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The susceptibilities of 25 clinical isolates of Aspergillus fumigatus, A. flavus, A. terreus, A. nidulans, and A. ustus
to itraconazole and amphotericin B were determined by an agar diffusion-dilution method (the Etest method)
and a colorimetric broth microdilution method (the Sensititre method); and the results were compared with
those obtained by the NCCLS proposed standard M-38P method for antifungal susceptibility testing of
filamentous fungi. Various MIC endpoints for the three methods were determined visually by four different
observers in three blinded experiments, and the reproducibilities among the observers (interobserver agree-
ment) and among the replicates (interexperimental agreement) as well as the levels of agreement between the
NCCLS, the Etest, and the Sensititre methods were calculated. High levels of reproducibility (within 1 twofold
dilution) were found for the NCCLS method (>95%) with the MIC-0 endpoint (complete inhibition of growth)
for both drugs and with the MIC-1 endpoint (slight growth) for itraconazole and for the Sensititre method
(>90%) with all MIC endpoints, although for the latter the interexperimental agreement for itraconazole was
comparatively lower (83 to 93%). The Etest method was less reproducible (67 to 87%) for both drugs. Using the
recommended MIC endpoints, high levels of agreement (within one twofold dilution) between the NCCLS and
the Sensititre methods for all species were found for amphotericin B (>77%) but not for itraconazole (<66%),
for which the MICs by the Sensititre method were up to 3 twofold dilutions lower than the corresponding MICs
by the NCCLS method. The use of the first blue well as an endpoint for the Sensititre method and 48 h of
incubation improved the levels of agreement with the NCCLS method. Low levels of agreement between the
NCCLS and the Etest methods using the recommended MIC endpoints were found for most species, especially
after 48 h of incubation (<50%), when the MICs obtained by the Etest method were up to 9 twofold dilutions
higher than the corresponding MICs obtained by the NCCLS method. Relatively better agreement was found
after 24 h, although it was species dependent, with the highest levels of agreement (>82%) found for A. terreus
and A. ustus for amphotericin B and A. fumigatus for both drugs. Overall, better agreement was found when
MIC-0 was used as the MIC endpoint for the NCCLS method for both drugs and when the MICs by the Etest
method were determined after 48 h of incubation for itraconazole and after 24 h of incubation for amphotericin
B.

The numbers of invasive infections caused by Aspergillus
species have increased dramatically in recent years, particu-
larly in immunocompromised patients. The rate of mortality
due to these infections remains high, despite the use of anti-
fungal therapy (7). Amphotericin B in its various formulations
and itraconazole are at present the only drugs licensed in
Europe for the treatment of these infections. The development
of resistance to itraconazole during antifungal therapy (3, 8)
and the inability of in vitro susceptibility testing methods to

detect amphotericin B resistance have been reported (16).
Despite the considerable progress made by use of the NCCLS
proposed standard M-38P method for the susceptibility testing
of filamentous fungi in vitro (23), problems still arise when
determining the MICs (19). Consequently, several modifica-
tions of the broth microdilution format of the M-38P method
(5, 19, 21, 22) as well as other alternative methodologies based
on agar methods (31, 38) have been developed for testing of
the in vitro susceptibilities of filamentous fungi to antifungal
drugs.

The Sensititre YeastOne method (the Sensititre method;
Trek Diagnostic Systems Ltd., East Grinsted, Sussex, England)
is a commercial colorimetric microdilution method that uses
the oxidation-reduction indicator Alamar blue. This indicator
has been used to test the susceptibilities of various yeasts to
different antifungal drugs, resulting in high levels of agreement
with the reference methods (6, 11, 12, 17, 25, 30, 36, 37). The
use of Alamar blue to determine MIC endpoints for filamen-
tous fungi has also been shown to achieve high levels of inter-
and intralaboratory agreement (10, 15).
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The Etest method (AB Biodisk, Solna, Sweden) is a com-
mercial agar diffusion-dilution method which has been used to
test the susceptibilities of various yeasts to different antifungal
drugs, resulting in high levels of agreement with the NCCLS
reference method, depending upon the species tested and the
medium used (1, 13, 26–28, 34, 40, 42). However, the levels of
agreement detected when the susceptibilities of different spe-
cies of filamentous fungi to itraconazole and amphotericin B
were tested ranged from nil to 100% (29, 35).

Given the variable agreement between the commercially
available methods and the NCCLS reference methods and the
absence of a comparative study of all these methods done
under the same conditions, a study was undertaken in which
the susceptibilities to itraconazole and amphotericin B of 25
clinical isolates of the genus Aspergillus belonging to five dif-
ferent species were determined by the Sensititre, the Etest, and
the NCCLS proposed standard M-38P methods. Various MIC
endpoints were determined visually for each method by four
different observers in three blinded experiments conducted on
different days, and the reproducibilities of these methods
among the observers and the replicates as well as the levels of
agreement between the two commercially available methods
(the Sensititre and the Etest methods) and the NCCLS refer-
ence (M-38P) method were calculated.

MATERIALS AND METHODS

Test isolates. A total of 25 isolates of Aspergillus species from the private
collection of the Department of Medical Microbiology, University Medical Cen-
ter Nijmegen, were tested. These included five clinical isolates of each of the
following species: Aspergillus fumigatus (isolates AZN5161, AZN5241, AZNV09-
20, AZN8248, and AZN8244), Aspergillus flavus (isolates AZN137, AZN510,
AZN2865, AZN4094, and AZN4132), Aspergillus nidulans (isolates AZN2867,
AZN8033, AZN8236, AZN8933, and AZN4606), Aspergillus terreus (isolates
AZN286, AZN515, AZN2868, AZN7320, and AZN9152), and Aspergillus ustus
(isolates AZN677, AZN2725, AZN6989, AZN9420, and AZN7843). Candida
parapsilosis (ATCC 22019) and Candida krusei (ATCC 6258) were used for
quality control since they are recommended for use for quality control for all
three methodologies. Paecilomyces variotii (ATCC 22319) was also included in
tests by the Etest method since it is recommended by the manufacturer for the
testing of filamentous fungi. For each replicate the quality control strains were
tested twice.

Inoculum preparation and medium. The isolates were passaged twice at an
interval of 5 to 7 days at 30°C by first subculturing them onto Sabouraud glucose
agar and then onto Takashio agar in order to obtain adequate sporulation.
Conidia were collected with a cotton swab and suspended in sterile saline with
0.05% Tween 20. After the heavy particles were allowed to settle, the turbidities
of the supernatants were measured spectrophotometrically (Spectronic 20D;
Milton Roy, Rochester, N.Y.) at 530 nm, and transmittance was adjusted to 80
to 82% so that the inoculum corresponded to 0.5 � 106 to 4.5 � 106 CFU/ml.
The inoculum size was confirmed by plating serial dilutions onto Sabouraud
glucose agar plates. All isolates were tested three times on 3 different days. The
conidia of the isolates were obtained from fresh cultures each time.

The inoculum for the yeast quality controls was prepared from 1- to 2-day-old
colonies of C. krusei and C. parapsilosis, which were suspended in saline, and the
transmittance was adjusted to 75 to 77% at 530 nm. The blastoconidial suspen-
sions were then diluted 1:1,000 to obtain double the final inoculum, which ranged
from 0.5 � 103 to 2.5 � 103 CFU/ml. For P. variotii, fresh cultures were prepared
as described above and conidial suspensions were adjusted to 75 to 77% trans-
mittance at 530 nm. The suspensions were diluted 1:50 in order to obtain double
the final inoculum, which ranged from 0.5 � 104 to 2 � 104 CFU/ml.

RPMI 1640 medium (with L-glutamine but without bicarbonate; GIBCO BRL,
Life Technologies, Woerden, The Netherlands) at a concentration of 35.4 g/liter
buffered to pH 7.0 with 0.165 M 3-(N-morpholino)propanesulfonic acid (Sigma-
Aldrich Chemie GmbH, Steinheim, Germany) (RPMI) was used throughout the
study.

Antifungal susceptibility testing methods. (i) The NCCLS method. A broth
microdilution method (the M-38P method) was performed according to the

guidelines of the NCCLS (16). The degree of growth was assessed visually by four
different observers and graded to four scales according to the NCCLS guidelines.
Four MIC endpoints (MIC-0, MIC-1, MIC-2, and MIC-3) were determined and
were the lowest drug concentrations with growth scaled to the corresponding
score (0, absence of visible growth; 1, slight growth; 2, prominent reduction in
growth compared with the growth in the drug-free well; 3, slight reduction in
growth compared with the growth in the drug-free well). MIC-4 was the highest
drug concentration with a growth score of 4 (no reduction in growth compared
with the growth in the drug-free well).

(ii) Etest method. The Etest method was performed in accordance with the
instructions of the manufacturer. The MIC was determined as the drug concen-
tration at which the elliptical inhibition zone intersected the Etest strip (MIC-I)
(9, 35).

(iii) Sensititre method. The colorimetric Sensititre method was performed in
accordance with the instructions of the manufacturer. Three MIC endpoints
were determined visually: the lowest concentration of drug with a blue color
(MIC-B) and a purple color (MIC-P) and the highest concentration of drug with
a red color (MIC-R) (6, 12).

For all methods, MIC endpoints were determined after 24 and 48 h of incu-
bation at 37°C under ambient conditions.

Analysis of results. The levels of agreement between the four observers and
the three replicates as well as between the NCCLS, the Etest, and the Sensititre
methods were calculated for each strain-drug-MIC endpoint-incubation time
combination.

(i) Reproducibilities of the methods. The relative and absolute reproducibil-
ities of the NCCLS, the Etest, and the Sensititre methods among the four
observers (interobserver agreement) and among the three replicates (intraex-
perimental agreement) were calculated. The relative and absolute interobserver
agreements were defined as the proportion of the MICs among the four observ-
ers which fell within 1 dilution of the median MIC for each strain and the
proportion of the MICs among the four observers that were the same for each
strain, respectively. The results for all strains were pooled for each replicate; and
the average percentage for the three replicates was calculated, together with the
95% confidence interval for interobserver agreement. The relative and absolute
interexperimental agreements were defined as the proportion of the results
among the replicate MIC endpoints which fell within 1 dilution of the median
MIC for each strain and the proportion of the results among the replicate MIC
endpoints that were the same for each strain, respectively. The results for all
strains were pooled for each observer, and the average percentage for all four
observers was calculated, together with the 95% confidence interval of the
interexperimental agreement. The average agreement was reported for each
drug, MIC endpoint, and method after 24 and 48 h of incubation.

(ii) Agreement between the methods. The results of the Etest and the Sensititre
methods were compared with those of the NCCLS method, and the overall level
of agreement was estimated. For this purpose, MICs determined by the Etest
method that fell between the twofold dilutions of the MICs of the NCCLS
method were elevated to the next drug concentration so that they matched the
twofold dilution scheme; i.e., MICs of 0.38, 1.5, and 12 mg/liter by the Etest
method were elevated to MICs of 0.5, 2, and 16 mg/liter of the twofold dilution
scheme, respectively. For each replicate, the percent agreement between the
methods was calculated for all 25 Aspergillus strains as the proportion of the MIC
endpoints determined by each observer for each strain by the Etest or the
Sensititre method which fell within 1 or 2 twofold dilutions of the corresponding
MIC endpoint determined by the NCCLS method. The average percent agree-
ment among three replicates between the Etest method and the NCCLS method
as well as between the Sensititre method and the NCCLS method was calculated.
The agreement between the NCCLS method and the Sensititre and the Etest
method was calculated by using the following MIC endpoints recommended for
each method: for the NCCLS method, MIC-0 and MIC-2; for the Sensititre
method, the first blue well and the first purple well for amphotericin B and
itraconazole, respectively. For the Etest method, the unique MIC endpoint was
used.

(iii) Statistical analysis. In order to approximate a normal distribution, the
drug concentrations were transformed to the log2 dilution and the percent
agreement was transformed by angular transformation to arcsine �P values (41).
The differences in the average log2 MICs for the four observers for each replicate
between the MICs determined by the Etest method and the Sensititre method
compared with those determined by the NCCLS method were analyzed by
repeated-measures one-way analysis of variance with the Dunnett posttest, which
was applied to each species-drug-MIC endpoint-incubation period combination.
P values less than 0.05 were considered statistically significant. Statistical analysis
was carried out with Graphpad software (Prism Software, San Diego, Calif.). The
transformed percent agreement was used in order to estimate the average agree-
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ment and the variations between the replicates and the species. The high and low
off-scale MICs were included in the analysis by converting each one to the next
higher or the next lower drug concentration, respectively. All tests were per-
formed with the investigators blinded.

RESULTS

MICs. The MICs for the reference strains obtained by the
three methods were within the reference ranges. The suscep-
tibilities of the 25 Aspergillus strains to itraconazole and am-
photericin B after 24 and 48 h of incubation determined by the
NCCLS, the Etest, and the Sensititre methods are shown in
Table 1. The geometric mean MICs were obtained after all the
MICs determined by the four observers and in the three rep-
licates were pooled. All strains produced visible growth within
24 h, but the growth was more obvious after 48 h for the
NCCLS method. The MICs determined by the NCCLS
method were in agreement with those obtained in previous
studies (9, 34, 38).

Although visible growth was also obtained by the Etest
method after 24 h, determination of the MICs after this period
of incubation was difficult since the edge of the elliptical inhi-
bition zone was barely visible. A broad range of MICs was
obtained by the Etest method, with the geometric mean MICs
generally being higher than those obtained by the NCCLS
method, especially after 48 h of incubation, when up to 10-fold
differences in geometric mean MICs were obtained in many
cases (Table 1). This difference was especially noted with A.
terreus and A. flavus strains tested with amphotericin B and A.
ustus strains tested with itraconazole, for which this difference
was apparent even after 24 h of incubation. The geometric

mean MICs after 48 h of incubation were significantly elevated
compared with those after 24 h of incubation, with the increase
being 30-fold in some cases (A. terreus with amphotericin B)
(Table 1).

In the case of the Sensititre method, 24 h of incubation was
not sufficient for the complete conversion of Alamar blue to its
pink derivative for any A. ustus strain, two A. terreus strains,
and one A. fumigatus strain; but a bright pink color was at-
tained for the growth controls of all strains after 48 h of
incubation. The geometric mean MICs obtained by the Sensi-
titre method were lower than those obtained by the NCCLS
method, especially after 24 h of incubation. After further in-
cubation, no clear endpoints were obtained in some cases since
all the intermediate colors between pink and blue were found.
This phenomenon occurred less often after 48 h of incubation,
although visible growth without a color change was often ob-
served.

Reproducibilities of the methods. The relative agreement
(agreement within 1 dilution) and the absolute agreement (no
divergence in agreement) among the four observers (interob-
server agreement) and among the three replicates (interexperi-
mental agreement) for the various endpoints of each method
are shown in Table 2. The NCCLS method showed high levels
of relative interobserver and interexperimental agreement for
the MIC-0 endpoint after 24 and 48 h of incubation for am-
photericin B (�99%) and for the MIC-0 and MIC-1 endpoints
after 24 h of incubation and the MIC-0, MIC-1, and MIC-2
endpoints after 48 h of incubation for itraconazole (�92%).
Lower levels of agreement (�82%) were detected for the
MIC-3 and MIC-4 endpoints for itraconazole. The Etest

TABLE 1. Susceptibilities of five strains of five Aspergillus spp. to amphotericin B and itraconazole determined by four observers in three
experiments on different days by the NCCLS, Etest, and Sensititre methods after 24 and 48 h of incubationa

Drug Incubation
time (h) Species

Geometric mean range MIC (mg/liter)

NCCLS Etest Sensititre

Itraconazole 24 A. fumigatus 2.39 (0.015–�32) 2.84 (0.125–�32) 0.09 (0.025–�16)
A. flavus 0.14 (0.062–0.25) 0.16 (0.015–�32) 0.04 (0.008–0.25)
A. nidulans 0.13 (0.031–0.5) 0.16 (0.016–1) 0.02 (0.008–0.25)
A. terreus 0.09 (0.031–0.25) 0.05 (0.006–0.75) 0.02 (0.008–0.06)
A. ustus 0.40 (0.062–1) 15.17 (0.125–�32) NGb

48 A. fumigatus 2.89 (0.125–�32) 8.98 (0.75–�32) 1.11 (0.03–�16)
A. flavus 0.20 (0.125–0.5) 1.04 (0.25–�32) 0.08 (0.03–0.5)
A. nidulans 0.16 (0.062–0.25) 0.56 (0.095–�32) 0.05 (0.03–0.5)
A. terreus 0.15 (0.062–0.5) 0.27 (0.02–4) 0.06 (0.016–0.25)
A. ustus 1.48 (0.125–�32) 28.04 (1–�32) 8.37 (0.03–�16)

Amphotericin B 24 A. fumigatus 0.68 (0.125–4) 0.59 (0.125–24) 0.35 (0.25–1)
A. flavus 1.19 (0.5–4) 6.81 (0.064–�32) 0.75 (0.03–�16)
A. nidulans 0.74 (0.25–4) 1.26 (0.064–32) 0.45 (0.125–1)
A. terreus 1.11 (0.5–4) 1.07 (0.38–3) 0.78 (0.5–1)
A. ustus 1.11 (0.5–2) 1.01 (0.064–6) NG

48 A. fumigatus 1.50 (1–4) 7.26 (1–�32) 1.27 (0.5–2)
A. flavus 1.64 (1–4) 45.34 (2–�32) 1.82 (0.5–8)
A. nidulans 1.10 (0.25–4) 9.84 (0.25–�32) 0.86 (0.5–2)
A. terreus 2.89 (2–4) 29.29 (1–�32) 2.17 (2–4)
A. ustus 1.91 (1–4) 1.74 (0.38–�32) 2.12 (1–�16)

a The MICs of amphotericin B and intraconzole were the lowest drug concentrations that resulted in the complete or prominent inhibition of growth for the NCCLS
method and the first purple or blue well for the Sensititre method.

b NG, insufficient growth.
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method showed the poorest reproducibility, since the levels
of relative interobserver and interexperimental agreement
seldom exceeded 86% for both drugs. The Sensititre meth-
od showed high levels of relative interobserver agreement
(�91%) but comparatively lower levels of interexperimental
agreement (83 to 93%) for all MIC endpoints after 24 and 48 h
of incubation for itraconazole, while high levels of reproduc-
ibility were obtained for amphotericin B (�90%) in all cases.
Among the three MIC endpoints, the MIC-B endpoint showed
the highest levels of absolute interobserver and interexperi-
mental agreement for both drugs (Table 2). In most of the
cases the interexperimental agreement was lower than the in-
terobserver agreement, and incubation for up to 48 h increased
the levels of both interobserver and interexperimental agree-
ment compared to those at 24 h.

Overall, for itraconazole the highest levels of absolute inter-
observer and interexperimental agreement were found after
48 h of incubation with the MIC-B endpoint of the Sensititre
method (91 and 83%, respectively) followed by the MIC-0
endpoint of the NCCLS method (88 and 83%, respectively).
The same was found for amphotericin B, with the NCCLS
method showing high levels of reproducibility even after 24 h
of incubation.

Agreement of the Etest and the Sensititre methods with the
NCCLS method. Use of the MIC-I endpoint of the Etest
method for both drugs, the MIC-B endpoint of the Sensititre
method for amphotericin B, and the MIC-P endpoint of the
Sensititre method for itraconazole was compared with use of

the MIC-0 endpoint of the NCCLS method for amphotericin B
and the MIC-2 endpoint of the NCCLS method for itracon-
azole, respectively; and the levels of agreement within 1 and 2
log2 dilutions are shown in Table 3.

(i) Etest method. The level of agreement between the Etest
method and the NCCLS method depended on the drug-species
combination and the incubation period used. Overall, higher
levels of agreement were found after 24 h of incubation than
after 48 h of incubation, with most of the differences after 48 h
being statistically significant for both drugs. Overall, higher
levels of agreement were found for amphotericin B for all
species compared to those for itraconazole, particularly after
24 h of incubation (70 and 46%, respectively). The majority of
the MICs of itraconazole (�82%) and amphotericin B
(�78%) obtained by the Etest method after 24 h of incubation
were within 2 log2 dilutions of the corresponding MICs ob-
tained by the NCCLS method for all species except A. ustus
(4%) and A. flavus (40%), respectively (Table 3). Extremely
poor agreement was found for A. ustus when it was tested with
itraconazole, although the level of agreement increased up to
20% when the MIC-0 endpoint was used (data not shown).
Relatively high levels of agreement (�82%) were found after
24 h of incubation for both drugs for A. fumigatus and for A.
terreus and A. ustus when they were tested with amphotericin
B. The levels of agreement after 48 h of incubation were very
low since the majority (20 to 95%) of the MICs obtained by the
Etest method were more than 2 log2 dilutions different from
the corresponding MICs obtained by the NCCLS method for

TABLE 2. Relative and absolute reproducibilities of various endpoints of the NCCLS, Sensititre, and E-test methods among the four
observers (interobserver agreement) and among the three replicates (interexperimental agreement) for all Aspergillus spp.

Drug Method Endpointa
% Interobserver agreementb % Interexperimental agreementc

24 h 48 h 24 h 48 h

Itraconazole NCCLS MIC-0 96.6 (80.9) 97.6 (88.1) 95.2 (77.4) 97.1 (83.7)
MIC-1 97.0 (82.6) 97.5 (75.2) 95.6 (69.2) 95.0 (77.4)
MIC-2 86.6 (68.9) 92.1 (69.2) 85.6 (65.8) 92.6 (71.3)
MIC-3 79.6 (62.3) 77.2 (65.1) 82.0 (62.6) 82.1 (67.6
MIC-4 71.3 (60.6) 76.5 (63.8) 73.8 (61.7) 78.7 (65.8)

E-test MIC-I 76.7 (54.9) 86.9 (68.1) 73.2 (55.6) 80.4 (61.4)

Sensititre MIC-R 98.1 (83.8) 95.5 (83.7) 83.4 (65.7) 92.7 (79.9)
MIC-P 98.9 (84.9) 91.1 (84.0) 85.8 (67.8) 89.0 (80.3)
MIC-B 97.7 (88.2) 93.7 (91.4) 84.9 (69.2) 87.9 (83.1)

Amphotericin B NCCLS MIC-0 99.3 (88.3) 100.0 (88.1) 99.2 (81.6) 99.7 (78.0)

Etest MIC-I 81.5 (55.5) 85.5 (69.1) 67.1 (51.2) 76.8 (67.4)

Sensititre MIC-R 94.5 (82.6) 99.2 (86.8) 90.0 (72.6) 99.4 (75.3)
MIC-P 99.9 (84.3) 99.2 (85.8) 94.1 (73.9) 99.4 (75.0)
MIC-B 98.6 (87.3) 99.2 (93.7) 93.3 (76.9) 99.7 (82.1)

a MIC-0, the lowest drug concentration with an absence of growth; MIC-1, the lowest drug concentration that resulted in slight growth; MIC-2, the lowest drug
concentration that resulted in a prominent reduction in growth; MIC-3, the lowest drug concentration with that resulted in a slight reduction in growth; MIC-4: the
highest drug concentration that resulted in no reduction of growth compared always with the control growth; MIC-R, the red well with the highest drug concentration;
MIC-P, the first purple well with the lowest drug concentration; MIC-B, the blue well with the lowest drug concentration; MIC-I, the intersect of the elliptical inhibition
zone with the Etest strip.

b The 95% confidence intervals of the average percent interobserver agreement (relative agreement and absolute agreement [in parentheses]) among the three
experiments (for each experiment, 125 comparisons [five species � five strains � four observers]) were calculated after angular transformation and ranged from �0
to �9.8% (median, 2.7%).

c The 95% confidence intervals of the average percent interexperimental agreement (relative agreement and absolute agreement [in parentheses]) among the four
observers (for each of observer, 75 comparisons [five species � five strains � three replicates]) were calculated after angular transformation and ranged from �0.9 to
�8.6% (median, 3.6%).
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both drugs and all species with the exception of A. ustus with
amphotericin B. A comparison of the results of the two meth-
ods for each strain is shown in Fig. 1. For most of the strains,
the results obtained by the four observers and the three rep-
licates were up to ninefold higher by the Etest method than by
the NCCLS method, especially for itraconazole. The only ex-
ceptions in which the MICs determined by the Etest method
were lower than the corresponding MICs determined by the
NCCLS method were for two strains of A. terreus (strains 19
and 20 in Fig. 1B) tested with itraconazole and one strain of A.
ustus (strain 25 in Fig. 1A) tested with amphotericin B.

Since the levels of agreement between the Etest method and
the NCCLS method were very poor, with the MIC endpoints of
the Etest method being systematically higher than those of the
NCCLS method, various other MIC endpoints were chosen for
comparison of the NCCLS method with the Etest method. In
addition, the levels of agreement of the results of the NCCLS
method after 48 h of incubation were compared with the re-
sults of the Etest method after 24 h of incubation. The levels of
agreement are shown in Table 4. Although a linear correlation
was found between the MICs obtained by the NCCLS method
and the MICs obtained by the Etest method (data not shown),
the levels of agreement were dependent on the drug, the in-
cubation period, and the species tested. For itraconazole, the

levels of agreement (within 1 log2 dilution) were less than 50%
for most of the MIC endpoint-incubation period combinations.
Higher levels of agreement were found when the MIC-I end-
point of the Etest method after 24 h of incubation was com-
pared with the MIC-0 endpoint (54%) and the MIC-1 end-
point (51%) of the NCCLS method after 48 h of incubation.
However, the highest levels of agreement (70%) were found
when the MIC-I endpoint of the Etest method was compared
with the MIC-0 endpoint of the NCCLS method after 48 h of
incubation. For amphotericin B the MIC-0 endpoint after 24 h
of incubation showed the highest level of agreement (64%)
compared to that for the other incubation period.

(ii) Sensititre method. Overall, the levels of agreement
(within 1 log2 dilution) between the Sensititre method and the
NCCLS method were high for amphotericin B (91% after 24 h
and 99% after 48 h of incubation) but not for itraconazole (9.7
and 48%, respectively) (Table 3) on the basis of the MIC
endpoints chosen for the two methods (see above). The levels
of agreement increased after 48 h of incubation compared to
those after 24 h of incubation for both drugs. Extremely poor
agreement was found after 24 h for itraconazole when it was
tested against A. fumigatus and A. nidulans (�5%), and the
differences for all of the species were statistically significant
after both 24 and 48 h of incubation. However, the majority of

TABLE 3. Agreement between the NCCLS method and the Sensititre or the Etest method for each of five Aspergillus species for
amphotericin B and itraconazole after 24 and 48 h of incubation

Drug Incubation
time (h) Species

% Agreement for Etest method P value
for Etest
method

% Agreement for Sensititre method P value for
Sensititre
method� 1 log2 dilution � 2 log2 dilution � 1 log2 dilution � 2 log2 dilution

Itraconazolea 24 A. fumigatus 82.0 � 18.5c 93.3 � 14.8 2.2 � 8.1 12.0 � 7.1 �0.05
A. flavus 43.9 � 15.6 82.7 � 14.8 16.7 � 8.1 72.5 � 7.7 �0.01
A. nidulans 58.9 � 22.3 92.9 � 13.5 4.8 � 8.9 48.2 � 12.0 �0.01
A. terreus 53.5 � 8.7 83.0 � 10.0 21.1 � 15.0 50.0 � 27.9 �0.01
A. ustus 2.6 � 4.9 3.8 � 7.3 �0.001 NCe NC
Overall 45.7 � 36.1d 72.5 � 38.9 �0.05 9.7 � 10.3 44.6 � 29.1 �0.01

48 A. fumigatus 53.4 � 13.0 62.8 � 25.5 �0.01 63.3 � 3.3 96.6 � 6.7 �0.01
A. flavus 17.2 � 14.4 51.5 � 8.9 �0.01 50.2 � 10.0 90.4 � 5.7 �0.01
A. nidulans 33.2 � 8.7 73.0 � 19.1 34.9 � 5.7 86.8 � 3.4 �0.01
A. terreus 45.0 � 5.7 81.6 � 16.2 66.7 � 6.4 96.7 � 6.5 �0.05
A. ustus 9.0 � 8.8 12.6 � 9.1 �0.01 23.9 � 18.2 32.8 � 16.9 �0.05
Overall 30.0 � 21.2 56.0 � 30.9 47.6 � 20.8 84.6 � 24.1

Amphotericin Bb 24 A. fumigatus 91.8 � 3.4 97.8 � 4.3 77.3 � 7.9 93.9 � 13.4 �0.05
A. flavus 16.6 � 3.2 40.0 � 5.7 �0.01 93.9 � 13.4 97.2 � 5.4
A. nidulans 37.9 � 20.7 78.3 � 19.7 93.0 � 15.7 100.0 � 0.0
A. terreus 88.9 � 8.2 99.4 � 2.2 97.0 � 5.8 100.0 � 0.0
A. ustus 95.0 � 16.7 99.4 � 2.4 NC 0.0 � 0.0
Overall 69.7 � 37.3 89.2 � 22.2 �0.05 91.4 � 8.7 98.9 � 2.9

48 A. fumigatus 33.3 � 6.4 45.0 � 9.7 �0.01 100.0 � 0.0 100.0 � 0.0
A. flavus 2.2 � 4.3 5.0 � 0.0 �0.01 96.7 � 6.5 99.4 � 2.2
A. nidulans 34.8 � 10.0 40.0 � 0.0 �0.05 92.0 � 14.6 100.0 � 0.0
A. terreus 16.4 � 6.8 26.4 � 8.5 �0.01 100.0 � 0.0 100.0 � 0.0
A. ustus 75.1 � 5.7 97.8 � 4.3 99.4 � 2.2 99.4 � 2.2
Overall 29.3 � 30.9 43.6 � 41.5 98.8 � 3.0 99.9 � 0.3

a MIC-2 was used as the endpoint for the NCCLS method, and MIC-P was used as the endpoint for the Sensititre method.
b MIC-0 was used as the endpoint for the NCCLS method, and MIC-B was used as the endpoint for the Sensititre method.
c For each of the five Aspergillus species, the average percent agreement and the 95% confidence intervals among the three replicates were calculated after angular

transformation.
d For the overall result, the average percent agreement and the 95% confidence intervals among the five Aspergillus species were calculated after angular

transformation.
e NC, not calculated.
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the MICs obtained by the Sensititre method (�86%) after 48 h
of incubation for both drugs were within 2 log2 dilutions of the
corresponding MICs obtained by the NCCLS method for all
species except A. ustus tested with itraconazole (33%). An
analytical schematic representation of the differences between
these two methods after 48 h of incubation is shown in Fig. 1.
Overall, the MICs generated by the Sensititre method, in par-
ticular with itraconazole, were up to threefold lower than those

generated by the NCCLS method (Fig. 1). The only exceptions
were the MICs for four A. ustus strains, for which the itracon-
azole MICs were higher by the Sensititre method.

Since the MICs determined by the Sensititre method were
lower than those determined by the NCCLS method, the re-
sults obtained after 24 h of incubation by the NCCLS method
were compared with the results obtained by the Sensititre
method after 48 h of incubation. The results, together with the

FIG. 1. Schematic representation of the results of testing of the susceptibilities of 25 Aspergillus strains to amphotericin B (A) and itraconazole
(B) on the basis of the results of the Sensititre and the Etest methods compared with those of the NCCLS method after 48 h of incubation. The
MIC endpoints defined in footnotes a and b of Table 3 were used. The MICs obtained by the NCCLS method are represented by the line with
0 difference in twofold dilutions. Bars represent differences in twofold dilutions between the MICs obtained by the NCCLS method and those
obtained by the Sensititre method (bars with heavy shading) and the Etest method (bars with light shading) by four different observers in triplicate
for each strain of the five Aspergillus species tested (indicated above each panel). Error bars represent the standard errors of the means for the
12 differences (four observers � three replicates) for each strain. The geometric means of the 12 MICs (four observers � three replicates) obtained
by the NCCLS method, represented by the line with 0 difference in twofold dilutions, were as follows for amphotericin B (A): for A. fumigatus
strains 1 to 5, 1, 3.56, 1.41, 1.19, and 1.26 mg/liter, respectively; for A. flavus strains 6 to 10, 2.12, 1.41, 1.26, 1.26, and 2.52 mg/liter, respectively;
for A. nidulans strains 11 to 15, 2.24, 1, 0.5, 2.38, and 0.59 mg/liter, respectively; for A. terreus strains 16 to 20, 2.52, 2.38, 3, 3.78, and 3.21 mg/liter,
respectively; and for A. ustus strains 21 to 25, 2.67, 1.89, 1.5, 1.78, and 1.89 mg/liter, respectively. The geometric means of the 12 MICs (four
observers � three replicates) obtained by the NCCLS method, represented by the line with 0 difference in twofold dilutions, were as follows for
itraconazole (B): for A. fumigatus strains 1 to 5, 0.4, �32, 0.31, �32, and 0.4 mg/liter, respectively; for A. flavus strains 6 to 10, 0.22, 0.19, 0.21, 0.17,
and 0.22 mg/liter, respectively; for A. nidulans strains 11 to 15, 0.18, 0.14, 0.16, 0.14, and 0.17 mg/liter, respectively; for A. terreus strains 16 to 20,
0.12, 0.15, 0.18, 0.19, and 0.13 mg/liter, respectively; and for A. ustus strains 21 to 25, 1.59, 1.78, 0.94, 1.5, and 1.78 mg/liter, respectively.

VOL. 40, 2002 ANTIFUNGAL SUSCEPTIBILITY TESTING OF ASPERGILLUS SPP. 2881



levels of agreement between any combination of various MIC
endpoints between the Sensititre method and the NCCLS
method, are presented in Table 4. Although the MICs deter-
mined by the NCCLS method were linearly correlated with the
MICs determined by the Sensititre method (data not shown),
the color development was associated with large amounts of
growth. For itraconazole, lower levels of agreement were
found with the MIC-P and MIC-R endpoints of the Sensititre
method and the MIC-0 and MIC-1 endpoints of the NCCLS
method. The highest levels of agreement were found with the
MIC-B endpoint of the Sensititre method and the MIC-4 end-
point of the NCCLS method after 24 h of incubation (74%) or
the MIC-3 endpoint of the NCCLS method after 48 h of
incubation (75%). Among the MIC endpoints of the NCCLS
method, the MIC-2 and the MIC-3 endpoints showed the high-
est levels of agreement (66%) when they were compared after
24 h of incubation with the MIC-B endpoint of the Sensititre
method after 48 h of incubation. With this MIC endpoint-
incubation period combination, high levels of agreement (71 to
96%) were obtained for all species except A. ustus (2%), for
which the MIC-0 endpoint showed the highest level of agree-
ment for any combination (data not shown). For amphotericin
B the highest level of agreement was found when the MIC-B
endpoint of the Sensititre method was compared with the
MIC-0 endpoint of the NCCLS method after both 24 and 48 h
of incubation (88 and 96%, respectively).

DISCUSSION

Overall, broader ranges of MICs and higher MICs were
obtained by the Etest method than by the other methods, while
the Sensititre method yielded the lowest MICs. High levels of
reproducibility among the observers and the experiments were
achieved with the NCCLS and the Sensititre methods but not
the Etest method. By using the recommended MIC endpoints,
the level of agreement (within 1 twofold dilution) between the
Etest and the NCCLS method was low after 24 h of incubation
and was even lower after 48 h of incubation (although there
was a large variation among the species), while between the
Sensititre method and the NCCLS methods, low levels of
agreement were found for itraconazole, especially after 24 h of
incubation, but not for amphotericin B. By comparison of the
various combinations of MIC endpoints and incubation peri-
ods for the three methods, the highest overall levels of agree-
ment between the Etest method and the NCCLS method were
found when the MIC-0 endpoint after 24 h of incubation was
used for amphotericin B and the MIC-0 endpoint after 48 h of
incubation was used for itraconazole. Overall, the highest lev-
els of agreement between the Sensititre method and the
NCCLS method were found after 48 h when the MIC-B end-
point of the Sensititre method was compared with the MIC-0
endpoint of the NCCLS method for amphotericin B and the
MIC-3 endpoint of the NCCLS method for itraconazole.

TABLE 4. Overall agreement for all 25 Aspergillus strains between the different MIC endpoints of the NCCLS, Sensititre, and Etest methods

Incubation
time (h) Druga NCCLS

endpointb

% Agreement with 1 twofold dilution (2 twofold dilutions)

Etest method Sensititre method

MIC-I MIC-R MIC-P MIC-B

24 ICZ MIC-0 46.7 (64.5)c 3.3 (4.4) 3.5 (7.7) 7.1 (22.6)
MIC-1 49.5 (70.2) 4.4 (7.5) 6.0 (25.3) 18.0 (61.0)
MIC-2 48.1 (70.2) 7.5 (14.1) 11.9 (46.2) 39.1 (74.8)
MIC-3 43.2 (59.9) 9.8 (35.7) 34.3 (71.5) 66.7 (84.3)
MIC-4 27.8 (47.4) 38.0 (70.4) 69.6 (85.9) 73.9 (86.8)

AMB MIC-0 64.2 (81.9) 11.2 (62.0) 60.8 (91.7) 87.9 (96.9)

48 ICZ MIC-0 70.4 (83.1) 23.6 (26.0) 25.7 (41.3) 29.1 (60.9)
MIC-1 42.9 (66.8) 16.6 (27.8) 27.4 (67.6) 42.6 (82.3)
MIC-2 32.2 (55.7) 21.4 (50.3) 48.0 (80.1) 63.5 (84.6)
MIC-3 21.5 (37.9) 41.3 (72.2) 68.2 (82.8) 75.4 (82.4)
MIC-4 15.0 (21.5) 66.9 (81.5) 68.7 (80.8) 62.2 (76.1)

AMB MIC-0 32.6 (42.7) 45.6 (90.3) 89.6 (99.3) 96.4 (99.6)

24 and 48d ICZ MIC-0 54.1 (60.0) 17.6 (23.6) 22.8 (55.1) 31.7 (74.7)
MIC-1 51.4 (64.5) 19.0 (46.9) 44.2 (75.7) 59.4 (81.2)
MIC-2 48.3 (68.8) 32.5 (61.6) 56.6 (79.5) 66.6 (80.2)
MIC-3 46.9 (64.0) 51.1 (72.6) 66.2 (78.9) 66.5 (76.8)
MIC-4 37.6 (54.6) 65.8 (79.2) 52.1 (73.4) 41.0 (63.9)

AMB MIC-0 54.4 (67.9) 86.6 (98.4) 92.2 (99.2) 84.3 (99.3)

a ICZ, itraconazole; AMB, amphotericin B.
b See footnote a of Table 2 for the definitions of the endpoints.
c The 95% confidence intervals of the average percent agreement among the three replicates (for each replicate, 100 comparisons [five strains � five species � four

observers] were calculated after angular transformation and ranged from �0.9 to �11.9% (median, 5%).
d For the Etest method, the values are for the Etest method at 24 h and the NCCLS method at 48 h; and for the sensititre method, the values are for the NCCLS

method at 24 h and the sensititre method at 48 h.
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The Etest method was easier and less time-consuming, but
poor reproducibility was found, in particular after 24 h of
incubation. At that time, the intersect of the elliptical inhibi-
tion zone with the Etest strip was ambiguous, and therefore,
MICs might be determined erroneously. The same levels of
reproducibility found after 48 h of incubation in the present
study were found in a previous study (75%; 9 of 12 strains)
(35). In another study, Johnson et al. (16) found that the
inoculum size is a critical factor for the reproducibility of the
Etest method since the use of inocula lower than 106 CFU/ml
resulted in poor reproducibilities. Furthermore, the medium
might also be important for obtaining reproducible results
since in that study reproducibility increased when yeast nitro-
gen base medium was used instead of RPMI.

Depending on the species-drug-MIC endpoint-incubation
period combination used, poor agreement of results with those
of the NCCLS M-38P reference method was found. This is in
agreement with previous findings, in which levels of agreement
were higher only for some species-drug combinations tested
(35) and when the results of the Etest method after 24 h were
compared with the results of the NCCLS method after 48 h
(29). However, lower levels of agreement of the results of the
present study, particularly for amphotericin B after 48 h of
incubation, compared with those of previous studies were
found, although evaluations of interobserver and interexperi-
mental variations were not included in the previous studies (9,
35). The discrepancies caused by the higher MICs obtained by
the Etest method confirms the results of previous studies (29,
35; I. Gergopoulos, A. Skiada, P. Giakkoupi, and G. Petrikkos,
Abstr. 6th Cong. Eur. Confederation Med. Mycol., abstr. P9-
013, 2000). The higher levels of agreement found between the
complete growth inhibition endpoint of the NCCLS method
and the results of the Etest method for both drugs was ex-
pected since by the latter method the inhibition zone differen-
tiates growth from no growth. The overall poor agreement
between the Etest method and the NCCLS method might be
due to the medium used, which is an important factor for the
growth of filamentous fungi (20) and for the Etest method with
yeasts (28), as well as to the patterns of the inhibition zones,
whose borders are determined subjectively in many cases. Fur-
thermore, the results of agar-based susceptibility testing meth-
ods might be influenced by problems with the diffusion of the
drugs (32) and factors such as limited contact of the fungi with
the drugs (43), the different nature of growth on a surface (i.e.,
due to differences in oxygen tension), and the different growth
rates of fungi on agar medium compared with those in broth
solutions. These factors together with the nature of the anti-
fungal actions might be responsible for the species-dependent
differential agreement between the NCCLS method and the
Etest method for itraconazole and amphotericin B, for which
high levels of agreement were found after 24 h but not after
48 h, in contrast to the results for itraconazole, in which the
opposite was observed.

In vitro resistant strains might be better distinguished from
the susceptible strains by the Etest method than the NCCLS
method since differences of 6 twofold dilutions were observed
after 48 h of incubation, confirming the findings of Szekely
et al. (35). Higher itraconazole MICs were obtained for all
A. ustus strains, even after 24 h of incubation, by the Etest
method, although the MICs obtained by the NCCLS method

were much lower. Since aspergillosis caused by this species has
previously been reported to be refractory to itraconazole treat-
ment (14, 33, 39), the Etest method might detect itraconazole-
resistant A. ustus strains better than the NCCLS method does.
In the case of A. terreus, even though the MICs for all five
strains were similar by the NCCLS method (0.5 to 1 mg/liter),
two strains were differentiated by the Etest method, with the
MICs for the two strains being threefold lower those for the
other three strains. Furthermore, the MICs of amphotericin B
for A. flavus, A. terreus, and three strains of A. nidulans deter-
mined by the Etest were very high (�16 mg/liter) compared
with those determined by the NCCLS method (1 to 4 mg/liter).
In vivo resistance to amphotericin B has been reported for A.
flavus (24) and A. terreus (4, 16), even though the MICs deter-
mined by the NCCLS method in vitro are low. Again, this
indicates that the Etest method might be superior to the
NCCLS method in detecting amphotericin B resistance (9), as
has previously been found for yeasts (2, 18, 40).

The results of the Sensititre method had high levels of in-
terobserver agreement, comparable to those of the results of
the NCCLS method, confirming the results of previous studies
(10). However, relatively lower levels of interexperimental
agreement were obtained, particularly with itraconazole. In
comparison with the NCCLS method, high levels of agreement
were found with the Sensititre method for amphotericin B but
not for itraconazole. The discrepancies were caused by the
lower MICs determined by the Sensititre method compared to
those determined by the NCCLS method, particularly the
MICs of itraconazole. The presence of more than 50% of the
visible growth compared to the growth of the growth control
was required for the color to change from blue to purple. For
some species-drug-incubation period combinations, previous
studies (6, 11, 25, 36) also found higher and lower MICs by the
Sensititre method than by the NCCLS method. While no clear
explanation has been offered for the trailing phenomenon,
such a phenomenon might be the reason for the discrepancies
in the MICs. On the basis of our observations, the blue color
did not always correspond to the absence of growth since small
amounts of visible growth did not cause a color change. Be-
cause this method is based on the conversion of an oxidation-
reduction indicator by living fungi, any metabolic inhibition
caused by the antifungal agents may result in a lack of a color
change, despite the presence of visible growth, resulting in
lower MICs by the Sensititre method than by the NCCLS
method.

In addition, To et al. (37) suggested that the inoculum size
may be an important factor when azoles are tested in the
presence of Alamar blue. Jahn et al. (15) found that A. fumiga-
tus strains had poor reactivities in the Alamar blue test. The
poor reactivities might possibly be explained by the low surface
oxidase activities exhibited by these strains compared with
those exhibited by Candida albicans strains. The different rates
of conversion of Alamar blue by some Aspergillus species (A.
ustus, A. terreus) found in the present study after 24 h of
incubation might be related to differential compositions of the
cell walls, which may affect the rates of penetration of Alamar
blue. Moreover, although 48 h of incubation is sufficient for the
growth control to convert Alamar blue, it might not be long
enough for organisms in the drug-containing wells to do so
because of metabolic inhibition and different stages of growth.
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The dye Alamar blue was used in a multicenter study to test
the susceptibilities of different filamentous fungi to itracon-
azole and amphotericin B, and high levels of agreement with
the NCCLS method were found after 48 h of incubation, with
even higher levels of agreement found after 72 h of incubation
(10). Since the Sensititre method was initially developed for
the testing of yeasts, different adjustments might be required
for filamentous fungi.

In conclusion, the Sensititre method was very reproducible,
but it showed low levels of agreement with the NCCLS method
for itraconazole. Prolonged incubation up to 72 h and the use
of the concentration in the first blue well as an MIC endpoint
might decrease the levels of discrepancy, resulting in higher
levels of agreement with the NCCLS method, particularly for
itraconazole, for which an endpoint at 50% growth inhibition
was correlated better with the color change of the Sensititre
method. The optimal concentration of Alamar blue, the opti-
mal inoculum size, and the optimal incubation conditions
should be explored. The importance of the difference between
the color change and the presence of visible growth should be
investigated in detail, and the appropriateness of various steps
of the protocol like the sealing of the microtiter plates should
be studied. Although the Etest method is applicable for fila-
mentous fungi, resulting in a broad range of MICs, it showed
poor reproducibility and its results agreed poorly with those of
the NCCLS method, particularly for itraconazole, for which
the use of a complete growth inhibition endpoint after 48 h of
incubation could increase the levels of agreement. The use of
richer media, the use of 24 h of incubation, particularly for
amphotericin B, the determination of another MIC endpoint
(i.e., the most outside border of the elliptical inhibition zone
when more than one zone is obvious [29]), and the use of
inocula higher than 106 CFU/ml might improve the results.
The effect of the inoculum as well as of the incubation condi-
tions on the results of the Etest method should be evaluated in
depth with large collections of isolates.

Both the Etest and the Sensititre methods are promising but
require further investigation to identify the optimum condi-
tions for their use in the testing of the susceptibilities of fila-
mentous fungi to antifungal agents including new azoles and
the new class of candins. Optimization of these tests might
require adjustments depending on the species tested, particu-
larly for A. ustus and A. flavus. Head-to-head comparisons in
combination with studies with animals and correlations with
clinical outcomes are necessary in order to test the validities
and reliabilities of these tests.
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