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Antifungal Susceptibility Testing
Broth dilution

NCCLS M27 CLSI 
NCCLS M38 CLSI

Agar dilution
Disk difussion

E test
Checkboard

Caspofungin

CLSI M44-A
Tested Drug FLC VRC
Media Mueller-Hinton agar +
2%dextrose + 0.5ug/ml methylene 
blue
Quality control C.albicans ATCC
90028

C.parapsilosis ATCC 22019
C.tropicalis ATCC 750
C.krusei ATCC 6258
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CLSI M44-A
Quality control ATCC 22019

FLC 25ug 22-23mm
VRC: 1ug 28-37mm 

Result For FLC 
Sus S-DD Res

M27-A2 <8 16-32 >64
M44-A >19 15-18 <14

E test

B

CLSI
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E test
Quality Control ATCC 22019

48h 

MIC
AMB 0.25-1.0 
FLC 1.0-8.0
5-FC 0.064-0.5
ITC 
KTC

0.064-0.5
0.032-0.125KKTC 0300. 22

VRC
22 .1255.1.0.000

0.016-0.125

O n g / m l  
l t r a

5 n g / m l l t r a

"10 n g / m l t r a 2 0  n g l mIlt t ' B

B A m p h o t e r c in B MIC ( E t e s t )
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E- t e s t MIC

CLSI Method
For Yeast M27-P T A A2

1994

For filomentous fungi M38-A
2002
Medium inoculation incubation

Quality control ATCC 22019
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CLSI Method
Drug preparation
FLC 20

1280 RPMI1640
10 640
RPMI1640 5

ITC DMSO
1%

100
1600 DMSO 100

800 400
RPMI1640 50

16 8 4

64 32 16

2

8

1 0.5 0.25 0.125 .0625 .0313

4 2 1 0.5 0.25 0.125

C1 C2

C1 C2

Two-fold
dilution
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CLSI
Inocula
Yeast 35 PDA SDA 24-48h

Filamentous fungi
35 PDA 7 35

PDA 48-72h, 25 7 ----

0.5McFarland
1-5X106CFU/ml; 100
0.5-2.5X104CFU/ml 1000
0.5-2.5X103CFU/ml

CLSI Method
Medium RPMI 1640 MOPS
pH7.0
Inocula 0.5-2.5X103CFU/ml--

0.5-2.5X104CFU/ml—
Incubation 35

48
72

48
48
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CLSI Method resul t
MIC: The lowest drug concentration
producing no growth

MIC
Note: compared with control

-AmB: 100%
-Azoles and 5-FC: 50%

M27-A2 100% M38-A ITC

MFC Minimal fungalcidal concentration
MEC minimal effective concetration

16 8 4 2 1 0.5 0.25 0.125 .0625 .0313 C1 C2

MIC & MFC

MICMFC
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Antifungal susceptibility Testing ofutifuAn nnggaal suussceeptibiibilityyy TTeTT ststinnng fof
Dematiaceoous Fungi by Broth

Microdilution Method

:MIC

CLSI Method(M27-A3)
FLC ITC VRC MIC μg/ml

Sus S-DD Res
FLC =<8 16-32 >=64
ITC =<0.125 0.25-0.5 >=1
VRC =<1 2 >=4

ITC ITC
0.5 μg/ml =<2 >2
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Breakpoint f or C.al bicans, C. t ropi cal i s andBrrBB aeakpppkk opp ioo nntt f oroo CC..aal biibb ccaanssnn ,, CCC.CC ooppoot rro al i spppipp acaa ndddnns an
C. parapsil osis in CLSI met hod: CLSI

, ( 24h)
MIC g/ml

S SDD I R

FLC <=2 4

II

- >=8
I TC* <=0. 12 0.25- 0.5 - >=1
VRC <=0. 12 - 0.25- 0.5 >=1
CAS <=0. 25 - 0.5 >=1
MCFG <=0. 25 - 0.5 >=1
ANDFG <=0. 25 - 0.5 >=1

: <=2 S 4 Intermediate >=8
resistant

Proposed breakpoint for A. fumigatus basedPPPrrrPPPPPP opoopp ssoo deds bbrbb eaakpppkk nntnpopp iin or baabb ssaa eeeddffoo
on eucast method

MIC g/ml

S SDD I R

I TC <2 -

IIII

2 >2
VRC <2 - 2 >2
POS <0.5 - 0.5 >0.5

VerweiJ, P. Drug Resistance Updates. 2009,12: 141- 147
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Assaying the tissue level of
antifungal drug( )

Linking susceptibility and clinical
treatment 

FLC

100mg/d 6μg/ml
400mg/d 20-30μg/ml

800mg/d 40-60μg/ml

Rex JH, Clin Microb Rev 1993, 6: 367-381

CLSI Method quality control
CLSI

ATCC 22019
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CLSI
ATCC22019 (μg/ml )

Drug 24h 48h
AMB 0.25-2.0 0.5-4.0
5-FC 0.06-0.25 0.12-0.555 CFFCF 0.00 000 25 .200 00.0066 1 5.55000122
FLC
ITC

0.5-4.0
0.12-0.5

1.0-4.0
0.12-0.5ITCC 10.110 22

VRC
5 00.1055.000

0.016-0.12
12 5.5500022 0

0.03-0.25VRCC 010.000
KTC

1 .122.00 00.001666
0.03-0.25

3 2.25003 0
0.06-0.5TCCKT 00.000

PSC
3 25.2 00.000033 0

0.06-0.25
66 5.500066 0

0.06-0.25SCCPS 00.000 66
RVC

0 25 0.0022.00
0.016-0.12

666 2.25.006 00
0.03-0.25

A8 
B8

A7 
B8

A6 
B8

A5 A4
B8 B8

A3 
B8

A2 
B8

A1 
B8

AS BS GC MC

A8 
B7

A7 
B7

A6 
B7

A8 
B6

A77A
B6

A6A66
B6

A8
B5

A55A55
B5

A8 
B4

A4A44A
B4

A8 
B3

A3A33A3
B3

A8 
B2

A2AA2A2
B2

A8 
B1

A1A1
B1B 

Combined antifungal susceptibility
A 
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Results interpretation
fractional inhibitory

concentration index,FICI

MIC A MIC B

•

FICI<1; ≤0.5,
1≤FICI<2
FICI>2; >4, 
FICI=2; 0.5<FICI<4

MIC A MIC B

FICI=

Significance of susceptibility
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Correlation of antifungal 
susceptibility with clinical 

outcome

Correlation of antifungal
susceptibility with clinical outcome

CLSI M27-A
FLC 600 MIC 150

AIDS MIC
64 μg/ml

Mahmoud A.G, JCM 1996, 34:489-495
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The basis for clinical treatment

FLC
MIC dose

<4μg/ml 100mg/d 
4-8μg/ml 200mg/d

8-16μg/ml 400mg/d
16-32μg/ml 800mg/d

Hopenthal et al, Diagn Microb Infect Dis, 2004, 
48:153-160

Assaying the tissue level of
antifungal drug( )

Linking susceptibility and clinical
treatment

FLC

100mg/d 6μg/mlgg
400mg/d

μggμgggggg
20-30μg/mlg

800mg/d
gμμggg

40-60μg/ml

Rex JH, Clin Microb Rev 1993, 6: 367-381 
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Keep in mind

90-60 rule—MIC vs clinical outcome

susceptible 90% response to therapy

resistant 60% response to therapy

Rex J,CID 2002, 35: 982-989

Application of antifungal
susceptibilitysuggestionsgg

Hopenthal et al, Diagn Microb Infect Dis, 2004, 48:153-160
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Antifungal activity of echinocandins
: 

Growth Control Increasing Concentration of Echinocandin

Healthy
Happy

MEC, or
Minimum Effective 

Concentration

Stubby 
Aberrant
Sick 

Point of Transition:

Photomicrographs and definition of MEC: Kurtz et al., AAC 38:1480, 1994

Antifungal
agents

by 24h CLSI broth microdilution methods (M27-A3)
Species MIC Range (μg/mL)

S SDD/I R
Fluconazole C. albican/C. parapsilosis/C. tropicalis ≤2

C. glabrata

C. albican/C. parapsilosis/C. tropicalis ≤0.12

4
≤32

≥8
≥64

Voriconazole 0.25-0.5 ≥1

C. krusei
C. albican/C. tropicalis/C. krusei
C. glabrata
C. Parapsilosi/C. guilliermondii
C. albican/C. tropicalis/C. krusei
C. glabrata
C. Parapsilosi/C. guilliermondii
C. albican/C. tropicalis/C. krusei
C. glabrata

≤0.5
≤0.25
≤0.12
≤2
≤0.25
≤0.06
≤2
≤0.25
≤0.12

1
0.5
0.25
4
0.5
0.12
4
0.5
0.25

≥2
≥1
≥0.5
≥8
≥1
≥0.25
≥8
≥1
≥0.5

Caspofungin

Micafungin

Anidulafungin

C. Parapsilosi/C. guilliermondii ≤2 4 ≥8

Clinical breakpoints for antifungal agents and Candida spp. determined

CLSI M27-S4 2012
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Epidemiological cutoff values for antifungal agents and Aspergillus spp.
determined by 48 h CLSI broth microdilution methods (M38-A2)

aJCM 2010,48 3251 bAAC 2011,55 5150 cAAC 2011,55 2855

Antifungal
agents 

Species ECV(μg/mL)

Itraconazolea A. fumigatus/A. flavus/ A. terreus/ A. nidulans 1
A. niger/A. versicolor 2

Voriconazlea A. fumigatus/A. flavus/ A. terreus 1
A. niger/A. nidulans/A. versicolor 2

Posaconazolea A. fumigatus/A. terreus/ A. niger 0.5
A. flavus 0.25
A. nidulans/A. versicolor 1

Amphotericin Bb A. fumigatus/A. flavus/ A. niger/ A. versicolor 2
Caspofunginc A. nidulans/A. terreus 4

A. fumigatus/A. nidulans 0.5
A. flavus/ A. niger/A. terreus/A. versicolor 0.25

Thanks!
THANKS!
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