ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, May 2011, p. 1891-1895
0066-4804/11/$12.00  doi:10.1128/AAC.01373-10

Vol. 55, No. 5

Copyright © 2011, American Society for Microbiology. All Rights Reserved.

Evaluation of CLSI M44-A2 Disk Diffusion and Associated Breakpoint
Testing of Caspofungin and Micafungin Using a Well-Characterized
Panel of Wild-Type and fks Hot Spot Mutant Candida Isolates’

Maiken Cavling Arendrup,l* Steven Park,? Steven Brown,” Michael Pfaller,* and David S. Perlin?

Unit of Mycology and Parasitology, Statens Serum Institut, Copenhagen, Denmark’; Public Health Research Institute,

UMDNIJ-New Jersey Medical School, Newark, New Jersey*; The Clinical Microbiology Institute,
Wilsonville, Oregon®; and University of lowa, lowa City, Iowa*

Received 6 October 2010/Returned for modification 29 November 2010/Accepted 16 February 2011

Disk diffusion testing has recently been standardized by the CLSI, and susceptibility breakpoints have been
established for several antifungal compounds. For caspofungin, 5-pg disks are approved, and for micafungin,
10-pg disks are under evaluation. We evaluated the performances of caspofungin and micafungin disk testing
using a panel of Candida isolates with and without known FKS echinocandin resistance mechanisms. Disk
diffusion and microdilution assays were performed strictly according to CLSI documents M44-A2 and M27-A3.
Eighty-nine clinical Candida isolates were included: Candida albicans (20 isolates/10 mutants), C. glabrata (19
isolates/10 mutants), C. dubliniensis (2 isolates/1 mutant), C. krusei (16 isolates/3 mutants), C. parapsilosis (14
isolates/0 mutants), and C. tropicalis (18 isolates/4 mutants). Quality control strains were C. parapsilosis ATCC
22019 and C. krusei ATCC 6258. The correlations between zone diameters and MIC results were good for both
compounds, with identical susceptibility classifications for 93.3% of the isolates by applying the current CLSI
breakpoints. However, the numbers of fks hot spot mutant isolates misclassified as being susceptible (S) (very
major errors [VMEs]) were high (61% for caspofungin [S, =11 mm] and 93% for micafungin [S, =14 mm]).
Changing the disk diffusion breakpoint to S at =22 mm significantly improved the discrimination. For
caspofungin, 1 VME was detected (a C. tropicalis isolate with an F76S substitution) (3.5%), and for micafungin,
10 VMEs were detected, the majority of which were for C. glabrata (8/10). The broadest separation between zone
diameter ranges for wild-type (WT) and mutant isolates was seen for caspofungin (6 to 12 mm versus —4 to
7 mm). In conclusion, caspofungin disk diffusion testing with a modified breakpoint led to excellent separation

between WT and mutant isolates for all Candida species.

Disk diffusion susceptibility testing is widely used for anti-
bacterial compounds in routine clinical microbiology laborato-
ries, and thus, this concept is also attractive for antifungal
susceptibility testing. The CLSI has approved a disk diffusion
methodology for the testing of several antifungals (document
M44-A2), including caspofungin. Disk diffusion breakpoints
have been established based upon the best possible correlation
to MIC results and susceptibility classification obtained by
CLSI microdilution method M27-A3 (4, 6). The current CLSI
microdilution breakpoints for echinocandins (susceptible [S],
=2 pg/ml; nonsusceptible [NS], >2 pg/ml) were established
before resistant mutants emerged and were based upon MIC
relationships to clinical outcome, MIC distributions, and phar-
macokinetic and pharmacodynamic parameters (5, 13). How-
ever, during the last few years isolates with mutations in the fks
hot spot regions have emerged and have been associated with
clinical failure. Hence, sensitive susceptibility tests able to dis-
criminate between these isolates and wild-type (WT) isolates
have become increasingly important. Several publications have
described the failure of the initial CLSI breakpoints to cor-
rectly identify resistant mutants (1-3, 7, 8, 10-12), and thus, in
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the summer of 2010 the CLSI approved revised echinocan-
din breakpoints (http://www.clsi.org/Content/NavigationMenu
/Committees/Microbiology/SCAntifungalSusceptibilityTesting
/January2010AntifungalSusceptibilityMeetingPresentations
/2a_CMRClinicalBreakpoints_EchinocandinsAndCandida
_part2.pdf).

In this study, we evaluate and compare the performances of
CLSI disk diffusion susceptibility tests for caspofungin and
micafungin using a well-characterized panel of susceptible WT
isolates and fks hot spot mutant isolates.

MATERIALS AND METHODS

Isolates. A well-characterized set of WT and fks hot spot mutant isolates was
used (2), including 89 clinical isolates and 2 quality control reference strains (C.
parapsilosis ATCC 22019 and C. krusei ATCC 6258). Clinical isolates included 10
FKS WT and 10 fks hot spot mutant C. albicans isolates (Fks1p with F641S [n =
2], S645P [n = 3], S645F-plus-R1361R/H, S645Y, SD645F, D648Y, and P649H
mutations), 9 FKS WT and 10 fks hot spot mutant C. glabrata isolates (Fkslp,
with F625S, S629P, D632G, F659V, S663P, D666G, D666E, and P667T muta-
tions; Fks2p with F659S and S663F mutations), 1 FKS WT and 1 fks hot spot
mutant C. dubliniensis isolate (Fkslp with a S645P mutation), 13 FKS hot spot
WT and 3 fks hot spot mutant C. krusei isolates (Fkslp with R1361G, F655F/C,
and L658W-plus-L701M mutations), 14 FKS WT C. parapsilosis isolates, and 14
FKS hot spot WT and 4 fks hot spot mutant C. tropicalis isolates (Fkslp with
S80P [n = 3] and F76S mutations). Three isolates were found to harbor muta-
tions outside the resistance hot spots and were regarded as WT concerning
echinocandin susceptibility because of their normal kinetic inhibition properties.
Thus, a total of 28 isolates with characteristic echinocandin resistance mutations
in the hot spot regions were included. These isolates were clinical isolates
referred to the authors’ laboratories (D.S.P. or M.C.A.), with the exception of
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TABLE 1. Caspofungin and micafungin disk diffusion results for WT isolates and fks hot spot mutant isolates”

No. of results at the following zone diameter (mm)

Intotal Distance  No. of
08 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 38 overlaps
Caspofungin

C. albicans (R) 322 1 1 1 10 6 0
C. albicans (S) 1 1 4 11 1 1 10

C. dubliniensis (R) 1 1 12 0
C. dubliniensis (S) 1 1

C. glabrata (R) 2 1 1T 1 3 1 1 10 10 0
C. glabrata (S) 11 2 1 3 1 9

C. krusei (R) 11 1 3 8 0
C. krusei (S) 3 4 4 2 13

C. parapsilosis (S) 1 1 1 1 3|12 4 1 14

C. tropicalis (R) 1 2 1 4 -2 2
C. tropicalis (S) 1 2 4 5 1 1 14

ATCC22019 1 na
ATCC6258 1 na

Micafungin

C. albicans (R) 1 2 1 2 1 111 9 -1 2
C. albicans (S) 11 1 1 3 2 1 10

C. dubliniensis (R) 1 1 7 0
C. dubliniensis (S) 1 1

C. glabrata (R) 1 1 1 1 2 1 2 1 10 -4 11
C. glabrata (S) 2 3 3 1 9

C. krusei (R) 1 2 3 7 0
C. krusei (S) 1 4 3 2 3 13

C. parapsilosis (S) 11 2 2 3 2 2|1 1 15

C. tropicalis (R) 1 1 101 4 3 0
C. tropicalis (S) 1 4 1 5 2 1 14

ATCC22019 1 1 na
ATCC6258 1 1 na

“ Distance indicates the distance between the range for the susceptible WT population and the range for the fks hot spot mutant population for each species. A
negative value indicates overlap between the two populations. The number of overlaps is calculated as the numbers of fks hot spot and WT isolates for which inhibition
zone diameters were overlapping for each species. The dotted line indicates CLSI disk diffusion breakpoints (S, =x mm) for caspofungin according to CLSI document
M44-A2 and for micafungin as proposed at the CLSI meeting in January 2010 based upon correlation to susceptibility classification using 2 pg/ml as the breakpoint
for susceptibility. The solid line indicates the suggested disk diffusion breakpoint (S, =x mm) for species other than C. parapsilosis based upon results obtained in the
current study. Gray boxes indicate recommended quality control zone diameter (mm) ranges. NA, not applicable.

one clinical C. krusei isolate that was provided by F. Dromer. All isolates were
coded, and tests were performed blinded for susceptibility patterns.

Compounds. Pure substances provided by the manufacturers were one lot of
caspofungin by Merck (TEKO0010) and one lot of micafungin by Astellas
(122320KA). Stock solutions for microdilution testing were prepared in water,
taking into account the potencies of the powders.

Disk diffusion testing. Disk diffusion testing was performed strictly according
to CLSI standard M44-A2 (6), using Mueller-Hinton agar plus 2% glucose and
0.5 pg/ml methylene blue dye (SSI Diagnostica, Hillergd, Denmark). Caspofun-
gin-impregnated paper disks containing 5 pg of caspofungin (lot no. 372738;
Oxoid) were provided by Merck. Micafungin-impregnated paper disks containing
10 pg micafungin (lot no. 9268810; Becton Dickinson) were provided by Astellas.
Zone diameters were read by using a digital ruler, and values were rounded to
closest millimeter. Minor trailing growth in the inhibition zones was ignored. C.
krusei ATCC 6258 and C. parapsilosis ATCC 22019 were used as quality control
strains, and results were within the recommended ranges (Table 1).

CLSI microdilution. CLSI microdilution was performed strictly according to
CLSI standard M27-A3 (5). Plates were stored at —86°C for a maximum of 15
days before use. Microtiter plates were read visually, and the MIC was deter-
mined using prominent inhibition (corresponding to 50%) as an endpoint. Geo-
metric mean values of triplicate determinations were calculated, and the values
in-between the log, scale were adjusted to the upper closest log, value for
comparison. C. krusei ATCC 6258 and C. parapsilosis ATCC 22019 were used as
quality control strains throughout all experiments.

FKS gene sequence analysis. FKS gene sequence analysis was performed for
all isolates as described previously (2).

Evaluation of test performance. For each of the drug-bug combinations, the
following parameters were used to evaluate and compare the test performance:
distance between zone diameter ranges (mm) for fks hot spot mutant isolates and
WT isolates, where negative values indicate the overlap between these diameter
ranges; number of overlaps, calculated as the number of fks hot spot and WT
isolates for which inhibition zone diameters were overlapping; and VMEs (very
major errors), or the number of fks hot spot mutant isolates for which the zone
diameters fell within the zone diameter range of the corresponding WT popu-
lation. Finally, the current and revised or proposed echinocandin breakpoints for

susceptibility were applied. Current breakpoints are as follows: S at an MIC of
=2 pg/ml for both echinocandins for MIC determinations and caspofungin S at
zone diameter of =11 mm and micafungin S at zone diameter of =14 mm by disk
diffusion (proposed at the CLSI 2010 meeting in San Diego, CA) (5, 6). The
revised species-specific breakpoint for C. albicans, C. glabrata, C. krusei, and C.
tropicalis was S at =0.25 pg/ml, except for micafungin and C. glabrata (S, =0.06
pg/ml). The revised disk diffusion breakpoint for these species and caspofungin
is S at =18 mm. The proposed revised micafungin disk diffusion breakpoints for
susceptibility are S at =26 mm for C. albicans and C. tropicalis, S at =30 mm for
C. glabrata, and S at =24 mm forC. krusei (Table 2) (http://www.clsi.org/Content
/NavigationMenu/Committees/Microbiology/SCAntifungalSusceptibilityTesting
/January2010AntifungalSusceptibilityMeetingPresentations/2a
_CMRClinicalBreakpoints_EchinocandinsAndCandida_part2.pdf).

Linear regression analysis. Linear regression analysis was done for CLSI
MICs (log, transformed) versus disk diffusion diameters using the Prism pro-
gram, version 5.03.

RESULTS

Overall correlation between CLSI disk diffusion and mi-
crodilution results. A good correlation between disk zone di-
ameters and CLSI MICs were found for both compounds,
leading to a high level of agreement between the susceptibility
classifications obtained by the two methods using current CLSI
breakpoints (Fig. 1). Thus, using current breakpoints for
caspofungin, only three isolates (all C. glabrata fks hot spot
mutants) were classified as being susceptible using disk diffu-
sion but not microdilution, and three other fks mutant isolates
were classified as being resistant using disk diffusion but sus-
ceptible by microdilution (Fig. 1a). Similarly, for micafungin,
correlation was excellent, with a single C. parapsilosis isolate
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TABLE 2. Numbers of VMEs obtained by disk diffusion testing according to current, revised, and alternative breakpoints for susceptibility”

No. of VMEs/total no. of isolates tested

Total % of VMEs

Breakpoint (diam [mm])

(28 mutants)

C. albicans C. dubliniensis C. glabrata C. krusei C. tropicalis
Caspofungin
Current (=11) 3/10 0/1 10/10 1/3 3/4 61
Revised (=18) 1/10 0/1 5/10 0/3 1/4 25
Alternative (=22) 0/10 0/1 0/10 0/3 1/4 4
Micafungin
Proposed (=14) 59 11 10/10 2/3 4/4 93
Revised (Sp Spec”) 0/9 0/1 1/10 0/3 0/4 4
Alternative (=22) 1/9 0/1 8/10 0/3 1/4 36 (12 excluding

C. glabrata)

“ Sp Spec, specific species. Revised micafungin breakpoints for susceptibility for C. albicans and C. tropicalis are as follows: S at =26 mm, S at =30 mm for C. glabrata,

and S at =24 mm for C. krusei (M. A. Pfaller et al., unpublished data).

being classified as resistant by microdilution but susceptible by
disk diffusion (Fig. 1b). However, a substantial proportion of
the fks hot spot mutant isolates were misclassified as being
susceptible with both methods and with both echinocandins
using the currently approved breakpoints. The application of
the proposed revised breakpoint of <0.25 pg/ml for suscepti-
bility yielded a much better separation between WT and fks hot
spot mutant isolates, except for C. glabrata and micafungin. A
high overall agreement with the classification obtained using
the revised microdilution breakpoint was obtained if =22 mm
was used for susceptibility for disk testing (Fig. 1).
Separation of WT and fks hot spot mutant isolates by spe-
cies. The disk diffusion results are shown by individual species
and FKS genotype in Table 1. For caspofungin, excellent sep-
aration between WT and fks hot spot mutant isolates was seen
for all isolates except for one C. tropicalis isolate (zone diam-
eter of 24 mm) harboring an F76S mutation and with a caspo-
fungin MIC of 0.25 pg/ml. Thus, the other populations were
separated by 6 to 12 mm. By applying the currently approved
CLSI disk diffusion breakpoint, 61% of fks hot spot mutant
isolates were misclassified as being susceptible (Table 2). Using
the revised breakpoint, this was the case for 25% of the isolates
with fks hot spot mutations, the majority of which were C.
glabrata isolates; however, if a breakpoint of =22 mm was used
as the susceptibility breakpoint for species other than C. parap-
silosis, only the C. tropicalis isolate mentioned above was mis-
classified as being susceptible, and one susceptible WT isolate
(C. dubliniensis) was misclassified as being resistant (Table 2).
For micafungin, the separation between WT and fks hot spot
mutant isolate populations was less optimal (Table 1). The
distance between the two populations ranged from —4 to 7
mm, and 13 isolates were involved in overlaps between the two
populations. While a good separation was seen for C. krusei
and C. tropicalis WT and fks hot spot mutant isolate popula-
tions, a minor overlap was seen for C. albicans (involving 1 fks
hot spot mutant isolate with a P649H mutation and a mica-
fungin CLSI MIC of 0.5 pg/ml) and a considerable overlap was
seen for C. glabrata, involving 3 fks hot spot mutant isolates
(one with a D666E mutation and an MIC of 0.125 pg/ml, one
with a P667T mutation and an MIC of 0.25 pg/ml, and one with
a D632G mutation and an MIC of 0.125 wg/ml). By applying
the suggested CLSI breakpoint (S, =14 mm) translated from
the microdilution breakpoint of =2 pg/ml, all but two isolates

a) y = -0.2444x + 4.106
R=-0.8710
O fks mutants
+ fks mutant C. glabrata
A C. parapsilosis
O WTisolates
E* — Regression line
k=)
=
o 0.5
2 02
0.125
0.0625
0.03125 =1+
10
Diameter (mm)
b) y =-0.3271x + 6.121
R =-0.8640
830 O fks mutants
4: k + fks mutant C. glabrata
m— A C. parapsilosis
2 O WTisolates
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o
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10 15 20 25 30 35
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FIG. 1. CLSI MIC endpoints versus disk diffusion zone diameters
for 5-pg caspofungin disks (a) and 10-pg micafungin disks (b). Wild-
type isolates are indicated as triangles for C. parapsilosis and as circles
for other species. Hot spot mutant isolates are indicated as crosses for
C. glabrata and as open squares for other species. Dashed horizontal
lines indicate initially approved CLSI microdilution breakpoints for
susceptibility; dotted horizontal lines indicate revised CLSI microdilu-
tion breakpoints for susceptibility; vertical unbroken lines indicate
current CLSI disk diffusion breakpoints for caspofungin and proposed
micafungin breakpoints derived from the initially approved microdilu-
tion breakpoint, respectively; and dashed-dotted vertical lines indicate
the best split between WT and hot spot mutant isolates for disk dif-
fusion testing in this study. No inhibition zone is indicated as a zone
diameter of 6 mm (size of the disk). The regression line is based upon
the log, MIC value and the zone diameter. Breakpoint lines are drawn
at the separation between “S” and “non-S” values in order not to
intercept data points.

1sanb Ag 8T0Z ‘6T AInC uo /Bl1o wse oee//:dny Woly papeojumod


http://aac.asm.org/

1894 ARENDRUP ET AL.

with fks hot spot mutations were misclassified as being suscep-
tible (25/27; 93%) (Table 2). The application of the revised
species-specific breakpoints resulted in a significant reduction
of VMEs, as only one C. glabrata mutant (with a D632G mu-
tation and an MIC of 0.125 p.g/ml) was misclassified. However,
these breakpoints bisected the WT isolates for C. albicans and
C. dubliniensis (5/11 isolates misclassified as being not suscep-
tible), C. glabrata (2/9 misclassified as being not susceptible), C.
krusei (5/13 misclassified as being not susceptible), and C. tropi-
calis (1/14 misclassified as being not susceptible) (in total,
13/47 isolates [28%]). However, if using the highest value not
categorizing any WT isolates as being not susceptible for the
susceptibility breakpoint for C. albicans, C. dubliniensis, C.
krusei, and C. tropicalis isolates (S, =22 mm), the number of
VME:s was reduced from 15/17 (88%) to 2/17 (12%) (one C.
albicans isolate with a P649H mutation and an MIC of 0.5
wg/ml and one C. tropicalis isolate with an F76S mutation and
a micafungin MIC of 0.25 pg/ml).

The zone diameters for both compounds and C. parapsilosis
isolates overlapped with the fks hot spot mutant isolate popu-
lation ranges for the other species. Particularly for caspofun-
gin, variation in zone diameter was considerable (no zone to 26
mm; median, 21 mm).

DISCUSSION

We demonstrated a good correlation between the CLSI mi-
crodilution MICs and disk diffusion zone diameters for caspo-
fungin and micafungin, consistent with previously reported
findings for caspofungin (4). This suggests that this method
may be a useful alternative to the more-labor- and expertise-
requiring microdilution reference methodology. However, if
applying the breakpoints derived from the currently used CLSI
microdilution breakpoints, fks hot spot mutant isolates will be
misclassified in 61% of the cases for caspofungin and in as
many as 93% of the cases for micafungin. Although these
figures were reduced when the zone diameters were inter-
preted according to the revised breakpoints, 25% VMEs were
still observed for caspofungin, and 4% VMEs and 28% major
errors (WT isolates being classified as nonsusceptible) were
still observed for micafungin.

For caspofungin disk diffusion testing, all but one such very
major errors could be avoided by using a breakpoint of =22
mm as susceptible for species other than C. parapsilosis. Fur-
thermore, the susceptibility classification obtained by applying
this breakpoint for the isolates in this study was in excellent
agreement with the classification obtained if using the recently
approved revised microdilution breakpoint for susceptibility of an
MIC of =0.25 mg/ml (http://www.clsi.org/Content/NavigationMenu
/Committees/Microbiology/SCAntifungalSusceptibilityTesting
/January2010AntifungalSusceptibilityMeetingPresentations
/2a_CMRClinicalBreakpoints_EchinocandinsAndCandida_part2
.pdf). Future studies are needed to determine if a breakpoint of =22
mm is too restrictive in the sense that it will lead to too many major
errors. However, if used as a screening test to identify isolates for
subsequent MIC determinations, a restrictive breakpoint might be
preferable.

For micafungin the separation between WT and fks mutant
isolates was less impressive, and for C. glabrata the two popu-
lations overlapped significantly. This phenomenon has simi-
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larly been seen with EUCAST as well as CLSI microdilution
testing guidelines (2) and thus appears to be drug-bug related
rather than dependent on the choice of the in vitro suscepti-
bility test format. It remains to be understood if micafungin has
a better efficacy against C. glabrata fks hot spot mutants with
MICs and zone diameters within the WT range. However, with
the goal of distinguishing between WT and fks hot spot mutant
isolates, micafungin disk testing appears to be less optimal due
to close or overlapping susceptible and mutant populations
and the need for individual breakpoints for not only C. parap-
silosis but also C. glabrata.

Susceptibility testing by disk diffusion as well as microdilu-
tion methods indicated that the position of the mutation af-
fected the loss of susceptibility. For example, mutations lead-
ing to amino acid substitutions at position S645 (equivalent to
position S80 in C. tropicalis) were consistently associated with
a more pronounced MIC elevation and a more pronounced
zone diameter reduction than those of several of the other
mutations. This is in agreement with the previously reported
differentiated changes in the drug susceptibility of the glucan
synthase enzyme (9). Whether this genotypic difference trans-
lates into a more moderate in vivo resistance and better clinical
efficacy than those of the highly resistant genotypes remains to
be explored.

In conclusion, disk diffusion testing for Candida species and
caspofungin appears to be a promising tool for differentiating
echinocandin-susceptible WT from fks hot spot mutant iso-
lates. Nevertheless, while susceptibility classification is im-
proved by the application of recently revised breakpoints, fur-
ther evaluation and refinement are needed.
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