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The development of AST 

• Beijerinck in 1889 used agar diffusion to study the effect of plant growth 
hormones on bacterial growth.  
 

• Fleming in 1924 used a “ditch plate” technique for evaluating antimicrobial 
qualities of antiseptic solutions and later developed the broth dilution 
technique with turbidity as an endpoint. 

 
• The WHO commissioned the  International Collaborative Study (ICS), 

published in 1971 (Ericsson and Sherris). 
 

• The 1970ies - the formation of national breakpoint committees (DIN, NCCLS, 
and others) and national disk diffusion AST systems. 
 

• In 2001 national  committees were convinced to take responsibility for 
European harmonisation, finalised in 2008. 
 

• ISO 20776-1 (2006) – International reference for broth microdilution MIC 
determination in non-fastidious bacteria. 
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Hans Ericsson 
(Sweden) 

John Sherris 
(USA) 
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WHO, Ericsson and Sherris were critizised for 
recommending rigorous standardisation  

• Balows, head of CDC 1972, commenting on the ICS approach, Balows deemed 
it impractical and too demanding. It also implied a level of standardisation that 
might result in violation of property rights: ‘I doubt seriously that commercial 
concerns would willingly or should even be expected to describe or reveal 
their procedures for impregnation and drying [of discs]. In the USA this might 
well be regarded as an infringement of their proprietary procedures … 
 

• Garrod: ”I must explain that although I took some part in the International 
Collaborative Study I have for several years disagreed with the direction it was 
leading. 
“ The ICS demands a degree of standardisation of the culture medium and of 
other features of the test, which I believe to be impractical”. 
 

• Germany: A national committee on sensitivity testing had voiced concerns in 
September 1963 that some of Ericsson approaches were ‘too complicated 
given conditions in German laboratories; it seems possible to implement 
simplifications without compromising precision’.  
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….similar arguments are reiterated throughout 
the following 50 years! 

• “…different breakpoints for different species….??” 

• “…are we to speciate gramnegatives in UTI?” 

• “…we cannot put our recommendations on the 
internet (1996) – only few laboratories will have 
access…” 

• “…distinguish between E. faecalis and E. faecium – 
recommendations will have to be the same!” 

• “…very few laboratories will ever afford a masspec...” 

• “…laboratories are not staffed to cope with the extra 
workload of measuring zone diameters…” 
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 It used to be so simple…. 
 
 
In the beginning there was one table  for 
everything - one MIC breakpoint and one 
zone diameter breakpoint to fit all. 
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CLSI S1 (First Supplement, 1981) 

NCCLS First Supplement, 1981 
- “useful for anything that would grow” 
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It is now 40 years later and much more 
complicated than anything suggested by 
the ICS and Ericsson and Sherris. 
 
 
 
 

Paul Ehrlich celebration 2017 



National breakpoint committees 
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DIN (G Linzenmeier)       Germany  1973? 

NCCLS (later CLSI) (A Barry)    USA   1975 

NWGA (K Mellby)       Norway  1978 

SRGA (RAF) (LO Kallings)     Sweden   1979 

CA-SFM (Y Chabbert)      France  1980 

WRG (later CRG) (P Mouton)    The NL  1981 

BSAC WP on AST (I Phillips)     The UK  1988 

 

 



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 

All of us managed to come up with different breakpoints. 

Paul Ehrlich celebration 2017 



The breakpoint committees did not 
agree… 

• …not because we disagreed 

• …but we were out of sync 

• …and did not communicate with each other 

• …and we all knew best 
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EUCAST was formed by ESCMID in 1997 
and restructured in 2001….. 

 
I was asked to chair EUCAST and realised 

that Ian Phillips´ mistake was to have 
ignored the national committees. 

 
 Within 12 months, all national committees 

agreed to take joint responsibility for 
harmonising European breakpoints. 
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EUCAST General Committee 
All European Countries + many countries 

outside Europe 

 

EUCAST Steering Committee 

Subcommittees 
Antifungals 

Anaerobes 

Mycobacteria 

Expert Rules and intrinsic resistance 

Detection of resistance mechanisms of clinical or public health interest 

The relationship between phenotypic susceptibility testing and WGS 

MIC distributions and ECOFFs 

National Breakpoint Committees 
D, F, N, NL, S, UK 

Expert groups 
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EUCAST leadership 
Chair 

• Ian Philips 1997 – 2001 

• Gunnar Kahlmeter 2001 – 2012 

• Rafael Canton 2012 – 2016 

• Christian Giske 2016 – 

 

Scientific secretary  

• Derek Brown 1997 – 2016 

• John Turnidge 2017 – 

 

Webmaster 

• Gunnar Kahlmeter 2001 -  
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EUCAST Subcommittees 

• AFST - Antifungal susceptibility testing 

• Anaerobes 

• Mycobacteria 

• Intrinsic resistance and expert rules 

• Detection of resistance mechanisms of clinical or 
public health importance 

• Relationship between WGS and Phenotypic AST 

• MIC distributions and the setting of ECOFFs 
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>50 000 hits per month 

www.eucast.org 
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 What is new in EUCAST 2016/17? 
• New organisms – breakpoints 2016/17 

– Aerococcus spp, Kingella kingae, Aeromonas, Plesiomonas. 

• Review of breakpoints 
– Revised: Colistin, fluoroquinolones - finalised 

– Review: Carbapenems, ceftaroline (aminoglycosides, tigecycline)  

• Disk diffusion methods for existing agents 
– Nitroxoline, fosfomycin, methicillin resistance in Coag,neg staphylococci. 

– Aerococcus spp, Kingellla kingae, (Anaerobes) 

• The relationship between WGS and phenotypic AST (2016) 

• What to do when there are no breakpoints? (SOP 2016) 

• Redefining the intermediate category!? (2015 & 2017) 

• Instruction videos (commissioned by WHO) 5 + 5 

• Intrinsic resistance and Expert Rules revised. 

• Methods for the detection of resistance mechanisms of clinical and/or 
public health importance (revised). 
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The EUCAST decision process 
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The EUCAST decision process 

• EUCAST, EMA, ECDC, EFSA, Colleagues, Laboratories, Industry may all suggest 
areas in need of decision. 

• Suggestions screened, prioritized and developed by the Steering Committee 
(SC) or a subcommittee. A decision is suggested. 

Consultation process 
• Major decisions go to a 6 week open general consultation published on the 

website. 

• Comments (from NACs, institutions, companies, colleagues, etc) are 
discussed and a response to each prepared. Anonymous comments are not 
accepted. 

The final decision with comments and responses are 
published on the website. 

 

(Decisions on new agents are between EMA, EUCAST and the pharma company. 
Confidentiality issues prevent open consultation). 
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Recent general consultations (2016) 

1. Redefining the INTERMEDIATE category. 
 

2. Suggested breakpoints for Aerococcus spp. and Kingella 
kingae. 
 

3. Revision of the colistin breakpoint for Pseudomonas 
aeruginosa 

– EUCAST suggested to lower it from 4/4 to 2/2 mg/L to match new PK/PD data. 
 

4. Revision of fluoroquinolone breakpoints. 
 

5. 1st report from The subcommittee on the relationship 
between WGS and phenotypic AST. 
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Trends in antimicrobial susceptibility testing 
guidelines in EARS-Net 
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Warnings on the EUCAST website 

• The EUCAST Development Laboratories evaluate AST material 
(spontaneously or because of problems detected by user or 
company) 

• Disks, media, gradient tests have been investigated 

• Warnings are issued on the website 

• Currently there are warnings against 
– Disks from several manufacturers 

– Gradient tests for piperacillintazobactam from two 
manufacturers 

– Colistin gradient tests from two manufacturers and against 
colistin disk diffusion testing in general. 
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Checking on manufacturers 
Jenny Åhman et al, Poster 0824, ECCMID 2016 



Determining breakpoints and ECOFFs 
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VetCAST 2017 

Determining breakpoints 



─ Clinical targets (indications) 
─ Target organisms (indications), MIC distributions and 

ECOFFs of these. 
─ Resistance mechanisms of clinical relevance in target 

organisms 
─ Dose and mode of administration 
─ Pharmacokinetics of agent in target patients 
─ Pharmacodynamics of agent in relation to dose, infection 

and target organism 
 

─ Clinical outcome data for target infections 
─ Clinical outcome initially pertain to organisms with 

wild type MIC-values. 

Tools for determining clinical 
breakpoints 
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“X-ithromycin”   Bacteriological outcome 

  

Clinical 

outcome 

MIC (mg/L) 
S.pneumoniae 

N % Eradicated  or 

Presumed 

Eradicated 

Recurrence % Cure 

0.004 4 4   (100) 0   4 (100) 

0.008 125 123 (98.4) 0 121 (96.8) 

0.015 32 30  (93.8) 0  29 (90.6) 

0.016 81 79  (97.5) 0  77 (95.1) 

0.03 23 21  (91.3) 0  21 (91.3) 

0.06 6  6  (100) 0   6 (100) 

0.12 6   4   (66.7) 0   4 (66.7) 

0.25 1 1  (100) 0   1 (100) 

0.5 3 3 (100) 0   3 (100) 

1 5 5 (100) 0   5 (100) 

Total 286 276 (96.5) 0 271 (94.8) 
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Breakpoints may vary with target microorganism, 
disease, dosage and resistance mechanism. 

• Penicillin breakpoints for S.pneumoniae (0.06/2 mg/L) and 
Streptococci (0.25/0.25 mg/L) are different (microorganism) 

• Penicillin breakpoints for S.pneumoniae are different in 
pneumonia and meningitis (0.06/2 vs. 0.06/0.06 mg/L) (disease) 

• Penicillin breakpoints may vary with dosage: 
 

 

 
 

 

• “Betalactam breakpoints in S.aureus are only valid in the 
absence of a mecA-gene” (resistance mechanism). 

EUCAST breakpoint Dosage in pneumonia 

S  ≤0.5 mg/L  1.2 g x 4 or more 

S ≤1 mg/L  2.4 g x 4 or 1.2 g x 6 or more 

S ≤2.0 mg/L  2.4 g x 6 or more 
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Breakpoints can fail in several ways! 

• Fail to predict failure (undercall resistance) 
– CLSI piperacillintazobactam breakpoints in Pseudomonas 

 

• Fail to predict success (overcall resistance) 
– Penicillin breakpoints in S. pneumoniae in pneumonia 

 

• Generally fail to be useful (lack of correlation 
with either success or failure) 
– Erythromycin breakpoints in H. influenzae (dividing a WT 

population in three SIR-categories) 
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AST methods 
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Methods for susceptibility testing 

• Phenotypic test methods  
based on antimicrobial activity (MIC) and breakpoints 
– MIC, disk diffusion, automated systems like Phoenix, Vitek2, Microscan 
– Predict susceptibility and resistance 
– Quantifiable 

• Genotypic test methods  
based on the detection of a resistance gene or its product 
– mecA, vanA, vanB, ….PBP2, … betalactamase detection (enzyme detection, Maldi 

Tof)  
– Predict resistance, not sensitivity 
– Not quantifiable 
– Useful for epidemiological purposes 

• By deduction – ”expert rules” 
– If MRSA then report all betalactam antibiotics R – or soon not? 

If ESBL-positive, then report betalactam antibiotics R – but not any longer!  
If erythromycin-resistant, then report all macrolide antibiotics as R; 

– Some rules predict susceptibility, others resistance. 
– Not quantifiable. 
– Unreliable ! 
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Issues in AST methods 

• Daily QC testing mandatory 
– Accreditation authorities being adviced 

 

• Development delays in semi-automated AST 
(Microscan, Phoenix, Vitek2) 
 

• Colistin – broth micro dilution. EUCAST warns against 
disk diffusion and gradient tests. 
 

• Poor quality of disks from some manufacturers 
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Everytime you perform an MIC 
determination, you must make 

sure you got it right! 

Tübingen 2017 

• Assessed primarily by essential agreement. 

• Delivers a quantitative measure in 16h – 44h. 

• Flexible - redevelopment is fast. 

• Problems: contamination goes undetected, 

skipped wells and trailing endpoints; cumbersome 

and/or expensive. 



Surrogate MIC determination 

• Assessed primarily by categorical and essential 

agreement. 

• Easy daily QC 

• Delivers a quantitative measure in 4 – 16h. 

• Flexible - redevelopment is fast. 

• Contaminations can be handled. 

• Correlation between MIC and zone diameter is 

good when species specific 



Semiautomated AST machines!      

• Report S, I or R in 8 – 20 h. 

• Do not deliver acceptable MICs (many ≤ or >). 

• Assessed by categorical (S, I, R) agreement  

• (Re-)development is time consuming. 

• Almost impossible to QC.  

• Capacity limited. 

• Expensive consumables. 
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Thank you! 
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