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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 International Standards 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
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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s drawn to the possibility that some of the elements of this document may be the subjeq
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Ihtroduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTQ) principles in the Technical Barriers to Trade (TBT) see www.iso.d
rd.html.

This document was prepared by Technical Committee;ISO/TC 212, Clinical laboratory testing an
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Dstic test systems.

)d edition cancels and replaces thé-first edition (ISO 20776-1:2006), which has b
revised.

hanges compared to the previous edition are as follows:
1 to a broth micro-dilutien-enly performance document;
hl of S, I, R breakpoint.definitions and information;
embedded tablesto annexes;

bd quality centrol range table;

d table:tnow Annex B) on solvents and diluents for antimicrobial agents used globally;
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the
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dinformation on special culture media and method performance for specific currently 4

antimi

A list of all

Ligl i
TODTAT agCITtS:

parts in the ISO 20776 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

This corrected version of [SO 20776-1:2019 incorporates the following correction:

Correction of the diluent pH value for ampicillin from 8,0 to 6,0 in Annex B.
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Introduction

In vitro antimicrobial susceptibility tests are performed on micro-organisms suspected of causing
disease, particularly if the organism is thought to belong to a species that may exhibit resistance
to frequently used antimicrobial agents. The tests are also important in resistance surveillance,
epidemiological studies of susceptibility and in comparisons of new and existing agents.

Dilution procedures are used to determine the minimum inhibitory concentrations (MICs) of
antimicrobial agents for antimicrobial susceptibility testing. MIC methods are used in resistance
surveillance, defining identifying wild type phenotypes, comparative testing of new agents, to establish

the
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dily
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age

labgratory reproducibility of broth MIC tests. The MICs generally §pan two to three doublin

wit
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The
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Thd

many countries, and as the méethods published by the Clinical and Laboratory Standards Inst

(1] 4
are

tion) containing serial dilutions of the antimicrobial agent or on a series df agar p
tion).

lowest concentration of an antimicrobial agent (in mg/l) that, under.-défined in vitro

yents the appearance of visible growth of a micro-organism within a defined period of tin
he MIC. The MIC is a guide for the clinician to the susceptibility of the-erganism to the an
ht and aids treatment decisions. Careful control and standardizatioftis required for intra

h a dominant central value.

th dilution is a technique in which containers holding.identical volumes of broth with an

th micro-dilution denotes the performance ofithe broth dilution test in micro-dilution {

method described in this document is intenided for the testing of pure cultures of aerol
are easily grown by overnight incubation on agar and grow well in standardized mic

broth micro-dilution method described in this document is essentially the same as th

nd the European Committee on Antimicrobial Susceptibility Testing (EUCAST)[2]. Theg
based on those described by Ericsson and Sherris!3].

susceptibility of organisms that give equivocal results in routine tests, for tests on organjsms where
fine tests may be unreliable and when a quantitative result is required for clinical miandgement. In
tion tests, micro-organisms are tested for their ability to produce visible growth‘in bijoth (broth

ates (agar

conditions,
eis known
fimicrobial
- and inter-
g dilutions

fimicrobial

ht solutions in incrementally (usually geometrically).increasing concentrations are inocylated with
a known number of micro-organisms.

rays.

ic bacteria
ro-dilution

s containing standardized Mueller=Hinton broth (volume of <200 pl), which may need to be
modlified depending on the antimicrobial agent being tested.

se used in
tute (CLSI)
e methods
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Susceptibility testing of infectious agents and evaluation of
performance of antimicrobial susceptibility test devices —

Part 1:

Broth micro-dilution reference method for testing the

1n

growing aerobic bacteria involved in infectious diseases
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RNING — The use of this document may involve hazardous materials, oper
ipment. This document does not purport to address all of the safety\problems
h its use. It is the responsibility of the user of this document to establish appropr
health practices and to determine the applicability of any other-restrictions prior]

Scope

5 document describes one reference method, broth micro-dilution, for determinatio
MIC can be a guide for the clinician, and reflects the“activity of the drug under thd
conditions, by taking into account other factors, such as drug pharmacology, pharmg

bacterial resistance mechanisms. This allows categorisation of bacteria as “susce

ermediate” (I), or “resistant” (R). In addition, ‘MIC distributions can be used to defing

or on-wild type bacterial populations. Although clinical interpretation of the MIC valug

the

scope of this document, modifications of the basic method are required for certain an

tions and
ssociated
ate safety
to use.

n of MICs.
described
cokinetics,
btible” (S),
wild type
is beyond
timicrobial

cluded in a
thods (e.g.
- to ensure

age
sep
disq
con

ht - bacteria combinations to facilitate clinical interpretation. These modifications are in
hrate annex of this document. It is necessary to compare other susceptibility testing me
diffusion or diagnostic test deviceS) with this reference method for validation, in orde
parable and reliable results.

Normative references

Thdre are no normative treferences in this document.

Terms and definitions

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

[SO|and [EC maintain terminological databases for use in standardization at the following addresses:

bhn

\vava v
T

1SO - Onlinabr
oo et

OIALSLIA.
OVVOTIT

o AW AV A A SR A AP TS AVLAVS §
+

[EC Electropedia: available at http://www.electropedia.org/

3.1

antimicrobial agent

substance of biological, semi-synthetic or synthetic origin that inhibits the growth of or kills bacteria,
and is thus of potential use in the treatment of infections

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

© IS0 2019 - All rights reserved
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3.2

potency

measure of drug activity expressed in terms of the amount required to produce an effect of given
intensity

Note 1 to entry: The potency is expressed as mass fraction in milligrams per gram (mg/g), or as activity content
in International Units (IU) per gram, or as a volume fraction or mass fraction in percent, or as an amount-of-

substance concentration (molar fraction) in mole per litre of ingredients in the test substance.

3.3

concentration

amount of
Note1toe
Note2toe

3.4

initial solu

3.5
minimum
MIC
lowest con
a defined p

Note 1 to enftry: The MIC is expressed in mg/1.

I

stock solution

AN antimicrobial agent 1n a defined volume of iquid
ry: The concentration is expressed as mg/I.

ry: mg/l is the designated ISO unit.

Fion used for further dilutions

inhibitory concentration

Centration that, under defined in vitro conditions, preveuts visible growth of bacteria wi
eriod of time

hin

3.6

breakpoint

BP

specific values of parameters, such as MICs, on the'basis of which bacteria can be assigned to the clinfical
categories [‘susceptible”, “intermediate” and “resistant”

Note 1 to ¢ntry: For current interpretive breakpoints, reference can be made to the latest publications of
organisatiohs employing this reference method (e.g. CLSI and EUCAST).

3.7

wild type

absence of[known resistance jiiechanisms to the antimicrobial agent for a given strain

3.8

reference [strain

catalogued, charactenized bacteria with stable, defined antimicrobial susceptibility phenotypes and/or
genotypes

Note 1 to erftrys Reference strains are kept as stock cultures, from which working cultures are derived. Theyf are

obtainable f

39

L 11 s 1 1L Lot 4o 1
TUILIT CUITUL T CUIITCULIUILLS dITU USTU 1UT Lludlll_y CUIILT UL,

broth dilution
technique in which containers are filled with appropriate volumes of an antimicrobial solution,
employing incrementally (usually two-fold) increasing concentrations of the antimicrobial agent and

appropriat

e volumes of broth with a defined inoculum

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

3.10

micro-dilution

performan

ce of broth dilution in micro-dilution trays with a final test volume of <200 pl per well
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3.11
broth
fluid medium used for the in vitro growth of bacteria

Note 1 to entry: For the broth reference method the medium is standardised Mueller-Hinton broth (see Annex A).

3.12
inoculum
number of bacteria in a suspension, calculated with respect to the final volume

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

3.1
ino
cha

4

4.1

Thd
of 3
ino

10 il inoculum volume).

4.2
Mugd

4.3

4.3

Ant
sou
be {
con
rec
of W

To &

4.3

B
culum effect
hge in MIC related to change in inoculum in CFU/ml

Test procedures

General

tests are performed in polystyrene micro-dilution trays. The method is based on the p

fulum also in a volume of 50 pl), or in a volume of 100 pl perwell (with the addition of a m

Medium

ller-Hinton broth shall be used (see Annex Afor details and Annex D for special test situ
Antimicrobial agents

1 General

imicrobial agents shall be ©btained directly from the manufacturer or from reliable ¢
'ces; pharmaceutical preparations for clinical use are not acceptable. The antimicrobial g
upplied as powders with.a lot number, potency, an expiry date and details of recommengd
Hitions. Substances-shall be stored in tightly closed containers in the dark, with a desic

rhich is used omreach test occasion.

void condénsation, allow containers to warm to room temperature before opening.

2 _PRreparation of stock solutions

reparation

ntimicrobial agent working solutions, either in 50 ul voluimes per well (with the addition of an

aximum of

htions).

ommercial
gents shall
ed storage
cant at the

bmmended temperature of the supplier. Hygroscopic agents should be dispensed into aljquots, one

The

use of a calibrated analytical balance is required to weigh antimicrohial agents. All

pwance for

the potency of the powder shall be made by use of the following formula to obtain the amount of
antimicrobial agent substance or the volume of diluent needed for a standard solution:

me= Vxp
P
V=m><P
P
where
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5 3 o

|4

is the concentration of the stock solution, in mg/1;
is mass of the antimicrobial agent (powder), in g;
is the potency of the antimicrobial agent (powder), in mg/g;

is the volume of diluent, in L.

Concentrations of stock solutions should be 1 000 mg/1 or greater, although the solubility of some agents
is a limiting factor. The actual concentrations of stock solutions depend on the method of preparing
working solutions (serial dilutions). Agents should be dissolved and diluted in sterile distilled water

unless the

NOTE )i
manufactur
solutions is
before and 4

Unless infd

should be prepared fresh for each test batch.

433 Pr

The range
agent. The
A two-fold
prepared b
shall be us

storage comditions.

4.3.4 Pr

Working s
final conce|

manufacturer states otherwise. Some agents require alternative solvents (see Annex B).

or newer antimicrobial agents not identified in Annex B of this current document. cor
er information on the most appropriate solvent and diluent for the specific agent. Sterilisatio

fter sterilisation should be compared by assay to ensure that adsorption has notgccurred.

rmation is available on stability of stock solutions under specified storage conditions, t

pparation of working solutions

of concentrations selected for testing depends on the micro-organisms and antimicro
chosen range shall allow full endpoint MIC determination for appropriate reference strg
dilution series based on 1 mg/l1 is prepared in MuellersHinton broth. Dilutions should no
y serial dilution steps, but according to the procedure outlined in Annex C. Working solut
ed the same day unless information is available<on stability of the solutions under speci

pparation of micro-dilution trays

plutions are dispensed into micro=dilution trays at 50 pl per well with double the des
ntrations of antimicrobial agentf or'at 100 ul per well in the desired final concentrations.

At least o
as a grow

control for each strain ‘tested. Likewise, a well containing 100 ul of antimicrobial ag

sult
n of

not usually necessary. If required, sterilisation should be done by membrane filtration, and samiples

hey

bial
ins.
t be
ons
fied

red

e well, containing 50 pl ors100 pl of antimicrobial agent-free medium, should be included

ent-

free mediym should be included as’an un-inoculated negative control well for each micro-organfism

type testedl.

4.3.5 Stgrage of micro-dilution trays

Filled tray

quality comtrol or-ether evidence indicates degradation of the antimicrobial agent. For storage

filled trays
antimicrob

5 may be-uSed immediately or may be stored for up to three months or until documer

sheuld be sealed in plastic bags and immediately placed in a freezer at <-60 °C unless
idl-agents are known to be stable at higher temperatures.

ted
the
the

Trays shall not be stored in a self-defrosting freezer, and thawed antimicrobial solutions shall not be
re-frozen, as repeated freeze-thaw cycles accelerate the degradation of some antimicrobial agents,

particularl

y B-lactams.

Allow frozen plates to thaw for up to 2 h and inoculate by 4 h of removal from the freezer.
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4.4 Preparation of inoculum

4.4.1 General

Standardization of the inoculum is essential for accurate and reproducible broth micro-dilution
susceptibility tests. Therefore, purity checks and viable colony counts shall be performed on every

isolate tested with this reference procedure

4.4.2 Broth culture method

y DE prep ULIIE DI'OLI U USpPEIAdINng Sevel (1101 D)

[ [11 ITld dIed DY ( d d
ilar colonies (when possible) from an overnight culture on non-selective agar medium in

at (B5 = 1) °C until the growth reaches a turbidity equal to or greater than'‘that of a 0,5
stapdard[4l. If needed, the culture is adjusted with saline or broth to give ‘a turbidity equiv3
0,5 McFarland standard. This can be done by means of a photometric device (using 625 nm v
and a 1 cm path cuvette, the absorbance will be in the range of 0,08,t0.0,13), or by employin
caliprated nephelometer. Alternatively, this can be achieved visually by comparing the apy
blagk lines through the inoculum and 0,5 McFarland standard suspensions (the inoculum and
stapdard shall be in tubes of the same size) or any other method that gives reproducible C
findl inoculum shall be 5 x 105 CFU/ml (target range, 2 x 10°€FU/ml to 8 x 105> CFU/ml).

NOT1
(Ba
asu

E A 0,5 McFarland standard can be produced by adding a 0,5 ml aliquot of 0,048 mol/1 bari
[1,) (11,72 g/1 BaCl,-2H,0) to 99,5 ml of 0,18 mol/1 sulphuric acid (H,SO,), with constant stirring|
Kpension.

4.4{3 Direct colony suspension method

Sev|
35 1
gro
tot

bral morphologically similar colonies from a non-selective nutritive agar medium, in|
E 1 °C for 18 h to 24 h, unless longer incubation is required, are touched with a sterile Iq
wth transferred to sterile broth or saline. The suspension is adjusted to give a turbidity
hat of a 0,5 McFarland standard, as described in 4.4.2 for the broth culture method.

For
the
Strd
cell

all micro-organisms, the number of viable cells (in CFU/ml) in the final inoculum d

ptococcus pneumoniae, where use of older cultures can significantly reduce the numbég
5 in the suspension.

A correctly adjuSted suspension prepared by either method contains approximately 1 x 109
2 x [108 CFU/mil'for the common relevant bacteria.

The adjusted inoculum prepared as above is diluted in broth to give a final cell number of 5

ologically
broth with
e picked to

incubated
McFarland
1lent to the
vavelength
b a suitably
earance of
McFarland
FU/ml. The

um chloride
to maintain

cubated at
op and the
equivalent

epends on

growth phase of the )culture. This effect is most pronounced for fastidious organisis such as

r of viable

CFU/ml to

x 105 CFU/
e bacterial

ml (térget range 2 x 105 CFU/ml to 8 x 10> CFU/ml). The dilution required depends upon tH

species being tested and the method used for mnoculum delivery. Iransier of U,1 ml of standardized
micro-organism suspension to a tube containing 9,9 ml (1:100 dilution) of broth results in a suspension
of 1 x 106 CFU/ml which, when 50 ul is added to an equal volume (50 ul) of antimicrobial agent solution,
results in a final inoculum of 5 x 105 CFU/ml with many Gram-negative bacteria (e.g. Escherichia coli).
If the wells already contain 100 pl of antimicrobial agents in broth, an appropriate dilution to give the
required final inoculum should be prepared prior to addition of up to 10 pl of the diluted suspension
to each well. Different dilutions of the 0,5 McFarland suspension may be necessary, as determined by
colony counts in preliminary testsl[2l.

4.5 Inoculation of micro-dilution trays

The trays shall be inoculated within 30 min of standardizing the inoculum suspension, in order to
maintain viable cell number in CFU/ml. To each well containing 50 pl of diluted antimicrobial agent in

© IS0 2019 - All rights reserved 5
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broth (see 4.3), a volume of 50 pl of bacterial suspension (see 4.4) is added. For tray wells that contain
100 pl of diluted antimicrobial agent in broth, up to 10 pl of diluted inoculum suspension should be added.

Viable counts shall be performed on the test suspension to ensure that test wells contain ~ 5 x 105 CFU/
ml. This shall be done by removing 10 pl from the growth control well immediately after inoculation
and diluting it in 10 ml of broth or saline. 100 pl of this dilution is spread over the surface of a suitable
agar plate, which is then incubated overnight (12 h to18 h). Twenty to eighty colonies would be expected
from an acceptable test suspension. If this is not achieved, corrective action should be taken to ensure
proper inoculum preparation.

afian PP d3ls Py
patioh-efmiero-ahution+tr a_yo

4.6

Inc

Micro-dilu
before incy
not be stac

ion trays should be sealed in polyethylene bags or fitted with a tight lid or adhesive feal
bation, in order to prevent desiccation. To avoid uneven heating, micro-dilution, trays shguld
ked more than four high, and a single tight lid should be placed on top of the stack of test trpys.

Unless oth
for most aj

erwise specified, micro-dilution trays are incubated at (35 £ 1) °C in ambient air for (18 ) h
timicrobial agent-bacteria combinations. A CO,-enriched atmosphere should not be used.

4.7 Reagling results

ton
ted

Results sh
or definite

h1l only be read when there is sufficient growth of the test organism (i.e. obvious buf
turbidity in the positive growth control), when there iS no growth in the un-inoculz

or negativ
concentrat]
with that
agent that
linezolid, p
that will re

4.8 Spec

In some c
test result

e growth control (where present) and when purity ‘and the appropriate cell nun
ion of the inoculum has been established. The amount of growth in each well is compd
n the positive growth control, and the MIC recerded is the lowest concentration of
completely inhibits visible growth. There are eXceptions to this (e.g., trailing endpoints
artial inhibition by sulphonamides, incomplete inhibition with some bacteriostatic age
quire special attention by the user.

ial test situations where the MIC result might give unreliable results

hses, the MIC value may not reflect relevant activity. Therefore, the interpretation

s with some antimicrobial ;agents may need to be modified for clinical application|

ber
red
the
for
hts)

of
In

5 Or
sed
nps
her
bria

those situd
adjustmen
using the s
or drug tai
informatio
combinatid

tions, the reference methed-shall be modified e.g. by changes in incubation condition
s to the media. In addition, certain resistance mechanisms may not always be expreg
tandard reference djifution method, e.g. the expression of some f-lactamases, efflux pu
get site modifications! In those cases, the MIC should be interpreted with caution, or of

h used instead, £o,guide clinical therapy. In Annex D several antimicrobial agent/bact
ns are listed that require special attention.

5 Quali

ins

d : : ure
of stock control strains on a non- selectlve nutrltlve agar medlum Further subcultures may be made
from the first working culture only, for up to one week. When available, at least two relevant QC strains
should be tested every day that testing is carried out. Test colonies of control cultures are processed in
the same way as routine cultures. MICs of antimicrobial agents for control organisms should be within
the ranges given in the latest versions of the CLSI M100 document[!3] or the EUCAST Quality Control
documentllel. It is not possible to provide a single Quality Control Table. Differences in media, reference
studies, manufacturers of powders, etc. may create some differences in QC ranges that may affect
laboratory test results. Further, quality control ranges may be adjusted over time as new information
becomes available that are not reflected in this document. Finally, new agents may be added that are not
included in this document. Standardization of the performance of broth micro-dilution antimicrobial
susceptibility should limit most of the differences in quality control ranges, but laboratorians and
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manufacturers of micro-dilution devices should refer to the identified documents to ensure that the
ranges specified are adhered to.

© IS0 2019 - All rights reserved 7
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Annex A
(informative)

Requirements for Mueller-Hinton broth

A.1 General

Supplemels other than divalent cations or other additional components should not be used unfess
necessary for growth of the test organism.

A.2 Testing of non-fastidious organisms in Mueller-Hinton broth

A.2.1 Gepneral

The standard medium for testing of non-fastidious organisms is Muellef<Hinton broth. The origfinal
ingredient in the formulation were as followslel:

— Dehydfated infusion from 300 g beef;
— Acid djgest of casein 17,5 g;

— Cornstarch 1,5 g;

— QSP diptilled water 1 000 ml;

— pH7.2Jto 7,4.

Almost al] Mueller-Hinton broth is preparéd commercially by a variety of manufacturers. [The
preparatiop of the broth from powder by ‘all these manufacturers is similar and follows the origjinal
formulatiop of the medium.

A.2.2 Cation adjustment and(ontent

The broth|should contain sufficient concentrations of cations to provide adequate growth, and to
permit thefuser to determine,MIC values for quality control strains within ranges identified in CLSIjand
EUCAST dacuments.

New lots of Mueller-Hinton broth may require testing for acceptable cation content. This may be
accomplisiled by-«either Inductively Coupled Plasma (ICP) spectroscopy or Flame Atomic Absorption
Spectrometry { FAAS)ZI,

Forcal(nu pd—magn Bha% A—adiy ment—p b4 J1mg olution a HelHm h 1de

CaCl,-2H,0 in 100 ml deionised water) and magnesium chloride (8,36 g MgCl,-6H,0 in 100 ml deionised
water), sterilise by membrane filter and store at 2 °C to 8 °C. Each 0,1 ml volume of 10 mg/] cation
solution added to 11 of broth increases the cation content by 1 mg/1. Add whilst stirring at 2 °C to 8 °C.

For most antimicrobial agent/bacteria combinations, addition of calcium and magnesium to a final
concentration of 20 mg/1 to 25 mg/l, and of 10 mg/l to 12,5 mg/], respectively, has been shown to
provide accurate quality control results[8l[2]. Throughout this document reference to testing in Mueller-
Hinton broth implies cation-adjusted Mueller-Hinton broth.

Situations in which additional adjustment of cation content to Mueller-Hinton broth is required for
reproducible antimicrobial susceptibility testing are referenced below in this annex.
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A.2.3 Medium adjustments to reference Mueller-Hinton broth micro-dilution medium
for testing certain bacterial species and other microbial agents

A.2.3.1 Streptococcus species

Lysed horse blood should be added to Mueller-Hinton broth medium to a final volume concentration
of 2,5 % to 5 % for testing of Streptococcus species. The blood should be obtained from a reputable
and reliable supplier. Haematocrit information should be available (not less than 30 %). To prepare the
lysed blood, aseptically mix equal volumes of defibrinated blood and sterile distilled water. Freeze at
-20 °C and thaw until cells are thoroughly lysed (may require five to seven cycles). Clarify the solution

by fﬁ_ﬂ_]_lﬁrﬁ_d_li_l_ﬁ_f_ﬁﬁyen Tifugation. A clear solution IS essential for reading. Failure to clarity the sotution may be due to
inadlequate lysis or centrifugation. Repeating the centrifugation may improve the clarityrofithe solution
Thd resulting preparation of lysed blood is a 50 % volume concentration stock solutigrt¥l,
A.2|3.2 Sulphonamides and trimethoprim

Thg medium shall have a thymidine mass concentration of less than 0,03 mg/} Such a medium does not
preflude use for testing of other antimicrobial agents[11,

A.2{3.3 Tigecycline

Tig¢cycline shall be tested within 12 h of preparation of the Mueller-Hinton broth. Once pr¢pared, the
midro-dilution trays shall be frozen unless they are used freSh'within the specified 12 h{12l,

A.213.4 Lipoglycopeptides (dalbavancin, televancin and oritivancin)

For|testing dalbavancin, televancin and oritivancin,“polysorbate-80 (volume fraction 0,002 %) should
be 4dded to Mueller-Hinton broth[13],

A.2|3.5 Cefiderocol

For|testing this siderophore cephalesporin agent, Mueller-Hinton broth is first depleted of iron with
an iron chelating compound. The medium is then supplemented back with standard concerjtrations of
caldium, magnesium and zinc[14]}

A.213.6 Oxacillin testing fer Staphylococci

Broth micro-dilution\may not reliably detect resistance conferred by the mecA or mec(d gene. The
follpwing modifications of the test should be used, to enhance the detection of resistance:

— |Incorporatjen of NaCl at a final concentration of 20 g/1 in the broth when testing oxacillin.
— |Incubation of tests for a full 24 h.

— |lheubation temperature of maximum 35 °C.

— Use of the direct suspension method for preparing bacterial inocula

For certain strain types, even when using these conditions, the expression of the resistance is so low,
that it is not reflected in the obtained MICs. This can in particular be seen for mecC positive isolates.
Detection of the mecA or mecC gene is the reference method for detection of oxacillin resistance.

A.2.3.7 Daptomycin

Mueller-Hinton broth medium shall be supplemented to a final concentration of 50 mg/1 Ca*+[18],
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A.2.3.8 Carbapenems

For the carbapenem agents, imipenem and meropenem, it has been shown that the final zinc
concentration should be less than 3 mg/112]. Mass concentrations of zinc required for optimal activity

of other carbapenems have not yet been documented, but should be in the same range.

A.2.3.9 Glycopeptides

The MIC should be read after 24 h incubation to give more consistent and reliable results.

A-2.3-10 PU:ylll_yAillD (Culiotiu)

Although if has been common practice in the past, polysorbate-80 or other surfactants should ho
added to the medium when testing the agents in the polymyxin class, colistin and polymyxin B.

A.2.4 Supplementary medium issues for which international standardization is lacki

A.2.4.1 eneral

It is not possible at this time to identify all possibilities that may occur for quality control and referg
antimicroHlial susceptibility testing of aerobic and facultative anaerobicacterial species. Some (¢
on medium effects are contained in non-peer reviewed or manufacfurer material. New agents

[ be

nce
lata
will

challenge the “standard” preparations of the medium. Users should ensdre that standard quality conitrol

parameterf are met and that new issues are communicated internationally, so that this document
be updateg regularly. Known specific issues (e.g. testing of fastidious bacterial species, or spe
additional frequirements for standard Mueller-Hinton broth where the media differ in various part
the world)fare included in Annex D to make the reader awate of those testing issues.

NOTE for other new agents not included in this curréntdocument the reader is referred to the most re
CLSI2] and| EUCASTHOILZ] document versions and to mantfacturer information.

can
rific
s of

cent
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(informative)

IS0 20776-1:2019(E)

Solvents and diluents for making stock solutions of selected

antimicrobial agents

solution

Antimicrobial Solvent Diluent
agent

Amlikacin Water Water
Amjoxicillin 0,1 mol/1 phosphate buffer, pH 6,0 0,1 mol/1 phosphate buffer, pH 6,0
Amppicillin 0,1 mol/1 phosphate buffer, pH 8,0 0,1 mol/1 phosphate builfer, pH 6,0
ArHekacin Water Water
Avipactam Water Water
Azithromycin Ethanol volume fraction 95 % or glacial acetic acid® {\Broth
Azlpcillin Water Water
Aztreonam Saturated sodium bicarbonate solution Water
Bedifloxacin Methanol Water
Biapenem NaCl mass fraction 0,85 % NaCl mass fraction 0,85|%
Cadazolid DMSO Water or broth
Carjbenicillin Water Water
Cefhclor Water Water
Cefpdroxil 0,1 mol/1 phosphate buffer, pH 6,0 Water
Cefpmandole Water Water
Cefhzolin 0,1 mol/1 phosphate buffer, pH 6,0 0,1 mol/1 phosphate buffer, pH 6,0
Cefftapene 0,1 mol/1 phosphate buffer, pH 7,0 0,1 mol/I phosphate builfer, pH 7,0
Cefflinir 0,1 mol/I'phosphate buffer, pH 6,0 Water
Cefflitoren 0,1 mol/1 phosphate buffer, pH 6,0 Water
Cefppime 0;1\mbol/1 phosphate buffer, pH 6,0 0,1 mol/1 phosphate buffer, pH 6,0
Cefptamet 051 mol/1 phosphate buffer, pH 6,0 Water
Ceffderocol Saline Water
Ceffxime 0,1 mol/1 phosphate buffer, pH 7,0 0,1 mol/1 phosphate buffer, pH 7,0
Cefmenoxime 0,1 mol/] phosphate buffer, pH 6,8 0,1 mol/l phosphate bulifer, pH 6,8
Cefnetazole Water Water
Cefpdizime Water Water
Cefonicid Water Water
Cefoperazone Water Water
Cefotaxime Water Water
Cefotetan DMSO Water
Cefotiam Water Water
Cefoxitin Water Water
Cefozopran 0,1 mol/I phosphate buffer, pH 7,0 0,1 mol/I phosphate buffer, pH 7,0
Cefpirome Water Water
Cefpodoxime Mass concentration 0,1 % sodium bicarbonate Water

© IS0 2019 - All rights reserved
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Anti:;i:ll;;)bial Solvent Diluent
Cefroxadine 0,1 N HCI 0,1 mol/1 phosphate buffer, pH 6,0
Cefprozil Water Water
Ceftarolline DMSO to 30 % of total volume Saline
Ceftazidime Saturated sodium bicarbonate solutionb Water
Cefteram 1/15 mol/1 phosphate buffer, pH 7,0 1/15 mol/1 phosphate buffer, pH 7,0
Ceftibuten 1/10 volume of dimethyl sulfoxide Water
Ceftizoxime Water Water

Ceftobiprole

DMSO plus glacial acetic acid®

Water, vortex vigorously y\q

Ceftolozang Water or saline Water or saline qp
Ceftriaxong Water Water AN
Cefuroximg 0,1 mol/1 phosphate buffer, pH 6,0 0,1 mol/I phosp}}é\guffer, pH 6,0
Cephalothih 0,1 mol/1 phosphate buffer, pH 6,0 Water AQ\
Cephalexin 0,1 mol/1 phosphate buffer, pH 6,0 Water v
Cephapirin 0,1 mol/1 phosphate buffer, pH 6,0 Watgr\%v
Cephrading 0,1 mol/1 phosphate buffer, pH 6,0 V\]a@\ i
Chloramphgnicol Ethanol volume fraction 95 % AWater
Cinoxacin 1/2 volume of water, Q\Water

then add 1 mol/1 NaOH to dissolve i \\\
Ciprofloxadin Water O_\V Water
Clarithromjycin Methanol or glacial acetic acid? \'\Qv 0,1 mol/1 phosphate buffer, pH ¢,5
Clavulanic pcid 0,1 mol/1 phosphate buffer, pH 6,0 m@ 0,1 mol/1 phosphate buffer, pH ¢,0
Clinafloxadin Water A\v Water
Cloxacillin Water » \,O Water
Clindamycin Water \\(}7 Water
Colistind Water ) (@) Water
Dalbavancip DMSO N\ Water and DMSO¢
Daptomycip Water ,.Q\ Water
Delafloxacihn tl()/%ii\;(;l()ﬁ&@f\.vrfater, then 0,1 mol/1 NaOH dropwise Water
Dibekacin Wat,e\@\ Water
Dirithromyfcin acetic acid? Water
Doripenem p&a%l mass fraction 0,85 % NaCl mass fraction 0,85 %
Doxycycling (\é\ 'Water Water
Enoxacin «Y‘ 1/2 volume water, a minimum volume 0,1 mol/1 Water

% NaOH to dissolve, then make up to total volume

with water
Eravacycline Water Water
Ertapenem 0,01 mol/1 phosphate buffer, pH 7,2 0,01 mol/1 phosphate buffer, pH 7,2
Erythromycin Ethanol volume fraction 95 % or glacial acetic acid® |Water
Faropenem Water Water
Fidaxomicin DMSO Water
Finafloxacin Water Water
Fleroxacin 1/2 volume water, a minimum volume 0,1 mol/1 Water

NaOH to dissolve, then make up to total volume

with water
Flomoxef Water Water
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Antimicrobial Solvent Diluent
agent
Flucloxacillin 0,05 mol/1 phosphate buffer, pH 7,0 Water
Fosfomycin Water Water
Fusidic acid Water Water
Garenoxacin Water (with stirring) Water
Gatifloxacin Water (with stirring) Water
Gemifloxacin Water Water
Ger tamicin A\ atar Aatar
Gepotidacin DMSO Water y\q
Grdpafloxacin Water and 0,1 mol/l NaOH dropwise to dissolve Water qp
Iclgprim DMSO Water _ ,'\ -
Isepamicin Water Water A/\\O
Imipenem 0,01 mol/1 phosphate buffer, pH 7,2 0,01};@)‘1 phosphate buffer, pH 7,2
Josamycin Methanol VYaﬁ‘eIV
Kapamycin Water i \:W\a?er
Lefpmulin Water X 6\ ‘Water
Levofloxacin 1/2 volume water, a minimum volume 1 mol aOH |Water
to dissolve, then make up to total volume wi ater
Levjonadifloxacin 27,5 mg/1 solution of L-arginine in wa’lte\%\ Water
Linfomycin Water O_\V Water
Lingzolid Water \'\Qv Water
Linppristin-flopristin ‘]/)viar?eer'clfl(})/ifst');‘lr‘r;;ﬁlide (DMF\)\\%& % of final volume/ Water
Lorpefloxacin Water \O Water
Lorfacarbef Water . (-\'jr Water
Metillinam Water C)\\ - Water
Meftopenem Water \’ . Water
Methicillin Water O\\‘ Water
Metronidazole DMIS\OK.) Water
Metlocillin ‘W Water
Minocycline g Jater Water
Mokalactam Y 0,04 mol/1 HCI (let sit for 1,5 h to 2 h) 0,1 mol/1 phosphate buffer, pH 6,0
(digmmonium salt)f
Mo (ifloxagm\) ) Water Water
Mu alrgQi?”\ Water Water
N
Nag tam Water Water
Nafcillin Water Water
Nafithromycin 1/2 volume of water, then glacial acetic acid drop- |Water
wise to dissolve (acetic acid not to exceed 2,5 mg/1)
Nalidixic acid 1/2 volume water, a minimum volume 1 mol/1 NaOH |Water
to dissolve, then make up to total volume with water
Netilmicin Water Water
Nitazoxanide DMSO Water
Nitroxoline DMSO Water
Nitrofurantoin 0,1 mol/1 phosphate buffer, pH 8,0; alternatively 0,1 mol/1 phosphate buffer, pH 8,0

DMSO
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Antimicrobial Solvent Diluent
agent
Norfloxacin 1/2 volume of water, a minimum volume 0,1 mol/l |Water
NaOH to dissolve, then make up to total volume
with water
Ofloxacin 1/2 volume water, a minimum volume 0,1 mol/1 Water
NaOH to dissolve, then make up to total volume
with water
Omadacycline Water Water
Oritavanci 0002 9% pnlvcnrhnfp-Rn in water 0.002 9% pnlvcnrhnfp-RO in water
Oxacillin Water Water ,\03
Ozenoxacir] 0,1 mol/1 NaOH Water qg i
Panipenem Water Water N f\ <
Pazufloxacin Water Water A/\b
Pexiganan Water Water ‘AQ\
Penicillin Water Water  ~ v
Piperacillir Water Water, ¢ 3
Plazomicin Water Wa@;\ N
Polymyxin B Water ,\Qatgr
Prulifloxacfn DMSO Q\‘Water
Quinuprist|n- Water 0\\ Water
dalfopristif ns\
Ramoplanip Water s&‘Q‘U Water
Razupenenp 0,01 mol/1 phosphate buffer, pH 7,2 n$ 0,01 mol/1 phosphate buffer, pH| 7,2
Relebactanj Water A\U Water
Rifampicin Methanol ) \O Water
. (\)’7 0,1mol/1 phosphate buffer
Rifaximin Methanol C)\\ pH 7,4 + 0,45 % sodium dodecyl
Lt sulfonate
Roxithromycin Methanol r'\%\ 0,1 mol/1 phosphate buffer, pH §,0
Secnidazol¢ DMSO C)\} Water
Sitafloxacif 0,1 mol/ I,I‘@H Water
Solithromyfin Glacia&:“aic acid Water
Sparfloxacin WA@J Water
Spectinomycin er Water
Streptomydin A& ater Water
Sulbactam| ?) Water Water
Sulphonam|i(§;§\ Minimum volume 2,5 mol/I NaOH to dissolve, then |Water
TITAaRe Up to totat VOIuIme With water
Sulfamethoxazole 1/2 volume hot water and minimal amount of Water
2,5 mol/I NaOH to dissolve
Sulfisoxazole 1/2 volume hot water and minimal amount of Water
2,5 mol/I NaOH to dissolve
Sultamicillin Methanol Water
Sulopenem 0,01 mol/l phosphate buffer, pH 7,2, vortex to 0,01 mol/1 phosphate buffer, pH 7,2
dissolve
Surotomycin Water Water
Tazobactam Water Water
Tebipenem Water Water
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