred to as
“Subchapters.”

« Easy-to-follow step-action tables are introduced, consistent with CLS1's goal to make standards and
guidelines more user friendly. Most of these tables strictly reflect reformatting of text that previously
appeared in MO2. Any changes to the testing recommendations are highlighted here in the Summary
of Changes. The new step-action lables within the document include:

—  Subchapter 3.3.2, Storage of Antimicrobial Disks

—  Subchapter 3.4.2, Direct Colony Suspension Method for Inoculum Preparation
—  Subchapter 3.4.3, Growth Method for Inoculum Preparation

~  Subchapter 3.5, Inoculation of Test Plates

— Subchapter 3.6, Application of Disks to Inoculated Agar Plates

—  Subchapter 3.9.1.7.2, Vancomycin Apar Screen (Staphylococcus aureuy)

—  Subchapter 3.9.2.3, Vancomycin Agar Screen { Enferococcus spp.)

Subchapter 1.4.1, Definitions
Added definitions far susceptible-dose dependent, test method, and test systen.

Expanded the definition of quality control.

Subchapter 2.3, Suggested Guidclines for Routine and Selective Testing and Reporting
Provided additional information on the location of Test and Report Group designations in M100.'

Noted cefazolin is a surrogate agent in Test and Report Group U and is not reported exclusively on urine
i1solates,

Chapter 3, Susceptibility Testing Process
Added a flow chart that provides an overview of the disk diffusion susceptibility testing process.
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Subchapter 3.6, Application of Disks to Inoculated Agar Plates
Modified recommendation from “5” to *6 or fewer” as the number of disks that can be placed on a 100-
mm plate,

Subchapter 3.7, Special Considerations for Fastidious Organisms
Added table that summarizes special testing requirements (eg, media, incubation time, and temperature)
for faslidious organisms,

Subchapter 3.8, Reading Plates and Interpreting Results
Clarified time of incubation for testing of cefoxitin againat Staphylococcus spp.; 24 hours for coagulase-
negative Staphviococcus spp.; 16 to 18 hours for 8. aureus.

Noted that the penicillin zone edge test can be useful for delermining f-lactamase production in §. aureus
strains with penicillin zones =29 mm.

Added susceptible-dose dependent to the list of disk diffusion and minimal inhibitory concentration
(MIC) interpretive categories.

Subchapter 3.9.1.2, Methicillin/Oxacillin Resistance
Expanded explanation of mechanisms and generic determinants of oxacillin resistance in staphylococei,
which includes meeCin S aurewns.

Subchapter 3.9.1.4, Methods for Detection of Oxacillin Resistance
Expanded the discussion of oxacillin resistance and added a table that summarizes the tests available to
detect oxacillin registance in staphylococei.

Subchapter 3.9.1.6, Reporting

Clarified several reporting recommendations to include; application of oxacillin results to other
penicillinase-stablc penicillins and reporting results for mecd- and/or penicillin-binding protein 24—
negative S, aurens with oxacillin MICs =4 pg/mlL.

Subchapter 3.9.1.7.4, Reporting

Further emphasized the need to confirm and communicate resulis to appropriste authorities when §
aureus and coagulase-negative staphylocoeci with vancomycin MICs of > 8 ug/mL and > 32 pg/mL,
respectively, are encountered.

Subchapter 3.9.1.10, Mupirocin Resistance
Noted that use of mupirocin is known to increase rates of high-level mupirocin resistance in S, aureus.

Subchapter 3.9.2.4, High-1.evel Aminoglyeoside Resistance
Naoted that high-level resistance to both gentamicin and streplomycin implies resistance to all
aminoglyvcosides.

Subchapter 3.9.3.1, Extended-Spectrum -Lactamases
Updated discussion of extended-spectrum [-lactamases.

Subchapter 3.9.3.3, Carbapenemascs (Carbapenem-Resistant Gram-Negative Bacilli)
Added reference (o the Carba NP colorimetric microtube assay to detect carbapenemase activity.

Subchapter 3.10.1, Inducible Clindamycin Resistance
Noted that infectionz due to streptococei with inducible clindamycin resistance may fall to respond to
clindamycin therapy.

Hill
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Subchapter 4.3, Selection of Strains for Quality Control
Expanded deseription of routine and supplemental QC strains,

Subchapter 4.4, Maintenance and Testing of Quality Control Strains
Introduced terms “F1," “F2," and “F3" to relate to “frozen™ or “freeze-dried” subcultures of QC strains
and provided enhanced recommendations for handling QC strains.

Subchapter 4.7.2, Performance Criteria for Red ucing Quality Control Frequency to Weekly
Introduced for the first time in M02 the | S-replicate (3 x § day) QC plan as an altermnative to the 20- or 30-
day QC plan,

Appendix A, Quality Control Protocol Flow Charts

Revised and expanded flow charts to better convey the QC testing process and added flow charts that
depict the new 15-replicate (3 =5 day) QC option to convert from daily to weekly QC testing.

Appendix E, Quality Control Strain Maintenance

Revised schematic that depicts stages of subeulture and testing of QC strains that originate from “frozen”
or “frecze-dried" stock cultures.
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Summary of CLSI Processes for Establishing Interpretive Criteria and Quality
Control Ranges

The Chnical and Laboratory Standards Institute (CLSI) is an international, voluntary, not-for-profit,
interdisciplinary, standards-developing, and cducational organization accredited by the American
National Standards Institutc that develops and promotes the use of consensus-developed standards and
guideclines within the health carc community. These consensus standards and puidelines are developed 1o
address critical areas of disgnostic testing and patient health care, and are developed in an open and
consensus-secking forum. CLSI is open to anyone or any organization that has an interest in diagnostic
lesting and patient care. Information about C1.51 is found at www.clsi.org.

The CLSI Subcommittee on Antimicrobial Susceptibility Testing reviews data from a variety of sources
and studies (eg, in vitro, pharmacokinetics/pharmacodynamics, and clinical studies) to establish
antimicrobial susceptibility test methody, interpretive criteria, and QC paramelers. The details of the data
required to establish interpretive criteria, QC parameters, and how the data are presented for evaation
are described in CLSI document M23.7

Over lime, a microorganism's susceptibility to an antimicrobial agent may decrease, resulting in a lack of
clinical efficacy and/or safety. In addition, microbiological methods and QC parameters may be refined to
ensure more accurate and better performance of susceptibility test methods. Because of this, CLST
continually monitors and updates information in its documents. Although CLSI standards and guidelines
are developed using the most current information and thinking, available al the time, the ficld of science
and medicine is ¢ver changing; therefore, standards and guidelines should be used in conjunction with
clinical judgment, current knowledge, and clinically relevant laboratory test results to guide patient
treatment.

Additional information, updates, and changes in this document are found in the meeting summary
minutes of the Subcommittee on Antimicrobial Suseeptibility Testing at www.clsi.org,
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CL51 Reference Methods vs Commercial Methods and CLS] vs US Food and Drug
Administration Interpretive Criteria (Breakpoints)

It is impartant for users of MO2-A 12, M07-A10,% and the M100 Informational Supplement to recognize
that the standard methods described in CLST documents are reference methods. These methods may be
used for ruutine antimicrobial susceptibility testing of clinical isolates, for evaluation of commercial
devices that will be used in clinical laboratories, ot by drug or device manufacturers for (esting of new
agents or systems. Results generated by reference methods, such as those contained in C1.S1 documents,
may be used by regulatory authorities to evaluate the performance of commercial susceptibility testing
devices as part of the approval process. Clearance by a regulatory authority indicates that the
commercial susceptibility teating device provides susceptibility results that are substantially equivalent
to results generaled using reference methods for the organisms and antimicrobial agents described in the
device manufacturer's approved package insert.

CLSI breakpeints may differ from those approved by various regulatory authorities for many reasons,
including the following: different databases, differences in interpretation of data, differences in doses
used in different parts of the world, and public health policies. Differences also exist because CLS]
proactively evaluates the need for changing breakpoints, The reasons why breakpoints may change and
the manner in which CLSI evaluates data and determines breakpoints are outlined in CLST document
M232

| Following a decision by CLSI to change an existing breakpoint, repulatory authoritics may also review

data in order to determine how changing breakpoints may affect the salcty and efTectiveness of the
|antirnicmhiul agent for the approved indications. If the repulatory authority changes breakpoints,
commercial device manufacturers may have to conduet a clinical laboratory trial, submil the data o the
regulatory authority, and awail review and approval. For thesc reasons, a dela ¥y of one or more years may
be required if an interpretive bregkpoint change is to be implamented by a device manufacturer. In the
United States, il is acceptable for laboratories thal use US Food and Drug Administration (FDA }cleared
susceptibility testing devices to use existing FDA interpretive breakpoints. Either FDA or CLSI
susceplibility interpretive breakpoinis are acceptable to clinical laboratory accrediting bodies in the
United States. Policies in other countries may vary. Each laboratory should check with the manufacturer
of its antimicrobial susceptibility test system for additional information on the interpretive erileria used
1 ite system’s sofbware,

Following discussions with appropriate stakeholders, such as infectious diseases practitioners and the
pharmacy department, as well as the pharmacy and therapeutics and infection control committees ol the
medical staff, newly approved or revised breakpoints may be implemented by clinical laboratorics,
Following verification, CLST disk diffusion test breakpoints may be implemented as soon as they are
published in M100.! B a device includes antimicrobial test concentralions sufficient to allow

| interpretation of susceptibility and resistance to an agent using the CLS| breakpoints, a laboratory could
choose 1o, after appropriale verification, interpret and report results using CLSI breakpoints.

X1
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Subcommittee on Antimicrobial Susceptibility Testing Mission Statement

The Subcommiltee on Antimicrobial Susceptibility Testing is composed of representatives from the
professions, government, and industry, including microbiology laboralurics, government agencics, health
care providers and educalors, and pharmaceutical and diagnostic microbinlogy industries. Using the CLSI
voluntary consensus process, the subcommittee develops standards that promote aceurate antimicrobial
susceptibility testing and appropriate reporting,

The mission of the Subcommittee on Antimicrobial Susceptibility Testing is to:

* Develop standard referénce methods for antimicrobial susceptibility Lests,

Provide quality control parameters for standard test methods.
¢ Establish interpretive criteria for the results of standard antimicrobial susceptibility tests.
+ Provide suggestions for testing and reporting strategics that are clinically relevant and cost-eflective,

¢ Continually refine standards and oplimize detection of emerging resistance mechanisms through
development of new or revised methods, interpretive criteria, and quality control parameters,

¢ Educate users through multimedia communication of standards and guidelines.

¢ Fosler a dialogue with users of these methods and those who apply them.

The ultimate purpose of the subcommittes’s mission is to provide uscful information to enable
laboratorics to assist the clinician in the selection of appropriate antimicrobial thetapy for patient care,
The standards and guidelines are meant to be comprehensive and to include all sntimicrobial agenis for
which the data meet established CLSI guidelines. The values that guide this mission are quality, accuracy,
fairness, timeliness, teamwork, consensus, and trust.

Key Words

Agar difTusion, antibiotic, antirnicrobial agents, digk diffusion, Kirby Bauer, susceptibilily lesling
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Performance Standards for Antimicrobial Disk Susceptibility Tests; Approved
Standard—Twelfth Edition

Chapter 1: Introduclion

This chapter includes:

¢ Document scope and applicable exclusions

*  Background informalion pertinent to the document content
* Standard precautions information

*  Terms and definitions used in the document

o Abbreyviations and acronyms used in the document

1.1 Scope

This document deseribes the standard agar disk diffusion techniques used to determine the i vitro
susceptibility of bacteria that grow acrobically. Tt addresses preparation of agar plates; testing conditions
(including inoculum preparation and standardization, incubation time, and incuhation temperature),
interpretation of resulls, QC procedures, and limitations of disk diffusion methods. To assist the clinical
laboralory, suggestions are provided on the selection of antimicrobial agents for rouline testing and
reporting.

Standards for testing the i vitro susceptibility of bacteria that grow aerobically using dilulion methods
are found in CLS1 document MO7?; standazds for testing the i vitro susceplibility of bacteria that grow
anacrobically are found in CLSI document M11.' Guidehnes for standardized susceptihility testing of
infrequently tsolated or fastidions bacteria thut are not included in CLST documents M02, M07.° or M11°*
are available in CLST document M45.*

The susceptibility testing methods provided in thig standard can be used in laboratories around the warld
including, but not limited to:

s  Mecdical laboratorics
Public health Taboralorics
Research lahoratories
Food laboralories
Environmental laboratories

1.2 Backgroond

A variety of laboratory methods can be used to measurc the in vitro susceptibility of bacieria to
antimicrobial agents. Tn many clinical microbiology laboratories, an agar disk diffusion method is used
routinely for testing cotnmon, rapidly growing, and certain fastidious baclerial pathogens, This document
describes the performance, applications, and limitations of the standardized disk diffusion test method.
Recommendations of the International Collaborative Study® and regulations™ proposad by the TS Food
and Drug Administration (FDA) have heen reviewed, and appropriate sections were incorporated into this
standard. (yher susceptibility testing methods exist that provide essentially equivalent results to the CLSI
methods described herein, The FDA is responsible for the ¢learance of antimicrobial agent disks and for
the approval of commercial devices used in the United Stales, including specific devices for disk testing
such as zone readers. CLSI does not approve or endorse commercial products or devices.

SCitnival and Loboratory Standards nstitute. AN rights reserved 1
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Disk diffusion tests based solely on the presence or absence of a zome of inhibition without regard to the
size of the zone are not acceptable for determining antimicrobial susceptibility. Reliable results can only
be oblained with disk diffusion tests that use the principle of standardized methodology and zone
diameter measurements correlated with minimal inhibitory concentrations (MICs) with strains known (o
be susceptible or resistant to various antimicrobial auemis,

The methods described herein must be followed explicitly to obtain reproducible results. The standardized
method currently recommended by the CLS1 Subcommittee on Antimicrobial Susceptibility Testing is
based on the method originally described by Bauer et al.” This method is the most thoroughly described
disk diffusion method for which interpretive standards have been developed and supported by laboratory
and clinical data.

This document, along with MI00," describes methods, QC, and intcrpretive criteria currently
recommended [or disk dilfusion susceptibility tests. For most agents, these criteria are developed by first
comparing zone diameters to MICs of a large number of isolates, including those with knewn
mechanisms of resistance relevant to the particular ¢lass of drug. Second, the MICs and correlated zone
sizes are analyzed in relation to the pharmacokinetics of the drug from normal dosing regimens, Finally,
when feasible, in vitro interptetive criteria are analyzed in relution to studies of clinical cfficacy and
microbiological eradication efficacy in the treatment of specific pathogens, as outlined in CLST document
M23.7

When new problems are recognized or improvements in these criteria are developed, changes will be
incorporated into future editions of this standard and also distributed in annual informational supplements
(M100").

1.3 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
bloodbomne pathogens. The Centers for Disease Control and Prevention (CDC) address this topic in
published guidelines that address the daily operations of diagnostic medicine in human and animal
medicine while encouraging a culture of safety in the laboratery." 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 CLS|
document V29"

1.4 Terminology

1.4.1 Definitions

antimicrobial susceptibility test interpretive category — a classification based on an in vitro response of
an organism to an antimicrobial agent at levels corresponding to blood or tissue levels attainable with
usually prescribed doses of that agent.

1) susceptible (S) — a category that implies that isolatcs are inhibited by the usually achievable

concentrations of antimicrobial agent when the dosage recommended to treat the site of infection is
used.

i S'Clinical and Laboratory Standeards Instine. Aif righiy rexervied
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| 2) susceptible-dose dependent (SDD) — a category that implics that susceptibility of an isolate is
| ] dependent on the dosing regimen that is used in the patient. Tn order to achieve levels that are likely
\L_A to be clinically effective against isolates for which the susceptibility testing results (sither minimal
inhibitory concentrations [MICs] or disk diffusion) are in the SDD calegory, it is necessary to use g
dosing regimen (ig, higher doses, more frequent doses, or both) that results in higher drug exposure
than the dose that was used to establish the susceptible breakpoint. Consideration should be given to
the maximum approved dosage regimen, because higher exposure gives the highest probability of
adequate coverage ol an SDD isolate. The desing regimens used to set the SDD interpretive criterion

are provided in Appendix E in M100." The drug label should be consulted for recommended doses
and adjustment for organ function.

NOTE: The SDD interpretation is a new category for antibacterial susceptibility testing, although it
has been previously spplied for interpretation of antifungal susceptibility test results {see CLSI
document M27-54," the supplement to CLST document M27"). The concept of SDD has been
included within the intermediate category definition for antimicrobial apents. However, this is often
overlooked or not understond hy clinicians and microbiologists when an intermediate result is
reported. The SDD category may be assigried when doses well above those used to caleulate the
susceptible breakpoint are approved and used clinically, and where sufficient data to justify the
designation exist and have been reviewed. When the intermediate category is used, its definition
remains unchanged.

L
—

intermediate (I) — a catcgory that includes isolates with antimicrobial agent MICs that approach
usually attainahle hlond and tissue levels and for which response rates may be lower than for
susceptible isolates; NOTE: The intermediate category implies clinical efficacy in body sites where
the drugs are physiologically concentrated (eg, quinolones and B-lactams in urine) or when a higher
, than normal dosage of a drug can be used (eg, [-lactams), This category also includes a buffer zone,
. which should prevent small, wmeontrolled, technical factors from causing major discrepancies in
mterpretations, especially for drugs with narrow pharmacotoxicity margins,

4)  resistant (R) — a category that implies that isolates are not inhibited by the uwsually achievable

concentrations of the agent with normal dosage schedules and/or that demonstrate zone diameters
1 that fall in the range in which specific microbial resistance mechanisms (eg, f-lactamases) are likely,
and clinical cfficacy of the agent against the isolate has nol been reliably shown In treatment studies.

5)  nonsusceptible (NS) — & category uscd for isolates for which only a susceptible interpretive criterion
has heen designated because of the absence or rare occurrence of resistant strams. Isolates for which
the antimicrobial agent MICs aré zbove or zone diameters below the value indicated for the
susceptible breakpoint should be reported as nonsusceptible; NOTE 1: An isolate that is interpreted
as nonsusceptible does not necessarily mecan that the isolate has a resistance mechanism. It is
possible that isolates with MICs above the susceptible breakpoint that lack resistanee mechanisms
may be encountered within the wild-type distribution subsequent to the time the susceptible-only
breakpoint is set; NOTE 2: For strains yielding results in the “nonsusceptible” category, organism
identification and antimicrobial susceptibility test results should be confinmed, (See MI100'
Appendix A.)
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breakpoint//interpretive criteria -~ minimal inhibitory concentration (MIC) or zone diameter value nsed
to indicate susceptible, intermediate, and resistant, as defined above.

For example, for antimicrobial agent X with interpretive criteria of;

MIC (pg/mL) | Zone Diameter {mm)
Susceptible =4 | =20
[mtermediate B-16 15-19
Resistant =32 =14

“Susceptible breakpoint” is 4 ug/mL or 20 mm.
“Resistant breakpoint”™ is 32 pg/mL or 14 mm.

D-zone test — a disk diffusion lest using clindamycin and erythromyein disks placed in close proximity to
detect the presence of inducible clindamyein resistance in staphylocoeci and streptococei. '

quality assurance (QA) — part of quality management focused on providing confidence that quality
requirements will be fulfilled (ISO 9000'"); NOTE: The practice that encompasses all procedures and
activities directed toward ensuring that a specified quality of product is achieved and maintained. In the
testing environment, this includes monitoring all the raw materials, supplies, instruments, procedures,
sample collection/fransport/storage/processing, recordkeeping, calibmting and maintaining of equipment,
quality control, proficiency testing, training of personmel, and all else involved in the production of the
data reported.

quality control {QC) — the operational techniques and activitics that are used to Tulfill requirements for
quality (modified from ISO 9000'); NOTE 1: In health care Lesting, the set of procedures designed to
monitor the test method and the results to ensure test system performance; NOTE 2: QC includes testing
control materials, charting the results and analyzing them to identify sources of error, and evaluating and
documenting amy remedial action taken as a result of this analysis.

saline — 3 solution of 0.85% to 0.9% NaCl (wiv).

test method — the method (ie, either the routine laboratory method or automated method) that is
compared with the reference method.

test system — system that includes instructions and all of the instrumentation, equipment, reagents, and/or
supplies needed to perform an assay or examination and generate test results.

1,4.2 Abbreviations and Acronyms

AST ‘antimicrobial susceptibility testing
ATCCH American Type Culture Collection

BHI Brain Heurt Inlusion

BLNAR [-laclamase negative, ampicillin resistant
BRC biological safety cabinef

BSL-2 Biosafety Level 2 (USA)

BSL-3 Biosafety Level 3 (USA)

CDC Centers for Disease Control and Prevention
Cru colony-forming unit(s)

CMENG chromosomally mediated penicillin-resistant Neisseria gonorrhoeae
ColNS coagulase-negative staphylococe

*ATCCe % & registered trademeark of the Amencan Tyvpe Culture Colleetion.
4 CClimical and Laboraiory Standards institute. Al rights reserved
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CSF cerebrospinal fiuid

DNA deoxyribonucleic acid

EDTA ethylenediaminetetraacetic acid

ESBL extended-spectrum P-lactamase

FDA US Food and Drug Administration

HLAR high-level aminoglycoside resistance

HTM Haemophilus Test Medium

hVISA heteroresistant vancomycin-intermediate Staphvlococens anreus
KPC Klebsiella preymoniae carbapenemase
MHA Mueller-Hinton agar

MHB Mucller-Hinton broth

MHT modified ITodge test

MIC minimal inhibitory concentration

MRS methicillin-resistant staphvlococci

MRSA methicillin-resistant Staphylococcus aurens
NAD nicotinamide adenine dinucleotide

NDM New Delhi metallo-p-lactamase

PP penicillin-binding protein

PBP 2a penicillin-binding protein 2a

QA quality assurance

Qc quality control

RNA ribonucleic acid

SDpN susgeptible-dose dependent

TEM Temoneira (first patient from whom a TEM B-lactamase—producing strain was reported)
VRE vancomycin-resistant enterococci
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Chapter 2: Indications for Performing Susceptibility Tests

This chapter includes:

* Indications for when susceptibility testing is necessary
s Guidelines for selecting appropriate antimicrobial agents for testing and reporting
s Deseriptions of the various antimicrobial agent classes

Susceptibility testing is indicated for any organism that contributes to an infectious process warranting
antimicrobial chemotherapy if its susceptibility cannot be reliably predicted from kmowledse of the
organism’s identity. Susceptibility tests ure most often indicated when the causative organism is thoushi
to belong to a species capable of exhibiting resistance to commonly used antimicrobial agents.
Mechanisms of resistance include production of drug-inactivating enzymes, alteration of drug argets, and
aitered drug uptake or efflux. Some organisms have predictable susceptibility to antimicrobial agents, and
empiric therapy for these organisms is widely accepted. Susceptibility tests are seldom necessary when
the infection is dut to a micrporganism recognized as susceptible to a highly effective drug (eg, the
continued susceptibility of Streprococcus pyogenes 1o penicillin), For &. pvogenes 1solates from
penicillin-allergic patients, erythromycin or another maerolide may be tested to detect strains resistant to
those antimicrobial agents. Suseceplibilily tests are also important in studies of the epidemiology of
resigtance and in studies of new antimicrobial agents.

Isolated colonics of each type of organism that may be pathogenic should be selected from primary agar
plates and tested individually for susceptibility. Identification procedures are often performed at the same
time. Mixlures of different types of microorganisms should not be tested on the same susceptibility test
plate. Conducting susceptibility tests directly with clinical material (eg, nommally sterile body fluids
and urine) is not standardized and should not be done.

2.1 Selection of Antimicrobial Agents for Routine Testing and Reporting

Selection of the most appropriate antimicrobial agents to test and report is a decision best made by each
clinical laboratory in consultation with the infections diseases practitioners and the pharmacy, as well as
the pharmacy and therapeutics and infection control committees of the medical staff. The
recommendations in M100' Tables 1A and 1B for each organism group list antimicrobial agents of
proven etficacy that show acceptable in vifre test performance. Considerations in the assignment of
antimicrobial agents to specific test/report groups include clinical efficacy, prevalence of resistance,
minimizing emergence of resistance, cost, FDA clinical indications for usage, and current consensus
recommendations for first choice and allernative drugs. Tests of seleeted antimicrobial agents may he
usclul for infection control purposes, Refer to Appendix B in M100," which lists intrinsic resistance
propertics of the more commonly encountered hacteria [o assist in the selection process.

2.1.1 Routine Reports

The antimicrobial agents in MI100' Tables 1A and 1B are recommendations that arc considered
appropriate for tesling and reporting {note that some antimicrobial agents listed in M100' Tables 1A and
1B are recommended for MIC testing only). To aveid misinterpretation, routing reports to physicians
should include those antimicrobial agents appropriate for therapeutic use, as suggested in M100' Tables
1A and 1B. Antimicrobial agents may be added to or removed from these basic lisls as conditions
demand. Antimicrobial agents other than those appropriate for use in therapy may also be tested to
provide taxonomic data and epidemiological information, but they should not be included on patient
reports. However, such results should be available (in the laboratory]) to the infection control practitioner
and/or hospital epidemiologist.

SClmical and Laboratory: Standards Tnxitte. AT righes reserved 7
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2.1.2 Antimicrobial Agent Classes

To minimize confusion, all antimicrobial agents should be reported using official nonpraprietary (ie,
generic) names. To emphasize the relatedness of the many currently available antimicrobial agents, they
may be grouped together by dmg classes. Brief descriptions of antimicrobial agent classes are given
below along with examples of agents within each class (see M100' Glossary 1, Parts 1 and 2 for the

complete list),
2.1.2.1 P-Lactams (see M100' Glossary 1, Part 1)

B-lactam antimicrobizl agents all share the common, eentral, four-member B-lactam ring and inhibition of
cell wall synthesis as the primary mode of action. Additional ring structures or substituent groups added
to the f-lactam ring determine whether the agent is classified as a penicilling cephem, carbapenem, or
monobactam.

* Penlcilling

Penicillins are primarily acfive against non-B-lactamase—producing, acrobic, gram-positive, somc
fastidious, aerobic, gram-negative, and some anacrobic bacteria.

— Aminopenicilling (wumpicillin and amoxicillin) arc active against additional gram-negative species,
including some members of the Enterobacteriaceae such ass Escherichia coli and Proteus
mirabilis,

— Carboxypenicilling and urcidopenicillins are active against a considerably expanded list of
gram-negative bacteria, including many Pseudomonay and Burkholderia spp.

— Penicillinase-stable penicillins are active agains! predominantly gram-positive bacteria, including
penicillinase-producing staphylococci.

* [p-lactam/p-lactamase inhibitor combinations

These antimicrobial agents are combinations that include a p-lactam class antimicrobial agent and a
second agent that has minimal antibacterial activity, but functions as an inhibitor of some
f-lactamases.

p-lactamase inhibitors generally do not have antimicrobial activity on their own, but will potentiate
the activity of the P-lactam antimicrubial agent combined with it. Currently, three f-lactamase
inhibilors are in use:

— Clavulanate
— Sulbactam
—  Tazobactam

The resulis of tests of only the f-lactam portion of the combination against f-lactamase—producing
organisms are often nol predictive of susceptibility to the two-drug combination. Several ‘other
p-lactamase inhibitors and combinations arc currently in development.

X ®Clinical and Laboratory Standards Institure. All rights reserved.




Volume 33 MO2-A12
* Cephems (inclading cephalosporins)

DifTerent cephem antimicrobial agents exhibit somewhal different spectrums of activity against
acrobic and anaerobic, and gram-positive and gram-negative bacteria. The cephem antimicrobial class
includes:

— (lassical cephalosporing

~ Cephamycin

—  Oxacephem

—~ Carbacephems

- Cephalosporins with anti-methicillin-resistant Stapfviococcus auwrens (MRSA) activity

Cephalosporing are often referred to as “first-,” “second-,” “third-" or “fourth-generation”
cephalosporing, based on the extent of their activity against the more antimicrobial agent—resistant
gram-negative aerobic bacteria. Not all representatives of a specific group or genetation necessarily
have the same spectrum of activity, Because of these differences in activities, representatives of cach
group may be selected for routing testing.

« Penems

The penem antimicrobial class includes two subclasses that differ slightly in structure from the
penicillin class:

— Carbapenems
— Penems

Antimicrobial agents in this class are much move resistimt to B-lactamase hydrolysis, which provides
them with broad-spectrum activity againsi many gram-positive and gram-negative bacteria,

«  Monobactams

Monobactam antimicrobial agents are monocyclic B-lactams. A#treonam, which has activity only
against aerobic, gram-negative bacteria, is the only monobactam antimicrobial agent approved for use
in the United States by the FDA.

2.1.22 Non-B-Lactams (see M100' Glossary I, Part 2)
+« Aminoglycosides

Aminoglycosides are structurally related antimicrobial agents that inhibit bacterial protein synthesis at
the nbosomal level, This class includes antimicrobial agents  varously  allecied by
aminoglyeoside-inactivating enzymes, tesulting in some differences in the spectrum of activity
amony the agents. Aminoglycosides are used primarily to treat aerobic, gram-negative rod infections
or in synergistic combinations with cell wall-active antimicrobial agents (eg, penicillin, ampicillin,
vancomyein) against some registant gram-positive bacteria, such ag enterocoect,

* Folate pathway inhibitors

Sullfonamides and irimethoprim are chemotherapeutie antimicrobial agents with similar spectra of

i activity resulting from the inhibition of the bacterial folate pathway, Sulfamethoxazole is usually
tested in combination with trimethoprim, because these two antimicrobial agents inhibit sequential
steps in the folate pathway of some gram-positive and gram-negative bacteria.

Chimienl ared Raboreiory Stamdeecs fastitute, Al rigfils reverved. o3
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Glycopeptides

Glycopeptide antimicrobial agents, which include vancomyein (in the glycopeptide subelass) and
teicoplanin (in the lipoglycopeptide subclass), share a complex chemical structure and a prineipal
mode of action of inhibition of cell wall synthesis at a different site than that of the B-lactams. The
activity of this group is directed primarily at aerobic, gram-positive bacteria. Vancomyein is an
accepted agent for treatment of a gram-positive bacterial infection in the penicillin-allergic patienl,
and it is useful for therapy of infeclions due to B-lactam-resistant gram-positive bacterial strains (eg.
MRSA and some enterococci).

Lipopeptides

Lipopeptides are a structurally rclated group of antimicrobial azents for which the principal targel is
the cell membrane. The polymyxin subclass, which includes polymyxin B and colistin, has activity
apainsl gram-negative organisms, Daptomycin is a cyelic lipopeptide with activity against gram-
positive organisms. Lipopeptide activity is strongly influenced by the presence of divalent cations in
the medium used 1o test them. The presence of excess caleium cations inhibits the activity of the
polymyxins, whereas the p}cgcnce_ of physiological levels (50 mg/L) of calcium ions is essential for
the proper activity of daptomycin.

Macrolides

Macrolides are structurally related antimicrobial agents that inhibit bacterial protein synthesis at the
ribosomal level. Several members of this class currently in use may be appropriate for testing against
fastidious, gram-negative bacterial isolates. For gram-positive organisms, only erythromyein is
generally tested routmely. The macrolide group of antimicrobial agents consists of several subgroups,
including ketolide and Nuoroketolide subgroups.

Nitroimidazoles

Nitroimidazoles, which include metronidazole and tinidazole, are bactericidal agents that are
converted intracellularly in susceptible organisms to metabolites that disrupt the host DNA; they arc
active only against strictly anaerobic bacteria.

Oxazolidinones

Members of the oxazolidinone class have a unique mechanism of action that inhibits protein
synthesis. The first agent approved in this class was linezolid, which has activity against
gram-positive organisms,

Quinolenes

Quinolones (quinolones and fluoroguinolones) are structurally related antimicrobial agents that
function primarily by inhibiting the DNA-gyrase or topoisomerage activity of many gram-positive
and pram-negative bacteria, Some differences in spectrum may require separate testing of the
individual antimicrobial agents.

Streptogramins

Streptogramins, which include quinupristin-dalfopristin and linopristin-flopristin, are combinations of
two cyclic peptides produced by Strepiomyeces spp. They work synergistically to inhibit protein
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synthesis, mainly in gram-positive organisms, although they do have limited activity against some
gram-negative and anaerohic organisms.

= Tetracyclines

Tetracyclines are structurally related antimicrobial agents that inhibit protein synthesis at the
ribosomal level of certain gram-positive and gram-negative bacteria. Antimicrobial agents in this
group are closely related and, with few exceptions, only tetracycline may need to be tested routinely.
Organisms that arc susceplible to tetracycline are also considered susceptible to doxyeycline and
minocycline. However, some organisms that are intermediate or resistant to tetracycline may be
susceptible to doxycyeline, minocycline, or both. Tigecycline, a glyeyleycling, is a derivative of
minocycline that has activity against organisms that may be resistant to other tetracyclines.

* Single-drug classes

Several antimicrobial agents are currently the only members of their respective classes included in
this document that are avgilable for human use and appropriate for in vitro testing, These
antimicrobial agents are listed below by mechanism of action with class designation in parentheses,

Inhibit protein synthesis:

— Chloramphenicol (phenicols)
Clindamycin (lincosamides)
Fusidic acid (stercidal)
Mupirocin (pseudomonic acid)
Speclinomycin (aminocyclitols)

Inhibit RNA svnthesis:

—  Fidaxomicin {macrocyclics)
— Rifampin (ansamycins)

Inhibits protein synthesis-and-assembly steps at the ribosomal level:

— Nitrofurantoin (nitrofurans): used only in the therapy of urinary tract infections

Inhibits enzymes involved in cell wall synthesis:

— Fostomycin (fosfomycins): approved by the FDA for urinary tract infections only
2.1  Selection Guidclines
To make routine susceplibility (esting relevanl and practical, the number of antimicrobial agents tested
should be limited M100' Tables 1A and 1B list those antimicrobial agents that fulfill the basic
requirements for routine use in most clinical laboratories. The tables are divided into columns based on
specific organisms or organism groups, and then the various drugs are indicated in groups for testing (sec
Subchapter 2.3) to assiet laboratories in the selection of their routine testing batteries.
The listing of drugs together in a single box designatcs clusters of antimicrobial agents for which

| mierpretive resulis (susceptible, intermediate, or resistant) and clinical efficacy are similar. Within sach

box, an “or” between agents designates those agents for which cross-resistance and cross-susceptibility
are nearly complete. This means combined major and very major errors are fewer than 3% and minor
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errors are fewer than 10%, based on a large collection of random clinical isolates tested (see CLSI
document M23%). In addition, to qualify for an “or,” at least 100 strains with resistance to the agents in
question must be tested, and a resull of “resistant” must be obtained with all agents for at least 95% of the
straing. “Or” is also used for comparable antimicrobial agents when tested against organisms for which
“susceptible-only™ interpretive criteria are provided (cg, cefotaxime or cefiriaxone with Huemophilus
influenzae). Thus, results from one agent connected by an “or” could be used to predict results for the
other agent. For example, Enterobacteriaceae susceptible o cefotaxime can be considered susceptible to
ceflriaxone. The results oblained from testing cefotaxime would be reported and a comment could be
included on the report that the isolate is also susceptible to ceftriaxone. When no “or’” connects agents
within a box, testing of one agent cannot be used to predict results for another, either owing to
discrepancies or nsufficient data.

2.3 Suggested Guidelines for Routine and Selective Testing and Reporting

Test and Report Groups A, B, C, and U are noted in M100' Tahle 1A, and Groups A, B, and C are noted
in M100' Table 1B. These group designations are restated in the M10D' Table 2 series that lists the
interpretive criteria for each organism group. The M100' Table 2 series contains two additional test and
report group designations, 0" and “Inv.”

Group A includes antimicrobial agents that are considercd appropriate for inclusion in a routine, primary
testing panel as well as for routine reporting of results for the specified organism groups.

Group B includes antimicrobial agents that may warrant primary testing, but they may be reported only
selectively, such as when the organism is resistant to antimicrobial agents of the same class, as in Group
A. Other indications for reporting the result might include a selected specimen source (eg, a
third-genetation cephalosporin tor enteric bacilli from CSF or trimethoprim-sulfamethoxazole for urinary
tract isolates); a polymicrobial infection; infections involving multiple sites; cases of patient allergy,
intolerance, or failure to respond to an antimicrobial agent in Group A; or for purposes of infeclion
control.

Group C includes aliernative or supplemental antimicrobial agents that may require testing in those
institutions that harbor endemic or epidemic strains resistant to several of the primary drugs (especially in
the same class, eg, P-lactams); for treatment of patients allergic to primary drugs; for treatment of unusual
organisms (eg, chloramphenicol for extraintestinal isolates of Salmonella spp.); or for reporting to
infection control as an epidemioclogical aid.

Group U includes certain antimicrobial agents (eg, nitrofuranioin and certain quinolones) that are nsed
only or primarily for treating urinary tract infections. These antimicrobial agents should not be routinely
reported againgt pathogens recovered from other siles of infection. An exception to this rule is for
Enterobacteriaceae in M100' Table 1A, where cefazolin is listed as a swrrogate agent for oral
cephalosporins. Other antimicrobial agents with broader indications may be included in Group U for
specific urinary pathogens (eg, Pseudomonas aeruginosa and ofloxacin),

Croup O (“other”) includes antimicrobial agents that have a linical indication for the erganism group,
but are generally not candidates for routine testing and reporting in the United States,

Group Inv. (“investigational”) includes anlimicrobial agents that are investigational for the organism
group and have not yet been approved by the FDA for use in the United States.

Each laboratory should decide which antimicrobial agents in M100' Tables 1A and 1B to repont
routingly (Group A) and which might be reported only sclectively (Group B) in consultation with the
infectious diseases practitioners, the pharmacy, and the pharmacy and therapeutics and infection control
committees of the health care institution. Selective reporting should improve the clinical relevance of test

12 ®Clinical and Luboratory Standards Instinute: Ail righty reserved.

AR LN

o

L



Volume 35 MO2-A12

reports and help minimize the selection of multiresistant, health carc—associaled straing by overuse of
hroad-spectrum agents. Results for Group B antimicrobial agents tested but not reported routinely should
be available on request, or they may be reporled lor selected specimen types. Unexpected resistance,;
when confirmed, should be reported (eg, resistance to a secondary agent but susceptibility to a primary
zgent, such a3 a P. geruginasa {solate reaistant to amikacin but susceptible 1o tobramyeing as sueh, both
drugs should be reported), In addition, each laboratory should develop a protocol to address isolates that
are confirmed as resistant to all antimicrobial agents on its routine test panel. This protocel should inciude
options for testing additional agents in-house or sending the isolate to a reference laboratory.
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Chapter 3: Susceptibilily Testling Process

This civapter includes:

o An averview ol the disk diffusion susceptibility testing process

s Suggested media for disk diffusion testing meluding supplements for fastidious orgamisms

«  Instructions for acquiring disks and proper disk storage

«  Description of the methods [or ineeulum preparation and standardization, plate inoculation, and
application of disks

« lesting corsiderations lor fastidious organisms including recommended medium and incubation
conditions

» Instructions for measuring zones and interpreting the results

s Discussion of organism-specific resistance mechamsms and special testing methods that may be
apprapriata

o Description of the Iimitations of disk diffusion methods

Floure | provides an overview of the disk diffusion susceptibility testing process. Detailed information
r for each step is provided in each designated chapler/subchapler.
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Figure 1. Disk Diffusion Susceptibility Testing Process

Abhrevistion: QC, qualily eontrol.
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31 Reagents for the Disk Diffusion Test
5211 Mueller-Hintom Agar

¥ the many media available, the subcommitiee comsiders Mueller-Hinton agar (MIIA) the best for
soutine susceplibility testing of nonfastidious bacteria because:

= [t shows acceptable batch-to-batch reproducibility [or susceptibility testing.
« It s low in inhibitors that attect sultonamide, trimethoprim, and tetracyeline susceptibility test results.
« It supports satisfactory growth of most pathogens.

» A large body of data and experience has been collected about susceptibility tests performed with this
medium.

L oush MHA iz generally reliable for susceptibility testing, results obtained with some batches may, on

weesson, vary significantly, If a batch of medium does not support adequate growth of a test orgamiam,

wmes will likely be erroncously large and results with QC strains may exceed the acceptable QC limits. :
Jmis MHA formulations that have been tested according to, and that meet the acceptance limits described i
= CLSI document M06'7 should be used. Commercially prepared plates may be used or they may be

sr=sared as described in Appendix B.

112 pH

The sgar medium should have a pH between 7.2 and 7.4 at room temperature. The method to assess pH is
woded in Appendix B (see B1.1).

213 Moisture

£ e before use, excess surface moisture is present on the plates, place them in an incubator (35°C) or a
wesar flow hood at room lemperature with lids ajar until excess surface moisture is removed by
samorstion (usually 10 to 30 minutes). The surfaces of the plates should be moist, but no droplets of
messture should be apparent on the surface of the medium or on the Petri plate covers when the plates are
=mocsExcd.

S14 Effects of Thymidine or Thymine

WL containing excessive amounts of thymidine or thymine can reverse the inhibitory effect of
# wmamides and trimethoprim, thus yielding smaller and less distinct zones, or even no zone al all,
wieh mey result in false-resistance reports. Use MHA that is as low in thymidine content a3 possible. Tf
smiems with QC of sulfonamides and trimethoprim occur, it might be necessary to check the MHA. To
ssbste a lot of MHA, Enferococcus faecalis ATCC® 29212 or, alternatively, E. faecalis ATCC® 33186,
= == tested with trimethoprim-sulfamethoxazole disks. Satisfactory media provide essentially clear,
Ser ot zomes of inhibition =20 mm. Unsatisfactory media produce no zone of inhibition, growth within
e sone. or 2 zone of <20 mm.

. £ Effects of Variation in Divalent Cations

" won in divalent cations, principally magnesium and caleium, affects results of aminoglycoside and
swaceciine tests with P. geruginosa strains. Txcess cation content reduces zone sizes, whereas low
swwoe content may result in umacceptably large zones of inhibition. Yadation in calcium levels also
WFecms the results of daptomyein tests. For daptomycin, insufficient caleium content reduces zone sizes,
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whereas high calcium content may increase zane sizes; therefure, disk diffusion testing is not reliable for
testing daptomycin. Excess zinc ions may reduce zone sizes of carbapenems. Performance tests with
cach lot of MHA must conform to the control limits listed in M100" Tahle 4A.

3.2 Testing Strains That Fail to Grow Satisfactorily

Only aerobic or facultative bacteria that grow well on unsupplemented MHA should be tesied on that
medium. Certain fastidious species, such as Huemophilus spp., Neisseria gonorrboeae, Neisseria
meningifidis, Streptucoceus priewmoniae, and viridans and f-hemolytic streptococei do not LTOW
sufficicntly on unsupplemented MHA. These organisms require supplements or different media to fladuo
and they should be tested on the media listed below and described in Appendix B using methods
described in this document.

s MHA agar with 5% sheep blood

*  Haemophilus Test Medium (HTM)

* GC agar base+ 1% defined growth supplement

Details for these tests are pmﬁ&ed in Subchapter 3.7 and Appendix C,

3.3 Antimicrobial Disks

3.3.1 Source of Disks and Quality Specifications

Disks should be purchased from a reliable cominercial vendor. The disks should be accompanied, at
minimum, by a certificate of analysis stating the content of the disks, lot number, expiration date, and
assurance that they were tested and performed according to cstablished QC specifications.

3.32 Storage of Antimicrobial Disks

Cartridges containing commercially prepared paper disks specifically for susceptibility testing arc

generally packaged to ensure appropriate anhydrous conditions. Information on disk storage and handling
is deseribed below:
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~Action

Comment .

Retrrgerate the cartndgca at E“‘C or
below or freeze at =14°C or below

Dr:: nnt store d1sk5 ina selfdeﬁustmg ﬁeezer Se&le.d
packages of disks that contain drugs from the B-lactam

until needed, class should be stored froven, cxéept for a small

wurking supply, which may be refrigerated for one
week, at most. Some lghile agenls (cg. imipenem,
cefaclor, and clavulanate combinations) may retain
greater stability if stored frozen until the dav of use.
Equilibrating the packages to room temperature
minimizes the amount of condensation that occurs when
vrarm air contacts cold disks.

Remove the sealed packages
containing disk cartridges from the
refrigerator or freezer 1-2 hours
before use so they may B:qui].ibratr:: to

[

Cince a cartridge of disks has hmn
3. |removed from its sealed packape,
place it in a tightly sealed, desiccated
container for storage. If a
disk-dispensing apparatus is used, it
should be stored in a container fitted
with a tight cover and supplied with
an adequate desiccant.

Refrigerate the container with the
4. | disk-dispensing apparatus when not in
use.

Use only those disks that have not
5. | reached the manufacturer’s expiration
date stated on the label.

Allow the dispenser (0 warm (0 room lemperature
before opening, Avoid excessive moisture by replacing
the desiceant when the indicator changes color.

Discard disks when they reach the expiration date,

34 Inoculum Preparation for Disk Diffusion Tests

34.1 Turbidity Standard for Inoculum Preparation

To standardize the inoculum density for a susceptibility test, use a BaS(); turbidity standard equivalent 1o
a 0.5 McFarland standard or its optical equivalent (eg, latex particle suspension). Prepare a BaS04 0.5
McFarland standard as described in Appendix B. Alternatively, a photometric device can be used.

3.4.2 Dircct Colony Suspension Method for Inoculum Preparation

The direct colony suspension method is the most convenient method for inoculum preparation. This
method can be used with most organisms; it is the récomnmended method for testing the fastidious
organisms, Haemaphifus spp., N. gonorrhoeae, N. meningitidis, and streptococed (see Subchapter 3.7),
and for lesting cefoxitin and staphylococei to detect methicillin or oxacillin resistance.

Sl und Taburatory Slandords frstitute. Al rights reserved,
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Mumber 1

Lostepdil CAction. i e e =
7 Make a direct broth or saline mpf:namn Um: anﬂnseiﬁcﬁvc mf:dmm suc:h as hlund agar
of isolated colonies selected from an 18-
to 24-hour agar plate. ]
2 Adjust the suspension to achieve a | Use cither a photometric device or, if performed

turbidity equivalent to a 0.5 McFarland | visually, use adequate light to compare the
 standard. This results in a suspension | inoculum tube and the 0.5 McFarland standard
containing approximately | to 2 * [0° | against @ card with a white background and
CFU/mL for E. eoli ATCC® 25922,

contrasting black lines.

Abbrevigtions! ATCC® American Type Culture Colleetion; CFL, colony-Gvming unit(s).

3.43 Growth Method for Inacalum Preparation

The growth method can be used alternatively and is sometimes preferable when colony growth is difficult
to suspend directly and a smooth suspension cannot be made. It can also be used for nonfastidious
organisms (except staphylococci) when fresh (24-hour) colonies, as required for the direet colony
suspension method, are not avtailnb]e.

Action: .

SiConment s

1a,

1b.

Sé!.ccl at lmt 3-5 well tsc]nled

colonics of the same morphological
type from an agar plate culture,

' Touch the top of cach colony with a

loop or sterile swah and transfer the
growth into a tube containing 4-5 mL
of a suitable broth medium, such as

tryptic soy broth.

Incubate the broth culture at 35°C %
2°C uniil it achieves or exceeds the
turbidity of the 0.5 McFarland
standard (usually 2—6 hours).

Adjust the turbidity of the actively
growing broth culture with sterile
saline or broth to achieve a turbidity
equivalent to that of a 0.5 McFarland
standard. This resulls in a suspension
contaiming approximately 1 to 2 = 10°
CFU/mL for E. coli ATCC® 25922.

Use either a photometric device or, if performed
visnally, use adequate light to compare the inoculum
tube and the 0.5 McFarland standard against a canl
with a white background and contrasting black lines.

NOTE: Avoid extremes in inoculum density, Never
use undiluted overnight broth cullures or other
unstandardized inocula for streaking plates.

Ahbreviations: ATCC*, Americen Type Culture Collection: CFL, colory-Fyrming unit(s).

20
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Step

T Action

la.

Dip a sterile cofton swab into the
adjusied suspension.

Rotaie the swab several times and
press firmly on the inside wall of the
tube above the fluid level.

Use inoculum suspension within 15 minutes after

oMM

adjusting the turbidity to match that of the 0.5
MWcFarland standard.

Rotating the swab in this manner removes excess
fluid from the swab.

Inoculate the dried surface of an MITA
plate by streaking the swab over the
cntire sterile agar surface,

more (imes, rotating the plate
approximately 60° each, time to ensure
an even distribution of inoculum.

As a final step, swab the rim of the
agar,

Repeat this procedure by streaking 2 |

Leave the lid ajar for (ideally) 3-5
minutes, but no more than |5 minutes,

Leaving the lid ajar allows any execess surface
moisture to be absorbed before applying the drug-
impregnated disks.

A bbraviation: MHA, Muzller-Hinton agar,

“Clinieal and Laboratory Standurds Institute. All righty reserved.
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3.6 Application of Disks to Inoculated Agar Plates

B e T ey R e iee
la. | Dispense predetermined battery of | Place disks that pive predictably small zones (
antimicrobial disks onto the surface of | gentamicin, vancomycin) next to those that give
the inoculated agar plate. larger zomes (cg, cephalosporins, penicilling) in an
effort to avold overlupping zones.

Whether the disks are placed individually or with a
dispensing apparatus, they must be distributed evenly
so they are no closer than 24 mm from center to
center.

No more than 12 disks should bé placed on a 150-mm
plate and no more than 6 disks on a 100-mm plate,
although Some organisms require fewer (see
: Subchapter 3.7 and Appendix C).

1b. | Press each disk down to ensure | Pay attention to how close the disks ars to the edpe of
complete contact with the agar surface. | the plate, no matter how many disks are dispensed, If
disks are placed too closc to the edge of the plate, the
zones may not be fully round with some drugs.

Because some of the drug diffuses almost
instantancously, a disk should not be relocated once it
has come into contact with the agar surface. Instead,
place a new disk in another location on the agar,

le. | If performing the D-zonc iest for
inducible clindamycin resistance, see
Subchapter 3.10.1 and M100' Table
3G for guidance on disk placement.
2a. | Invert the plales and place in an | Testing at temperatures above 35°C may not detect
incubator set to 35°C £ 2°C within 15 | MRS,
minutes afler the disks are applied.

2b. | Do not incubate the plates in an | The interpretive standards were developed by using
imcreased CO» atmosphere (with the | ambient air incubation, and CO» significantly allers
exception of Haemophilus spp., N | the size of the inhibitory zones of some agents (see
gonorrhoeae, N, meningitidis, and | M100' Table 4D).
streptococei [see Subcehapter 3.7)).
Abbreviation: MRS, methicillin-resistant staphylocoeci.

3.7 Special Considerations for Fastidious Organisms

Mucller-Hinton medium described previously for the rapidly growing aerobic pathogens is not adequate
for susceptibility Lesting of fastidious organisms. If disk diffusion tests are performed with fastidious
organisms, the medium, QC procedurss, and interpretive criteria must be modified to fit each
organism. Disk diffusion tests for H. influenzae, N. gonorrhoeae, N. meningitidis, 8. pneuntoniae, and
p-hemolytic and viridans group streplococei have been shown to be accurate for selected agents; they are
described in Table 1, below. Other fastidious bacteria may be tested by a dilution or disk diffusion
method as described in CLSI document M45.° Anacrobic bacteria should not be tested by the disk
diffusion test. See CLST document M11* for appropriate anacrobe testing procedures.

22 ®Clinical and Laboratury Standards Institute. All rights reserved
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NOTES for Table 1 (for specific organisms):

L

N. gonorrhoeae: N. gonarrhoeae with 10-pg penicillin disk zone diameters of = 19 mm generally
produce [-lactamase. However, B-lactamase tests (sce Subchapter 3.10.2) provide more rapid resubts
than disk diffusion tests and, therefore, are preferred for recognition of this plasmid-mediated
penicillin resistance. N. gonorrhocae with plasmid-mediated resistance to tetragycling also has zones of
inhibition {30-pg tetracycline disks) of <19 mm. Chromosomal mechanisms of resistance Lo penicillin
and tetracycline produce larger zone diameters and can be accurately recognized using the
interpretive criteria in M100' Table 2F.

N. meningirtidis: Disk diffusion testing of N. meningiridis has been validated for detection of possible
emerging resistance with some antimicrobial agents. To date, resistance has mostly been found &=
older agents used for therapy (penicillin or ampicillin}, or agents used for prophylaxis of case contacts
(rifampin, ciprofloxacin). Because resistance to antimicrobial agents such as cefiriaxons or
cefotaxime that are oficn used for therapy of invasive diseases has not been confirmed, routine testing
of isolates by clinical laboratories is nol necessary. Prophylaxis of close contacts should not be
delayed while awaiting s:mc:ﬂpu‘bi]il.y testing results.

Streptococcus pneumoniage and other Streéptococcus spp: For nonmeningits isolates of 5
preumoniae, oxacillin zone sizes of =20 mm indicate susceptibility 1o penicillin {(oral or parenterall
and other B-lactam agents (see M100' Table 2G).

Because zones of < 19 mm with the oxacillin disk screening test occur with penicillin-resistant,
intermediate, and certain susceptible strains, a penicillin, and cefotaxime, ceftriaxone, or meropenes
MIC should be determined on isolates of 8. preumoniae for which the oxacillin zones are <19 mm. "
For izolates with oxacillin zones < 19 mm, do not report as resistant without performing a penicilla
MIC.

Oxacillin disk testing to determine penicillin susceptibility of streptococei other than §. preumonice
is nol recommended. A penicillin or ampicillin disk may be used to predict susceptibility for §
hemolytic streptococci only. A penicillin MIC should be determined on isolates of viridans grows
streptococei from normally sterile body sites (eg, CSF, blood, bane).

Penicillin and ampicillin disk diffusion tests are not reliable with viridans group streptococci.

Inducible clindamycin resistance can be identified m S. pneumoniae and B-hemolytic streptococs
using the method described in Subchapter 3.10.1.

Recommended precautions: Perform all antimicrobial susceptibility testing (AST) &
N. meningitidis in a biological safety cabinet (BSC).'™*! Manipulating N. meningitidis outside a BSC
15 associated with increased risk for coniracting meningococcal disease. Laboralory-acquirss
meningococeal disease is associated with a case fatality rate of 50%. Exposure to droplels or aerosels
of . meningitidis is the most likely risk for laboralory-acquired infection. Rigorous protection from
droplets or asrosols is mandated when microbiological procedures (including AST) arc performed e
N. meningitidis 1solates.

If a BSC is unavailable, manipulation of these isolates should be minimized, limited to Gram stainis
or serogroup identification using phenolized saline solution, while wearing a laboratory coat and
gloves and working behind 'a full face splash shield. Use Biosafety Level 3 (BSL-3) practices
procedures, and containment equipment for activities with a high potential for droplet or aerossl
production and for activities involving production quantitics or high concentrations of infectioes
materials, If Biosafety Level 2 (BSL-2) or BSL-3 facilities are not available, forward isolates to
reference or public health laboratory with a minimum of BSL-2 facilities.

S Citniced and Taboratory Standards Institure. All rights reserves
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Laboratorians who are exposed routinely to potential aerosols of N, meningitidiv should consider
vaceimation according to the current recommendations of the CDC Advisory Committee on
Immunization Practices (httpr/fwww.cde govivaceines/acip/index.html). Vaccination decreases but
does not eliminate the risk of nfection, becanse it is less than 100% effective,

3.8 Reading Plates and Interpreting Results
38.1 Reading Plates

After 16 1o |18 hours of incubation (see below, Subchapters 3.7 and 3.9, and Appendix C for
exceptions), examine each plate. If the plate was satisfactorily streaked, and the inoculum
concentration was correct, the resulting »ones of inhibition will be uniformly circular and there will
be a confluent lawn of growth. If individual colonies are apparent, the incculum concentration was
too light and the test must be repeated. Measure the diameters of the zones of complete inhibition (as
judged by the wnaided eye), including the diameter of the disk. Measure the zones to the nearest
whole millimeter, using sliding calipers or a ruler, which is held on the back of the inverted Petri
plate. Hold the Petri plate a few inches above a hlack, nonreflecting background illuminated with
reflected light, with the fo].h}wing exceptions:

= If blood was added to the agar base (as with streptocoeci), measure the zones from the upper
gurface of the agar illuminated with reflected light and with the cover removed.

* For coapulase-negative Staphylocaceus spp. with cefoxitin, 24 hours of incubation are required
before reporting as susceptible; other agents should be read and reported at 16 to 18 hours. If
cefoxitin is tested agminst Staphyfococcus spp., read the zone dimmeters with reflected, not
transmitted light (plate held up to the light).

s If testing vancomycin against Emterococeus spp., 24 hours of incubation are required before
Teporting as susceptible; other agents should be read and reported at 16 to 18 hours.

= |flinezolid is tested against Staphylococeus spp., read the zone diameters with transmitted light.

2. The zone margin should be considered the arca showing no obvious, visible growth that can be
detected with the unaided eye. Ignore faint growth of tiny colomes that can be detected only with a
magnifying lens at the edge of the zone of inhibited growth.

» However, when discrete colonies grow within a ¢lear wone of inhibition, the test should be
repeated with a pure culture or subculture of a single colony from the primary culture plate. If
discrete colonies continue to grow within the zone of inhibition, measure the colony-free inner
Zone,

e  Straing of Profens spp. may swarm into areas of inhibited prowth around certain antimicrobial
agents. For Protens spp., ignore the thin veil of swarming growth in an otherwise obvious zone of
inhibition.

= When blood-supplemented medium for testing streptococci is used, measure the zone of growth
inhibition, not the zone of inhibition of hemolysis.

¢ For trimethoprim and the sulfonamides, antagonists in the medium may allow some slight
growth; therefore, disregard slight growth (20% or less of the lawn of growth), and measure the
more obvious margin to determine the zone diameter.

“Clintcal and Laboratory Standards Tnstitute, ANl rights reserved. 27
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* For S. aurews strains with penicillin zones > 29 mm, see Subchapter 3.9.1 and M100" Table 3D
for information on interpretation of the appearance of the zone edge (the penicillin zone-cdge test
for f-lactamase production).

3. Interpret the sizes of the zones of inhibition by referring to M100' Tables 2A through 21, and report
the organisms a3 susceptible, susceptible-dose dependent, intermediate, or resistant to the agents that
have been tested (see Subchapter |.4.1 for definitions of these interpretive categories). Some agents
may be reported omnly as susceptible or nonsusceptible, because only susceplible breakpoints are
given, 83 0o or very few resistant strains have been identified.

3.9 Special Considerations for Detecting Resistance

This subchapler discusses organism groups or particular resistance mechanisms for which there are
significant testing issues, Testing issues regarding both ditution and disk difTusion testing are discussed
here.

3.9.1 Staphylococel
3.9.1.1 Penicillin Resistance and p-Lactamasze

Most staphylococei are resistant to penicilling and penicillin is rarely an option for treatment of
staphylococeal infections. Penicillin-resistant strains of staphylococei produce f-lactamase and testing
penicillin instead of ampicillin is preferred. Penicillin should be used (o test the susceptibility of all
staphylococei (o all penicillinase-labile penicilling, such as amoxicillin, ampicillin, azlocillin,
carbenicillin, mezlocillin, piperacillin, and ticarcillin.

Some p-lactamase—producing stuphylococeal isolates test susceptible o penicillin. Because
staphylococcal B-lactamase is readily inducible, there is a risk of this oecurring if penicillin were used to
treat such strains, For this reason il is recommended that isolates of Staphyfacoccus with penicillin MICs
=0.12 yg/mL or zone diameters =29 mm be tested for B-lactamase production before reporting the isolate
as penicillin susceptible. Several tests for fi-lactamase production have been described. These include
nitrocefin-based tests or evaluating the zone edge of a penicillin disk diffusion test (ie, a fuzzy zone edge
indicates no P-lactamase production, whereas a sharp edge indicates p-lactamase production).™ The
penicillin disk diffusion zone-edge test was more sensitive than nitrocelin-bascd tests for detection of
p-lactamase production in & aurews. The penicillin zone-edge test is recommended if only one test is used
for P-lactamase detection in S, aurens. However, some laboratories may choose to perform a nitrocefin-
based test first, and if this Lest is positive report the results as positive for B-lactamase (or penicillin
resistant). If the nitrocefin test is negative, it is recommended that the penicillin disk diffusion zone-edge
test be performed before reporting penicillin susceptible results in cases in which penicillin may be used
for therapy for S auwrews. For coagulase-negative staphylococci (CoNS), including Staphylococcus
fugdunensis, only nitrocefin-based tests are recommended. For the most current recommendations to
detect B-lactamases in staphylococcal species, see M100' Table 3D.

3.9.1.2 Methicilin/Oxacillin Resistance

Historically, resistance to the antistaphylococcal, penicillinase-stable penicillins has been referred 10 as
“methicillin resistance,” and the abbreviations "MESA” (for methicillin-resistant 8. gurens) or “MRS”
(for methicillin-resistant staphylococei) are still commonly used, even though methicillin is no longer
available for treatment. In this document, resistance to these agents may be referred to using several terms
{eg, “MRS" “methicillin registance,” or “oxacillin resistance™). Most resistance to oxacillin in
staphylococei is mediated by the mecd gene, which direels the production of a supplemental penicillin-
binding protcin (PBP), PBP 2a, during bacterial cell replication. Resistance is cxpressed either
homogeneously or heterogencously, Homogencous cxpression of resistance is easily delecled with

a8 “Chnical and Laberatory Stundireds Trwtitute, Al rights reserved,
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standard testing methods because nearly all bacterial cell progeny express the resistance phenotype.
Heterogeneous expression may be more difficult 1o detect because only a fraction of the progeny
sopulation (eg, | in 100000 cells) expresses resistance. Mechanisms of oxacillin resistance other than
meocA are vare and include a novel mecd homologue, meeC.® MICs for straing of 8. aureus with mecC are
tvpically in the resistant rangs for cefoxitin and/or oxacilling mecC resistance cannot be detected by tests
directed at srecd or PBP 2a.

39.13 Organism Groups

5 lugdunensiy are now grouped with S gwreus when determining methicillin/oxacillin resistance.
Onacillin-susceptible, mecd-negative strains exhibit oxacillin MICs in the range of 0.25 to 1 pup/mL,
whereas mecd-positive strams usually exhibit MICs 24 pg/ml, characteristics more like S, aureus than
ather CoNS. Therefore, the presence of mecd-mediated resistance in § Jugdunensiy is detected more
sccurately using the § awrens rather than the CoNS interpretive criteria and S lugdumensis is grouped
with § gurens when describing tests to detect oxacillin resistance in this decument and in M100.
Oxacillin and cefoxitin testing methods for CoNS do not include 5. Tuedunensis,

39.1.4 Methods for Detection bf Oxacillin Resistance

Methods recommended for detecting oxacillin resistance in staphvlococci are delineated in Table 2, below
(also see M100D' Tables 2C and 3E). Oxacillin disk diffusion methods should not be used. Cefoxitin is
used as a surrogate for oxacillin, Cefoxitin tests are equivalent to oxacillin MIC tests in sensitivity and
specificity for 5. awrens, and are better predictors of the presence of mec-mediated resistance than
oxacillin agar-based methods, including the oxacillin salt agar sereening plate. Tor CoNS, the cefoxitin
disk difTusiom lest has eyuivalent sensitivity to oxacillin MIC tests but greater specificity (ie, the cefoxitin
disk 1est more accurately identifies oxacillin-susceptible strains than the oxacillin MIC test),

Table 2. Methods for Detection of Oxacillin Resistance in Staphylococed

| Oxacillin Salt
P e e i S ] . K ] g
P Raha MIC o MIC s Dilfusion Test
S, aureuy : Yes Yes Yes Yes
5. lugdunensis Yes Yes Yes Mo
CoNS (except 5. lugdunensis) Yes No Yies No

* The oxacillin MIC interpretive criteria Hsted i MIDO! for CoNS may overcall resistence for some species other than S
spiderpielis. These Imolates display MICs in the 0.5 10 2 pe/mL ranize but ldck meed. Tor gerious infections with CoNS other
than 5. epidarmidiz, testing for mecd ar for PBP 2a o with cefoxitin disk diffusion may he appropriate tor straing for which the
oxacillin MICsare 0,5 102 paiml.

Abbreviations: CoNS, cosgulase-nepative staphylococel; MIC, minimal inhibitory concentration; PRP 2a; penicillin-binding

protein 24,

Using the following test condilions will improve the detsction of mecd-mediated oxacillin resistance in
staphvlococel, especially heteroresistant MRSA:

+ The addition of NaCl (2% wiv; 0.34 mol/L) for both agar and broth dilution testing of oxacillin
» Inoculum preparation using the direct colony suspension method (see Subchapter 3.4.2)

+ Incubation at temperatures between 30 and 33°C.

» Incubation of oxacillin MIC tests for & fitll 24 hours before reporting as susceptible

— Oxacillin is the preferred antistaphylococeal penicillin to use because it is more resistant to
degradation in storage. Do not test oxacillin by disk diffusion.

S Climicai anel Eaboratory Standeeds fnaritire, AN rights reverved, 29
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* [ncubation of tests using cefoxitin for 16 to 20 hours for 8. aureus and 5. Jugdunensis and 24 hours
for CoNS

s Reading the #one of inhibition around the cefoxitin disk using retlected light for all staphylococei

For the most current recommendations regarding testing and reporting, refer to M 100" Tables 2C and 3E.
3.9.1.5 Molecular Detection Methods

Tests for the mecd gene or the protein produced by mecd, PBP 2a (also called PBP2'), are the most

accurate methods for prediction of resistance to oxacillin, mecC resistance cannot be detected by tests
directed at mecd or PBP 2a.

3.9.1.6 Reporting
s Resistance may be reported any time growth is observed after a minimum of 16 hours of incubation.

b
¢ If a cefoxitin-based test is used (required for disk diffusion testing), cofoxitin 15 used as a surrogate
for detecting oxacillin resistance. Based on the cefoxitin result, report oxacillin as susceptible or
resistant.

e Oxacillin suseeptibility test results ean be applied to the other penicillinase-stable penicillins.

e In most staphvlococcal isolates, exacillin resistance is mediated by mecd, encoding PBI 2a. Isolates
that test positive for meed or PBP 2a should be reported as oxacillin resistant.

o Isolates that test resistant by oxacillin MIC, cefoxitin MIC, or cefoxitin disk test or are positive for
meecd or PBP 2a should be reported as oxacillin resistant.

» DBecause of the rare occurrence of resistance mechanisms other than mecd in 8. guress, report isolates
that are negative for the mecd gene or do not produce PBP 2a, but for which oxacillin MICs are =4

pe/mL as oxacillin resistant.

» Oxacillin-resistant staphylococei are considered resistant (o all penicillins, cephems (with the
exception of the cephalosporing with anti-MRSA activity), f-lactam/B-lactamase inhibitors, and
carbapenems. This recommendstion is based on the fact that most cases of documented MRS
infections have responded poorly 1o B-lactam therapy, or because convincing clinical data have yet to
be presented that document clinical efficacy for those agents in MRS infections.

» Oxacillin-susceptible strains can be considercd susceptible to cephems, [-lactam/B-lactamase
inhibitor combinations, and carbapenems.

3.9.1.7 Vancomycin Resistance in Sraphylococcus aurens

In 2006 (MI100-816), the interpretive criteria for vancomycin and S, anrews were lowered to <2 pg/mlL
for susceptible, 4 to 8 pg/mL for intermediate, and = 16 pg/mL for resistant, For CoNS, they remain at <4
pg/ml for suseeptible, 8 to 16 pg/mL for intermediate, and > 32 pg/mL for resistant.

The first oceurrence of a strain of 8 aurens with reduced susceptibility to vancomycin (MICs 4 1o 18

ug/mL) was repuried from Japan in 1997, followed by reports from the United States and France.” The
exact mechanisms of resistance that result in elevated MICs are unknown, although they likely involve
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alierations in the cell wall and changes in several metabolic pathways. To date, most vancomyein-
mtermediate S, qurens strains appear to have developed from MRSA.

Sinee 2002, §. aureys strains for which the vancomycin MICs ranged from 32 to 1024 pg/mL have been
reported in the United States. All of these strains comtained a vand gene similar (o that found in
enterococei. ™’ These strains are reliably detected by the broth microdilution reference method, and the
vancomycin agar screen test (see Subchapter 3.9.1.7.1) when the tests are incubated for a full 24 hours at
33°C = 2°C before reporting as susceptible, The disk diffusion method with vancomycin was removed
from MO2 and M100" in 2009 because it failed to differentiate susceptible strains from strains for which
the MICs are 4 to 16 pg/ml..

3.9.1.7.1 Methods for Detection of Nonsusceptibility to Vancomycin

S aureus with vancomycin MICs =8 pg/ml. can be detected by either MIC or the vancomycin agar
screen test. In order fo recognize straing of staphylococci for which the vancomycin MICs are 4 pg/ml.,
MIC testing must be performed and the tests incubated for a full 24 hours at 35°C £ 2°C. The vancomyein
agar sereen test does not cnngisttintl}f detect S aureus with vancomyein MICs of 4 pug/mL. If growth is
found on the vancomyein screen agar, perform a vancomyein MIC test to ¢stablish the MIC value. Strains
with vaneomyein MICs <32 pg/ml are not deteeted by disk diffusion, even with 24-hour incubation.

3.9.1.7.2 Vancomycin Agar Screen

Perform the tes! using the following procedure by inoculating an isolate of § aurens onto Brain Heart
Infusion (BHI} agar containing 6 up/ml of vancomyein.

el e O

l. | Preparc a direct colony suspension | See Subchapter 3.4.2,
equivalent 1o a 0.5 McFarland standard as
is done for MIC or disk dittusion testing.

2. | Use a micropipetic to deliver a 10-pL drop | Alternatively, use a swab from which the excess
to the agar surface. liquid has been expressed, as is done for the disk
diffusion test, and spot an area at least 10-15 mm
in diameter,

3. | Incubate the plate at 35°C +£2°C in ambient
air for a full 24 hours.

4, Examine the plate carefully, using | Do not reuse plates after incubation,
transmitted light, for evidence of small
colonies (> 1 colony) or a film of growth
Cireater than 1 colony or a flm of growth
suggests  reéduced  susceptibility  to
VAnComycin.

5. Confirm results for 8. guress that grow on | For QC, see M100' Table 3F.

the BHI wvancomycin agar screen by

| repealing  identification  tests  and

' performing vancomycin MIC tests using a

I CLSI reference dilution method or other
| validated MIC method.

Abbroviations: BHI, Brain Heart Infusion; MEC, minimal inhibilory concentration; ©C, quality control.

Many 8. awreny isolates with vancomycin MICs of 4 pg/ml. do not grow on this vancomyein agar screen
media (sec Subchapter 3.9,1.7.1). Also, there are insufficient data to recommend using this agar screen
test for CloNS.
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3.9.1.7.3 Heteroresistant Vancomycin-Intermediate Stapfylococcus qurens

When first described in 1997, heteroresistant vancomycin-intermediate 5. anrens (hVISA) isolates wene
those 8. aurens that contained subpopulations of cells (ypically 1 in every 100000 to 1 000 000 cells) for
which the vancomyein MICs were 8 to 16 pg/mL, ie, in the intermediate range. Because a standard broth
microdilution test uses an inoculum of 5% 10° CFU/mL, these resistant subpopulations may go undetected
and the vancomycin MICs determined for such isclates would be in the susceptible range (formesds
between | and 4 pg/mL). Many physicians and microbiologists initially were skeptical thet
heteroresistance would result in clinical treatment [ailures with vancomycin, because such strains were
susceptible to vancomycin by the standard CLS1 broth microdilution reference method. However, afiss
reviewing both clinical and laboratory data, CLSI lowered the susceptible breakpoint for vancomyein {fos
8 pureus isolates only, not CoNS) from =4 to =2 pg/mL., and the resistant breakpoint from =32 to = 16
pg/mL, to-avoid ealling some heteroresistant strains suseeptible and make the breskpoints more predictive
of clinieal outeome. Thus, the vancomycin-auscoptible breakpoint for S, awrews i3 now <2 pg/ml,
intermediate 4 10 8 pg/ml, and resistant = 16 pg/mL. These lower breakpoints identify the hVISA strains
for which the vancomycin MICs sre 4 pug/ml as inlenmediate. Some susceptible S. awrens sirans for
which the vancomycin MICs are 1.l 1o 2 pg/ml. may still be hVISAs.

Determining the population analysis profiles of § gurens isolates (ie, plating a range of dilutions of 2
standard inoculum of 8. awrews [10' to 10° CEU] on a series of agar plates contaning a range of
vancomyemn concentrations, ploiting the population curve, dividing the bacterial coumts by the area under
the curve, and comparing the ratio derived to S, awrens control strains Mu3 and Mu50%"%) has become
the de facto best available method for determining hVISA status and investigating the clinical relevancs
of hVISA strains. Delermining population analysis profiles is labor intensive and not suilable for routine
clinical laboratory application. Unfortunately, there is no standardized technique at this time that is
convenient and reliable for detécting hVISA straing. The inahbility of both anptrmated commercial syslems
and standard reference susceptibility testing methods to detect the hVISA phenotype makes it impossible
to identify all patients whose infections may not respend to vancomyein therapy because they may be
caused by hVISAs.

3.9.1.7.4 Reporting

Vancomycin-susceptible staphylococei should be reported following the laboratory’s routing reporting
protocols. For strains determined to be vancomycin nonsusceptible (ie, those with MICs >4 ug/mL for
S. aureus and MICs = 8 pg/mL for CoNS), preliminary results should be reported following routine
reporting protocols. Send any §. aurcus with MICs > 8 pg/mL or CoNS with MICs > 32 ug/ml. to a
reference laboratory; final results should be reported after confirmation by a reference laboratory and
public health authorilies should be notified according to local recommendations, See M100! Table 2C aad
M100' Appendix A for the most current recommendations for testing and reporting.

3.2.1.8 Inducible Clindamycin Resistance
Inducible clindamyein resistance can be identified using the method described in Subchapter 3.10.1.
3.9.1.9 Linezolid Resistance

When lesting linezolid by disk diffusion, zones should be examined using transmitted light after
incubation for 16 to 18 hours at 35°C=2°C.

3.9.1.10 Mupirocin Resistance

High-level mupirocin resistance (ie, MICs =512 pg/ml.) occurs in §. ewrews and is associated with the
presence of the plasmid-mediated mupA gene.’'™ Use of mupirocin has been reported to increase rates of
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high-level mupirocin resistance in 8 aureus.™ High-level mupirocin resistance can be detected using
sither disk diffusion or broth microdilution tests (see M100" Table 3H).™ For disk diffusion using a
~00-pg mupirocin disk, incubate the test a full 24 hours and read carefully for any haze or growth using
ansmitted light, No zone of inhibition =the presence of high-level mupirocin resistance; any zone of
mhibition =the absence of high-level resistance. Tn a recent study, the majority of mupA-negative isolates
demonstrated mupirocin 200-pg zonc diameters > |8 mm. For broth microdilution lesting, an MIC of
=312 pg/mL=high-level mupirocin resistance; MICs =256 pg/mL= the absence of high-level resistance.
For dilution testing, a single well containing 256 pg/ml of mupirocin may be tested. For the one-
concentration test, growth = high-level mupirocin resistance; no prowth = the absence of high-level
resistance.

39.1 FEnterococci
39.2.1 Penicilin/Ampicillin Resistance

Cnterococci may be resistant to penicillin and ampicillin because of production of low-affinity PBPs or,
very rarcly, because of the production of B-lactamase. Agar or broth dilution MIC testing and disk
diffusion testing accurately detect isolates with altered PIPs, but do not reliably detect isolates that
produce [-lactamase. [-lactamase—producing strains of entérococci arc detected best by using a direct,
mitrocefin-based, f-lactamase test (see Subchapler 3.10.2.2). Because of the rarity of B-lactamase-positive
enterococci, this test does not need to be performed routinely but can be used in selected cases. A positive
S-lactamase test predicts resistance to penicillin, and amino-, carboxy-, and ureidopenicillins.

Strains of enterococci with ampicillin and penicillin MICs > 16 pp/mL arc categorized as resistant.
However, enterococei with low levels of penicillin (MICs 16 to 64 pg/mL) or ampicillin (MICs 16 to 32
pemL} resistance may be susceptible to synergistic killing by these penicilling in combination with
gentamicin or streptomycin (in the absence of high-level resistance to gentamicin or streptomyein, see
Subchapter 3.9.2.4) if high doses of penicillin or ampicillin are used. Enterococei possessing higher levels
of penieillin (MICs > 128 ug/mL) or ampicillin (MICs =64 ug/mL) resisiance may not be susceptible
to the synergistic effeet.”™ " Physicians' requests to determine the actual MIC of penicillin or ampicillin
for blood and CST isolates of enterococci should be considered,

3.9.2.2 Vancomvein Resistance

Accurate detection of vancomycin-resistant enterococei (VRE) by the agar or broth dilution MIC testing
requites incubation for a full 24 hours (rather than 16 to 20 hours) and careful examination of the plates,
tubes, or wells for evidence of faint growth before reporting as susceptible. With disk diffusion, zones
should be examined using transmitted light; the presence of a haze or any growth within the zone of
inhibition indicates resistance. Organisms with intermediate zones should be tested by an MIC method as
described in CLST document MO7.° For isolates for which the vancomycin MICs are 8 to 16 ug/mL,
perform biochemical tests for identification as listed under the “Vancomycin MIC > 8 ug/mL" test found
in M100' Table 3F. A vancomycin agar screen test may also be used, a3 described in Subchapter 3.9.2.3
and in M 100" Table 3F.

3.9.2.3 Vancomycin Agar Screen
The vancomycin apar screening-plate procedure can be used in addition to the dilution methods deseribed

n Subchapter 3.9.2.2 for the detection of VRE, Perform the test using the following procedure by
inoculating an enterococeal isolate onto BHI agar containing 6 pg/mL of vancomyein/mL.™
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“Step | e L e e T e
1. Prepare a direct colony suspension equivalent to a 0.5

MecFarland standard as is done for MIC or disk diffusion

lesting.

2 Inoculate the plate using either a 1- to 10-pL loop or a

swab.

Loop: Spread the inoculum in an area 10-15 mm in
diameter.

Swab; Express as is done for the disk diffusion test and
then spot an arca at least 10-15 mm in diameter.

¥ Incubate the plate at 35°C+2°C in ambient air for a full | Do not reuse plates after -
24 hours and cxamine carcfully, using transmitted light, | incubation.
for evidence of growth, including small colonies (= 1
colony) or a film of growth, indicating vancomycin | Refer to M100" Table 3F.

resistance. ;
Abbreviation: MIC, minimal inhibitory Concentration.

3.9.2.4 High-Level Aminoglycoside Resistance

High-level resistance to gentamicin and/or streptomycin indicates that an enterococeal isolate will not be
killed by the synergistic action of a penicillin or glycopeptide combined with that aminoglycoside, ™ Agar
or broth high-concentration gentamicin (500 pg/ml)} and streptomiyein (1000 pg/ml. with broth
microdilution; 2000 pg/mL with agar) tests or disk diffusion tests using high concentration gentamicin
(120 pg) and streptomycin (300 pg) disks can be used to screen for this type of resistance (see M100"
Table 31). QC of these tests is also explained in M 100" Table 31. Other aminoglycosides do not need to be
tested, because their activities against enterococei are not superior to gentamicin or streptomycin. In
addition, high-level resistance to both gentamicin and streptomycin implies that resistance will be found
for all eminoglycosides, making testing of additional aminoglycosides unnecessary.

3.3 Gram-Negative Bacilli

The major mechanism of resistance to B-lactam antimicrobial agents in gram-negative bacilli is
production of B-lactamase enzymes. Many different types of enzymes have been reported. P-lactamases
may be named after the primary substrates that they hydrolyze, the biochemical propertics of the
f-lactamases, strains of bacteria from which the P-lactamase was detected, a patient from whom 2
f-lactamase—producing strain was isolated, ete.”” For example, TEM is an abbreviation for Temoneirs,
the first patient from whom a TEM B-lactamase-producing strain was reported. B-lactamascs may be
classified as molecular Class A, B, C, or D enzymes, as shown in Table 3, below.""

T&hle 3 El].I]’IIIE—' Classification for }Lantamnﬁes

CCksy | CUActive Stie  Examples
A Inhibitor-susceptible (rare B i I:M 1 "sH"v’~l K.PL OXY, and most ESE‘LS
excephions) | (including CTX-M)

B Metallo-B-lactamases Metallocnzymes; VIM, IMP, 5PM, NDM

C Inhibitor-resistant f-lactamases | AmpC

D Oxacillin-active B-lactamases OXA (including rare ESBL and carbapenemase
that may be inhibitor susceptible | phenotypes) :

Abbreviations: ESBL, extended-spectrum [-lactamase; KPC, Klebriello preumoniae carbapenemase; WDM, New Delhi metallos-
[-lactamase.

BClimical and Labaraturs Standiards Institute. AN rights reserved



Volume 35 M0O2-A12

S-lactamase enzymes in all four classes inactivate B-lactam antimicrobial agents at different rates. The
genes encoding P-lactamases may be located on chromosames and expressed with or without induction or
carmied on plasmids in single or multiple copies. An isolate may produce B-lactamases and possess other
resistance mechanisms such as porin mutations that restrict antimicrobial access to their active binding
sites in the bacterial cell. The variety of B-lactam resistance mechanisms encountered in gram-negative
bacteria gives rise to a continuum of antimicrobial aclivities expressed as a range of MIC values. One
would expect the inlerprelive crilenia to be the MIC or zone diameter value that differentiates
B-lactamase/other resistance mechanism-negative strains (susceptible) from P-lactamase/other resistance
mechanism—positive strains (registant). However, weak P-lactamase activity or low-level B-lactamase
expression may not necessarily mean that the isolate will be refractory to f-lactam therapy. Tn practice,
some isolates that are interpreted as susceptible will produce B-lactamases that have clinically
wconsequential ¢nzyme activity, These may be ESBL, AmpC, or carbapenemase-tvpe enzymes as
described in Subchapters 3.9.3.1, 3.9.3.2, and 3.9.3.3, respectively.

Identification of a specific f-lactamase resistance mechanism (eg, ESBL, KPC, NDM) is not required or
necessary [or the determination of a susceptible or resistant interpretation, However, the identification of
2 specific enzyme may be usefyl for infection control procedures or epidemiological investigations.
MI100' Table 3A describes tests that can be used to screen for and confirm the presence of ESBLs in
E coli, K. pneumoniae, Klebsiella oxytoca, and P. mirabilis. M100' Tables 3B and 3C describe tests that
can be used to screen for and confirm carbapenemase production in Enterobacteriaceas.

3531 Extended-Spectrum p-Lactamascs

E5BLs arc Class A and D enzymes that hydrolyze expanded-spectrum cephalosporins and monobactams
and are inhibited by clavulanate, These enzymes arise by mutations in genes for common plasmid-
encoded [i-lactamases, such as TEM-1, SHV-1, and OXA-10, or they may be only distantly related to a
native enzyme, as in the case of the CTX-M pB-lactamases. ESBLs may confer resistance to penicillins,
cephalosporins, and aztreonam in clinical isolates of K. preumoniae, K. oxytoca, E. coli, P, mirabilis,*'
and other genera of the family Enterobacterioceasr™ B-lactam interpretive criteria are sel at MIC and
zone diameter vahies that recognize ESBL. activity, in combination with other resistance mechanisms,
likely to predict clinical success or failure. Most ESBlL-negative gram-negative bacilli will test
susceptible; however, some strains that test susceptible may contain ESBL genes producing low amounts
of enzyme or enzyme that has poor hydrolytic activity. These straing are calegorized comrectly as
susceptible when using current CLST interpretive ¢riteria published in M100.

A similar native enzyme, OXY (formerly KOXY or K1), n K oxproea acts as an extended-spectrum
penicillinase, inactivating aming- and carboxypenicilling. Overproduction of OXY enzymes due to
promoter mutations resnlts in resistance to ceftriaxone and awireonam (but not ceftazidime), as well as
resistance to all combinations of B-lactams and [-lactamase inhibitors. Although strains producing OXY
enzymes may result in a positive ESBL confirmatory test, OXY enzymes are generally not considered
ESBLs. MIC and zone diameter interpretive criteria correctly predict susceptibility and resistance.

3932 AmpC Enzymes

The AmpC f(-lactamases are chromosomal or plasmid-encoded enzymes.*™ Tsolates that produce AmpC
snzymes have a similar antimicrobial susceptibility profile lo those that produce ESBLs in that they show
reduced susceptibility to penicillins, cephalospotring, and artreonam. However, in contrast to ESBLs,
AmpC [-lactamases also inactivate cephamycins, i, bacteria expressing AmpC enzyme test as resistant
to cefoxitin and cefoletan, In addition, AmpC-producing simins are resistant to the current fi-lactamase
inhibitor combination agents and may test resistant to carbapenems il accompanied by a porm mutation or
m combination with pverexpression of specific efflux pumps:
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Chromosomal AmpC [B-lactamases are found in Enterohacter, Citrabacter, Servatia, and some ofbes
gram-negative species, and are usually expressed in low amounts but can be induced to produce highs
amounts by penicillins, carbapenems, and some cephems such as cefoxitin. The expanded-spectrs
cephalosporing (cephalosporin subelasses Il and 1V) do not induce AmpC enzymes bul can 8
hydralyzed by them, Use of cephalosparins alse may select for stably detepressed ehromosemal mutants
which can emerge during therapy.*

AmpC enzymes can be carried on plasmids that are transmissible among bacteria. Although plasmiss
mediated AmpC enzymes evolved from native chromosomal enzymes smong a diverse group of bacterie
they are found primarily in clinical isolates of K prewmoniae and £. coli

There 15 no CLSI-validated phenotypic test to confirm the presence of plasmid-encoded Ampl
P-lactamases in clinical isolates, Strains carrying both ESBLs and plasmid-encoded AmpC P-lactamases
are common in some geographical remons, The current interpretive criteria for drugs affected by thess
combinations of enzymes are the best approach for providing guidance for reatment of these strains.

3933 Carbapenemases (Carbapenem-Resistant Gram-Negative Baeilli)
%

Carbapenemase activily in ¢linical isolates of gram-négative bacilli occurs as a result of B-lactamass
¢nzymes in Classes A, B, and D. In Enterobacteriaceae;, KPC- and SME-type enzymes™** within Class
A; NDM, VIM, and IMP-type enzymes within Class B; and OXA-lype enzymues within Class D repress
major families of clinical importance (see Table 4, below). In Acinembacter spp.; both Class B and I8
enzymes oceur, but in P, qeruginesa, only Class B enzymes are important. NDM-type and other metalle

fi-laclamase enzymes require zinc for activity and are inhibited by substances such as EDTA, which binds
zing. Stenotrophomonas maltophilia, Bacillus anthracis, and some strains of Bucteroides fragilis produse
a chromogsomal metallo-[-lactamiase, Other metalloenzymes may be carried on plasmidy and i ocess
in Acinetobucter spp., P. veruginosu, Serratia marcescens, K. pnewmoniae, and, increasingly, in othes
Enterobacteriaceae,

The predence of carbapenemuase activity in Enferobacteriaceae can be confirmed using the modified
Hodge test (MHT) as deseribed in M100' Tables 3B and 3B-1. The sensitivity and specificity of the MHT
for detecting other carbapenemase production can vary. The test is a very sensitive method of detecting
KPC-type enzymes but false-negative results or weak reactions ¢an occur with isolates producing ss
NDM-type enzyme, In addition, MHT-positive results may be encountercd m isoliates with carbapensm
resistance mevhanisms other than carbapenemase production (sg, Enterobacter spp. with hyperproductios
of AmpC and porin loss). Carbapenemase activity can also be detected in Enterohacterinceas, 2

aeruginosa, and Acinetobacter spp. using the Carba NP colorimetric microtube agsay®™™' ag described &=
M 100" Tables 3C and 3C-1. Both the MHT and the Carba NP test detect carbapenemase production, bet
neither identifies which carbapenemase is present.

There is no CLSl-validated phenotypic test to confirm the presence of metallo-P-lactamases in clinical
isolates, Current interpretive criteria for drugs affected by these carbapencmases, [rst published m 2010
in M100-520-U, ar¢ the recommended approach for providing guidance for treatment of infection by
Enterobacteriaceae  containing OXA-, KPC- and NWDM-type enzymes. For confirmation of
carhapenemase aclivity in P. aeruginosa and dcimetobacter spp., the use of the Carba NP or 2 molecular
test iz the recommended approach.

Refer to M100' Tables 3B and 3C for the most current recommendations for testing and reporting.
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“we 4. p-Lactamases With Carbapenemase Activity

P-Lactamnse Class™ |~ Foundim: ~ [ = ~ " Examples
A K pneumonice and other KEPC, SME
Enterobacteriaceae
B Enterobacteriaeeas Metallo-p-lactamases inhibited
F. aeruginosa by EDTA (IMP, VIM, NDM)
Acinetobacter baumanmnii -
D A, baumcriii OXA
| Enterobacteriaceae

Lspenemases have not yet been found in Class C.
sestions: EDTA, ethylenediaminetetrancetic acid; KRC, Klebsialla prewmorias carbapenemase; NDM, New Delhi metallo-
= =

"84 Sirepiocecens preumoniae

- 21 Penicillin and Third-Generation Cephalosporin Resistance
b

“emelling and ccfotaxime, ceftriaxone, or meropenem, should be tested by an MIC method and reported
swemely with CSF isolates of S, preumoniae. Such isolales can also be tested against vancomycin using
S MIC or disk method. Consult M100' Table 2G for reporting of penicilling and third-generation
s==aiosporins, hecause there are specific interpretive criteria thal must be used depending on the site of
ss=tion and the penicillin formulation used for therapy. In M100! Table 2G, breakpoints are listed for
s=sienous penicillin therapy for meningitis and nanmeningitis infections. Separate breakpoints are
swmded for therapy of less severe infections with oral penicillin.

seewcillin, ampicilling cefepime, cefotaxime, ccftriaxone, cefuroxime, criupenem, imipenem, and
sespenem may be used to treat pneumocoecal infections; however, reliable disk diffusion susceptibility
s with these agents do not yet exist. Their in vitro activity is best determined using an MIC method.

- 2% Screening Tests

“s=ming tests, as described in this document and in M100,' characterize an isolaic as susceptible or
sssiant to one or more antimicrobial agents based on a specific resistance mechanism or phenotype.
Seme screening lests have sufficient sensitivity and specificity such that results of the screen can be
sswred without additional testing. Others require further testing to confinm the presumptive results
wmmed with the screen test. The details for each sereening test, including test specifications, limitations,
o additional tesis needed for confirmation, are provided in MI100' Instructions for Use of Tables,
“emem VI and in M100' Table 3 locations specified there,

" soreening tests, a positive (resistant) and negative (susceptible) QC strain should be tested with each
e oushipment of disks, or agar plates used for agar dilution, or single wells or tubes used with broth
Sison methods. Subsequently, weekly QC testing of the negative control (susceptihle strain) is
wificent if the screening test is performed at least once a week and criteria for converting from daily to
sy OC testing have been met (see Subchapter 4.7.2). QU of screening tests with the negative control
sescentible strain) is recommended each day of testing if the test is not performed routinely (ie, at least
mee = week) or if the antimicrobial agent is labile (eg, oxacillin agar screen for S, qureus).

.1 Inducible Clindamycin Resistance
Weeolide-resistant isolates of 5. awrens, coagulase-negative Staphylococcus spp., S, preumoniae, and

Shemolylic streptococe] may express constitutive or inducible resistance to clindamycin (methylation of
e 258 ribosomal RNA encoded by the erm gene, also referred to as MLSy |macrolide, lincosamide, and
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type B streptogramin] resistance) or may be resistani only to macrolides {efflux mechanism encoded by
the msr{A) gene in staphylococei or a mef gene in streptococet). Infections caused by both staphylococs
and streplococel with inducible clindamycin resistance may fail to respond to clindamycin therapy. ="
Inducible clindamycin resistance can be detected for all staphylococes, 5. preumeoniae, and f-hemolytic
streptococei using 3 disk diffusion test.

Using disk diffusion, the test is performed by placing a 2-pg clindamyein disk either 15 to 26 num awss
{for staphylococci) or 12 mm away (fur streplococei) from the edge of 2 15-pg eryvthromycin disk on 2
standard blood agar plate used for the inoculum purity check or by using the standard disk diffusios
provedure with MHA. Flattening of the clindamycin zone adjacent to the erythromycin disk (referres
to a5 a D-zone) indicates inducible clindamycin resistance. Following incubation (16 to 18 hours for
staphylococei and 20 to 24 hours for streptococei), organisms that do not show flattening of the
clindamyein zone adjacent to the erythromyein disk in an ervthromycin-resistant isolate should he
repotted as tested (eg, susceptible or intermediate to clindamycin). Organisms that show flattening of the
clindamyein zonc adjacent to the erythromycin disk (referred 10 as a D-zone) affer incubation ha
inducible clindamycin resistance. Recommendations for QC and (he most recent updates for testing ¢
provided in M100' Tables 3G, 4;*1, and 4B.

Inducible clindamyein resistance can also he detected in these organisms with the broth microdilution tes
using # combination of erythromyein and clindamycin placed together in a single well (see CLS
document M07* Subchapter 3.14.1, and M100' Table 3G),

3.10.2 p-Lactamase Tests
3.10.2,1 Purpose

A rapid P-lactamage test may yield clinically relevant results earlier than a disk diffusion test ws
Haemophilus spp. and N, gonorrhioeae; a P-lactamase test is the only rcliable test for detecting
[-lactamase—producing Enrerccoccus spp.

A positive B-lactamase test result predicts:
= Resistance to penicillin, ampicillin, and amoxicillin among Hoemophilus spp. and N, gonorrhoese

e Resistance to penicillin, and amino-, carboxy-, and ureidopenicilling among staphvlococc
enterococcl

A necgative B-lactamase test result does not rule out B-lactam resistance due to other mechanisms. Do
use f-lactamase tests for members of the Enterobacterfacece, Psewdomonas spp., and other sercie
gram-negative bacilli, because the results may not be predictive of susceptibility to the P-lactams =
often used for therapy.

3,10.2.2 Sclecting a f-Lactamase Test

Detection of [-lactamase in § aureus is most accurately accomplished by using the penicillin &8
diffusion zone-edge test (see Subchapter 3.9.1.1 and M100 Table 3D). Nitrocefin-based tests can be
for 8. aurens, but negative results should be confirmed with the penicillin zone-edge test before repors
penicillin as susceptible. Nitrocefin-based tests are the preferred method for testing CoNS, ente
Haemaophilus spp., M. catarvhalis, and N. gonorrkoeae™ but require induction of the enzyme in
including 8. Jugdunensis. Induction can be easily accomplished by testing the growth from the =
margin surrounding & cefoxitin disk (est. Acidimetric f-lactamase testis have penerally prod

acceplable results with Heemophilus spp., N, gororrhoeae, and staphylocoeci; iodometric tests maw

iR SClnical and Labaralory Standeards Fastifute, ANl rights rese




Volume 35 MO2-A12

uscd for testing N, gonorrhiocae, Care must be exercised when using these assays to cnsure accurate
resulis, including testing of known positive and negative control strains at the time clinical isolates are
examined (see the manufacturer's recommendations for commercial Lests).

3.11 Limitations of Disk Diffusion Methods
3.11.1 Application to Various Organism Groups

The disk diffusion methods described in this document arc standardized for testing rapidly growing
pathogens, which include Staphvlococeus spp.. Enterococcus spp., the Enterobacteriaceae, P. aeruginosa,
Acinetobacter spp., Burkholderia cepacia complex, and S, maltophifia, and they have been modified for
testing fastidious oreanisms such as H influenzoe snd H. parainfluemzoe (See MI100' Tahle 2E), N
sonorrhocae (sse M100' Table 2F). N. meningitidis (see M100" ‘Table 21), and streptococei (see M100'
Tables 2G, 2H-1, and 2H-2). For organisms excluded from M100' Tables 2A through 21 and not coverad
in other CLSI guidelines or standards, such as CLSI document M45.” studies are not yet adequate to
develop reproducible, definitive standards to interpret results, These organisms may require different
media, reyuire different atmospheres of incubation, or show marked strain-to-strain variation in growth
rate. For these microorganisms, chnsultation with an infectious diseases specialist is recommended for
guidance in determining the need for susceptibilily testing and in the interpretation of results. Published
reports in the medical literature and current consensus recommendations for therapy of uncomman
microorganisms may obviate the need for testing of such organisms. If testing is necessary, a
dilution method usually is the most appropriate testing method, and this may require submitting the
organism lo a relerence laboratory,

3.11.2 Warning

Dangerously misleading results can occur when certain antimicrobial agents are tested and reported as
susceplible against specific organisms. These combinations include, but may not he limited to:

= Fimst- and second-generation cephalosporins, cephamycins, and aminoglycosides against Salmonella
andd Shigella spp.

« Penicilling, p-lactam/B-lactamase inhibitor combinations, antistaphyloeoccal cephems (except for
cephalosporing with anti-MRSA activity), and carbapenems againgt oxacillin-resistant Staphvlococens

SPP.

» Aminoglycosides (except high concentrations), cephalosporins, clindamyein, and ftrimethoprim-
sulfamethoxazole against Erferococcnuy spp.

in addition, some bacterial species have inherent or innate antimicrobial resistance. which is reflected in
wild-type antimicrobial patterns of all or almost all representatives of a species, Infrinsic resistance is so
commen that susceptibility testing is unnecessary. For example, Cifrobarcier species are intrmsically
resistant to ampicillin, A small percentage (1% to 3%) may appeat suscaptible due to method variation,
mutation, or low levels of resistance expression. Testing of such species is unnecessary, but, if tested, a
“susceplible” resull should be viewed with caution. Refer to the intrinsic resistance tables m M100'
Appendix B for a list of such species and the antimicrobial agents to which they are resistant.

3.11.3 Development of Resistance and Testing of Repeat Isolates

isolates that are initially susceptible may become intermediate or resistant after initiation of therapy.
Therefore, subsequent isolates of the same species from a similar body site should be tested in order to
detect resistance that may have developed. This can occur within as little as three to four days and has
been noted must [requentdly in Enterobacter, Citrobacter, and Servatic spp. with third-gencration
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cephalosporins; in P. aeruginosa wilh all antimicrobial agents; and in staphylococei with quinolones. Far
8. aureus, vancomycin-susceplible isolates may become vancomyein intermediate during the course of
prolonged therapy.

In certain circumstances, testing of subsequent isolates to detect resistance that may have developed
might be warranted earlier than within three to four days. The decision to do so requires knowledge of the
specific situation and the severity of the patient’s condition (g, an isolate of Enterobacter cloacae from a
blood culture on a premature infant). Laboratory guidelines on when to perform susceptibility testing on
repeat isolates should be determined after consultation with the medical staff,

40 BChmical and Laboratory Standurds Institute. All rights reverved,
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Chapter 4: Quality Control and Quality Assurance

This chapter includes:
* An overview of the purpose of 2 QC and a2 QA program

* Information regarding the responsibility of both the manufacturer and user to ensure testing
materials and reagents are maintained properly

*  Deseriplion of the selection, maintenance, and testing of QC strains

* The recommended frequency for performing QC testing inchuding the amount of testing required to
reduce QC frequency trom daily to weekly

= Suggestions for troubleshooting out-of-range results with QC strains
* Faclors to consider before rﬂﬁbnrﬁng patient results when out-of-range QC results are observed

* Guidanece for confirming noteworthy or uncommon results encountered when testing patient isolates

4.1 Purpose

< includes the procedurey to monitor the test system to ensure accurate and reproducible results. This is
=chieved by, but not limited 1o, the testing of carefully selected QC strains with known susceptibility to
e antimicrobial agents tested. The poals of a QC program are to monitor:

= Precision (reproducibility) and acouracy of susceptbility test procedures
= Performance of reagents used in the tests
= Performance of persons who carry out the tests and report the results

A comprehensive QA program helps to ensure that testing materials and processes consistently provide
guality results, QA includes, but is not limited to, menilorng, evaluating, taking corrective actions (if
secessary), recondkeeping, calibration and maintenance of equipment, proficiency testing, traming,
competency assessment, and QC.

42 Quality Control Responsibilities

Although this subchapter is intended to apply to the standard reference methods, it may be applicable to
certain commerially available anumicrobial susceptibility test systems that are based primarily or in part
on methods described in MO2.

Manufacturers and users of antimicrobial susceptibility tests have a shared responsibility for quality, The
ssimary purpose of QC testing performed by manufacturers (in-house reference methods or commercial
methods) is to ensure that the testing materials and reagents have been appropriately manufactured, The
primary purpose of QC testing performed by laboratoties (users) is to cnsure that the testing materials and
~eagents arc maintained properly and testing is performed according to established protocols.
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A logieal division of responsibility and accountability may be described as follows:

e Manufacturers (in-house or commercial products}:
— Antimicrobial labeling
— Potency of antimicrobial disks
— Antimicrobial stability
— Compliance with good manufacturing practices (eg, quality management system standards)
—  Integrity of product
— Aceountability and traceability to consignes

e Laboratories (users):
— Storage under the environmental conditions recommended by the manufacturer (to prevent drug
deterioration)
~  Proficiency of personnel performing tests
- Use of current CLSI standards (or manufacturers’ instructions for use) and adherence to the
established procedure (eg. inoculum preparation, incubation conditions, determination of end
points, interpretation of {asul 15)

Manufacturers should design and recommend a QC program that allows users to evaluate those variables
(eg. inoculum density, storage/shipping conditions) that are most likely to adversely affect test results and
to determine that the test resulls are accurate and reproducible when the (est is performed according to
established protocols.

NOTE: Laboratorics in the United States should familiarize themselves with new QC requirements of the
Clinical Laboratory Improvement Amendments (http:/fwww.cms.gov), Within these requirements is an
option to develop an individualized QC plan, or TQCP. Such a plan is based upon a risk assessment for
each laboratory. This risk assessment is described in CLSI document EP23™ %

4.3 Selection of Strains for Quality Control

Each QC strain should be obtained from a recognized source (e, ATCC"). All CLSI-recommended QC
strains appropriate for the antimicrobial agent and reference method should be evaluated and produce
results within the expected ranges listed in MI00' that were established according to the procedures
described in CLS1 document M23.% Users of commercial systems should follow the O)C recommendations
in that system s instructions for use,

QC strains and their characteristics are described in Appendix D. Some of these are listed as “routine QC
strains" and others as “supplemental QC strains,”

QC strains are tested regularly (eg, daily or weekly) to ensure the test system is working and produces
resulls that fall within specified limits listed in M100." The QC strains recommended in Appendix 13 and
in M100' should be included if a Iaboratory performs CLSI reference disk diffusion testing as described
hetrein,

Supplemental QC strains are used to assess particular characteristics of a test or test system in sclect
situations or may represent altemative QU strains. For example, H influenzae ATCCY 10211 is more
fastidious than H. influenzae ATCC* 49247 or I, influenzae ATCC® 49766, and is used to ensure HTM
can adeguatcly support the growth of clinical isolates of H. influenzae and H parainflucnzue.
Supplemental QC strains may possess susceptibility or resistance characteristics specific for one or mare
special tests listed in CLSI documents M02, M07,* and M100.' For example, S, aureus ATCC® BAA-976
and §. aureus ATCC*® BAA-977 are used for supplemental QC of tests for inducible chindamycin
resistance. Supplemental QC strains can be used to assess a new test, for traning new personnel, and for
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sompetency assessment. Tt is not necessary to include supplemental QC strains in routine daily or weekly
AST QC programs.

Expected QC ranges for routine QC strains are listed in M100' Tables 44 and 48. When recommended,
=cceptable QU ranges for supplemental QC strains are also included in M100' Tables 3, which describe
screening and confirmatory tests for specific resistance mechanisms,

4.4 Maintenance and Testing of Quality Control Strains

Proper organism storage and maintenance is required to ensure acceptable performance of QC strains
talso refer to Appendix E).

For long-term storage, maintain stock cultures at —20°C or below (preferably at —60°C or below or in liquid

mitrogen) in a suitable stabilizer (eg, 50% fetal calf serum in broth, 10% to 15% glycerol in tryptic soy

oroth, delibrinated sheep blood, or skim milk) or in a frecse-dried state, NOTE: Some QC strains,
particularly those with plasmid-mediated resistance (eg, £. coli ATCC® 315218), have been shown to lose
the plasmid when stored at 1cmp¢r{amres above ~60°C.

L. Subeulture frozen or freeze-dried stock cultures onto appropriate media (eg, tryptic soy or blood agar
for nonfastidious QC strains, or enriched chocolate or blood agar for fastidious QC strains) and
incubate under the appropriate conditions for the organism. This subculture is designated the Fl
subculture, (*F" relates to the “frozen™ or “frecze-dried” state of the stock culture; “1” indicates the
first passage and “2" the second passage from the stock culture.)

2 From the F1 subeulture, prepare an F2 subculture to use for testing (C strains or use the F2
subculture to prepare subsequent subcultures (F3) for testing QU strains as outlined in Appendix E.

5. Store F1 and F2 subeultures at 2 to 8°C or as appropriate for the organism type.
Usc agar plates (and not broth or agar slants) for preparing the F2 or F3 subcultures that will be used

for inoculum suspension preparation. Streak to obtain isolated colonies and always use fresh
subcultures (eg, overnight incubation) for inoculum suspension preparation.

.4-

Prepare a new F2 subcullure each week and then prepare F3 subcultures from this F2 suboulture for
up o seven days; prepare anew F2 subculture on day 8.

9. Prepare Fl subenltures at least monthly from frozen or freeze-dried stock cultures (cg, subculture for
F1 subcultures each week for no more than three successive wecks). Some strains mav require
preparation of a new F1 subculture more frequently (eg, every two weeks).

7. Review the footnotes in Appendix DD that highlight special requirements for handling certain QC
strains.

If an unexplained QC error occurs that might be due to a change in the organism’s inherent susceptibility
or resistance, prepare a new F1 subculture or oblain a fresh stock culture of the QC strain from an external
source. See Subchapter 4.8 for additional guidance.

Always test the QC sirains using the same materials and methods that are used to test clinical isolates.

4.5 Batch or Lot Quality Control

. Tesl each new batch, shipment, or lot of MHA or supplemented MHA plates or disks with the
appropriate QC strains before or concurrent with their first use for lesting patient isolates. If zone
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diameter measurements do not fall within the acceptable ranges (sec M100' Tables 4A and 4B),
proceed with correclive action.

2. For MHA or supplemented MHA plates prepared in-house, incubate at least one uninoculated agar
plate from each hatch or lot overnight to confirm sterility of the medium.

Maintain records to include, at a minimmum, the lot numbers, expiration dates, and date of use of all
materials and reagents used in performing susceptibility tests.

4.6 Zone Diameter Quality Control Ranges
Acceptable zone diameter QC ranges for a single QC test (single-drug/single-organism combination) are

listed in M100' Tables 4A and 4B. These ranges are developed following specific protocols outlined in
CLS! document M237,

4.7 Freguency of Quality Control Testing (also refer to Appendix A and M100! Table 4C)

Test the appropriate QC strains each day the test is performed on patient isolates. Alternatively, adopt ane
of the two plans to demonstrate acceptable performance in order to reduce the frequency of disk diffusion
QC tests to weekly. Either plan allows a laboratory to perform weelkly QC testing once satisfactory
performance with daily testing of QC strains is documented (see Subchapters 4.7.2.1 and 4,7.2.2). The
weekly QC testing options are not applicable when disk diffusion tests are performed less than once a

wieek,

4,7.1 Daily Quality Control Testing

A lahoratory can perform QC testing daily. Daily (vs weekly) QC testing must be performed each day
patient isolates are tested if disk diffusion tests are performed less than once a week.

“Iraily QC testing” or testing on “consecutive st days™ means testing of QC strains cach day disk
difTusion tests are performed on patient isolates. Tt does nol refer to calendar days.

4.7.2 Performance Criteria for Reducing Quality Control Freguency to Weekly

‘I'wo plans are available to demonsirate satisfactory performance with daily QC testing before going to
weekly QC testing, These include: 1) the 20- or 30-day plan or 2) the 15-replicate (3 = 5 day) plan.

4.7.2.1 The 20- or 30-Day Plan

Test all applicable QC strains for 20 or 30 consecutive tes! davs and document results.

s Follow recommended actions as described in Appendix A,

e If no more than one out of 20 or three out of 30 zone diameter measurements for each antimicrohial
agentforganism combination are oulside the acceptable zone diameter QC range listed in MI0D'
Tables 4A and 41, it is acceptable to go to weekly QC testing.

e If completion of the 20- or 30-day plan is unsuccessful, take corrective action as appropriate, and
continue daily QC testing,
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» [f a laboratory is routinely testing QC strains each day of use and desires to convert (o a weekly QU
plan, it is acceptable to retrospectively analyze QC data from consecutive tests available during the
previous two years, providing no aspects of the test system have changed.

2722 The 15-Replicate (3% 5 Day) Plan

* Test threw replicates of each applicable QC strain using individual moculum preparations for five
comsecutive test days and document results.

* Follow recommended actions as described in Appendix A and Table 5, below.

» Upon successful completion of the 15-replicate (3 * 5 day) plan, it is acceptable to go to weekly QC
testing,

* If completion of the 15-replicate (3 x 5 day) plan is unsucecessful, take corrective action as
appropriate, and continue daily QC testing,

Table 5. 15-Replicate (3 X5 Day} Plan: Anceptan ce Criteria and Recommended Amun
Number OQutof © = _ Number Outof |

peis Range. A.fl’&!‘
Inltlal Rapent Testing

(Based on 15 . {(Based on Al130 | Conclusion After Repeat
Rﬂphltales:} A 5 ates) oo '-:'i'i': Rtpﬁuatﬁs} ;_'-:1515".. GiRR .Tﬁsﬂﬁg
Plan is 'mr:ccssful Cunwrt to :
G weekly QC testing, i /24
Test another 3 Plan is successful. Convert
2=3 replicates for 5 days. 2-3 to weekly QC
tasting.
Plan fails. Investigate and Plan fails. Investigate and
>4 take corrective action as -4 | take corrective action as
2 appropriate. Continue QC = | appropriate. Continue QC
each lest day. | each test day.

"Assess each QC strain/antimicrobial agenl combination sepamtely,
Abbreviations: MiA, not applicable; QC, quality control.

For background information that supports the 3 = 5 day plan, refer to the CLSI AST Subcommitiee
webpage at www.clsi.org for Statisticians” Summary for Alternative QC Frequency Testing Proposal.

4.7.2.3 Implementing Weekly Quality Control Testing

*  Weekly QC testing may be implemented once satisfactory performance with daily QC testing has
been documented (see Subchapters 4.7.2.1 and 4.7.2.2),

* Perform QC (esting once per week and whenever any reagent component of the test (eg, a new lot of
agar or a new lot of disks [rom the same or a different manufacturer) is changed.

* Ifany of the weekly QC results are out of range, take corrective action.

»  Refer to M100' Table 4C for guidance on QC frequency with new materials or test modifications.
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4.8 Out-of-Range Results With Quality Control Strains and Corrective Action

Out-of-range QC results can be categorized into those thal wre 1) rundom, 2) identifiable, or 3) system
related.

QC ranges are established to include =95%; of results obtained from routine testing of QC strains. A small
number of (random) out-of-tange QC resulis may be obtained cven when the test method is performed
correctly and materials are maintained according to recommended protocols. Such occurrences are due to
chance.

Out-of-range results with QC strains due to random or identifiuble errors can usually be resolved by a
single repeat of the QC Lesl. However, out-of-range QC results that are due to a problem with the test
system usually do not correct when the QC test is repeated and may indieate a serious problem that can
adversely aftect patient results. Every out-of-range QC result must be investigated,

NOTE: See disk diffusion Troubleshooting Guide in M100' Table 4D for troubleshooting and corrective
action for out-of-range results with QC strains.
\

4.8.1 Daily or Weekly Quality Control Testing — Out-of-Range Result Due to Identifiable Error

If the reason for an out-of-range result can be identified and easily corrected, correct the problem,
document the reason, and retest the QC strain on the day the error is observed. If the repeated result is
within range, no further corrective action is required.

Identifiable reasons for the out-of-control results may include, but are not limited to:

« QC strain
— Use of the wrong QC strain
— Improper storage
— Inadequate maintenance (eg, use of the same F2 subculture for > 1 month)
— Conlamination
—  Nonviability
—  Changes in the organiam (eg, mutation, loss of plasmid)

s Testing supplies
— [mpraper storage or shipping conditions
— Contamination
— Use of a defective agar plate (eg, too thick or too thin)
—  Usc of damaged (cg. cracked) plates
—  Use of expired matcrials

o Testing process
—~ Inoculum suspensions incorrectly prepared or adjusted
— Inoculum prepared from a plate incubated for the incorrect length of ime
~ Inoculum prepared from differential or selective media containing antimicrobial agents or other
growth-inhibiting compeunds
— Use of the wrong incubation temperature or conditions
—  Useof wrong disk, ancillary supplies
—  Tmproper disk placement (eg, inadequate contact with the agar) or disk falls ofT agar
— Incorrect reading or interpretation of test results
—  Transeription emror

A6 SClinical i Lethareslemry Stiweliredy Institute. AN rights reserved,
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» Equipment
— Not functioning properly or out of calibration (eg, pipettes)

482 Daily Quality Control Testing — Qut-of-Range Result Not Duc to Identifiable Error

Perform corrective action if resulls for a QC strain/antimicrobial agent combination are out of range and
S error is not identifiable on two consecutive days of lesting or if more than three results for 8 QC
srain/antimicrobial agenl combination are cut of range during 30 consecutive days of testing (see QC
anges listed in M100' Tables 44 and 4B).

483 Weekly Quality Control Testing — Out-of-Range Result Not Due to Identifiable Error

if the reason for the out-of-range resull with the QC strain cannot be identified. perform corrective action,
= follows, to determine if the error is random.

¢ Testthe out-of-range antimicrobial agent/organism combination on the day the error is observed or as
soonasan B2 or F3 Euhcu]turfi of the QC strain is available.

# If the repeat results are in range, evaluate all QC rcsults available for the antimicrobial
agent/organiam combination when using the same lot numbers of materials that were used when the
out-of-range QC result was observed. If five acceptable QC results are available, no additional days
ol QC lesting are needed. The following tables illustrate two scenarios that might be encounterad and
suggested actions:

Scenario #1:

Ampicillin E. cali ATCC® 25922, acceptable range: 15 to 22 mm

; Lﬂ‘t _Lﬂf 1 :
Sl Nomber | Nomber |0 [
Week | Day | (Disks} | (MHA) | Resuic |
1 1 3564 16481 | 18
2 1 3564 16481 | 1Y
3 1 3564 16481 | 18 B~
4 1 3564 16481 | 19 L= L]
3 1 3564 16481 14 Cut of range. Repeat QC same day.
5 2 3564 16481 | 17 In range, Five acceptable in-range QT tests for £.
| coli ATCC® 25922 with ampicillin disks lot 3564
| and MHA lot 16481. Resume weekly QC testing.

Abbreviations; ATCCY, American Type Culturs Collection; MHA, Mucller-Hinton agar; QC, quality control.

Conclusion: Random QC error,
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Vol
Scenario #2:
= 1
Ampicillin £, eoli ATCC" 25922; acceptable range: 15 to 22 mm -
T
SRS A e e > S
pResult | cnUEiEh e Action i S wr
1% -
19 | 1
14 Out of range. Repeat QC same day. 410
I8 | In range. Three acceptable in-range QC tests for
E. coli ATCC® 25922 with ampicillin disks lot S
9661 and MITA Iot 16922, Repeat (QC 2 more B
consecutive days.
3 3 9661 16922 1§ | Inrange, e
3 4 9661 16922 17 | In range. Iive acceptable in-range QC tests for E .
coli ATCC® 25922 with umpicillin disks lot 9661 k.
§ amd MHA lot 16922, Resume weekly QC testing.
Abbreviations: ATCC®, American Type Cullure Collection; MHA, Mueller-Hinton agar; QC, guality control,
-
Conclusion: Random QC error, |
4.8.3.1 Additional Corrective Action
L]
s If repeat results with QC strains are still out of range, additional corrective aclion is required. It is
possible that the problem is due to a system error rather than a random error (see Subchapler 4.8.1
and M100' Tables 4A and 4B). c
L
e Daily QC tests must be continued until final resolution of the problem is achieved.
-
* If nceessary, obtain a new QC strain (either from stock cultures or a reliable source) and new lots of
materials (including new turbidity standards), possibly from different manufacturers. T the problem
appears to be relaled Lo a manufacturer, contact and provide the manufacturer with the test results and -4
lol numbers of materials used. It may be helpful 1o exchange QC straing and materials with another
laboratory using the same method in order to determine the root cause of out-of-range QU results n
where the reason is not identifiable. Until the problem is resolved, it may be necessary 10 use an
alternative test method.
Ha
4.9  Reporting Patient Results When Out-of-Range Quality Contrel Results Are Observed :;
When an out-of-range result occurs when testing QC strains or when corrective action is necessary, each =
patient test result must be carefully examined to determine if it can be reliably reported. Factors to iE -
congider may include, but are not limited to: g
s Size and dircction of QC strain error (eg, slightly or significantly increased or decreased zone size) 41
¢ Actual patient result and its proximity to the interpretive breakpoint Mc
&
o Results with other QC organisms “1
B2
me

+ Resulis with other antimicrobial agents
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* Usefulness of the particular QC strain/antimicrobial agent as an indicator for a procedural or storage
issue (eg, inoculum dependent, heat labile) (refor to M100' Table 4D, Troubleshooting Guide)

Ciptions to consider for patient results include:

* Suppressing the results for an individual antimicrobial agent
* Reviewing individual patient or cumulative data for unusual patterns
* Using an alternative test method or a reference laboratory until the problem is resolved

4.10 Confirmation of Resulis When Testing Patient Isolates

Mulliple test parameters are monitored by following the QC recommendations described in this standard.
However, acceptable results derived from testing QU strains do not guarantee accurale results when
testing patient isolates. It is important to review all of the results obtaincd from all drugs tested on a
patient’s isolate before reporting the results, This should include ensuring that:

* The antimicrobial susceptibiliyy results are consistent with the identification of the isolate.

* The resylts from individual antimicrobial agents within a specific drug class follow the established
hierarchy of activity rules (eg, third-generation cephalosporing are more active than first- or second-
generation cephalosporins against Enferobacteriaceas).

* The isolate is susceptible to those antimicrobial agents for which resistance has not been documentcd
(eg, vancomycin and Sirepfococeus spp.) and for which only “susceptible” interpretive criteria exist
in M100.

Unusual or inconsistent results should be confirmed by checking for:

* Previous results on the patient (eg, did the patient previously have the same isolate with an unusual
antibiogram 7}

* Previous QC performance (eg, is there a similar trend or observation with recent QC testing?)

* Problems with the testing supplies, process, ur equipment (see Subchapter 4.8.1 and M100 Table 4D,
Troubleshooting Guide)

If a reason for the unusual or inconsistent result for the patient’s isolate cannot be ascertained, a repeat of
the susceptibility test or the identification, or both, may be necded. Sometimes, it is helpful o use an
allernative test method for the repeat test. A suggested list of results that may require verification is
included in M100' Appendix A. Each laboratory must develop its vwn policy for confirmation of unusual
or inconsistent antimicrobial susceptibility test results, This policy should emphasize those results that
may significantly impact patient care.

4.11 End-Point Interpretation Control

Manitor end-point interpretation periodically to minimize variation in the inlerpretation of zone sizes
among observers. All laboratory personnel who perform these tests should independently read a selected
set of tests. Record the results and compare (o the results obtained by an experienced reader: or, when
using QC strains, compare to the expected results from MI00! Tables 4A and 4B, Generally, zone
measurement readings from several individuals should not vary more than 2 mm.
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Chapter 5: Conclusion R

This document presents a process workflow for standard agar disk diffusion technigques, which includes '
preparation of agar plates, lesting conditions, interpretation of results, limitations of disk diffusion
methods, and QC precedures. Use of the methods within this decument aleng with the corresponding
M100" supplement enables laboratorics Lo assist the clinician in the selection of appropriate antimicrobial
therapy for patient care. '

Chapter 6: Supplemental Information

This chapter includes:

References '
Appendives
The Quality Management System Approach

Related CLET Reference Materials
1

30 “Clinical and Laboratory Standards Institute. All rights reserved e
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Appendix A. Quality Control Protocol Flow Charts

Al Quality Control Protocol: Conversion From Daily to Weekly Testing (20- or 30-Day
Plan)

Abbreviation: QU cuality conbro’.

IF“

FClnicul and Laborator: Stemdrds histitire. Al rights reserved, 1
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Appendix A. (Continued)

A2 Quality Control Protocol: Conversion From Daily to Weekly Testing (15-Replicate
3 %5 Day Plan)

VeV aTl A0
il AreEnE

inr TFieihn e
il wd e

¥

Abbreviation: OO, quality control,

Szl and whoratory Sterdardy Tnvnitine: A riehiy reverved
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Appendix A. (Continued) Af
A3 Quality Control Protocol: Daily Quality Control Testing — Corrective Action B A

MNe

Abbrevistion: OO, guality contrl.

56 Elimicul avd Labovatory Stmidards astitnie. All rists reverved
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Appendix A. (Continued)

Ad Quality Control P'rotocol: Weekly Quuality Control Testing — Carrective Action

Abbreviation: QC, guality ¢ontral,

Sz and Faborarory Stodeards Instiete. Al righily recerved a7
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Appendix B, Preparation of Media and Reagents A
Bl Agar Media Bl
BL.1  Mueller-Hinton Agar i
Mueller-Hinton agar (MHA) preparation includes the following steps:

|, Prepare MHA from a commercially available dehydrated base according 1o the manufacturer’s
Imstructions.

14

Immediately after avtoclaving, allow the agar tocool in g 45 1o 5070 water bath.

3. Pour the freshly prepared and cooled medium into glass or plastic flat-bottomed Petri plates on a
level, horzontal surface to give a uniform depth of approximately 4 mm. This corresponds o 66 1o 70
mlL. of medivm for plates with a diameter of 150 mm and 23 (0 30 mL for plates with a diameter of

I i, 3
4. Allow the agar plates to cool further to room temperatiure and, unless the plates are nsed the same =
ilay, store in a rafrigerator (2 1o 8°C). T
5. Plates are stable for seven days, but could have a longer shelf life if precautions are taken to prevent i
dryving und C is in range at the time of testing. 3
6. Examine a representalive sumple of cach bateh of plates for sterility hy incubating at 35°C =2°C for i
24 howrs or lonzer. 5
7. Check the pH of each batch of MITA when the medium s prepared. The exact method used depends 1
largely on the type of equipment available in the lzboratory. The agar medium should have a pH
between 7.2 and 7.4 at room temperature, and must therefore be checked after solidifving, [f the pH s
less than 7.2, certain drugs will appear to lose potency (eg, aminoglycosides, macrolides), whereas ?
other antimicrobial agenls may appear W have oxcessive activity (eg. tetracyvelines). 1T the pH 15 ?
greater than 7.4, the opposite effects can be expected, Check the pH by one of the following means: -
¢ Mucerate enough agar to submerge the tip of'a pH ¢lectrode. s

s Allow a small amount ot agar to solidify around the tip of a pH electrode in a beaker or cup.
o Use asurtace alectrede.

8 Do not add supplemental calcium or magnesium cations to MHA.
B1.2  Mueller-Hinton Agar—35% Sheep Bloomd

1. Prepare MHA as described above in B1,1 (2). When MHA has cooled to 43 to 530°C, add 50 mL of
defibrinated sheep blood to 1 L of MHA. Continue a5 deseribed in B1.1.

I__J

Cheek the pH atier aseptic addition of the blood to the autoclaved and cooled medium, The final pH
should be the sarme as ansupplemented MHA, pH 7.2 1o 7.4.

58 B¢ imical and Labaratory Standards Triine, 405 iRty rERErY e,
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Appendix B. {Continued)
Bl.3 GC Agar+1% Defined Growth Supplement

1. Use a 1% defined growth supplement that contains the following ingredients per liter:
I.1 g L-cystine

0.03 g guanine HCI

0.003 g thiamine HCI

0.013 g p-aminobenzoic acid

0.01 g vitamin Bia

0.1 g thiamine pyrophosphate (cocarboxylase)
(.25 g nicotinamide adenine dinucleotide (NAD)
1 g adenine

10 g L-glutamine

100 g glucose

(.02 g ferric nitrate

25.9 g L-cysteine HCl  °

b

Prepare 1 L of single strength GC agar base from a commercially available dehydrated base according
to the manufacturer's instructions.

3. After autoclaving, cool ta 45 to 30°C in 2 45 to 50°C water bath.

4, Add 10 mL of 1% defined growth supplement.

Bl4 Haemophifus Test Medium Agar

In its agar {orm, Haemophifus Test Medium (HTM) consists of the following ingredients:
MHA

15 pg/mL B-NAD

15 pg/mL bovine or poreine hematin
5 g/L veast extract

I. Prepare a fresh hematin stock solution by dissolving 30 mg of hematin powder in 100 mL of 0.01 mel/L.
NaOIT with heat, and stirring until the powder is thoroughly dissolved.

2. Prepare sn NAD stock solufion by dissolving 30 mg of NAD in 10 mL of distilled water; flter
sterilize,

3. Prepare MHA from a commercially available dehydrated base according to the manufacturer’s
directions, adding 5 g of veast extract and 30 mL of hematin stock solution to | L of MITA.

4. After autoclaving, cool o 45 to 50°C.
3. Aseptically add 3 mL of the NAD stock solution,

6. Verify thatthepHis 7.2t0 7.4,

EClinical arnd Labwratory Standards fesiitute, AR righis reserved. 59
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Appendix B, (Continued)

NOTE: Haemophilus influenzae (ATCC™ 10211) is recommended as a useful additional QC strain o

verify the growth promation properties of IITM. In particular, manufacturers of HTM are encouraged to use

H. influenzae ATCC® 10211 as a supplemental QC test strain.

B2  Reapents

B2.1 0.5 McFarland Turbidity Standard

1. Prepare a (.048 mol/L BaCls (1.175% wiv BaClss 2H:0) stock solution.

]

Prepare a 0,18 mol/L (0.36 N} H:S0, (1% v/v) stock solution.

3. With constant stirring Lo maintain a suspension, add 0.5 mL of the BaCls solution to 99.5 mL of the
H.50, stock solution.

4. Verfy the correct dmmst;,r of the turbidity standard by measuring absorbance using a
spectrophotometer with a L-em light path and matched cuvettes. The absorbance at 625 nm should be
0.08 to 0.13 for the 0.5 McFarland standard.

5. Transfer the barium sulfate suspension in 4- o 6-mL aliquots into screw-cap tubes of the same size as
those used for standardizing the bacterial inoculum.

6. Tightly seal the tubes and store in the dark at room temperature.

1. Vigorously agitate the barjum sulfate turbidity standard on & vortex mixer before cach use and inspect
for a uniformly turbid appearance. Replace the standard if large particles appear. NOTE: McFarland
standards made from latex particle suspension are commercially available, When used, they should be
mixed by inverting gently {not on a vorlex mixer) immediately before use.

8. The barium sulfate standards should be replaced or their densities verified monthly.

* ATCC® is o registered trademark of the American Type Culture Collection.
&l EClinical and Laboratory Standards Institute. All rights rerered
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Appendix E. Quality Control Strain Maintenance (also refer to Subchapter 4.4)
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Number | MO2-A72

Appendix E. (Continued)

1.

Z

Subculture frozen or freese-dricd stock culture to appropriate agar plate und incubate (F1 subeulture),

Subculture from F1 onto tubed or plated agar to prepare F2 subculture; incubate and store as
ippropriate for the organism type.

Subsequently, subculture from F2 onto plated agar to prepare F3 subcultures,

On days 1 to 7, select isolaled colonics from fresh F2 or T3 agar plate to prepare the QC test inoculum
SusSpension.

Repeat, starting with F1 subculture on the agar plate for weeks 2, 3, and 4. After four weeks, discard
F1 subculture and rehydrate new stock culture or obtain from frozen stock.

NOTE 1: Subeuliure lyophilized or frozen stock cultures twice before they arc used Lo prepare a QC test

inoculum suspension.

NOTE 2: IT QC test appears contaminated or if QC results are questionable, it may be necessary to

prepare a new F1 subculture from lyophilized or frozen stock culture.

NOTE 3: Prepare new F1 subcultures every two weeks for Pseudomonas aeruginosa ATCC® 27853,

Enterococeus faecalis ATCC® 51299, and Streptococeus preumomice ATCC® 49619, Tf held
longer than two weeks, results for P. acruginosa ATCC® 27853 and E faecalis ATCC* 51299
may fall out of range and S. prenmoniae ATCC® 49619 may die.

NOTE 4: The suggestions here apply to daily or weekly QC plans and (o routine and supplemental QC

sirains.,

" ATCC¥® is a registered rademurk of the American Type Cultwre Collection,
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Mumber 1 MO2-A12

The Quality Management System Approach

Clinical and Laboratory Standards Instilute (CLSI) subscribes to a quality management system (QMS) approach in
the development of standards and puidelines, which facilitates project manapement; defines a document structure via
4 lemplate; and provides & process to identify needed documents. The QMS 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 warkflow
(ie. operational aspects that define how a particular product or senvice is provided). The QSEs provide the
fremework for delivery of any type of product or service, serving as a manager’s puide. The SEs are as follows:

Chrpanization Pemonmnic] Process Munagement Noneonforming Event Matagement
Customer Focus Purchasing and Inventory Dogurments und Kecoeds Aggessments
Facilities and Safety Equipment Information Managoment Continuas] Tmprosement

M02-A12 addresses the QSE indicated hy an *X.” For a description of the other documents listed in the grid, please
refer to the Related C1ST Reference Materials section on the following page.
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Path of Workflow

A path of workflow is the descriplion of the necessary processes to deliver the particular product or service that the
organization or entity provides. A laboratery path of workflow consists of the sequential processes: preexamingtion,
examination, and postexamination and their respective sequentizl subprocesses, All laboratories follow these
processes to deliver the laboratory's services, namely quality laboratory information.

MO2-A12 addresses the clinical laboratory path of workflow steps indicated by an *X.” For a description of the
other documents listed in the gmd, please refer to the Related CLST Heference Materials section on the following
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Volume 35 MO2-A12

Related CLSI Reference Materials®

EFi3-AiM Laboratory Quality Conirol Bazed on Risk Manapement; Approved Guideline (2011}, This document
provides guidanoe based on misk manzgement for laboratories to develop quality contmol plans tailored to the
partizular combinntion of measuring syslem, laboratory selling, and clinical application of the tost,

Mina-Al Protocols for Evalusting Debvdrated Mueller-Hinten Ager; Approved Standerd—=Second Edition
(2006). This decument provides procedures foe evaluating production lols of debydraied Wueller-Hindon sgar,
and for developing and apolying reference media.

MOT-ALD Methods for Dilution Antimicrobial Susceptibility Tests for Bacterin That Grow Acrobically: Approved
Standard—Tenth Edition (2005), This stendard addresses refersnee methods for the determination of
tinimal inhibitery concentsations of aerobic bacterda by broth macroedilution, broth micradilution, and ggar
dilition.

MI11-AB Methods for Antimicrobinl Susceptibility Testing of Anncrobic Bacteria; Approved Standard—Eighth
Edition (2011). This standard provides referenwe methods for the detstmination of minimal inkibitory
congentrations of anaerobie bactena by azar dilution and broth mizrodilution,

M23-A3 Development of fa Vitre Susceptibility Testing Criteria and (uality Conirol Parameters; Approved
Guideline—Third Bdition (2008). Thic document addeesses the reguired and recommended dats necded for
thiz selection of appropriats intorpretive criteria and quality contal ranpes for antimicrobial apents,

M27-A3 Reference Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts; Approved
Standard—Third Fdition (2008). This docwment addresses the salection and peepareation of antifusgal
agents, implementation snd  interpretation of lest procedurcs, and guality control requirements for
supeeptibilily testing ol yveasts that cause invasive Tngal infections,

M27-54 Reference Method for Broth Dilution Antifungal Suseeptibility Testing of Yeasts; Foorth Informational
Supplement (2012). This document provides updated tables for the CLSI antimicrobial susceptibility testing
standsrd M27-A3.

M28-Ad Pritection of Lahorgtory Workers From Occupatinnzily Aceguired Infections; Approved Guoideline—

Fourth Edition (2614}, Based oo LS regulations, this document provides gnidance on the risk of transmission
of infzctious agents by acrosols, droplets, blood, and body substances in a laboratory setting) speeific
precoutions for preventing the labomtory transmission of microbial infection from laboratory instrumants and
materials; and recommendations for the management of exposure to infections agents.

Md5-A2 Methods for Antinerobial Dilution and Disk Susceptibility Testing of Infrequently lsclated or
Fastidious Bacteria; Approved Guideline—Second Edition (2010). This docurmett provides podimee 1o
clinizal micrabinlogy laboratorics for standardized susceptibiiity tosting of infrequently isolated or fasridions
bacteria that are oot presently ineluded in CLST dotuments MO2 or MO7, The tabular information in this
document presents the most current mnformation for drog seleotion, mterpretation, eand guahiy control for the
infrequently isclated or Fstidious bacterisl pathogens meluded in this goideline

MID0-525 Performance Stondards for Antimicrobial Sosceplilsility Testing; Twently-Fillh Informational
Supplement (2015). This document provides opdated tables for the Chnical and Taboratory Standards
Tngtitute smbomicrobial sudceptibility testing standards MO2-A12, 307-A10, and MI1-A8

* CLSI docwments are comtinually reviewsd and revised theoush the CLSI consensus process; therefore; readers should refer to
the most current editions.
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Jennifer IO Adame, MT(ASCP), MSHA

S50 Nlagt Wlley Roogd
e 25010
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12 January 2016

Subject: Errors in Tables 2D and 2H-2 for Antimicrobial Agent Telavancin in
CLSI Document M1005

CLINICAL AND
LABORATORY
STANDARDS
INSTITUTE’

7

This notification is to inform you of errors in Tables 2D and 2H-2 for antimicrobial agent telavancin in
CLSI document M1008S, 26th ed., Performance Standurds for Aniimicrobial Suscentibility Testing.

The susceptible minimal inhibitory concentration (MIC) interpretive criterin for telavancin in Tables 2D
and 2H-2 is incorrect and has been corrected 25 shown highlighted below:

ibitory Concentration Interpretive Standards for Enterococcus spp.

Table 20. Zona Diametar and Minimal Inh
T

Zone Diamatar
Intarpretive Criteria MIC Interpretive Gritaria
TestRsport | Antimicrobial | Disk (mearest whoid ) ~lugiml)
Grou ent Content | § | 1| | R & I 41 ‘B Comments
LIPOGLYCOPEPTIDES
G Oritavancin - [ = ¢ = & = 0427 - & - {10) For reporting against
| ; : X ! vancomycin-suscoptible
. ' A I E. faccalls.
c Telavancin 3dug 215 ¢ = = H R See comment (10).

Abbreviations: |, intermadiata: MIC, minimal inhibitory concentration: R, resistant; S, susceptible,

Table 2H-2. Zone Diamatar and Minimal Inhibitory Concentration Interprative Standards for Streptococcus spp.

Viridans Group

Zons Diameter
Interprative Criteria MIC Intarpretive Critaria
Test/Raport | Antimicroblal | Disk {naarast whola mm) __{spimly Comments
Group Agent Contant 8 + I | E [ S o [
LIPOGLYCOPEFTIDES
[ Oritavancin = =5 = 7 - =025 ' = I -
c Telavancin 30pg [ 215 | T R e

Anbrevations: |, Intermediate; MIC, minimal inhibitory coneentration; R, resistant; S, susceptible.

If you require any additional clarification regarding this correction, plezse contact CLSI Customer Service

{cusiomerserviced clsi

oreh

We appreciate your commitment to CLSL, and regret any inconvenience.
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12 January 2016

To: Recipients of M 1008, Z6thed.

From: Jennifer K. Adams, MT{ASCP), MSHA

subject: Errors in Tables 2D and 2H-2 for Anlimicrobial Agent Telavancin in
CLSI Dogument M1005

This notification is to inform you of errors in Tables 2D and 2H-2 for antimicrobial agent telavancin in
CL5I document M100S, 26th ed., Performance Standards for Antimicrobial Susceptibility Testing.

The susceptible minimal inhibitory concentration (MIC) interpretive criteria for telavancin in Tables 2D
and 2H-2 is incorrect and has been corrected as shown highlighted below:

Table 2D. Zone Diameter and Minimal Inhibitory Concentration Interpretive Standards for Enterococcus spp.

Zone Diamatar
Intarprative Criteria MIC Intarpretive Criterla
TastReport | Antimicroblal | Disk Lo _{pgimt)
Group Aigirlt Contant & ji == R B i I & R Comniants
LIPOGLYCOFEPTIDES
[ Oritavancin - - 1 = 1 - €042 ¢ = . - {10} For reporting against
| : i ' vancomycin-suscaptibla
; . ; 3 E. faecalis.
7 Tefavancin 30pug i B T 098 ¢ = v = See comment (10).

Abbreviations: |, intermadiate; MIC, minimal inhibitory concentration; R, rasistant; S, susceplible.

Table 2H-2. Zone Diameter and Minimal Inhibitory Concentration Intergretive Standards for Streptococcus spp.

Viridans Group
Zoma Diamatar
Imtsrprative Critaria MIC Intarprativa Griteria
TastiReport | Astimicrobiad Disk (nearest whols mm) _ (pglml) Commants
Grou Agent Contant [ e . g i i R

LIPOGLYCOPEFTIDES

c Oritavancin - - i = i = 025 ¢ - |

C Telavancin Ipg AR == e 0068 1 -

Abbreviations: |, Intermediate; MIC, minimal inhibltory concentration; R, resistant; S, susceptibia.

II'you require any additional clarification regarding this correction, plesse contact CLSI Customer Service

SFATT AT E
{:'- IS METssTVICRIE IS

We appreciate your commitment to CLSI, and regret any inconvenience.
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