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Please write your country and name in the chat.

Please turn off your cameras and microphones unless you’re speaking – this will help with 

bandwidth and maximise audibility.

Do frequently use the chat function to share your views, comments and challenges.  Keep the 

chat constructive, respectful and on topic!  

If you wish to make a comment for e.g. the discussion, please use the ‘Raise hand’ function.
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1. Presentation of the guidance document

2. Upcoming task

3. Discussion
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o Assistance to NRLs and other laboratories on the techniques for Internal Quality Control

o Collection of the most recently available information from different regulatory agencies and other sources

o Description of the standardized / recommended methods for antimicrobial susceptibility testing of CRE and CCRE

o Proposed methods for detecting relevant antimicrobial resistance determinants – excluding WGS

Reliable and accurate results for diagnostics and surveillance purposes of CRE and CCRE

Data that are comparable within Europe for surveillance purposes 
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INTERNAL QUALITY CONTROL – IN GENERAL
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ISO standards

o ISO 15189

o ISO/IEC 17025

EQA and accreditation

o External quality assessment exercises

o Strategy for accreditation
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ISO 15189:2012

“Medical laboratories - Requirements for quality and competence”
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Example: 4) Management requirements; 4.2) Quality management system
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Example: 5) Technical requirements; 5.6) Ensuring quality of examination results
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ISO standards

o ISO 15189

o ISO/IEC 17025

EQA and accreditation

o External quality assessment exercises

o Strategy for accreditation
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ISO/IEC 17025:2017

“General requirements for the competence of testing and calibration laboratories”
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Example: 4) General requirements; 4.1) Impartiality
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ISO standards

o ISO 15189

o ISO/IEC 17025

EQA and accreditation

o External quality assessment exercises

o Strategy for accreditation
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Examples:  EARS-Net EQA / UK NEQAS / ESfEQA / Labquality / Oneworld Accuracy

Recommended within the ISO standards

ISO 15189
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ISO standards

o ISO 15189

o ISO/IEC 17025

EQA and accreditation

o External quality assessment exercises

o Strategy for accreditation
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International Laboratory Accreditation Cooperation (ILAC)

└ Specifically designated body - national institution

└ Evaluation and accreditation of reference/local laboratories
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European guidance on AST methods:

European Committee on Antimicrobial Susceptibility Testing (EUCAST)

Recommendations:

- Broth microdilution or disk diffusion for AST

- Other methods (agar dilution / gradient strips) are not recommended due to lack of harmonisation and high variability

- Regularly confirming warnings and new breakpoint tables
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Phenotypic antimicrobial susceptibility testing

o Broth microdilution

o Disk diffusion

o Detection of β-lactamases

Molecular detection of antimicrobial resistance

o β-lactam resistance

o Colistin resistance
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Standard protocol – ISO 20776-1:2019

o “Susceptibility testing of infectious agents and evaluation of performance of antimicrobial susceptibility test devices -

Part 1: Broth micro-dilution reference method for testing the in vitro activity of antimicrobial agents against rapidly

growing aerobic bacteria involved in infectious diseases”

EUCAST documents

o Clinical breakpoint tables

o Warnings page

o Visual guides (e.g. how to determine MIC endpoints)
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ISO 20776-1:2019
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ISO 20776-1:2019

o How to prepare stock and working solutions of antimicrobial agents, the broth medium and the microdilution trays

o Two methods for obtaining the bacterial inoculum: the broth culture method and the direct colony suspension method

• Final concentration of 5 x 105 CFU/ml

o How to inoculate, incubate and read the minimum inhibitory concentrations (MIC) on the microdilution trays

o Lists of situations that require special attention, including the adjustment of medium composition or incubation conditions for certain

bacterial species and for certain antimicrobials

• E.g.: preparation of working solutions of tigecycline no more than 12 hours before testing, adjusting the zinc concentration of the

broth medium for testing of carbapenems, depleting iron from the broth medium before testing cefiderocol, and refraining from

adding surfactants to the medium when testing colistin
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ISO 20776-1:2019

o Use of control strains

• List from the Clinical Laboratory Standards Institute (CLSI) (available on the document CLSI M100

“Performance Standards for Antimicrobial Susceptibility Testing”)

• List from EUCAST (available on the document “Routine and extended internal quality control for MIC

determination and disk diffusion as recommended by EUCAST”)

Always: Escherichia coli ATCC 25922

Colistin: mcr-1-positive E. coli NCTC 13946

β-lactams in combination with β-lactamase inhibitors: E. coli ATCC 35218, or Klebsiella pneumoniae ATCC 700603, or

     K. pneumoniae ATCC BAA-2814
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EUCAST breakpoint tables and warnings

o AST of colistin

Additional control strain E. coli NCTC 13946

Cation-adjusted Mueller-Hinton broth

Colistin sulphate salts

Non-treated polystyrene microdilution trays

No additives

o AST of carbapenems

Adjusting the zinc concentration of the broth medium
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EUCAST visual guidelines



DTU Fødevareinstituttet26. januar 2021

INTERNAL QUALITY CONTROL – FOR AST
PHENOTYPIC AST – DISK DIFFUSION

32Funded by the European UnionEURGen-RefLabCap Webinar November 2022

Phenotypic antimicrobial susceptibility testing

o Broth microdilution

o Disk diffusion

o Detection of β-lactamases

Molecular detection of antimicrobial resistance

o β-lactam resistance

o Colistin resistance
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Standard protocol – EUCAST protocol

o “Antimicrobial susceptibility testing - EUCAST disk diffusion method. Version 10.0, January 2022”

EUCAST documents

o Clinical breakpoint tables

o Warnings page

o Visual guides (e.g. how to confirm adequate growth and determine zone diameters)
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EUCAST protocol



DTU Fødevareinstituttet26. januar 2021

EUCAST protocol

o How to prepare and store the agar plates

o How to obtain the bacterial inoculum, inoculate the surface of the agar and incubate the plates

• Incubation at 35 ± 1°C during 18 ± 2 hours for Enterobacterales, stacking no more than five agar plates

o How to read the zone diameters

o Lists of situations that require special attention, including the adjustment of medium composition or incubation conditions for certain

bacterial species and for certain antimicrobials

• E.g.: presence of faint growth and/or isolates colonies within the inhibition zone for trimethoprim, ampicillin, ampicillin/sulbactam,

amoxicillin/clavulanic acid, temocillin, mecillinam and fosfomycin should be ignored

INTERNAL QUALITY CONTROL – FOR AST
PHENOTYPIC AST – DISK DIFFUSION
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EUCAST protocol

o Quality control of the agar plates

• Agar depth is 4 ± 0.5 millimetres and that the surface pH is within the range 7.2-7.4

o Control strains

• Same as for the BMD protocol

INTERNAL QUALITY CONTROL – FOR AST
PHENOTYPIC AST – DISK DIFFUSION
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Disk diffusion should not be used for colistin susceptibility testing
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EUCAST visual guidelines
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Phenotypic antimicrobial susceptibility testing

o Broth microdilution

o Disk diffusion

o Detection of β-lactamases

Molecular detection of antimicrobial resistance

o β-lactam resistance

o Colistin resistance
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Proposed methods – EUCAST guidelines

o “EUCAST guidelines for detection of resistance mechanisms and specific resistances ofclinical and/or 

epidemiological importance. Version 2.0, July 2017”
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EUCAST guidelines

Different methods

We focus on the ones with same protocols 

and materials as standardized AST

Same information as other documents
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EUCAST guidelines

o Production of carbapenemases

• MIC values above the epidemiological cut-off values (ECOFF) for carbapenems

• Meropenem and ertapenem are recommended as screening agents

• Through BMD: Carbapenemase-producers have MIC > 0.125 mg/L for either

• Through DD: Carbapenemase-producers have zone diameters < 28 mm MER or < 25 mm for ERT
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EUCAST guidelines

o Production of extended-spectrum β-lactamases (ESBL)

• Resistant to a cephalosporin (e.g. cefotaxime, ceftazidime, cefepime) but susceptible towards the cephalosporin 

in combination with a β-lactamase inhibitor (clavulanic acid)

• Through DD: zone diameters at least 5 mm larger for the disk containing the cephalosporin with inhibitor, than 

the diameter observed for the cephalosporin by itself

• The ratio between the MIC values of the cephalosporin, and the cephalosporin in combination with the inhibitor 

will be equal to or higher than 8

Isolate Cefotaxime MIC (mg/L) Cefotaxime/clavulanic acid MIC (mg/L) Ratio between MIC values ESBL production

Isolate A 32 0.5/4 64 Yes
Isolate B 32 8/4 4 No
Isolate C 32 32/4 1 No
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EUCAST guidelines

o AmpC-mediated β-lactam resistance

• Resistant to cefoxitin (MIC > 8 mg/L or zone diameter < 19 mm)

• Resistant to some cephalosporins (ceftazidime and/or cefotaxime) and the cephalosporins in combination with 

β-lactamase inhibitors

• Generally susceptible to cefepime

• No distinction between organisms that are overexpressing intrinsic AmpC from those that have acquired 

additional plasmid-mediated ampC genes
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EUCAST guidelines

o Control strains

• Negative control strain E. coli ATCC 25922

• Positive control strain(s)

Control strain Mechanism of resistance

Enterobacter cloacae CCUG 59627 AmpC combined with decreased porin expression

K. pneumoniae CCUG 58547 or K. pneumoniae NCTC 13440 Metallo-β-lactamase (VIM)

K. pneumoniae NCTC 13443 Metallo-β-lactamase (NDM-1)

E. coli NCTC 13476 Metallo-β-lactamase (IMP)

K. pneumoniae CCUG 56233 or K. pneumoniae NCTC 13438 Klebsiella pneumoniae carbapenemase (KPC)

K. pneumoniae NCTC 13442 OXA-48 carbapenemase

K. pneumoniae ATCC 25955 Negative control for carbapenemase production

E. coli CCUG 58543 Acquired CMY-2 AmpC

E. coli CCUG 62975 Acquired CMY AmpC and CTX-M-1 group ESBL

K. pneumoniae CCUG 58545 Acquired DHA
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Phenotypic antimicrobial susceptibility testing

o Broth microdilution

o Disk diffusion

o Detection of β-lactamases

Molecular detection of antimicrobial resistance

o β-lactam resistance

o Colistin resistance
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Molecular detection of β-lactam resistance

o Databases: Beta-Lactamase Database (BLDB), other

o Acquired β-lactamases → PCR protocols

• EuSCAPE multiplex PCR protocol (blaKPC, blaVIM, blaOXA-48 and blaNDM)

• Dallene et al. set of 6+1 multiplex/simplex PCR (blaTEM, blaSHV, blaOXA, blaCTX-M, blaVIM, blaIMP, blaKPC, blaVEB, 

blaGES, blaPER and plasmid-mediated AmpC β-lactamases)

o Chromosomal point mutations → sequencing
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Phenotypic antimicrobial susceptibility testing

o Broth microdilution

o Disk diffusion

o Detection of β-lactamases

Molecular detection of antimicrobial resistance

o β-lactam resistance

o Colistin resistance
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Molecular detection of colistin resistance

o Databases: EURL-AR lists, other

o Acquired mcr-genes → PCR protocols

• EURL-AR multiplex PCR protocol (mcr-1 to mcr-5)

• Borowiak et al. multiplex PCR protocol (mcr-6 to mcr-9)

o Chromosomal point mutations → sequencing
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o Quality control

• Use all positive control strains described in the chosen PCR protocol

• Always include a negative control

• Do not combine different PCR protocols into a larger multiplex
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Document was distributed 21 October 2022  

2 weeks of email consultation period: 24 October to 7 November

Changes will be implemented and the updated document will be shared by email

Upcoming task

Email consultation for the guidance document

EURGen-RefLabCap Webinar November 2022

Extended to 14 November 
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Thank you on behalf of the

EURGen-RefLabCap team

EURGen-RefLabCap@food.dtu.dk

EURGen-RefLabCap Webinar November 2022
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