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Reference MIC 
values



Reference antimicrobial 
susceptibility testing

• Broth microdilution (BMD) MIC determination is the 

international reference method for antimicrobial 

susceptibility testing (ISO 20776-1).

• Standardisation of:
• Potency of antimicrobial agent

• Antimicrobial concentrations (doubling dilutions)

• Medium

• Inoculum

• Incubation

• Reading of results



MIC = Minimum Inhibitory Concentration

“The lowest concentration that, under defined in vitro conditions, 

prevents visible growth of bacteria within a defined period of time”

Gold standard = MIC determination according to ISO 20776-1

Positive 

control

Antimicrobial concentration



Development of MIC methodology 
for a specific agent

• MIC distributions are an important part of the 

process to establish clinical breakpoints

• The MIC reference methodology for the 

antimicrobial agent must be defined before 

generating MIC distributions 

• Special test situations/supplements

• Specific reading instructions

• Agent-inhibitor combinations
• Ratio or fixed concentration



Microbiological activity

• MIC distributions for relevant Gram-negative 

and Gram-positive bacteria

• Define target species

• Identify wild-type isolates

• Identify isolates with phenotypic resistance



E. coli MSSA

S. pneumoniae MRSA

Example ceftobiprole



Clinical MIC 
breakpoints



Enterobacteriaceae 1975 – 2001

Committee Amoxicillin Cefotaxime Piperacillin-tazob.

BSAC (UK) 8 / 16 2 / 2 16 / 16

CA-SFM (F) 4 / 16 4 / 32 8 / 64

CRG (NL) 2 / 16 4 / 8 0.25 / 4

DIN (D) 2 / 8 2 / 8 0.12 / 1

NCCLS (USA) 8 / 16 8 / 32 16 / 64

NWGA (N) 0.5 / 8 1 / 2 8 / 16

SRGA (S) 1 / 8 0.5 / 1 16 / 16

Why should you bother?



EUCAST* (Christian Giske) EMA, Europe, ++

CLSI (Mel Weinstein) USA, ++

FDA USA

Colleagues who know better Everywhere

*Organizing the national committees in Europe and elsewhere 

(USCAST, CanCAST, AusNAC, BrCAST, ChiCAST)

Who are the stakeholders?



The process of setting 
breakpoints



The EUCAST internal process

• Companies are not allowed to take part of the closed discussions

• Detailed minutes of the discussion will be shared

• Iterative process of comments and responses, which can go on for 
several months, and overlap with EMA’s LoQ

• Ultimately, EUCAST makes a decision

• EUCAST does not conduct any voting

• When the agent has been approved by EMA, breakpoints will be 
published on the EUCAST website

• A rationale document will be published on the EUCAST website



PD

MICPK

Killing of bacteria – PK/PD
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The targets

Antimicrobial PD parameter Target

Penicillins %fT>MIC 50

Cephalosporins %fT>MIC 50

Carbapenems %fT>MIC 40

Fluoroquinolones fAUC/MIC Gram-positive: 40

Gram-negative: 80

Aminoglycosides AUC/MIC 30-40

Tigecycline AUC/MIC Gram-positive: 12.5

Gram-negative: 7

Vancomycin fAUC/MIC 180 (S. aureus)



Which drug has highest activity

• Antimicrobial A: MIC 0.5 mg/L

• Antimicrobial B: MIC 8 mg/L

▪ Antimicrobial A: Area under serum concentration 

curve (AUC): 5

▪ Antimicrobial B: AUC 120

▪ Antimicrobial A: AUC/MIC=5/0.5=10

▪ Antimicrobial B: AUC/MIC=120/8=15



Overview of the process

• Clinical data (exposure vs outcome)

• PK-PD-data

• Generally, 95-99% target attainment is required

• Wild-type distribution assessment (definition of ECOFF)

• Avoid splitting the wild-type

• Information on resistance mechanisms

• Clinical significance and MICs for organisms with resistance mechanisms

• Clinical indications: which species are relevant

• Established breakpoints can be reviewed

• On the initiative of EUCAST, EMA or the pharmaceutical company



Mouton JW et al. Clin Microbiol Infect 2012; 18: E37–E45

The process in graphics



EUCAST SOPs for breakpoints



Monte Carlo simulations

• PK-data from relevant patient 
populations and healthy
volunteers are used

• Mathematical simulation to 
increase variability in the dataset

• Calculate probability of reaching
a predefined target (e.g. T>MIC)

• 95% of the population should
reach the target

• Always applies for one specific
dosing regimen



Assessing clinical data

• Classification And Regression 
Tree

• Define individual AUC/MIC or 
T>MIC from clinical trial

• Start iterative splitting in 
success and therapeutic failure

• Identify the node (value) that
gives the best separation

• The node is a CART-based
breakpoint

• A simplified variant is MIC vs 
outcome (not considering drug
exposure)



The breakpoint should not split 
the wild type

22

Unsuitable Suitable



SIR-definitions from EUCAST



Breakpoint tables



If another dose is used, the breakpoints are not applicable

All breakpoints are dose-related



Calibration of zone 
diameter breakpoints



S I R

S≤0.25, R>0.5 mg/L



SIR

S≥25, R<22 mm



Calibration of disk diffusion to 
BMD MIC determination

• Parallel disk diffusion and BMD for clinical isolates 

representing WT isolates and isolates with 

elevated MICs.

• Correlation of inhibition zone diameters to BMD 

MICs (and sometimes resistance mechanism).

• Establishment of zone diameter breakpoints 

corresponding to EUCAST clinical MIC 

breakpoints.

• Breakpoints are set to minimise false susceptibility.



Isolates for MIC-zone diameter 
correlation studies

• The composition of the isolate collection 
greatly affects the results!

! ???

Breakpoints are set to minimise false susceptibility
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ATU
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Meningitis breakpoints

S≤0.125, R>0.125 mg/L
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In meningitis, where low-level 

ciprofloxacin resistance must be 

excluded

• perform an MIC test or

• Infer susceptibility from the 

pefloxacin 5 µg screening 

test.





Selecting the 
optimal disk potency



Selecting disk potency

• Optimized inhibition zone size

• Calibration of inhibition zones to reference MIC
• Correlation between zone diameters and MIC

• Separation between wild-type and non-wild type 
isolates

• Prediction of susceptibility and resistance



Selecting disk potency

• Optimized inhibition zone size

• Calibration of inhibition zones to reference MIC
• Correlation between zone diameters and MIC

• Separation between wild-type and non-wild type 
isolates

• Prediction of susceptibility and resistance



Compound X Disk Mass Analysis

Logistic Regression Curve Fit
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