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• Organized by ESCMID, ECDC and national 
antimicrobial committees (NAC)

• Since 1997, restructured in 2002

• Defining ECOFF and breakpoints for all 
antimicrobials against bacteria and fungi

• Request by EMA for all new antimicrobials

• http://www.eucast.org
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http://www.eucast.org/


How EUCAST was involved in 
mycobacteria susceptibility testing?

=> Examples of results produced for the 
EMA submission of new ATTB
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started 2011



Examples of results produced for the 
EMA submission of new ATTB
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How to set breakpoints with so different
MIC values?
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Guidelines to be done for new ATTB drugs
(European medical agency)

1. MIC determination methods

2. Strains tested

3. Interlaboratory reproducibility

4. Study on non-susceptible or non wild type 
isolates

5. Selection of in vitro mutants

6.Diagnosis methods for susceptibility testing



EUCAST subcommittee on antimycobacterial
susceptibility testing (AMST) created in 2016

• Chair: Emmanuelle Cambau

• Scientific Secretary: Thomas Schön

• ESGMYC members: Miguel Santin and Miguel Viveiros

• ERLTB-net members: Daniella Cirillo and Sven Hoffner/Jim 
Werngren

• EUCAST members: Gerard Lina and Johan Mouton, Christian 
Giske and Gunnar Kahlmeter

http://www.eucast.org/mycobacteria/
Cambau E and Rush-Gerdes S, ECDC laboratory Handbook: http://ecdc.europa.eu, 
Schon T et al. Clinical Microbiology and Infection 2017
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http://www.eucast.org/mycobacteria/
http://ecdc.europa.eu/


AMST objectives
• Define a reference method for MIC 

determination on M. tuberculosis complex

• setting breakpoints for anti-mycobacterial 
agents, especially new ones

• Calibration of DST methods with the reference 
method

• Draft SOP for NTM reference MIC method
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AMST objective 1
• Define a reference method for MIC 

determination on M. tuberculosis complex

• setting breakpoints for anti-mycobacterial 
agents, especially new ones

• Calibration of DST methods with the reference 
method

• Draft SOP for NTM reference MIC method

Prof E. Cambau ECCMID 2022



Prof E. Cambau ECCMID 2022

Highly pathogenic
(BSL3)

Slow growth
(20h MTB vs 20 min E. coli)

in vitro growth
requires rich medium
(no Mueller Hinton

as used for other bacteria)

Technical issues related to 
Mycobacterium tuberculosis



Poor reproducibility within labs
MIC of bedaquiline for reference strains

WHO systematic review 2018
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Reproducibility is a challenge

Yakrus MA et al JCM 2014

Prof E. Cambau ECCMID 2022



Impact of inoculum size
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Example of bedaquiline

Lounis N, Med Mal Inf 2016, 46: 220
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Standardization ++++

• Same protocol for preparing the inoculum

• Same antibiotic concentrations

• Same presentation of results

• Same medium

• Same antibiotic pure powders

• Same protocol for antibiotic stocks

• Same protocol for antibiotic dilutions

• Solvant issues when needed



Inoculum preparation +++ => homogenous and 
reproducible counting
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Setting the broth microdilution plate

• Drug dilutions (at least 
8 values surrounding
the target value)

• 7H9-10% OADC broth

• 100 µl inoculum

• Microtiter plates in 
polystyrene

• Covered with lid

• Incubated 36 + 1°C
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AMST labs testing and intra- and 
inter-lab comparisons: broth and agar dilution

• Reproducibility was good with 7H9 microdilution (BMD) and 
7H10 agar dilution

• 7H9: intralaboratory agreement for  100% for INH, LEV, AMI. 
and interlaboratory agreement Day 7, 100% and 88-100% at 
day 14 (lowest for INH)

• Repeatibility and reproducibility with 10-2 > 10-1

• MIC reading 100% inhibition, 99% inhibition
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Easy to analyse, e.g. amikacin

E. Cambau -AMST- ECCMID 2021

MIC range : 0.5 – 1 mg/L



More difficult: e.g. isoniazid
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MIC range : 0.016 – 1 mg/L



EUCAST Reference protocol for MIC determination
of antituberculous agents

• Broth microdilution method

• Microtiter plate in polystyrene with a lid

• Medium: Middlebrook 7H9 + 10% OADC

• Inoculum: 10-2 of 0.5 Mc Farland => 104 per well (100µL)
• Two growth controls (GC) wells as 1:1 (100%) and 1:100 (1%)

• Reading when GC 1% is positive, between 7 to 14 days. 

• MIC is the lowest concentration that inhibits visual growth.

https://www.eucast.org/mycobacteria/methods_in_mycobacteria/
released July 2019 
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MIC testing : growth controls with different inoculum 
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In ATB containing wells, growth could be as 100%, 10% , 1% or 
no growth



http://www.eucast.org/mycobacteria/
Schon et al. CMI 2020, CMI 2021 
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public consultation and EUCAST endorsement

http://www.eucast.org/mycobacteria/


Ongoing annexe for
DMSO-dissolved agents

Antituberculous drugs

• Bedaquiline

• Delamanid

• Pretomanid

• Clofazimine

• …

Issues

• Source of the powder

• Stock solution preparation

• Final % DMSO in the wells

• Drug dilutions for reaching
the final % DMSO without
precipitation

• Polystyrene tubes and tips
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Effects of DMSO% on BDQ MIC (10-2 inoculum, Eucast protocol)

Cambau E, personal results
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Delamanid MIC testing (preliminary 
results with the Eucast protocol)
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Cambau E, personal results

1% DMSO final
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AMST objective 2
• Define a reference method for MIC 

determination on M. tuberculosis complex

• Setting breakpoints for anti-mycobacterial 
agents, especially new ones

• Calibration of DST methods with the reference 
method

• Draft SOP for NTM reference MIC method
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Setting epidemiological cut off (ECOFF) MIC values

ECOFF 
= 8 mg/L

ECOFF is the highest MIC observed for wild type strains or 
strains without acquired resistance mechanisms

At least 15 wt strains and total 100 , and 5 different distributions
5 dilutions, end and first with 1-5%; if 3-4 dilutions, 5-10% population

ECOFF = 1 mg/L

E. coli
Amikacin

S. aureus
clarithromycin

Prof E. Cambau PGEC 2021



Setting clinical breakpoints
eg MIC distribution for quinolones and Escherichia coli

Levofloxacin

Ciprofloxacin

R at > 0.5 
mg/L

R at > 1 mg/L
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T. Schon, Eucast –Esgmyc workshop 2014, 

S
R R
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Ofloxacin MIC according to the medium
2538 isolates, 22 studies
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Setting clinical breakpoints
eg MIC distribution for quinolones and Escherichia coli

Levofloxacin

Ciprofloxacin

R at 0.5 mg/L

R at 1 mg/L

Setting breakpoints requires more than ECOFF
- Pharmacokinetics (normal dosage)
- Pharmacodynamics
- Patient variation
- Treatment outcome data
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Pr E. Cambau 

Lessons taken from the past: AST should
separate wild-type strains from resistant ones

• Resistance : decrease in sensitivity compared to wild type 
strains (never came into contact with the drug). 
➢ unlikely to show clinical responsiveness to the drug

• Susceptibility : level of sensitivity not significantly different 
from wild type strains
➢ likely to show clinical responsiveness to the drug

• Critical concentration : the lowest drug concentration at 
which wild type strains did not grow 

Canetti 1963, Mitchison DA 1968, Heifets L ARRD 1988 



Bedaquiline provisory breakpoint
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Delamanid provisory breakpoint
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Difficulty in choosing the best AMST 
technique to be used for MTBC

Simple

Cheap

Safe

Accurate

Rapid results

Affordable in low-income countries

Easy to implement

Non commercial based

Commercially available

Do-able in series

Reproducible

Robust
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Techniques used for antimycobacterial
susceptibility testing (AST)
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Techniques detailed in Cambau E and Rush-Gerdes S, ECDC laboratory Handbook: 
http://ecdc.europa.eu, will be revised 2022

http://ecdc.europa.eu/


Calibration is needed between reference
protocol and techniques used for DST
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Conclusions

• EUCAST-AMST started to work by defining a 
standardized reference protocol 

• Enabling to compare MIC values from different 
laboratories on different MTBC strains

• Enabling to calculate ECOFF on wild type isolates

• Enabling to calibrate for methods used in clinical 
microbiology labs for susceptibility testing
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Many thanks to AMST colleagues
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