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We compared posaconazole M27-A2 and M38-A MICs to Etest and YeastOne MICs for 92 zygomycetes, 126
Aspergillus isolates, 110 Candida isolates, and Cryptococcus neoformans. Reference MICs were also correlated
with inhibition zone diameters in millimeters (modified M44-A disk and Neo-Sensitabs tablet methods). Etest
MICs were obtained on solidified (1.5% agar) RPMI 1640 (2% dextrose), and zone diameters were obtained on
supplemented (2% glucose and 0.5 �g/ml methylene blue [for all isolates]) and nonsupplemented Mueller-
Hinton (MH; molds only) agar. MICs and zone diameters were obtained between 16 and 72 h. The overall
agreement (% MIC pairs within a three-dilution range) between reference posaconazole and YeastOne MICs
was 98 to 100% at 16 to 24 h for zygomycetes and yeasts and 99% at 24 to 48 h for Aspergillus. The overall
agreement was lower between reference posaconazole and Etest MICs (94 to 97%) and by both methods with
amphotericin B for all species (95 to 99.3%). For yeasts, the correlation coefficient was similar between
reference posaconazole MICs and either disk (R, 0.810) or tablet (R, 0.769) zone diameter at 24 h and was
superior on MH agar for molds at 16 to 48 h (R, 0.804 and 0.799 for disk and tablet, respectively). For
amphotericin B, the best correlation between reference MICs and zone diameters was observed at 16 to 48 h
for molds on MH agar (R, 0.736 to 0.812 and 0.765 to 0.749 for disk and tablet, respectively) and at 48 h for
yeasts (R, 0.681 and 0.503 for disk and tablet, respectively). These data suggest the potential value of these
alternative broth dilution and agar diffusion methods for testing posaconazole and amphotericin B in the
clinical laboratory against the species evaluated.

Aspergillus fumigatus and Candida albicans are responsible
for the majority (85 to 90%) of the different clinical manifes-
tations of fungal infections. More recently, the zygomycetes,
other Aspergillus spp., and Candida spp. have emerged as im-
portant fungal pathogens, especially in the severely immuno-
compromised host (19, 29). Posaconazole, a new triazole un-
dergoing clinical trials, has demonstrated more in vitro activity
than itraconazole and voriconazole against the zygomycetes
and other molds (7–9, 27) as well as activity against most
Candida spp. and Cryptococcus neoformans (24, 25). Posacon-
azole’s potential use as a salvage therapy for zygomycosis has
also been recently demonstrated (15); as of now, amphotericin
B is the therapeutic choice for zygomycosis. Although the
Clinical and Laboratory Standards Institute (CLSI; formerly
NCCLS) Subcommittee on Antifungal Susceptibility Tests has
developed reproducible procedures for the antifungal suscep-
tibility testing of yeasts and molds by broth microdilution (doc-
uments M27-A2 and M38-A) and yeasts by disk (document
M44-A for fluconazole and voriconazole) methods (2–4), ref-
erence guidelines are not available for mold disk testing.

The clinical laboratory needs easy, reliable, and non-time-

consuming alternative methods for determining MICs of anti-
fungal agents. The broth microdilution YeastOne Colorimetric
Antifungal plate (TREK Diagnostics Systems, Cleveland, OH)
and Etest (AB BIODISK, Solna, Sweden) have been cleared
by the FDA for testing Candida spp. with fluconazole, itracon-
azole, and flucytosine. Both commercial methods have been
favorably evaluated for MIC determination of voriconazole,
amphotericin B, and itraconazole against Aspergillus spp. and
other molds (1, 10, 20, 21, 26). More recently, Etest and disk
methodology have been applied as alternative methods for
testing posaconazole against yeasts (23) and molds (14, 17).
The Neo-Sensitabs (A/S Rosco Diagnostica, Taastrup, Den-
mark) method utilizes a 9-mm tablet for antimicrobial suscep-
tibility evaluation; it has been favorably investigated for testing
yeasts with fluconazole (28).

The purpose of this study was to compare several agar dif-
fusion (modified M44-A disk and Neo-Sensitabs tablet [inhi-
bition zone diameters, in millimeters] and Etest [MICs]) and
broth YeastOne (MICs) procedures to reference methods
(M27-A2 and M38-A) for susceptibility testing of 10 species of
zygomycetes, 5 species of Aspergillus, 8 species of Candida, and
C. neoformans. The evaluation included the following deter-
minations. (i) Determination of reference posaconazole MICs
by CLSI broth microdilution M38-A and M27-A2 methods
(yeasts and molds). (ii) Determination of posaconazole MICs
by commercial broth microdilution colorimetric YeastOne
plate and by agar diffusion Etest methods (yeasts and molds).
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(iii) Determination of posaconazole inhibition zone diameters
(in millimeters) by modified reference M44-A disk diffusion
and by commercial Neo-Sensitabs tablet agar diffusion meth-
ods (yeasts and molds). (iv) Determination of the correlation
coefficient between inhibition zone diameters (in millimeters)
and reference MICs for both yeasts and molds. Similar testing
was performed with amphotericin B, but yeast isolates were
not tested by YeastOne or Etest methods, because these meth-
ods have been extensively evaluated for this purpose.

MATERIALS AND METHODS

The investigational triazole posaconazole (Schering-Plough Research Institute,
Kenilworth, N.J.) and amphotericin B (Bristol-Myers Squibb Pharmaceuticals Re-
search Institute, Wallingford, Conn.) were provided by the manufacturers as stan-
dard powders for the preparation of CLSI microdilution trays. Drug dilutions
were prepared at 100� the final concentration in polyethylene glycol (posacon-
azole) and dimethyl sulfoxide (amphotericin B) and then diluted in the standard
RPMI 1640 medium to yield the final twofold drug concentrations of 16 to 0.03
�g/ml for CLSI methods (2, 3).

Isolates. A total of 328 isolates were evaluated and included 11 Absidia corym-
bifera strains, 1 Actinomucor elegans strain, 11 Cunninghamella bertholletiae
strains, 24 Mucor spp. strains, 2 Rhizomucor pusillus strains, 36 Rhizopus arrhizus
strains, 4 R. microsporus var. microsporus strains, 3 Syncephalastrum spp. strains,
60 A. fumigatus strains, 18 A. flavus strains, 14 A. nidulans strains, 16 A. niger
strains, 18 A. terreus strains, 25 C. albicans strains, 10 strains each of C. dublini-
ensis, C. glabrata, C. guilliermondii, C. lusitaniae, C. krusei, C. parapsilosis, C.
tropicalis, and 15 Cryptococcus neoformans strains. The isolates were recovered
from clinical specimens at the VCU Medical Center, Richmond, Va., University
of Iowa College of Medicine, Iowa City, and University of Texas Health Sciences
Center, San Antonio. Selected yeast and mold isolates with high and low MICs
for both antifungal agents were included. The CLSI quality control (QC) isolates
C. krusei ATCC 6258 and Paecilomyces variotii ATCC MYA-3630 were tested
each time a set of isolates was evaluated. Posaconazole and amphotericin B
MICs by both CLSI and commercial methods were within the established MIC
limits (5, 11).

Inoculum preparation. Stock inoculum suspensions for yeasts were prepared
as described in the M27-A2 document from 24-h (Candida spp.) and 48-h (C.
neoformans) cultures on Sabouraud dextrose agar (Remel, Lenexa, KS) (2).
Stock inoculum suspensions for Aspergillus spp. and the zygomycetes were pre-
pared from 7-day cultures grown on potato dextrose agar (Remel) and adjusted
spectrophotometrically to optical densities that ranged from 0.09 to 0.17 (65 to
82% transmittance) (3).

(i) CLSI broth microdilution reference methods (M27-A2 and M38-A). On the
day of the test, each microdilution well containing 100 �l of the twofold drug
concentrations was inoculated with 100 �l of the diluted twofold inoculum
suspension (the final volume in each well was 200 �l); the twofold test inoculum
sizes ranged from 1.2 � 103 to 3.8 � 103 CFU/ml (yeasts) to 0.9 � 104 to 3.8 �
104 CFU/ml (molds) as demonstrated by colony counts (2, 3). Growth (drug free)
and sterility controls were included for each isolate tested. Microdilution trays
were incubated in ambient air at 35°C and examined for MIC determination at
24 (zygomycetes), 48 (Candida spp. and Aspergillus spp.), and 72 h (C. neofor-
mans). By visual examination, reference MICs were defined as the lowest con-
centrations that showed either 50% (only for yeasts with posaconazole) or 100%
(yeasts and molds) growth inhibition compared to the control well (growth
control) (2, 3). QC isolates were tested in the same manner.

(ii) Disk diffusion methodology. The CLSI M44-A disk diffusion method
describes guidelines for yeast testing with fluconazole and voriconazole; we
followed these guidelines, with certain modifications (4). Briefly, the entire
surface of Mueller-Hinton agar supplemented with 2% dextrose and 0.5 �g/ml
methylene blue (MGM; Hardy Diagnostics, Santa Maria, Calif.) and nonsupple-
mented Mueller-Hinton (MH; Hardy Diagnostics) agar plates (150-mm plates)
were inoculated simultaneously in three directions by using a nontoxic cotton
swab dipped in the undiluted mold stock inoculum suspensions; stock yeast
inoculum suspensions were inoculated only on MGM agar. The inoculated agar
was allowed to dry for 15 to 30 min, and the disks (posaconazole, 5 �g [Becton
Dickson and Company, Sparks, Md.]; amphotericin B, 10 �g [Abtek Biologicals
Ltd., Liverpool, United Kingdom]) were applied to the inoculated agar with a
pair of forceps. The plates were incubated in ambient air at 35°C. QC isolates
were tested in the same manner.

(iii) Neo-Sensitabs tablet method. The Neo-Sensitabs tablet method was per-
formed according to the manufacturer’s instructions and M44-A guidelines.
Briefly, both MGM (molds and yeasts) and MH (only molds) agars (Hardy
Diagnostics) were inoculated as described above for the disk methodology; 9-mm
posaconazole (5 �g) and amphotericin B (10 �g) tablets, provided by Rosco
Laboratory (A/S Rosco), were applied to the inoculated agar with a pair of
forceps. The plates were incubated in ambient air at 35°C. QC isolates were
tested in the same manner.

Inhibition zone diameter determination. Zone diameters for both disk and
tablet diffusion assays were measured to the nearest whole millimeter at the point
in which there was a prominent reduction of growth (80%) after 16 (zygomyce-
tes), 24, 48 (all isolates), and 72 h (C. neoformans). Mold filaments bending over
the inhibition zones were ignored.

(iv) YeastOne colorimetric plate. Posaconazole YeastOne MICs were ob-
tained for all isolates. Because this panel has been extensively evaluated for
testing amphotericin B versus yeasts, amphotericin B YeastOne colorimetric
MICs were only obtained for the 92 zygomycete and 126 Aspergillus isolates. On
the day of the test, the dried YeastOne plates were rehydrated with the working
suspension (approximately 103 [yeasts] and 104 [molds] CFU/ml) by dispensing
100 �l into each well. YeastOne plates were sealed and incubated in ambient air
at 35°C for 24 to 72 h. By means of a view box, YeastOne colorimetric MICs
corresponded to the lowest concentration of the antifungal agent that remained
blue or unchanged (indicating no growth; amphotericin B) or to the first dilution
that either changed to slightly purple (which is equivalent to the CLSI standard
of 50% or more growth inhibition) or remained unchanged (posaconazole). QC
isolates were tested in the same manner.

(v) Etest. Amphotericin B Etest MICs also were not obtained for yeast iso-
lates. The undiluted stock inoculum suspension (Aspergillus and zygomycetes)
was used to inoculate the surface of an RPMI 1640 agar plate (1.5% agar and 2%
dextrose; Remel) for the determination of Etest MICs. The whole surface of the
agar was inoculated with 400 �l of the inoculum suspension (150-mm plates), and
the inoculum was spread in three directions by using a nontoxic cotton swab (14).
The inoculated agar was allowed to dry for 15 to 30 min, and Etest strips were
applied to the agar with a pair of forceps. The plates were incubated in ambient
air at 35°C. As described by the manufacturer, Etest MICs were defined as the
lowest drug concentration where the border of the inhibition ellipse intercepted
the MIC scale on the strip at 16 h (zygomycetes) as well as 24 to 48 h (zygomy-
cetes and Aspergillus spp.); filaments bending over the ellipse were ignored. QC
isolates were tested in the same manner.

Reproducibility methodology. MICs and inhibition zone diameters were ob-
tained on three different days for selected isolates (low and high reference MICs)
for approximately 10% of the study isolates (32 yeast, Aspergillus spp., and
zygomycete isolates) by each method.

Data analysis. Both on-scale and off-scale MICs were included in the data
analysis, and Etest MICs were elevated to the next twofold dilution concentra-
tion, which matched the drug dilution schema of the CLSI methods (2, 3). MIC
ranges were obtained for each species and test by each method. Geometric mean
MICs and MICs for 90% of the isolates tested also were determined for species
represented by at least 10 isolates. MICs of the reference methods (at the
recommended incubation times of 24 h for zygomycetes; 48 h for Aspergillus spp.
and Candida spp.; and 72 h for C. neoformans [M27-A2 and M38-A documents])
were compared to those of Etest and YeastOne (first and second readings)
methods, and differences between MICs of no more than two dilutions (e.g., 0.25,
0.5, and 1.0 �g/ml) were used to obtain the percentages of agreement; the same
criterion was used to obtain MIC reproducibility data (obtained on three differ-
ent days for selected isolates) (2, 3). For the correlation between reference MICs
and inhibition zone diameters (in millimeters) around disks and tablets, a linear
regression analysis using the least-square method (Pearson’s correlation coeffi-
cient; MS Excel software) was performed by plotting zone diameters against their
respective MIC endpoints. The reproducibility of zone diameters obtained in
different days with selected study isolates was evaluated by calculating the per-
centage of replicate zone diameters that were within two standard deviations of
the mean.

RESULTS AND DISCUSSION

We report the first evaluation of the suitability of testing
posaconazole by Etest and YeastOne methods for the zygo-
mycetes and of testing Candida spp. and C. neoformans by disk
and Neo-Sensitabs tablet agar diffusion assays. A prior evalu-
ation for testing posaconazole against molds by disk diffusion
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has been reported for three Mucor spp. and seven Rhizopus
spp. isolates (17), while 92 isolates were included in our study.
We also report the first evaluation of disk and tablet diffusion
methods for testing amphotericin B. It is important to investi-
gate the suitability of these simpler and commercially available
assays (YeastOne, Etest, and Neo-Sensitabs) and the disk
method, because CLSI broth microdilution methods are more
cumbersome and time-consuming for use in the clinical labo-
ratory.

The reproducibility of posaconazole and amphotericin B
Etest and YeastOne MICs was excellent; a total of 95 to 98%
of triplicate results were within a three-dilution range for the
32 selected isolates (from the total 328 isolates). Posaconazole
and amphotericin B MICs for both QC isolates, C. krusei
ATCC 6258 and P. variotii ATCC MYA-3630 (tested 12 times),
were within the expected MIC ranges (5, 11). The reproduc-
ibility of posaconazole and amphotericin B zone diameters
obtained by both disk and Neo-Sensitabs tablet assays was
similar on both MGM and MH agars (89 to 98% within two
standard deviations), with the highest percentages of agree-
ment at 16 to 24 h for the zygomycetes and yeasts and at 48 to
72 h for Aspergillus spp. and C. neoformans. The reproducibility
of these non-reference methods was similar to those obtained

in CLSI studies that were conducted for the development of
reference methods (2–6).

The agreement between either Etest or YeastOne and ref-
erence M38-A MICs for the 92 zygomycete isolates is listed in
Table 1; only the percentage of agreement at the optimal
incubation times identified for each species is listed. The high-
est agreement (100%) between posaconazole YeastOne and
reference MICs was consistently observed at 16 (R. arrhizus) to
24 h for all species evaluated, while the agreement was poor at
48 h (0 to 100%; results not shown in Table 1). For ampho-
tericin B, the agreement was higher at 48 h than at 24 h (96 to
100% versus 70 to 83%, respectively) for Absidia corymbifera,
Mucor spp., and R. arrhizus. Similar results were obtained by
Etest, with the exception that for R. arrhizus the best agree-
ment was at 24 h with amphotericin B. The overall agreement
between commercial and reference methods was slightly lower
for Etest (95.7 to 96.5%) than for YeastOne (99.3 to 100%).
The in vitro susceptibility data by the three methods were
compatible with those previously reported for most of the
species, where posaconazole demonstrated similar in vitro ac-
tivity to that of amphotericin B (Table 1) as well as better
activity than other triazoles (7–9, 27). The exceptions were our
amphotericin B MICs, which were higher than those reported

TABLE 1. Percent agreement at optimal incubation times of either posaconazole or amphotericin B Etest and YeastOne MICs with
reference MICs and susceptibility data obtained by the three methods for 92 zygomycete isolatesa

Species (no. of isolates tested) Agent
% Agreement of

reference with
E/Yb

MICs (�g/ml) by:

Etest M38-A YeastOne

Range G/MIC90 Range G/MIC90 Range G/MIC90

Absidia corymbifera (11) P 100c/100c 0.12–1.0 0.4/0.25 0.25–1.0 0.56/1.0 0.25–1.0 0.56/0.5
A 100d/100d 0.5–2 1.4/1.0 0.25–1.0 0.84/1.0 0.25–0.5 0.67/0.5

Cunninghamella bertholletiae (11) P 100c/100c 0.25–1.0 0.48/1.0 0.25–1.0 0.61/1.0 0.06–1.0 0.53/1.0
A 100c/100c 2–�8 4.72/8 2–8 3.45/8 2–4 2.18/2

Mucor spp. (18) P 83c/100c 0.06–�8 2.42/8 0.06–4 0.78/1.0 0.12–8 0.93/1.0
A 83d/100d 0.25–�8 3.2/1.0 0.25–4 0.79/1.0 0.25–4 0.96/2

M. circinelloides (3) P 100c/100c 0.5–1.0 ND 1.0–2 ND 0.5–1.0 ND
A 100c/100c 0.25–1.0 ND 0.5–1.0 ND 0.5–1.0 ND

M. ramosissimus (3) P 100c/100c 0.5–1.0 ND 1.0–2 ND 0.5–1.0 ND
A 100c/100c 1.0 ND 0.25–1.0 ND 0.5 ND

Rhizopus arrhizus (36) P 91c/100c 0.25–�8 3.9/4 0.25–4 1.4/2 0.25–8 1.68/2
A 91c/96d 0.06–2 0.7/2 0.25–4 1.14/2 0.5–8 1.28/2

R. microsporus var. microsporus (4) P 100c/100c 0.5–2 ND 0.5–1.0 ND 0.25–1.0 ND
A 100c/100c 1.0–4 ND 1.0–2 ND 2 ND

Syncephalastrum spp. (3) P 100c/100c 0.5–1.0 ND 0.12–1.0 ND 0.06–0.5 ND
A 100d/100c 0.12–0.25 ND 0.25–0.5 ND 0.12–0.5 ND

Others (3)e P 100c/100c 0.12 ND 0.12–0.5 ND 0.03–0.25 ND
A 100d/100c 0.25–2 ND 0.25–1.0 ND 0.12–0.25 ND

All zygomycetes (92) P 95.7c/100c 0.06–�8 2.29/8 0.06–4 0.91/2 0.03–8 1.05/2
A 96.5/99.3 0.06–�8 2.2/4 0.25–8 1.26/2 0.12–8 1.2/2

a NCCLS M38-A broth microdilution method; G, geometric mean MIC; MIC90, MICs for 90% of the isolates tested.
b Percentage of agreement between MICs by reference and Etest (E) and between reference and YeastOne (Y); P, posaconazole; A, amphotericin B.
c Highest percentage of agreement was obtained at 16 to 24 h (commercial methods) and 24 h (reference method).
d Highest percentage of agreement was obtained at 48 h (commercial method).
e Includes 1 Actinomucor elegans and 2 Rhizomucor pusillus isolates.
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elsewhere for five isolates of C. bertholletiae (reference MIC
range, 2 to 8 versus 0.12 to 2 �g/ml) (27); 11 isolate were tested
in the present study.

Table 2 presents the suitability of either YeastOne or Etest
for testing five species of Aspergillus with posaconazole and
amphotericin B; again, only the percentage of agreement at the
optimal incubation times identified for each species is listed.
The agreement between the posaconazole reference and
YeastOne MICs was good to excellent; the best agreement was
at 48 h (98 to 100% versus 80 to 100% at 24 h); agreement was
also excellent at 24 h for A. flavus and A. terreus (100%). An 85
to 98% agreement has been demonstrated between reference
and YeastOne voriconazole MICs for Aspergillus spp. at 48 h
(1, 16). Amphotericin B YeastOne MICs were also more in
agreement with reference results at 48 h, but the differences
were smaller (90 to 100% versus 88 to 100% at 24 h), which
indicates that results could be obtained when sufficient growth
allows it. Previous reports have reported comparable data (93
to 100%) (20, 21), but only one of these two studies evaluated
the 24-h incubation time (21). Between reference and posacon-
azole Etest endpoints, agreement was also superior at 48 h (90
to 100% versus 80 to 100% at 24 h), with the exception of A.
flavus and A. nidulans. In contrast, for amphotericin B Etest
MICs, the agreement was consistently superior at 24 h (92 to
100%) (Table 2). Similar percentages of agreement (87 to
100%) have been previously obtained between reference and
either amphotericin B, posaconazole, or voriconazole Etest
MICs at the same incubation times (10, 14, 20, 21).

Table 3 depicts the results of our comparison between either
posaconazole YeastOne or Etest MICs (24 and 48 h) with
reference M27-A2 MICs for Candida spp. and C. neoformans;
amphotericin B MICs were not determined for the yeasts by
these methods. As expected and previously reported in a col-

laborative study (13, 22), the overall agreement between
YeastOne and reference MICs was superior at 24 (98%) than
at 48 h (82%) for Candida spp., with the exception of C.
glabrata (90 and 100% at 24 and 48 h, respectively). The agree-
ment was poor for C. neoformans (79%); although this type of
comparison has not been previously reported for this species,
YeastOne was also found to be unsuitable for testing C. neo-
formans compared to other antifungal agents (12). In contrast,
between Etest and reference MICs the highest overall level of
agreement was at 48 h (94 versus 83% at 24 h). However,
percentages of agreement between the methods for each spe-
cies indicate that Etest MICs of C. albicans, C. dubliniensis, C.
glabrata, and C. krusei could be defined at 24 h (Table 3). In a
previous study, the lowest percentages of agreement were for
C. glabrata, C. parapsilosis, and C. krusei (88 to 93%), but
posaconazole Etest MICs were only determined at 48 h (23).
The lack of comparative data between posaconazole Etest and
reference data for C. neoformans precluded comparison of
results, but the performance of Etest for testing this species
was good (93% agreement with reference MICs) in the present
study.

Table 4 lists the results of the correlation coefficient (linear
regression analysis) between either reference posaconazole or
amphotericin B MICs and corresponding inhibition zones in
millimeters (disk and tablet) for molds and yeasts. The corre-
lation was superior for Aspergillus spp. with posaconazole on
MH than on MGM agar (e.g., R of 0.826 versus 0.616; posacon-
azole disk at 48 h). More importantly, MH agar supported
better growth, especially of A. fumigatus (Fig. 1), which facili-
tated an easier reading of inhibition zone diameters. Our
posaconazole disk evaluation on MGM agar produced R val-
ues similar to those obtained with the same agar for 78 molds,
including 10 zygomycete isolates (R, 0.722 to 0.746) (17) and

TABLE 2. Percent agreement at optimal incubation times of either posaconazole or amphotericin B by Etest and YeastOne MICs with
reference MICs and susceptibility data for the three methods for 126 Aspergillus isolatesa

Species (no. of
isolates tested) Agent

% Agreement of
reference with

E/Yb

MICs (�g/ml) by:

Etest M38-A YeastOne

Range G/MIC90 Range G/MIC90 Range G/MIC90

A. flavus (18) P 100c/100d 0.01–0.12 0.02/0.06 0.03–0.12 0.04/0.06 0.01–0.12 0.05/0.06
A 92c/94d 0.5–�8 4.1/�8 0.25–4 0.96/2 1.0–4 1.0/2

A. fumigatus (60) P 984/98d �0.01–1.0 0.04/0.25 0.03–0.5 0.04/0.12 0.01–1.0 0.04/0.12
A 97c/92d 0.25–8 1.45/2 0.12–4 0.67/2 0.25–2 0.58/1.0

A. nidulans (14) P 100c/100d �0.01–0.03 0.01/0.03 �0.01/0.06 0.03/0.06 0.01–0.25 0.05/0.12
A 93c/100d 0.25–�8 1.5/2 0.25–2 1.04/2 0.12/1.0 0.87/1.0

A. niger (16) P 904/100d 0.12–0.5 0.21/0.5 0.06–0.25 0.06/0.25 0.03–0.12 0.08/0.12
A 100c/100d 0.5–1.0 0.75/1.0 0.12–1.0 0.3/0.5 0.25–0.5 0.25/0.5

A. terreus (18) P 1004/100d 0.06–0.12 0.06/0.06 0.03–0.06 0.03/0.03 0.03–0.12 0.06/0.12
A 100c/90d 0.25–8 2.85/4 0.25–4 1.8/4 0.25–4 1.6/4

All Aspergillus spp. (126) P 97/99d �0.015–1.0 0.068/0.25 �0.01–0.5 0.04/0.12 0.01–1.0 0.056/0.12
A 96c/95d 0.25–�8 2.13/2 0.12–4 0.96/2 0.12–4 0.86/2

a NCCLS M38-A broth microdilution method; G, geometric mean MIC; MIC90, MICs for 90% of the isolates tested.
b Percentage of agreement between MICs by reference (obtained at the recommended time of 48 h) and Etest (E) and between reference and YeastOne (Y); P,

posaconazole; A, amphotericin B.
c Highest percentage of agreement was obtained at 24 h (commercial method).
d Highest percentage of agreement was obtained at 48 h.

VOL. 44, 2006 Etest, TABLET, YeastOne, AND DISK FOR MOLDS AND YEASTS 3619



with voriconazole for Aspergillus spp. (R, 0.8) (26); these au-
thors did not evaluate MH agar. The poor performance of
MGM as a growth medium for molds is not apparent until
larger numbers of isolates and species, such as A. fumigatus,
Paecilomyces lilacinus, Alternaria spp., and Bipolaris spp. are
tested (A. Espinel-Ingroff, B. A. Arthington-Skaggs, D. J.
Diekema, D. Ellis, A. Fothergill, D. Gibbs, S. Messer, and M.
Rinaldi, unpublished data). Since MH agar was not suitable for
disk testing of yeasts, it was not previously evaluated for disk
testing of molds; it is fortunate that nonsupplemented Mueller-
Hinton (readily available in microbiology laboratories) appears
to perform better than MGM. As expected for yeasts, the
correlation between reference posaconazole MICs and zone
inhibition diameters (disk and tablet) in millimeters was supe-
rior at 24 h (R, 0.810 and 0.769, disk and tablet, respectively)
than at 48 h (0.685 and 0.717, disk and tablet, respectively);
zones of inhibition for C. neoformans were more readily mea-
sured at 72 h. The CLSI has established inhibition zone diam-
eters in millimeters for posaconazole versus four QC Candida
spp., and our results for QC isolate C. krusei ATCC 6258 were
within the expected range of 21 to 31 mm (6a). To our knowl-
edge, no other reports are available of either disk or tablet
testing with posaconazole for species of Candida and C.
neoformans. However, our results were similar to those ob-

TABLE 3. Percent agreement of posaconazole Etest and YeastOne MICs with reference MICs and susceptibility data
by the three methods for 110 yeast isolatesa

Species (no. of isolates tested)
% Agreement
of reference
with E/Yb

Incubation
time (h)

MICs in �g/ml by:

Etest M27-A2 YeastOne

Range G/MIC90 Range G/MIC90 Range G/MIC90

C. albicans (25) 92/92 24 �0.01–�8 0.07/4 0.03–2 0.15/1.0
92/28 48 �0.01–�8 0.1/4 �0.01–�8 0.15/0.5 0.03–�8 0.22/�8

C. dubliniensis (10) 92/100 24 �0.01–0.12 0.01/0.06 0.01–0.03 0.012/0.03
92/100 48 0.01–0.12 0.01/0.12 0.01–0.06 0.03/0.06 0.03–0.25 0.03/0.12

C. glabrata (10) 100/90 24 1.0–�8 2/�8 0.5–�8 1.85/�8
90/100 48 1.0–�8 2.5/�8 0.5–�8 1.0/�8 1.0–�8 3.2/�8

C. guilliermondii (10) 80/100 24 �0.01–�8 0.04/.25 0.06–4 0.3/0.5
100/90 48 0.06–�8 0.15/.5 0.03–1.0 0.16/0.5 0.06–�8 0.46/1.0

C. krusei (10) 100/100 24 0.06–2 0.36/1.0 0.25–1.0 0.42/1.0
100/100 48 0.5–4 1.0/2 0.25–1.0 0.46/1.0 0.5–1.0 0.79/1.0

C. lusitaniae (10) 70/100 24 �0.01–0.03 �0.01/0.01 �0.01–0.12 0.02/0.12
90/90 48 �0.01–0.06 �0.01/0.03 0.01–0.06 0.03/0.06 0.03–0.5 0.05/0.25

C. parapsilosis (10) 60/100 24 �0.01–0.12 0.02/0.12 0.01–0.12 0.03/0.12
90/100 48 �0.01–0.12 0.03/0.12 0.03–0.12 0.06/0.12 0.03–0.25 0.1/0.25

C. tropicalis (10) 70/100 24 �0.01–�8 0.02/0.25 0.12–�8 0.17/0.5
100/50 48 �0.01–�8 0.07/1.0 �0.01–�8 0.06/1.0 0.12–�8 0.37/�8

Cryptococcus neoformans (15) NDc/ND 48 ND ND ND ND
93/79 72 �0.01–1.0 0.11/0.5 0.12–0.5 0.19/0.5 �0.01–1.0 0.08/0.5

All isolates (110) 83/98 24 �0.01–�8 0.36/�8 �0.01–�8 0.42/2
94/82 48 �0.01–�8 0.5/�8 �0.01–�8 0.13/1.0 0.01–�8 0.73/�8

a M27-A2 broth microdilution method; G, geometric mean MIC; MIC90, MICs for 90% of the isolates tested.
b Percentage of agreement between MICs by reference (obtained at the recommended times of 48 h for Candida and 72 h for C. neoformans) and Etest (E) and

between reference and YeastOne (Y).
c ND, not determined due to insufficient growth.

TABLE 4. Correlation between posaconazole and amphotericin B
inhibition zone diameters with reference M38-A or M27-A2 MICs

for zygomycetes, Aspergillus spp., Candida spp., and C. neoformans

Fungi testeda Agent Method Incubation
time (h)

Correlation
coefficient (R) for:

MGM MH

Molds P Disk 24 0.779 0.804
48 0.616 0.826

Tablet 24 0.662 0.799
48 0.667 0.799

Yeasts P Disk 24 0.810 NDb

48 0.685 ND
Tablet 24 0.769 ND

48 0.717 ND
Molds A Disk 24 0.683 0.736

48 0.515 0.8118
Tablet 24 0.683 0.765

48 0.495 0.749
Yeasts A Disk 24 0.681 ND

48 0.681 ND
Tablet 24 0.478 ND

48 0.503 ND

a Molds: zygomycetes (16- to 24-h results) and Aspergillus spp. (48-h results).
Yeasts: Candida spp. and C. neoformans (results obtained at 24 and 72 h,
respectively).

b ND, not determined.
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tained with fluconazole and voriconazole (6). Because this is
also the first evaluation of an amphotericin B disk or tablet
for testing both molds and yeasts, comparison with previous
results was precluded. However, the correlation with refer-
ence values was similar to those for posaconazole (Table 4).
These results suggest that this simpler disk-tablet method-
ology could also be applied to either mold or yeast testing
with these two agents in the clinical setting.

The evaluation of any new method requires the determina-
tion of categorical agreement between new and reference
method results, as was demonstrated for fluconazole and more
recently for voriconazole (6). Although this type of analysis
was not possible for these two antifungal agents (breakpoints
are not yet available), most isolates for which higher posacon-
azole MICs (0.5 to �8 �g/ml) for Aspergillus spp. and yeasts
were determined were identified by narrower inhibition zones
by both disk and tablet methods (0 to 20 mm versus 21 to 41
mm). For the zygomycetes, posaconazole MICs of �1 �g/ml
corresponded to the lowest inhibition zone diameters (0 to 15
mm). The smaller amphotericin B inhibition zone diameters (0
to 14 mm versus 15 to 32 mm) were observed for MICs of �2
�g/ml, including zone values for the well-documented ampho-
tericin B-resistant C. albicans (ATCC 200955), C. lusitaniae
(ATCC 200950 and ATCC 200951), and C. tropicalis (ATCC
200956) (18). Both Etest and YeastOne methods also yielded
higher MICs for these strains (Tables 1 to 3).

In conclusion, the optimal testing incubation times were as
follows: (i) for posaconazole by YeastOne, 16 h for Rhizopus
spp., 24 h for other zygomycetes and most Candida spp., and
48 h for Aspergillus spp. and C. glabrata; (ii) for posaconazole

by Etest, 16 h for Rhizopus spp. and 24 h for other zygomyce-
tes, A. flavus, A. nidulans, C. albicans, C. dubliniensis, C. gla-
brata, and C. krusei, and 48 h for other Candida spp. and
Aspergillus spp.; (iii) for amphotericin B by YeastOne, 48 h for
Absidia corymbifera, Mucor spp., R. arrhizus spp., and all
Aspergillus spp., and 24 h for other zygomycetes; (iv) for am-
photericin B by Etest, 48 h for Absidia corymbifera, Mucor spp.,
and Syncephalastrum spp., and 16 to 24 h for other zygomycetes
and all Aspergillus spp. The incubation times were similar for
disk-tablet testing with both antifungal agents. MICs were
much higher and zone diameters substantially lower at longer
incubation times, especially with posaconazole. Based on these
results and those of previous studies, it appears that Etest,
YeastOne, disk, and tablet assays could be alternative methods
for use in the clinical laboratory to determine the susceptibility
of yeast and mold species evaluated. Collaborative studies (in
progress for disk testing with the molds) will better evaluate
the suitability of these methods.
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