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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing Technical Specifications is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Historically, although various media have been recommended for susceptibility testing, Mueller-
Hinton broth (MHB) has been selected as the medium for the reference broth microdilution minimum
inhibitory concentration (MIC) method (ISO 20776-1) and Mueller-Hinton agar (MHA) is most widely
used for disc diffusion testing of rapidly growing bacteria.

Mueller-Hinton medium provides satisfactory growth of most non-fastidious pathogens, acceptable
batch-to-batch reproducibility, low sulfonamide, trimethoprim, and tetracycline inhibitors and a large

amountofdatahasbeen collected from antimicrobial cnc(‘ppfihi]ify testswith this medium ox

de

rer several

rades.

Thiis International Standard is the result of an effort to establish a standard descriptiofijand pjrotocol by

which manufacturers of dehydrated Mueller-Hinton agar (dMHA) and broth (dMHB) may det
ac¢eptable performance characteristics.

Th

an

Th

su

M3

ch

e results of testing conform to defined quality control limit ranges- for each comb

iton agar) and CLSI M32-PI2] (evaluation of lots of dehydratedMueller-Hinton broth for ant
sceptibility testing) with permission. Upon publication 6f [SO 16782, CLSI documents M6

hracteristics of their production lots of dMHA and dMHB.

ermine its

nation of

fimicrobial agent and quality control strains. Each production lot is/tested at least agajnst these
corbinations of antimicrobial agents and quality control strains.

is Technical Specification has been developed in part based«upon two Clinical and Laboratory
Stgdndards Institute (CLSI) documents, CLSI M6-A2[1] (protocel$-for evaluating dehydrate
Hiy

1 Mueller-
microbial
LA2[1] and

2-PI2] will no longer be available. Manufacturers canxfollow ISO 16782 to assess the pefformance
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Clinical laboratory testing — Criteria for acceptable
lots of dehydrated Mueller-Hinton agar and broth for
antimicrobial susceptibility testing

1

Thlis Technical Specification provides a standard description of the physical properties.of d
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references, the latest edition of the refegenced document (including any amendments) applieq.
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3.1

an

Scope

eller-Hinton broth (dMHB) and Mueller-Hinton agar (dAMHA) and performance cniteria
nufacturers can assess the performance characteristics of their production lots dfjdMHA 3
pduction lots of broth or agar can then be utilized by all users, including in vitré\susceptibil
rice manufacturers, as the test medium for performance of antimicrobial suséeptibility tes

is Technical Specification does not address supplements (e.g. blood“or-blood products
Hed to the medium to support growth of fastidious bacterial31[4][5][6}Those additives arg
er the dehydrated medium is prepared in its liquid state as a fitdtab product and fall outs
pe of this Technical Specification. Although dMHA can be used‘*for determination of MICs
ir dilution methodl[41[6] or the gradient diffusion method, this Pechnical Specification onl
rformance testing of dMHA using disc diffusion methodology as described by the Cl
poratory Standards Institute (CLSI)[3] and European Gommittee on Antimicrobial Sus
sting (EUCAST)[3].

Normative reference
ispensable for its application. For dated references, only the edition cited applies. Fo

20776-1:2006, Clinical laboratodry testing and in vitro diagnostic test systems — Susceptibi
infectious agents and evaluation. of performance of antimicrobial susceptibility test devices
ference method for testing the‘in vitro activity of antimicrobial agents against rapidly growi
Cteria involved in infectigus-diseases

51 M100, Performance-Standards for Antimicrobial Susceptibility Testing; Informational Suppl

Terms and definitions

" the purposes of this document, the following terms and definitions apply.

chydrated
by which
nd dMHB.
ty testing
ting.

that are
provided
ide of the
using the
y includes
nical and
ceptibility

e following documents, in whole or in part, are normatively referenced in this document and are

 undated

ity testing
— Part 1:
ng aerobic

ement

timicrobial agent

substance of biological, semi-synthetic or synthetic origin that inhibits the growth of or Kills bacteria

an

No

d is thus of potential use in the treatment of infections

te 1 to entry: Disinfectants, antiseptics and preservatives are not included in this definition.

[SOURCE: ISO 20776-1:2006, 2.1]

3.2

an

timicrobial disc

small paper disc containing known amounts of antimicrobial agents used for in vitro susceptibility testing

©lI
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concentration
amount of an antimicrobial agent in a defined volume of liquid

Note 1 to entry: The concentration is expressed as mg/1.

Note 2 to entry: mg/1 = pg/ml but it is not recommended to use the unit ug/ml.

[SOURCE:
3.4

ISO 20776-1:2006, 2.2.2]

stock soliition

initial sol
[SOURCE:
3.5

minimum inhibitory concentration

MIC
lowest co
growth of

Noteltoe

[SOURCE:

concentration of antimicrobial agent that”]

3.6
reference
catalogue
and/or ge

Note 1 to €
obtained f1

tion used for further dilutions

ISO 20776-1:2006, 2.3]

hcentration of antimicrobial agent that, under defined in vitro conditions, prevents visi
bacteria within a defined period of time

htry: The MIC is expressed in mg/l.

ISO 20776-1:2006, 2.4, modified — “lowest concentrationdhat” has been modified to “lowj

strain
d, characterized microorganism with stable, defined antimicrobial susceptibility phenoty
hotype

ntry: Reference strains are kept as stock cultures, from which working cultures are derived. They
om recognized national culture collections‘and used for quality control.

ble

est

pe

are

[SOURCE:| ISO 20776-1:2006, 2.7, modified — “characterized bacteria” has been modified | to
“characterized microorganism” and “culture collections” in Note 1 to entry has been modified|to
“recognizgd national culture collectidns”]

3.7 Susteptibility testing method

3.71

broth dilution

techniquelin which containers are filled with appropriate volumes of broth containing an antimicrobhial
agent in ifjcrementally (usually two-fold) increasing concentrations and a defined inoculum

Note 1 to eptry: The aim of this method is the determination of the MIC.

[SOURCE; 1S@ 20776-1:2006, 2 81 maodified — “an antimicrobial solution, pmp]nying incrementd l]y

(usually two-fold) increasing concentrations of the antimicrobial agent and appropriate volumes of
broth with” has been modified to “broth containing an antimicrobial agent in incrementally (usually

two-fold)

3.7.2

increasing concentrations and”]

microdilution
performance of broth dilution in microdilution trays with a capacity of 200 pl per well

[SOURCE: ISO 20776-1:2006, 2.8.2, modified — “a capacity of <200 ul per well” has been modified to “a
capacity of 200 ul per well”]

© ISO 2016 - All rights reser
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7.3

disc diffusion
technique in which antimicrobial discs are applied to the surface of an agar medium that has been evenly
inoculated with a defined inoculum and, following incubation under defined conditions, the resulting
size of zones of growth inhibition of the microorganism corresponds to the susceptibility/resistance of
the microorganism to the antimicrobial agent

3.74
zone diameter
diameter (in mm) of the zone of growth inhibition around a paper disc containing an antimicrobial

d £ o 1 b o - da Ll - b b
ag U UL SPCUITICTU AdITTUUIIU USTU IIT 4 UIST UITTUSIUIT LTS T

3.8

:2016(E)

brpth
ligid medium used for the in vitro growth of bacteria

[SOURCE: ISO 20776-1:2006, 2.9, modified — “fluid medium” has been modified'to “liquid me

3.

9

ingculum
number of viable bacteria in a suspension, calculated with respect te‘the final volume

Note 1 to entry: The inoculum is expressed as colony-forming units per millilitre (CFU/ml).

[SOURCE: ISO 20776-1:2006, 2.10, modified — “number of/bacteria” has been modified to “
vigble bacteria”]

3.10

dehydrated Mueller-Hinton broth

dMHB

dried bacteriological medium which is used te‘prepare liquid medium for broth dilution ant
susceptibility tests

311
dehydrated Mueller-Hinton agan
dMHA

dr

for] disc diffusion, gradient.diffusion MIC and agar dilution MIC methods

4

4.

H

Requirementsfor Mueller-Hinton broth

1 Componénts of Mueller-Hinton broth

—

storically,” Mueller-Hinton broth medium for antimicrobial susceptibility testing

approximately the following components per litre of purified water (adjustments may be
mdetperformance criteria)lZl:

dium”]

humber of

microbial

ed bacteriological mediumswhich is used to prepare antimicrobial susceptibility testing agar plates

contains
needed to

— dehydrated infusion from 300 g beef (i.e. 2 g of beef extract powder);

— acid digest of casein 17,5 g;

— starch 1,5 g.

4

.2 Physical and chemical characteristics

4.2.1 Dehydrated powder or granules

Colour: beige to light beige.

§)

©

niform, free-flowing, homogeneous and free of extraneous material.
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4.2.2 Prepared broth medium
Once hydrated, the final pH measured after autoclaving shall be 7,2 to 7,4 at 25 °C.

The liquid is light straw coloured and clear with no visible precipitate.

4.2.3 Cation supplementation and content for MHB

The broth shall contain sufficient concentrations of cations to provide adequate growth and to permit
the user to determme MIC values (e.g. ammoglycomdes and qulnolones) for quallty control strains

within rapge

documents for QC ranges) New lots of MHB may require testing for acceptable catlon content F

standard production lots of dMHB, the broth prepared from the dehydrated product shall cofitain
greater than 25 mg/1 of total calcium and 12,5 mg/I of total magnesium. Manufacturers may cho
to provid¢ commercial lots of dAMHB with required concentrations of cations or actual levels less th
20 mg/1 of calcium and 10 mg/1 of magnesium. In the latter case, the final label shall specify the act
amounts ¢ontained in the lot of broth. For final testing, the prepared MHB shall contain 20 mg/I
25 mg/l of Ca2+ and 10 mg/1 to 12,5 mg/1 of Mg?2+.

While trage amounts of manganese are required for growth, the concentratioen’shall be below 8 m
to avoid fglse resistant interpretations with glycylcyclinesl8l. This shall be determined by an MIC va
within the acceptable range obtained by testing Escherichia coli WDCM 00013 with tigecycline.

While trage amounts of zinc are required for growth, the concentration of zinc shall be below 3 m

/1

ue

/1

to avoid fplse resistance interpretations with imipeneml[2] and. pétentially with other carbapeneins.

This shall|be determined by an MIC value within the acceptable rahge obtained by testing Pseudomo
aeruginosq§ WDCM 00025 with imipenem.

Cation coficentrations of calcium, magnesium, manganese, and zinc shall be determined by inductivj
coupled plasma mass spectrometry (ICP-MS) or flamezatomic absorption spectroscopy (FAAS)[10].

Although [ion effects known to affect susceptibility test results for other antimicrobial agents are

included ipn this Technical Specification, they shall be considered for MHB dilution susceptibility te
by manuficturers at their discretion. Affectédagents include daptomycin[ll] and polymyxin[12]. WH
testing dgptomycin, MHB shall be supplemented to a final concentration of 50 mg/1 total CaZ+. Re
to ISO 20776-1 for appropriate instruétions on preparation of media and antimicrobial susceptibil
testing.

4.2.4 Other medium components

nas

ely

not
Sts
en
fer

ity

The mediyim shall have a~thymidine mass concentration of less than 0,03 mg/1 as indicated by an MIC

value of 0,5/9,5 mg/D.obtained by testing Enterococcus faecalis WDCM 00087 with trimethopri
sulfamethoxazole[13}

4.2.5 Specificadjustments required by the manufacturer

m_

For antimicrabial agents included in Table 1:

a) incorporation of sodium chloride (2 % m/V NaCl) at a final concentration of 20 g/l in the broth

is required for the detection of methicillin resistance in Staphylococcus spp. when testing w
oxacillin;

ith

b) for broth microdilution testing of tigecycline, when MIC panels are prepared, the medium shall
be prepared fresh on the day of use. The medium shall be no more than 12 h old at the time the
panels are made; however, the panels may then be frozen for later use. For further details, refer to

ISO 20776-1.

Manufacturers may choose to test additional antimicrobial agents and strains, as well as Muell
Hinton media supplemented for growth of fastidious strains. The expected performance limits shall
validated.

er-
be

4 © IS0 2016 - All rights reserved
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For organisms not included in Table 1 (i.e. for extended testing at the discretion of the manufacturer):

‘)

testing of fastidious organisms such as streptococci and Haemophilus spp. requires the addition of

growth supplements (for example, blood or blood components). If a Mueller-Hinton aga
lot that is found to perform acceptably according to the criteria in this Technical Speci

r or broth
fication is

to be used for testing fastidious organisms, the resulting MICs or zone diameters after addition of
supplements shall fall within the acceptable quality control ranges published in 20776-1 for the

specific medium and organism tested.

See A.1 for a summary of specific effects on antimicrobial agents.

4

;

Manufacturers protocol for testing production lots of dehydrated Muelle

Hinton broth

Pr
Th|

a)

b)

d)

f)

bcedures for preparing microdilution trays and performing the test are described in 1S(
pse procedures shall be followed with restrictions noted below.

The minimum and maximum concentration of each antimicrobial ageriton each tray shz
the quality control limit range by at least two doubling dilutions beyond each limit.

As a minimum, test a single microbial inoculum in three\separate trays for ea
microorganism-antimicrobial combinations listed in 4.4. Thig-list of microorganism-ant
agent combinations represents the minimum requirements for testing and includes ag
to detect particular problems with the medium. Other-antimicrobial agents may be teg
manufacturer’s discretion as needed to ensure consistent performance of the medium. Th
shall be appropriate for the antimicrobial agents tested.

See ISO 20776-1, CLSIe] or EUCASTI4] for specific’details of quality control strain maint
least two days before testing, thaw a vial ofieach of the control cultures that will be n¢
4.4). Inoculate each culture onto a plate ofdhon-selective nutritive agar medium and incy
18 hto 24 h at 34 °C to 37 °C in ambient air as described in ISO 20776-1. After incubation|
purity. The day before the inoculation.of the test plates, subculture again to provide fres
for inoculum preparation. All microorganisms shall be subcultured at least twice from
state before being used for testing.

(usually takes 1 h to 2 h] before use. Trays shall be used on the same day that they are th

Tests shall be set upas described in ISO 20776-1. A single inoculum for each quality con
shall be prepared-using the colony suspension method. Inoculated microdilution trays

of removalfroem the incubator.

Results_shall be recorded and maintained according to the manufacturer’s policies f
reterition. A suggested data sheet for this purpose is shown in Annex C.

20776-1.

111 bracket

rh of the
microbial
ents likely
ted at the
e medium

bnance. At
eded (see
bate it for
check for
h colonies
the frozen

If frozen trays are used, they shall be allowed to thaw completely at ambient room temperature

hwed.

frol strain
should be

incubated for-16h to 20 h (24 h for oxacillin with Staphylococcus aureus) and read within one hour

or record

4.4

Interpreting the results

The acceptable MIC ranges in Table 1 were obtained with permission from CLSI[14] and EUCAST [http://
www.eucast.org/ast_of bacteria/qc_tables/][15].

The acceptable ranges are subject to revision. Therefore the latest version of Reference [14] or the
EUCAST Tables shall be checked for possible updates.

See Annex B for alternative numbers for the same control microorganism from different culture
collections.

© ISO 2016 - All rights reserved
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Table 1 — MIC ranges (mg/1) for control strains

. . oo . Acceptable range
Quality control strain Antimicrobial agent
mg/1
Ciprofloxacin 0,25-1
Pseudomonas aeruginosa Gentamicin 0,5-2
WDCM 00025 Imipenem 1-4
Piperacillin-tazobactam 1/4-8/4
Ampicillin 2-8
Fscherichia coli
WDCM 00013 Cefotaxime 0,03-0,12
Tigecycline 0,03-0,25
Clindamycin 0,06-0,25
Erythromycin 0,2541
Staphylococcus aureus Y y
Oxacillin 0,12-0,5
WDCM 00131 -
Tetracycline 0,12-1
Vancomycin 0,5-2
. Ampicillin 0,5-2
Entperococcus faecalis
Trimethoprim- sulfamethoxazole <0,5/9,52
WDCM 00087 5
Vancomycin 1-4
Staphylococcus aureus
Oxacillin 4-32
WDCM 00211
a  CLSI of EUCAST has not yet established a control range for trimiethoprim-sulfamethoxazole. The MIC results for
trimethopriim-sulfamethoxazole shall be </=0,5/9,5 mg/1.

4.5 Evalluating the results

Ifall performance criteria for all microorganism-antimicrobial agent combinations are within acceptaple
ranges listed in 4.4 and all physical and cheniical characteristics are met (see 4.2), the manufactufer
may apply the label statement given in Anniex D. Manufacturers should attempt to achieve mean MIC
values close to the midpoint of the control ranges. Data shall be maintained on file and results made
available fo anyone upon request.

5 Requirements for Muller-Hinton agar

5.1 Components efMueller-Hinton agar

Historically, Mueler-Hinton agar medium for antimicrobial susceptibility testing contajns
approximptely (adjustment may be needed to meet performance criteria) the following components per
litre of purified waterlZl:

— dehydrated infusion from 300 g beef (i.e. 2 g of beef extract powder);
— acid digest of casein 17,5 g;

— starch 1,5 g;

— agar17g.

5.2 Physical and chemical characteristics

5.2.1 Dehydrated powder or granules

Colour: beige to light beige.

6 © IS0 2016 - All rights reserved
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Uniform, free-flowing, homogeneous and free of extraneous material.

5.2.2 Prepared agar medium
The final pH measured after autoclaving and gelling shall be 7,2 to 7,4 at 25 °C.

The gelled medium is light straw coloured and slightly opalescent. The depth of medium in the plate
shall be uniform and within the range of 3,5 mm to 5,0 mm [EUCAST specifies 4 mm * 0,5 mm and
CLSI either approximately 4 mmlé] or 4 mm to 5 mm (CLSI document M6[1])]. Plates from different
sources might differ in diameter (measured internally at the base of the plate) and the agar volume

rewmmmmmmmdms (cm)
sqyiared x depth (cm)”. Hence, the acceptable range of depth of the medium for 90 mm ¥0P) mm and

15p mm internal diameter round plates is achieved with volumes of 23 ml to 31 ml, 28-m} to B9 ml, and
62[ml to 88 ml, respectively. For other plate sizes, the volume of medium required shall'be cajculated.

5.2.3 Cation supplementation and content for MHA

Th agar shall contain sufficient concentrations of cations to provide adéquate growth and|to permit
the user to determine zone diameters for quality control strains withinrranges identified in 5|4.

The medium shall have Ca2+ and Mg2+ cation concentrations such.asto provide zone diamefter values
within expected range for Pseudomonas aeruginosa vs aminoglycoside class of antimicrobjial agents
as|shown by zone diameter with gentamicin and Pseudomonds aeruginosa WDCM 00025 Within the
ac¢eptable range.

While trace amounts of manganese are required for growth, the concentration shall be below 8 mg/1 to
avpid false resistant interpretations with glycylcycligesl8. This shall be determined by a value within
the acceptable range obtained by testing Escherichia-coli WDCM 00013 with tigecycline.

Tolavoid false resistant interpretations whefitesting carbapenems, the medium shall have a zinc
copcentration below 3 mg/l, as shown by zone diameter with imipenem and Pseudomonas deruginosa
WDCM 00025 within the acceptable range: The effect of excess zinc concentration is known |to be true
forjimipenem and may apply to other carbapenems.

5.2.4 Other medium components

The medium shall have a thymidine mass concentration of less than 0,03 mg/1 as shown by the clarity
anfl zone of inhibition with trimethoprim-sulfamethoxazole of 220 mm for Enterococcus faecqlis WDCM
00R10 or by a zone diameter within the acceptable range obtained by testing Enterococcls faecalis
WDCM 00087.

Copsistent and{@déquate gel strength is required for reproducible zone sizes that meet qualjty control
specifications:

5.2.5 « Specific adjustments required by the manufacturer

Te.)tius Uf fclbtldluub Ul Ealliblllb au\,h adS Dtl CthLULLi cllld l’l’blClllU[}I’ll‘l’ub Dp}). lCLluil CS t}lC d dlthH Of
growth supplements (for example, blood or blood components). If a Mueller-Hinton agar or broth lot
that is found to perform acceptably according to the criteria in this Technical Specification is to be used
for testing fastidious organisms, the resulting MICs or zone diameters after addition of supplements
shall fall within the acceptable quality control ranges published in CLSI[5] or EUCASTI3] documents for
the specific medium and organism tested.

See A.2 for a summary of specific effects on antimicrobial agents. Organisms/antimicrobial agents not
specified may be tested by the manufacturer at their discretion.

© IS0 2016 - All rights reserved 7
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5.3 Manufacturer’s protocol for testing production lots of dehydrated Mueller-
Hinton agar

The disc diffusion method shall be used to evaluate production lots of dMHA. CLSI[5] and
EUCASTI3] describe the procedures for preparing plates, performing and reading the test, and strain
maintenance. Those procedures shall be followed with the restrictions noted below.

a)

b)

g)

As a minimum, test a single inoculum on three separate plates for each microorganism-
antimicrobial agent combinations listed in 5.4. This list of microorganism-antimicrobial agent

combinations represents the minimum requirements for testing and includes agents likely to

d 'A% C . UUld c ; C Ay U U d
manuffacturer’s discretion as needed to ensure consistent performance of the medium. The medi

At leafst two days before the inoculation of the test plates, thaw a vial of each of the contrel cultu

subcylture should be repeated. All microorganisms shall be subcultured.at least twice from
frozen state before being used for testing.

A sing
meth

rle inoculum for each quality control strain shall be prepared-using the colony suspens
¢d as described in the most recent version of CLSI or EUCAST.documents.

Inocufate the three replicate plates of each medium with the standardized inoculum of each of
contrpl cultures. Inoculate plates within 15 min after adjusting the inoculum suspension.

he
I m

res

ill be needed (see below and Annex C). Inoculate each culture onto a plate-0finon-selectjve
ifive agar medium and incubate it for 18 hto 24 h at 35 °C + 2 °C (CLSI) or 35 °G+"1 °C (EUCAST)
bient air. After incubation, check for purity. The day before the inoculatien of the test plates,

he

on

he

Afterncubation at the appropriate temperature [i.e. 352&* 2 °C (CLSI) or 35°C+ 1 °C (EUCAST)] 4nd
for thle appropriate time (i.e. 16 h to 20 h), remove plates from the incubator and read within gne

hour. [For enterococci with vancomycin, incubatiorrtime shall be increased to 24 h.

Results shall be recorded and maintained, according to the manufacturer’s policies for recgrd

retention. A suggested data sheet for this purpose is shown in Annex C.

5.4 Inteérpreting the results

See Annek B for alternative numbeérs for the same control microorganism from different cultyire
collectiong.
8 © IS0 2016 - All rights reserved
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Table 2 — Disc diffusion ranges (in mm) for control strains

Quality control strain Disc content Antimicrobial agent Acceptable range
Hg mm
20/10 Amoxicillin-clavulanate 28-36
10/10 Ampicillin-sulbactam 29-37
30 Cefoxitin 23-29
5 Ciprofloxacin 22-30
Staphylococcus aureus 15 Erythromycin 22-30
WDCM00032=
10 Gentamicin 19-27
30 Linezolid 25-32
10 units Penicillin 26-37
30 Tetracycline 24-30
1 unit Penicillin (benzylpenicillin) 12-18
30 Cefoxitin 24-30
I 5 Ciprofloxacin 21-27
Staphylococcus aureus -
WDCM 001312 15 Erythromycin 23-29
a,
10 Gentamicin 19-25
10 Lifiezolid 21-27,
30 Tetracycline 23-31
2 Ampicillin 15-21
10 Imipenem 24-30
10 Linezolid 19-25
Enterococcus faecalis 100 Nitrofurantoin 18-24
WDCM 00087¢ 5 Trimethoprim 24-32
1,25-2875 Trimethoprim-sulfamethox- 26-34
azole
5 Vancomycin 10-16
a | With S. aureus WDCM 00034, tse linezolid 30 pg discs and penicillin 10 unit discs. With S. aureus WDCM[00131, use
linezolid 10 pg discs and penicillin (benzylpenicillin) 1 unit discs.
b [ Disc diffusion ranges frem EUCAST control range tablesl[3]. Check the latest version from EUCAST http://wiww.eucast.
org for updated ranges as they are subject to periodic updates. S. aureus WDCM 00131 is an alternative quality control
microorganism to S. ayreus"WDCM 00034 for disc diffusion testing for the antimicrobial agents in common. S. aufeus WDCM
00j034 shall be testedWwith antimicrobial agents for which no acceptable range for WDCM 00131 is available. Cefoxitin
is replacing oxacillin,as the surrogate for detection of methicillin-resistant Staphylococcus aureus (MRSA). Oxacillin disc
difffusion testingis.no longer recommended. Refer to CLSI[3] or EUCASTI[3] documents.
¢ | The zonewfinhibition for trimethoprim-sulfamethoxazole shall be 220 mm.
d | The Zone of inhibition for cefoxitin (CLSI[3]) shall be <21 mm.

© ISO 2016 - All rights reserved
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Table 2 (continued)

Quality control strain

Disc content

Antimicrobial agent

Acceptable range

ng mm
20/10 Amoxicillin-clavulanate 18-24
10 Ampicillin 15-22
30 or ] 29-35
Cefotaxime
5 25-31
30 Chloramphenical 21-27
Eschgrichia coli 5 Ciprofloxacin 30-40
WD(EM 00013 10 Gentamicin 19-26
250 or 300 Sulfisoxazole 15-238
30 Tetracycline 18-25
15 Tigecycline 20-27
1,25/23,75 Trimethoprim-sulfamethox- 23-29
azole
30 Aztreonam 23-29
10 or o 21-27
Ceftazidime
30 22-29
5 Ciprofloxacin 25-33
Pseudomdnas aeruginosa \}
WDEM 00025 10 Gentamicin 17-23
10 Ifripenem 20-28
100/10 or ] - 25-33
Piperacillin-tazobactam
30/6 23-29
10 Tobramycin 20-26
Enterocpccus faecalis i im- :
1,25/23,75 Trimethoprim 1sulfamethox c
WD(CM 00210 azole
Staphylococcus aureus . d
WDEM 00211 30 Cefoxitin
Staphylococcus aureus .
WDEM 00212 30 Cefoxitin 14-20
a  With S] aureus WDCM 00034,-dse linezolid 30 pg discs and penicillin 10 unit discs. With S. aureus WDCM 00131, yse
linezolid 1( pg discs and penicillin*(benzylpenicillin) 1 unit discs.
b Disc diffusion rangesffiom EUCAST control range tables[3]. Check the latest version from EUCAST http://www.eucgst.
org for updated ranges @as.they are subject to periodic updates. S. aureus WDCM 00131 is an alternative quality contfol
microorganism to S. aureus WDCM 00034 for disc diffusion testing for the antimicrobial agents in common. S. aureus WD{M
00034 shalll be tested With antimicrobial agents for which no acceptable range for WDCM 00131 is available. Cefoxifin
is replacing oxacillin as the surrogate for detection of methicillin-resistant Staphylococcus aureus (MRSA). Oxacillin dfisc
diffusion tgstingis no longer recommended. Refer to CLSI[3] or EUCASTI3] documents.

PR TS B £ B 3 B 1c 3 3 3l Py
¢ The ZOITC OT TITIITOTICIOIT 10T (T HITEUTOPITII=SUIT A ITIEUITOX dZOIE SIIdIT DE = 2U THIHIT.

d  The zone of inhibition for cefoxitin (CLSI[3]) shall be <21 mm.

5.5 Evaluating the results

Ifall performance criteria for all microorganism-antimicrobial agent combinations are within acceptable
limits (see 5.4) and all physical and chemical characteristics are met (see 5.2), the manufacturer may
apply the label statement specified in Annex D. Manufacturers should attempt to achieve mean zone
diameter values close to the midpoint of the control ranges. Data shall be maintained on file and results
made available to anyone upon request.

10
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6 Testing new antimicrobial agents with production lots of dehydrated Mueller-

Hi

nton broth or agar

When in vitro data on new antimicrobial agents are being developed, dMHB or dMHA production lots
meeting the criteria in this Technical Specification shall be used to develop in vitro quality control
parameters for these new antimicrobial agents. Testing of production lots of dAMHB or dMHA with new
antimicrobial agents shall follow the procedures outlined in this Technical Specification. For dMHB,
ion content shall be examined to determine whether the new antimicrobial agent is affected by specific
cations or anions or concentrations of ions in the medium that differ from the ranges suggested in this
Technical Specification. Other medium components that could affect results of in vitro quality control

su
be
cir
CL
thg

sceptibility tests that come to light during these investigations shall be identified. Adjusty
made as necessary to achieve stable, reproducible test results, and this information shal
culated to others involved in antimicrobial susceptibility testing and quality contrnolinc
51 Subcommittee on Antimicrobial Susceptibility Testing and EUCAST. This is the respor
company manufacturing the new agent.

© ISO 2016 - All rights reserved
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Annex A
(informative)

Mueller-Hinton medium

A.1 Brgth
Table A.1 — Effects of dehydrated Mueller-Hinton broth
Antimicrobial Remarks

Aminogly¢osides Specified levels of calcium (20 mg/1to 25 mg/1) and magnesium (10’mg/1 to
12,5 mg/1) are based on studies[16][17] comparing Mueller-Hinton agar and broth
dilution for clinical strains of P. aeruginosa.

Carbapengms While trace amounts of zinc are required for growth, the\concentration of zinc
shall be below 3 mg/1 to avoid false resistance interpretations[2l. This is known tp
be true for imipenem and may apply to other carbapénems.

Daptomycjn Medium shall be supplemented to a final concentration of 50 mg/I total Ca2+.

Folate pathway inhibitors |The medium shall have a thymidine mass cahcentration of less than 0,03 mg/1

(eg. Sulforfamides and as indicated by a value of <0,5/9,5 mg/1 obtainhed by testing Enterococcus faecalis

Trimethoprim) WDCM 00087 with trimethoprim-sulfamethoxazole.

Fosfomycin Only agar dilution shall be used as th&“reference method because broth dilution i
not reliablel4][6].

Glycylcylines Freshly prepared (<12 h) test itedium shall be used. This may also apply to other]

(eg. Tigecycline) antimicrobial agents in this-drug class.

While trace amounts of manganese are required for growth, the concentration
shall be below 8 mg/lto avoid false resistant interpretations(8l. This shall be det¢r-
mined by a value within the acceptable MIC range obtained by testing Escherichid
coli WDCM 00013 with tigecycline.

Lipoglycopeptides The broth sliall'be supplemented with 0,002 % v/v polysorbate-80. This may alsg
(eg. Dalbafancin and Or- |apply to,ether members of this drug class.
itavancin)

Oxacillin Ineorporation of NaCl at a final concentration of 20 g/l in the broth is required fof
thedetection of methicillin resistance in Staphylococcus spp. when testing with
pXacillin.

[2)

Data from studies of quinolone activity in human urine suggest that decreased
quinolone activity may occur when magnesium concentrations are 8 mm to 10 mm
(100 mg/1 to 150 mg/1) in Mueller-Hinton medium[18]. Other data indicate that
35 mg/l to 60 mg/1 of magnesium cause an increase in MICs for several species o
bacterial19][20],

Tetracyclines Mueller-Hinton broth supplemented to contain 50 mg/1 of calcium and 25 mg/1o
magnesium has been shown to increase MICs for E. coli, P. aeruginosa, and other
species of Pseudomonas by 2- to 32- fold[12].

Quinolone

All Testing of fastidious microorganisms such as streptococci and Haemophilus spp.
requires the addition of growth supplements (for example, blood or blood compo-
nents)[41[6].
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A.2 Agar
Table A.2 — Effects of dehydrated Mueller-Hinton agar
Antimicrobial Remarks

Aminoglycosides The medium shall have Ca2+ and Mg2+ concentrations such as to provide zone diameter
values within expected range for Pseudomonas aeruginosa vs the aminoglycoside class
Of antimicrobial agents as snown by Zone diameter with gentamicin and Psetdomonas
aeruginosa WDCM 00025 within the acceptable range.

Carbapenems While trace amounts of zinc are required for growth, the concentratiomof’zind shall be
below 3 mg/1 to avoid false resistance interpretations([2l. This is known to be tjrue for
imipenem and may apply to other carbapenems.

Dgptomycin Cannot be tested by disc diffusion

Folate pathway in- The medium shall have a thymidine mass concentration ofdess than 0,03 mg/l|las shown

hibitors by the clarity and zone of inhibition with trimethoprim-sulfamethoxazole of 2P0 mm

(eg. Sulfonamides for E. faecalis WDCM 00210 or by a zone diameter within the acceptable rangejobtained

and Trimethoprim) |using E. faecalis WDCM 00087.

Fosfomycin Only agar dilution shall be used as the referencemethod because broth dilution is not
reliablel4][6]. The test agar shall be supplemented with 25 mg/1 glucose-6-phogphate.

Glycylcyclines Freshly prepared (<12 h) test medium shall*be used. This may also apply to other anti-

(eg. Tigecycline) microbial agents in this drug class.

While trace amounts of manganese arerequired for growth, the concentratior] shall
be below 8 mg/1 to avoid false resistant interpretations[8l. This shall be deterthined by
a value within the acceptable rahge obtained by testing Escherichia coli WDCM 00013
with tigecycline.

Quinolones Data indicate that 35 mg/l\to 60 mg/1 of magnesium cause a reduction in zone|diameters
and an increase in MIC§ for several species of bacterial12][20].

Tefracyclines The medium shall have calcium and magnesium concentrations such as to proyide zone
diameter values within expected range for Pseudomonas aeruginosa vs aminoglycoside
class of antimicrobial agents as shown by zone diameter with gentamicin and Pseu-
domonas agéruginosa WDCM 00025 within the acceptable range.

Al Testinglofifastidious microorganisms such as streptococci and Haemophilus spp. re-
quires_the addition of growth supplements (e.g. blood or blood components)[3]3].

© ISO 2016 - All rights reserved
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Annex B
(informative)

Preparing control cultures

B.1 Stogk—cuitures

Stock culfjures are prepared from lyophilized cultures obtained from a recognized national cultfire

collection} Cultures shall be reconstituted according to procedures defined by the culture’collectjon

and maintained in such a way that selection of genetic variants is minimized. Alternatiyé numbers

for the same microorganism from different culture collections are listed below wheh, available. The

following pre the cultures required for the purposes of this protocol:

Staphylocdccus aureus WDCMa 00131; ATCC®b 29213; NCTC®c 12973; ¢1Pd 103429; DSMe 2569
CCUGf 15915; CECTe 794

Staphylocdccus aureus WDCMa 00034; ATCC®b 25923; NCTC®c 12981 CIPd 76.25; DSMe 1104;
CCUGf17621; CECTg 435

Staphylocpccus aureus WDCMa 00211; ATCC®b 43300

or

Staphylocdccus aureus WDCMa 00212; NCTC®c 12493

Escherichif coli WDCMa 00013; ATCC®b 25922; NCTC®c 12241; CIPd 76.24; DSMe 1103;
CCUGf 17620; CECTe 434

Pseudomonas aeruginosa WDCMa 00025; ATCC®b 27853; NCTC®c 12903; CIPd 76.110; DSMe 1117;
CCUGf 17619; CECTe108

Enterococtus faecalis WDCMa 00087; ATCC®b 29212; NCTC®c 12697; CIPd 103214; DSMe 2570
CCUGf9997;CECTe 795

or

Enterococgus faecalis WDCMa00210; ATCC®b 33186

a  WDCM|] World Data Centre for Microotrganisms, www.wdcm.org.

b ATCC if the trademark of a product-Supplied by American Type Culture Collection, www.atcc.org. This informatjon

is given for|the convenience of users.of this Technical Specification and does not constitute an endorsement by ISO of the

product najned. Equivalent products can be used as listed above.

¢ NCTC is the trademark<®fya product supplied by National Collection of Type Cultures, a culture collection of Puljlic

Health England, www.hpaeultures.org.uk. This information is given for the convenience of users of this Technifal

Specificatign and does ngt-constitute an endorsement by ISO of the product named. Equivalent products can be used|as

listed above.

d  CIP, Collectiofizde I'Institut Pasteur, www.pasteur.fr.

e DSMZ, Déutsche Stammsammlung fiir Mikroorganismen und Zellkulturen, www.dsmz.de.

f CCUG, Culture Collection, University of Goteborg, www.ccug.se.

g  CECT, Coleccion Espanola de Cultivos Tipo, www.cect.org.

B.1.1 Preparing the initial stock cultures

Using a sterile loop or swab, inoculate one or more plates (depending on the number of frozen replicate
vials that are to be prepared) of non-selective nutritive agar with each control microorganism listed in
B.1. Streak each plate to obtain isolated colonies. Incubate the plates for 18 h to 24 h as per ISO 20776-1
at 34 °C to 37 °C in ambient air.

14
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B.1.2 Preparing frozen stock cultures

After incubation, check for purity and harvest the entire growth from each set of plates and emulsify
it in soybean-casein digest broth [tryptic soy broth (TSB)] containing 15 % w/v glycerol to prepare
a uniformly dense suspension. Store the vials at =60 °C or a lower temperature. With this method,
cultures shall be viable for at least one year. Other methods of preparing stock cultures may be used if
they provide adequate viability and stability. Periodically renew stock cultures from fresh lyophilized
cultures obtained from recognized culture collections.

NOTE To prepare the TSB w1th glycerol add the manufacturer s recommended amount of TSB powder or

anule = e the final total
volume to 1 1 Wlth delonlzed water heat to dlssolve and mix Well and sterlllze 1t at 121 °C for 15 min. Dispense
thg suspension into small, sterile vials.

B.1.3 Preparing the stock culture test inoculum

Refer to 4.3 for preparing test inoculum.
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Suggested data sheet for testing of production lots

Annex C
(informative)

C.1 Suggested datasheetfortesting of productiomtfotsofdMHB— |
Date:
Production lot number:
Batch sizq:
Descriptign of colour:
Clarity:
pH:
Antimicrobial agent Acceptable MIC
range mg /]
mg/1 2

P. aerugingsa WDCM 00025

Ciprofloxdcin 0,2571

Gentamicin 0;5-2

Imipenem 1-4

Piperacillin-tazobactam 1/4-8/4

E. coli WDEM 00013 \J

Ampicillin 2-8

Cefotaximle 0,03-0,12

Tigecycline 0,03-0,25

S.aureus WDCM 00131 <0

Clindamydin 0,06-0,25

Erythromycin 0,25-1

Oxacillin 0,12-0,5

Tetracyclipe 0,12-1

Vancomycjn 0,5-2

E. faecalis WDCM 00087

Ampicillin 0,5-2
Trimethoprim-sulfamethoxazole <0,5/9,5

Vancomycin 1-4

S. aureus WDCM 00211

Oxacillin 4-32

Ranges are subject to periodic updates. Check the latest version of M100 available from CLSI for updated
ranges. CLSI, 950 West Valley Road, Suite 2500, Wayne, PA 19087, USA[14] or check the latest version of
EUCAST QC tables available from EUCAST at http://www.eucast.org/ast_of bacteria/qc_tables/.
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