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Significant interlaboratory variability is observed in testing the caspofungin susceptibility of Candida species by both the CLSI
and EUCAST broth microdilution methodologies. We evaluated the influence of treated versus untreated polystyrene microtiter
trays on caspofungin MICs using 209 isolates of four Candida species, including 16 C. albicans and 11 C. glabrata isolates with
defined FKS mutations. Caspofungin MICs were also determined using the commercially available YeastOne and Etest assays
and 102 isolates. All C. glabrata isolates had caspofungin MICs of >0.5 �g/ml, the clinical breakpoint for caspofungin resistance
in this species, measured using trays made of treated polystyrene, regardless of the FKS status. In contrast, susceptible isolates
could readily be distinguished from resistant/non-wild-type isolates when caspofungin MICs were measured using untreated
polystyrene trays and both the YeastOne and Etest assays. Similar results were also observed for C. krusei isolates, as all isolates
had caspofungin MICs above the threshold for resistance measured using treated polystyrene trays. In contrast, C. albicans iso-
lates could be correctly identified as susceptible or resistant when caspofungin MICs were measured with treated or untreated
trays and with the YeastOne and Etest assays. MICs falsely elevated above the resistance breakpoint were also not observed for C.
tropicalis isolates. These results demonstrated that the use of treated polystyrene may be one factor that leads to falsely elevated
caspofungin in vitro susceptibility results and that this may also be a greater issue for some Candida species than for others.

Significant interlaboratory variability has been reported for
caspofungin susceptibility testing, with some laboratories re-

porting MIC values elevated above the revised CLSI clinical break-
points (1). The interlaboratory variability is not without conse-
quences, as it may result in major errors for caspofungin use (i.e.,
falsely interpreting an isolate as resistant to this echinocandin). In
a retrospective review of our antifungal susceptibility database
using data from 2008 to 2012, we found that 95.6% of C. glabrata
and 74.3% of C. krusei isolates would be classified as resistant to
caspofungin on the basis of the revised CLSI echinocandin clinical
breakpoints (2). Other laboratories have reported similar results
(3). As the factors that lead to interlaboratory variability are un-
known, we sought to determine if the choice of plastic used in the
microtiter trays, either treated or untreated polystyrene, could
affect caspofungin MIC values. These trays are designed for cell
cultures, and treatment of the plastic, either by coating or corona
discharge to impart an electrical charge to the plastic, allows the
cells to adhere. Our laboratory has historically used 96-well mi-
crotiter trays made of treated polystyrene, while other laboratories
have used those made of untreated plastic. The CLSI M27-A3
standard for yeast antifungal susceptibility testing has not ad-
dressed plastic type or recommended either type as the appropri-
ate tray for use to obtain standard results. We also compared the
results obtained with treated and untreated polystyrene trays to
those obtained using the commercially available YeastOne and
Etest assays.

MATERIALS AND METHODS
Isolates. Clinical isolates (n � 209) of 4 different Candida species, includ-
ing C. albicans, C. glabrata, C. krusei, and C. tropicalis, that had been sent
to the Fungus Testing Laboratory at the University of Texas Health Sci-
ence Center at San Antonio between 2008 and 2013 were used in this
study. They included 16 C. albicans and 11 C. glabrata isolates with pre-
viously determined mutations in hot spot regions of the FKS1 and FKS2
genes known to cause resistance to the echinocandins (4–6). Seven C.

albicans challenge strains (strains M1 to M7) provided by Merck (Merck &
Co., Whitehouse Station, NJ) were also included. All isolates were main-
tained as frozen stocks and were subcultured twice onto Sabouraud dex-
trose agar prior to in vitro susceptibility testing.

Antifungal susceptibility testing. Antifungal susceptibility testing
was performed by broth microdilution methods according to the CLSI
M27-A3 reference standard (7). A common lot of caspofungin powder
(Merck & Co., Inc., Whitehouse Station, NJ) was used for all prospective
MIC determinations, and stock solutions were made using dimethyl sul-
foxide (DMSO). Further dilutions were made using RPMI 1640 without
bicarbonate and buffered with 0.165 M MOPS (morpholinepropanesul-
fonic acid; pH 7.0). Microtiter trays were prepared using treated and un-
treated polystyrene 96-well cell culture trays from the same manufacturer
(Corning, Inc., Corning, NY). In addition, untreated polystyrene trays
were also obtained from a second source (Evergreen Scientific, Los Ange-
les, CA) in order to compare differences in MIC values between the trays
from the different manufacturers. The final caspofungin concentration
range was 0.015 to 8 �g/ml. Caspofungin MICs for each isolate were also
measured using the Sensititre YeastOne colorimetric assay (Trek Diag-
nostic Systems, Inc., Cleveland, OH) and Etest strips (bioMérieux, Marcy
l’Etoile, France) according to the instructions provided by the respective
manufacturers. Micafungin (Astellas US, Inc., Northbrook, IL) MICs for
C. glabrata isolates by broth microdilution methods were also measured
according to the CLSI M27-A3 standard.
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Data analysis. Isolates were classified as susceptible, intermediate, or
resistant to caspofungin or micafungin measured by broth microdilution
on the basis of the drug- and species-specific CLSI clinical breakpoints for
these agents as published in the CLSI M27-S4 document (8). The recently
reported YeastOne caspofungin epidemiological cutoff values (ECVs)
were used to classify isolates as wild-type or non-wild-type isolates in this
colorimetric assay (9). The rates of very major errors (VME), major errors
(ME), and minor errors (mE) were also determined according to accepted
definitions (10, 11). Geometric mean (GM) MICs were calculated, and
differences in GM MIC values among multiple groups were assessed for
significance by analysis of variance (ANOVA) with Tukey’s posttest for
multiple comparisons. For comparisons between two groups, a paired t
test was used. A P value of �0.05 was considered statistically significant.

RESULTS
Candida glabrata isolates. As shown in Fig. 1, there was a dichot-
omous distribution of caspofungin MIC values for the C. glabrata
isolates measured using microtiter trays made of untreated poly-
styrene, the YeastOne colorimetric assay, or Etest strips (n � 33).
The methods using untreated microtiter trays, YeastOne assay,
and Etest strips were all found to able to distinguish between sus-
ceptible C. glabrata isolates with correspondingly low micafungin
MIC values (�0.03 �g/ml) and those with defined FKS1 or FKS2
mutations associated with echinocandin resistance. One isolate
with a defined FKS mutation was classified by the untreated mi-
crotiter tray as intermediate to caspofungin and by the YeastOne
assay as a wild-type isolate by the use of the YeastOne caspofungin

ECV for this species (MIC, 0.25 �g/ml). The Etest caspofungin
MICs for all isolates with FKS mutations were �0.5 �g/ml. In
contrast, all caspofungin MICs measured using microtiter trays
made of treated polystyrene were at or above the CLSI clinical
breakpoint for resistance for this species (�0.5 �g/ml). Thus, tests
using microdilution plates prepared with treated polystyrene were
unable to distinguish between susceptible and resistant C. glabrata
isolates (ME rate of 100%), while those performed with plates
made of untreated polystyrene and other commercially available
assays were able to distinguish between susceptible/wild-type iso-
lates and resistant/non-wild-type isolates. Interestingly, when
three additional isolates with unknown FKS status but with
elevated caspofungin MICs by both the Etest assay and in un-
treated polystyrene plates were tested, all three were classified
as wild-type isolates by the YeastOne assay on the basis of the
ECV (two with caspofungin MICs of 0.125 �g/ml and one with
a caspofungin MIC of 0.25 �g/ml). The MIC determinations
were repeated, and identical results were obtained, with each
isolate being wild type by YeastOne and both resistant by broth
microdilution using untreated polystyrene trays (�0.5 �g/ml)
and Etest strips (�1 �g/ml).

We also measured caspofungin MICs using untreated polysty-
rene trays and 107 banked C. glabrata isolates that had been pre-
viously tested using treated polystyrene trays, all of which had
historical caspofungin MICs of �0.5 �g/ml. When the caspofun-

FIG 1 Caspofungin MIC values for Candida glabrata isolates measured by CLSI broth microdilution methods using treated and untreated polystyrene trays and
the commercially available YeastOne and Etest assays. A total of 33 clinical C. glabrata isolates were included, including resistant isolates with defined FKS
mutations as well as susceptible isolates that had low caspofungin (CAS) MICs by Etest combined with low micafungin MICs. The upper dotted line represents
the threshold for caspofungin resistance in C. glabrata per CLSI clinical breakpoints and the lower line the threshold for susceptibility measured using the CLSI
broth microdilution methods.
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gin MICs were measured using untreated polystyrene trays, the
MICs ranged from 0.06 to �8 �g/ml, with a GM MIC of 0.216
�g/ml, and 12.1% of the isolates were resistant, 15.9% intermedi-
ate, and 72% susceptible. In contrast, the historical caspofungin
MIC ranged from 0.5 to 8 �g/ml, with a GM MIC value of 0.728
�g/ml, and 100% resistance was determined on the basis of the
current CSLI breakpoints for caspofungin and C. glabrata. We
also measured micafungin MICs for these 107 isolates, and the
overall categorical agreement for isolates classified as susceptible/
intermediate versus resistant between caspofungin and micafun-
gin was 93.5%, with a 3.7% VME rate, a 2.8% ME rate, and a mE
rate of 17.8%. Micafungin resistance was observed in 15.9% of the
isolates (MIC, �0.25 �g/ml), 3.7% of the isolates were interme-
diate (0.12 �g/ml), and 79.5% were susceptible (�0.06 �g/ml).

Candida albicans isolates. In contrast to what was observed
with C. glabrata, each method was able to accurately distinguish
between susceptible and resistant C. albicans isolates (n � 29). As
shown in Fig. 2, caspofungin MICs measured in microtiter trays
made of treated and untreated polystyrene and by the YeastOne
and Etest assays clearly separated the susceptible/wild-type and
resistant/non-wild-type groups. Isolates with defined FKS muta-
tions clearly had MIC values at or above the CLSI breakpoint for
echinocandin resistance for this species (�1 �g/ml). Each method
was also able to correctly distinguish the four echinocandin-resis-
tant challenge strains provided by Merck from the three suscepti-

ble strains. In addition, caspofungin MICs obtained using treated
polystyrene trays were at or below the breakpoint for susceptibility
(0.25 �g/ml) for all but one of the C. albicans isolates that had low
MIC values by each of the other methods. However, the GM MIC
for the susceptible isolates was higher with treated polystyrene
trays (0.237 �g/ml) than with each of the other methods (0.03 to
0.106 �g/ml; P � 0.001).

Other Candida species. Similarly to what was observed with C.
glabrata, the caspofungin MICs for C. krusei isolates that were read
using treated polystyrene plates were all �1 �g/ml and the isolates
were classified as resistant (Fig. 3). In contrast, only two C. krusei
isolates were resistant when MICs were measured using untreated
polystyrene trays, while only one was a non-wild-type isolate as
determined using the YeastOne assay (MIC, 8 �g/ml; ECV, 1 �g/
ml). The same isolate also had a caspofungin MIC of 8 �g/ml
measured by Etest. Among the C. tropicalis isolates, many of the
caspofungin MICs fell into the intermediate range (0.5 �g/ml)
measured using treated polystyrene plates, and only two had val-
ues greater than the threshold for resistance (�1 �g/ml). Simi-
larly, only two isolates had caspofungin MIC values that were
classified as representing resistance as measured using untreated
polystyrene trays, and three isolates were classified as non-wild-
type isolates when caspofungin MICs were measured using the
YeastOne assay. For both C. krusei and C. tropicalis isolates, caspo-
fungin MICs were lowest by the YeastOne assay (GM MIC of 0.062

FIG 2 Caspofungin MIC values for Candida albicans isolates measured by CLSI broth microdilution methods using treated and untreated polystyrene trays and
the commercially available YeastOne and Etest assays. A total of 29 clinical C. albicans isolates were included, including resistant isolates with defined FKS
mutations as well as susceptible isolates that had low caspofungin MICs by Etest and YeastOne assays. The upper dotted line represents the threshold for
caspofungin resistance in C. albicans per CLSI clinical breakpoints and the lower line the threshold for susceptibility measured using the CLSI broth microdi-
lution methods.

FIG 3 Caspofungin MIC values for clinical isolates of Candida krusei and C. tropicalis measured by CLSI broth microdilution methods using treated and
untreated polystyrene trays and the commercially available YeastOne and Etest assays. A total of 20 isolates per species were included. The upper dotted line
represents the threshold for caspofungin resistance in each species per CLSI clinical breakpoints and the lower line the threshold for susceptibility measured using
the CLSI broth microdilution methods.
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�g/ml compared to 0.125 to 0.25 �g/ml for the other methods;
P � 0.01 for all comparisons).

Influence of manufacturer of untreated polystyrene plates.
We also evaluated if untreated polystyrene trays from different
manufacturers would have different caspofungin MICs. Among
the 29 C. albicans isolates that were used to determine differences
in caspofungin MICs between treated and untreated polystyrene
trays from the same manufacturer (Corning) with YeastOne and
Etest assays, there was a significant difference between the GM
MIC values when these isolates were tested using untreated poly-
styrene from one manufacturer (Evergreen, 0.298 �g/ml) versus
using untreated polystyrene from another manufacturer (Corn-
ing, 0.487 �g/ml; P � 0.0001). This difference was primarily
driven by differences in the caspofungin MIC values for suscepti-
ble isolates (GM MIC value of 0.046 �g/ml compared to 0.106
�g/ml for Evergreen and Corning untreated polystyrene plates;
P � 0.0001) and less so by the resistance status of the isolates (GM
MIC 1.354 �g/ml versus 1.682 �g/ml). In addition, the categorical
agreement for C. albicans was 100% for each microtiter tray man-
ufacturer. Interestingly, this did not appear to be the case for the
33 C. glabrata isolates that were evaluated, as the GM MICs were
not significantly different between the different manufacturers of
untreated polystyrene microtiter trays (0.521 �g/ml versus 0.423
�g/ml).

Reproducibility between different observers. The reproduc-
ibility of the caspofungin MIC results was also determined be-
tween three different clinical laboratory scientists for both the
Corning and Evergreen untreated trays. A total of 25 C. albicans
and C. glabrata isolates, including 8 that were resistant to caspo-
fungin, were used and set up on two different days. For both the
Corning and Evergreen untreated trays, the essential agreement
among the three observers, each of whom was blind to the status of
the isolates and the results reported by the two other observers,
was 100%. Categorical agreement for the Corning trays was 96%,
with one resistant C. glabrata isolate (MIC, 1 �g/ml) being classi-
fied as intermediate (MIC, 0.25 �g/ml). For the untreated Ever-
green trays, categorical agreement was also 96%. However, the
one disagreement resulted in a VME, as one resistant C. albicans
isolate with a known FKS mutation (MIC, 1 �g/ml) was classified
as susceptible (MIC, 0.25 �g/ml).

DISCUSSION

Significant interlaboratory variability is a concern for caspofungin
susceptibility testing performed using the CLSI and EUCAST
broth microdilution methodologies (1). Although this variability
can be observed among different species, the differences are most
pronounced with C. glabrata and C. krusei (1, 2, 12). The issue of
variable caspofungin MICs is important to address because of the
lowering of the CLSI clinical breakpoints for the echinocandins
against most Candida species. Previously, the resistance rates for
caspofungin were low when the clinical breakpoint was set at �2
�g/ml for nonsusceptibility. However, the rate of C. glabrata
caspofungin resistance for laboratories that measure high caspo-
fungin MICs may be increased now that the clinical breakpoint for
resistance for this echinocandin has been set at �0.5 �g/ml.

In the current study, we sought to determine if caspofungin
MICs measured with trays made of untreated polystyrene would
be different from those measured with trays made of treated poly-
styrene. The CLSI M27-A3 reference standard has not previously
specified whether treated or untreated polystyrene should be used

for broth microdilution susceptibility testing. Historically, our
laboratory has used treated plates, while some others have used
untreated plates. The results of the current study demonstrate that
the use of microtiter trays made of treated polystyrene can lead to
falsely elevated caspofungin MICs and that this outcome may be
species dependent. We observed a 100% ME rate in C. glabrata
isolates for caspofungin MICs measured by broth microdilution
using treated polystyrene trays, as all isolates, even those with low
caspofungin MICs by other commercially available assays and
with low micafungin MICs, were resistant by the revised clinical
breakpoints. Similar results were also observed for C. krusei iso-
lates. However, when caspofungin MICs were measured by broth
microdilution using untreated polystyrene trays, the percentages
of isolates that were classified as susceptible or resistant to caspo-
fungin were very similar to the percentages of those measured
using the YeastOne and Etest assays. Against a larger panel of C.
glabrata isolates that historically had caspofungin MICs of �0.5
�g/ml, the percentages of isolates classified as susceptible or resis-
tant to this echinocandin measured using untreated polystyrene
were similar to those observed with micafungin. For C. albicans,
the use of treated versus untreated plates did not appear to influ-
ence the identification of susceptible or resistant isolates. How-
ever, caspofungin MICs measured using treated polystyrene trays
were somewhat higher than those measured by other methods.

Our results demonstrate that the choice of treated versus un-
treated polystyrene trays may be one factor that influences the in
vitro potency of caspofungin for Candida species and that the ef-
fect may be more pronounced for certain species, such as C.
glabrata and C. krusei. The exact mechanism accounting for this
difference was not explored. It is known that the type of plastic
used for broth microdilution testing can significantly affect MIC
results for polymyxins, as these amphiphilic drugs readily adhere
to polystyrene (13–16; K. Sei, presented at the meeting of the CLSI
Subcommittee on Antimicrobial Susceptibility Testing, Tempe,
AZ, January 2012). The degree of adherence is dependent on the
coating that is applied to the wells as well as on the corona treat-
ment that is used to treat the plates (16, 17). To overcome this
limitation, some laboratories add a small concentration of poly-
sorbate 80, a surfactant, in order to reduce adherence. However,
this practice is not currently recommended for susceptibility test-
ing of polymyxins by CLSI.

Other factors may be involved in the interlaboratory variability
that is observed with caspofungin for in vitro susceptibility testing,
such as potential differences in media and plasticware from ob-
tained from different sources, including the use of different
batches, and variability in the reading of the results between dif-
ferent laboratory personnel. A larger study involving multiple lab-
oratories and assessing multiple factors is needed to truly deter-
mine which variables may affect in vitro susceptibility testing with
caspofungin.
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