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Organisation CLSI–EUCAST-NRMM

As many ref labs as 
possible

No

Academics

1/country Appointed 
by national body

EUCAST

31
No. of labs 
generating MIC 
values

NoYes
Funding for 
studies/expenses

Academics

Academics

Industry

Government etc

Composition

“Appointed”
by Gunnar

Appointed by CLSIMembers

NRMMCLSI
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CLSI AFST members

�Chair CLSI: John Rex (Astra Zenica)

�Chair CLSI AFST: Mahmoud Ghannoum

�Academics
– Mike Pfaller, Tom Walsh, Dave Andes, Barbara Alexander, 

Luis Ostrosky-Zeichner

�Industry
– Merck, Pfizer, BioMerieux, Trek Diagnostic Systems, 

Clinical Microbiological Institutes

�Government/outsiders
– Elizabeth Johnson, FDA 
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EUCAST AFST and NRMM members

� EUCAST steering com
– JL Rodriguez Tudela (Chair)

– P Donnelly (Secretary)

– MC Arendrup

– M Cuenca-Estrella

– W Hope

– C Lass-Floerl

� Total AFST
– 1 member / country

� NRMM
– MC Arendrup (Chair)

– E Chryssanthou (Secretary)

– V Fernandez

– P Gaustad

– P Koukila-Kähkölä

– (P Sandven associated) 
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Antifungal “S, R” breakpoints for Candida

≤0.125

≤0.125 DK, SE 

≤0.125; >0.5

≤2; >4

-

≤1 DK, NO 

≤2 SE, FI

≤0.125 DK

≤0.5 SE

≤1; >1

NRMM (2009)

≤0.125; >0.125       (C. a,t,p)≤1; >2Vori

≤0.064; >0.064  (C. a,t,p)-Posa

-≤0.125; >0.5Itra

≤2; >4                (C. a,t,p)≤8; >32Fluco

-≤2Mica

-≤2Caspo

≤0.032; >0.032  (C. alb)

≤0.064; >0.064 (C. g,k,t)
≤2Anidula

≤1; >1≤1Ampho

EUCAST (specific for)CLSI

Breakpoints given as: S: ≤X; R: >Y          Proposed Breakpoints- not yet approved!!

EUCAST BP: Clin Microbiol Infect 2008  14: 193-5  &  2008 14: 985–987 
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CLSI breakpoint establishing procedure 

�MIC distributions

�MIC-clinical outcome relationships

�PK/PD
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Step 1: Voriconazole MIC distribution

�MIC distribution

Pfaller JCM 2006

M. Cavling Arendrup

Step 2: MIC – In vivo outcome

Pfaller JCM 2006
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Step 2 Logistic analysis MIC-outcome

249 cases

BP suggestion

R >4 µg/ml

S ≤0.25 / 0.5 / 1 µg/ml ??

BP for resistance
(response <60%)

M. Cavling Arendrup

Step 3: PK/PD data

Mouse model

Isolates: 10 C. albicans MIC 0.007 – 0.25 µg/ml 

Andes AAC 2003

Human PK/PD

AUC ~ 20 µg*h/ml � supports a susceptibility BP of 1 µg/ml 
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Choice of susceptibility breakpoint
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C. albicans

Arguments for S ≤1 µg/ml 

MIC distributions
Not bisect C. glabrata  population
≤1 includes 99% of isolates

Outcome
<60% response if MIC >4 µg/ml

PK/PD
Serum levels frequently ≥1 µg/ml
AUC/MIC will be ≥20.
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European concerns

�Outcome ↓ C. glabrata
– 55% versus 72-83% for C. albicans, C. tropicalis and C. 

parapsilosis

�ED50 achieved at AUC/MIC ~ 20 – Enough?

�No clinical experience with isolates with 
elevated MICs
– Candida species are not all alike

– no data to support the outcome for a C. albicans MIC 1 = 
for a C. glabrata MIC= 1 !
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Species (no.)
Mortality (day)

105 107

C. albicans (2) 1/6 (day 7) 7/7 (day 1)

C. tropicalis (2) 0/7 1/10 (day 7)

C. glabrata (2) 0/6 0/6

C. kefyr (2) 0/6 0/8

C. lusitaniae (2) 0/6 0/11

C. parapsilosis (2) 0/7 0/8

C. krusei (3) 0/9 0/12

C. guilliermondii (2) 0/6 0/7

Virulence in a mouse model: Mortality

Arendrup Infection 2002

M. Cavling Arendrup

Species Weight
change

Kidney
weight

Kidney
(%)

Inflammation
(scores)

Eye
infection

C. albicans -2.3 0.2836 1.00
+++/+++/+++/+++

/+++/+++ 1/3

C. tropicalis -2.1 0.2724 0.92 ++/++/++/++/++/++ 2/3

C. glabrata 0.2 0.2462 0.79 +/+/+/+/+/+ 0/3

C. krusei 2.8 0.2379 0.69 0/0/0/0/(+)/(+) 0/3

Control -0.1 0.2261 0.73 0/0/0/0/0/0 0/3

Virulence: Pathology

Arendrup Infection 2002
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Species (no.) No. infected / total no. kidneys

105 107

C. albicans (2) 10/10 -

C. tropicalis (2) 14/14 20/20

C. glabrata (2) 9/12 12/12

C. kefyr (2) 12/12 16/16

C. lusitaniae (2) 5/12 22/22

C. parapsilosis (2) 6/14 11/16

C. krusei (3) 0/18 9/24

C. guilliermondii (2) 0/12 5/14

Virulence: No of Kidneys Infected 

Arendrup Infection 2002
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EUCAST BP establishing procedure 

�MIC distributions
�Per species

�Several data sets

�Epidemiological Cut Off Value (ECOFF)

�MIC-clinical outcome relationships

�PK/PD

�BP never higher than ECOFF unless 
supported by data

M. Cavling Arendrup
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Wild-type distributions incl. variability 

0

10

20

30

40

50

60

0,25 0,5 1 2 4 8 16 >16

MIC (µg/ml)

N
o.

 o
f 

I
so

la
te

s

C. glabrata repetitions

0

10

20

30

40

50

60

0,25 0,5 1 2 4 8 16 >16

MIC (µg/ml)

N
o.

 o
f 

I
so

la
te

s

One step lower

0

10

20

30

40

50

60

0,25 0,5 1 2 4 8 16 >16

MIC (µg/ml)

N
o.

 o
f 

I
so

la
te

s

One step higher

0

10

20

30

40

50

60

0,25 0,5 1 2 4 8 16 >16

MIC (µg/ml)

N
o.

 o
f 

I
so

la
te

s

One step lower C. glabrata repetitions One step higher

Arendrup AAC 2009



M. Cavling Arendrup

EUCAST fluconazole MIC C. glabrata

http://www.eucast.org/mic_distributions_of_wild_type_microorganisms/

ECOFF = 32 µg/ml

M. Cavling Arendrup

Correlation MIC and outcome

Ryan Int J Antimicrob Agents 2009; 
http://www.eucast.org/mic_distributions_of_wild_type_microorganisms/

S        SDD   R

177 candidaemia cases in Taiwan 1999-2005
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Step 1 MIC distributions & ECOFFs

�Anidulafungin

43301001617520100000Candida guilliermondii

41000000000011228Truncated at 0.016

12200000000002120Truncated at 0.032 0.032-0.064

110000000001442230121918
Candida tropicalis

Untruncated

44192007139617178362640130Candida parapsilosis

0Truncated at 0.016

650000000000758Truncated at 0.032
0.064

600000000032127211212
Candida krusei

Untruncated

810000011011649130Truncated at 0.016

23700000002011233Truncated at 0.032
0.032-0.064

3920002002286862149603855
Candida glabrata

Untruncated

240000000001015233Truncated at 0.016

62300000011003618Truncated at 0.032
0.016-0.032

958111461677208360284
Candida albicans

Untruncated

ECOFF≤ (mg/L)**Tot64321684210.50.250.1250.0640.0320.0160.0080.004≤≤≤≤0.002Species

2. MIC wild type distributions (based on MIC-values determined with EUCAST and Etest methodology*)

M. Cavling Arendrup

Step 2: MIC - outcome data

�No such data using EUCAST!

�Anidulafungin superior to fluconazole
– C. albicans (135 patients) (81% >< 62%) P<0.05

– C. tropicalis (22 patients) (93% >< 50%) P<0.05

– C. glabrata (38 patients) (56% >< 50%)

– Candida spp. (7 patients) (75% >< 67% 

�Anidulafungin inferior to fluconazole
– C. parapsilosis (23 patients) (64% >< 83%)

Reboli N Engl J Med 2007

Good targets 
for 
anidulafungin

Poor target 
for 
anidulafungin
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Step 2: MIC distribution fks mutants
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MICs for fks mutants

C. albicans ≥0.06

C. glabrata ≥0.125

C. krusei ≥0.06/ ≥0.5

C. tropicalis ≥ 0.125
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Step 2: MIC distribution fks mutants
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MICs for fks mutants

C. albicans ≥0.06

C. glabrata ≥0.125

C. krusei ≥0.06/ ≥0.5

C. tropicalis ≥ 0.125
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Step 3: No PK/PD ���� ECOFFs as BP 
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Arendrup et al AAC 2010 and EUCAST-AFST

Clinical breakpoints

C. albicans : S ≤0.03, R >0.03 mg/L  

C. glabrata : S ≤0.06, R >0.06 mg/L

C. tropicalis : S ≤0.06, R >0.06 mg/L

C. krusei : S ≤0.06, R >0.06 mg/L

C. parapsilosis & C. guillermondii : no Breakpoints (not good targets)

M. Cavling Arendrup
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12200000000002120Truncated at 0.032 0.032-0.064
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Untruncated
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Untruncated
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Candida albicans

Untruncated

ECOFF≤ (mg/L)**Tot64321684210.50.250.1250.0640.0320.0160.0080.004≤≤≤≤0.002Species

2. MIC wild type distributions (based on MIC-values determined with EUCAST and Etest methodology*)
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ECOFFs as BP

1/29 Very Major Error (C. krusei with fks mutation as S)

0 Major Errors (susceptible isolates mis-classified as R)

CLSI BP (S ≤2) with EUCAST testing

29/29 VMEs
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Mis-classifications using CLSI BP

�CLSI BP: Susceptible ≤2 µg/ml 

92.9%60.7%89.2%VMEs CLSI

fks hot spot mutants classified as “S”

MicafunginCaspofunginAnidulafungin

Arendrup et al AAC 2010
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Etest and Anidulafungin
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Fluconazole CLSI 48-h >< 24-h 
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CLSI M27-A><A2><A3 & EUCAST

Fluconazole QC MIC limits
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M27-A

48h & 80% inhibition

CLSI M27-A >< A3 Fluconazole 

Baddley AAC 2008, Arendrup AAC 2009
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CLSI M27-A >< A3 Fluconazole 
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Conclusion – Why do we differ??

�CLSI BPs
– species with highest MIC drives the BP

– BPs have not been adjusted to change in methodology

– Risk of misclassifying R isolates as S

�EUCAST BPs
– conservative approach

– if data arise showing isolates with resistance mechanisms 
are good targets BPs have to be raised

�My recommendation: Use EUCAST BPs

M. Cavling Arendrup

Antifungal “S, R” breakpoints for Candida

≤0.125

≤0.125 DK, SE 

≤0.125; >0.5

≤2; >4

-

≤1 DK, NO 

≤2 SE, FI

≤0.125 DK

≤0.5 SE

≤1; >1

NRMM (2009)

≤0.125; >0.125       (C. a,t,p)≤1; >2Vori

≤0.064; >0.064  (C. a,t,p)-Posa

-≤0.125; >0.5Itra

≤2; >4                (C. a,t,p)≤8; >32Fluco

-≤2Mica

-≤2Caspo

≤0.032; >0.032  (C. alb)

≤0.064; >0.064 (C. g,k,t)
≤2Anidula

≤1; >1≤1Ampho

EUCAST (specific for)CLSI

Breakpoints given as: S: ≤X; R: >Y          Proposed Breakpoints- not yet approved!!

EUCAST BP: Clin Microbiol Infect 2008  14: 193-5  &  2008 14: 985–987 
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Thank you for your attention
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