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NCCLS document M38-P describes standard parameters for testing the fungistatic activities (MICs) of
established agents against filamentous fungi (molds). This study evaluated the in vitro susceptibilities of 15
Aspergillus flavus isolates, 62 A. fumigatus isolates, and 10 isolates each of A. niger, A. nidulans, and A. terreus
to voriconazole, posaconazole, itraconazole, and amphotericin B by the E-test and NCCLS M38-P microdilu-
tion methods. The agreement (within 3 dilutions) between methods for voriconazole was independent of the
E-test incubation time (93.3 to 100% for four of five species at both incubation times). In contrast, with
amphotericin B, itraconazole, and posaconazole, E-test results were more dependent on the incubation time for
certain species. For A. fumigatus, posaconazole E-test MICs had better concordance with reference values after
48 h (95.2%) than after 24 h (90%), while the highest agreement for itraconazole MICs was after 24 h (90.3
versus 74.2%) of incubation. Better agreement between the methods was also obtained with 24-h E-test
amphotericin B MICs for A. flavus (73.3 versus 26.7%) and A. fumigatus (96.7 versus 64.5%). E-test MICs of the
four agents had the lowest percentages of agreement with reference values for A. nidulans (60 to 80%). For
isolates for which high MICs were obtained for the four agents by the reference method, high MICs were also
obtained by E-test at both 24 and 48 h. The utility of in vitro results of either the E-test or the NCCLS broth
microdilution (M38-P) method for Aspergillus spp. needs to be established in clinical trials.

Since the 1980s, a higher incidence of infections caused by
filamentous fungi (molds) has been documented, especially in
immunocompromised hosts (2, 12–15, 24, 27). Aspergillus fu-
migatus is responsible for the majority (85 to 90%) of different
clinical manifestations of severe mold infections (4); however,
other species of Aspergillus have become important emerging
pathogens (12–14, 27). Paralleling the increasing incidence of
fungal infection has been the development of new triazoles and
echinocandins. Among these, voriconazole and posaconazole
are new triazoles that have potent activity against both yeast
spp. and molds. Because the number of serious infections
caused by Aspergillus spp. has increased and resistance to es-
tablished agents has been documented (4, 12, 15, 25, 27),
determination of the in vitro susceptibilities of Aspergillus iso-
lates to both established and investigational agents is war-
ranted.

The National Committee for Clinical Laboratory Standards
(NCCLS) Subcommittee on Antifungal Susceptibility Tests has
proposed a standard procedure for antifungal susceptibility
testing of molds (NCCLS document M38-P [17]). Although
development of reference procedures for yeasts (18) and
molds (17) was essential for standardization of results, these
methods are cumbersome and time-consuming; other ap-
proaches have been evaluated for fungal testing in recent

years. Among these approaches, E-test has been suggested as
an alternative procedure for antifungal susceptibility testing of
yeasts (8, 16, 20, 22, 23, 28), and more recently, this method has
been evaluated for certain molds (6, 21, 26). Although the in
vitro activities of both voriconazole and posaconazole have
been evaluated by NCCLS broth dilution methods (5, 10), no
comparison of the E-test procedure with the broth microdilu-
tion M38-P method (17) for testing Aspergillus spp. has been
conducted. This study evaluated the activities of voriconazole,
posaconazole, itraconazole, and amphotericin B by E-test
against 107 Aspergillus isolates recovered from clinical speci-
mens during the past 5 years. E-test MICs were compared to
those obtained by the NCCLS M38-P broth microdilution
method for filamentous fungi (17).

(Part of this work was presented at the 39th and 40th Inter-
science Conferences on Antimicrobial Agents and Chemother-
apy, Toronto, Ontario, Canada,17 to 20 September 2000, and
Chicago, Ill., 16 to 19 December 2001, respectively.)

MATERIALS AND METHODS

Isolates. The set of 107 isolates evaluated included 15 Aspergillus flavus iso-
lates, 62 A. fumigatus isolates, and 10 isolates each of A. nidulans, A. niger, and
A. terreus; high MICs of itraconazole (isolates NCPF 7100, NCPF 7099, MMRL
A83, and MMRL A130), posaconazole (isolates NCPF 7100 and MMRL A130),
and voriconazole (isolate MMRL A130) have been documented (4, 10, 19). Each
isolate originated from a different patient and was received at the Medical
Mycology Research Laboratory (MMRL), Medical College of Virginia Campus,
Virginia Commonwealth University, for MIC testing during the past 5 years.
Isolates were maintained at �70°C until testing was performed. The reference
isolate A. flavus ATCC 204304 (17) and the quality control (QC) strain Candida
parapsilosis ATCC 22019 (18) were included as control isolates for both the

* Corresponding author. Mailing address: Medical Mycology Re-
search Laboratory, Medical College of Virginia/VCU, P.O. Box
980049, 1101 E. Marshall St., Sanger Hall, Room 7049, Richmond, VA
23298-0049. Phone: (804) 828-9711. Fax: (804) 828-3097. E-mail:
avingrof@hsc.vcu.edu.

2101



NCCLS and E-test methods. The QC isolate Candida krusei ATCC 6258 was
tested by E-test five times to obtain further reproducibility data; all controls were
tested at least five times by E-test. The agents evaluated in this study have
well-established microdilution MIC ranges for these QC strains (1), and prelim-
inary E-test MIC ranges of the reference agents have been determined for these
strains as well (AB Biodisk, Solna, Sweden). MIC ranges of amphotericin B and
itraconazole have also been established for the A. flavus isolate ATCC 204304 (9,
17). MICs of amphotericin B and itraconazole were within expected ranges (1,
9,17, 18).

Antifungal agents. E-test gradient strips of voriconazole, posaconazole, itra-
conazole, and amphotericin B were obtained from AB Biodisk. The concentra-
tion gradient for each drug ranged from 32 to 0.004 �g/ml. Amphotericin B
(Bristol Myers Squibb Pharmaceutical Research Institute, Wallingford, Conn.),
itraconazole (Janssen Pharmaceutica, Titusville, N.J.), voriconazole (Pfizer Inc.,
Central Research Division, Sandwich, United Kingdom), and posaconazole
(Schering-Plough Research Institute, Kenilworth, N.J.) were provided by the
manufacturers as assay powders. As described in NCCLS document M38-P (17),
additive drug dilutions were prepared to yield twice the final strength required
for the test. The drugs at their final concentrations (8 to 0.0078 �g/ml) for testing
by the M38-P method were frozen at �70°C until needed.

Procedures. Stock inoculum suspensions were prepared as described in
NCCLS document M38-P (17) from 7-day-old cultures grown on potato dextrose
agar slants at 35°C and adjusted spectrophotometrically to optical densities that
ranged from 0.09 to 0.11 (82 to 80% transmittance). The final concentrations of
the stock inoculum suspensions ranged from 0.5 � 106 to 4.5 � 106 CFU/ml, as
demonstrated by quantitative colony counts on Sabouraud dextrose agar.

E-test was performed according to the manufacturer’s instructions by using
solidified RPMI 1640 medium with 2% dextrose (Remel, Lenexa, Kans.). Briefly,
each 150-mm petri plate containing 60 ml of solidified medium was inoculated
with 400 �l of the respective undiluted stock inoculum. Plates were incubated at
35°C, and MICs were determined following incubation times of 24 and 48 h. The
E-test MIC was the lowest drug concentration at which the border of the ellip-
tical inhibition intercepted the scale on the antifungal strip (Fig. 1).

For the NCCLS broth microdilution method (document M38-P), each mi-
crodilution well containing 100 �l of the (twofold) diluted drug concentration
was inoculated with 100 �l of the (twofold) diluted conidial inoculum suspension
(final volume in each well, 200 �l). Microdilution trays were incubated at 35°C
and examined at 48 h for MIC determination. MICs were determined by visual
inspection as described in NCCLS document M38-P (17) for complete, or 100%,
growth inhibition (10). C. parapsilosis ATCC 22019 and A. flavus ATCC 204304
were tested each time a set of isolates was evaluated by both methods.

Data analyses. Because the E-test strips contain a continuous gradient instead
of an established twofold drug dilution schema, E-test MICs were elevated to the
next twofold dilution concentration matching the drug dilution schema of the
NCCLS M38-P method (8 to 0.0078 �g/ml). Elevation of E-test MICs facilitated
the comparisons and presentation of results. Both on-scale and off-scale MICs
were included in the analysis. As analyzed in previous studies (6–10), discrep-
ancies between MIC end points of no more than 3 dilutions (e.g., 0.5, 1.0, and 2
�g/ml) were used to calculate the percent agreement. E-test and NCCLS MIC
ranges and corresponding geometric mean values were obtained for each spe-
cies-drug combination. E-test and NCCLS MIC90s (MICs at which 90% of
isolates were inhibited) were also determined.

RESULTS AND DISCUSSION

Our study represents the first evaluation of the suitability of
E-test for determining the susceptibilities of Aspergillus isolates
to two new triazoles, voriconazole and posaconazole. Voricon-
azole and posaconazole data for the QC strain C. krusei by
E-test were within the accepted ranges (Fig. 1D). Posacon-
azole E-test MICs for the QC isolate C. parapsilosis were 1
dilution lower (0.03 to 0.06 �g/ml) than the range established
for this isolate (0.06 to 0.25 �g/ml), while voriconazole results
were within the established range (0.03 to 0.12 �g/ml) (1).
Results for the reference isolate A. flavus also were within
acceptable ranges on 5 different days (e.g., 0.25 to 0.5 �g/ml
and 0.01 to 0.06 �g/ml for voriconazole and posaconazole,
respectively). In addition, isolates for which high MICs were
obtained had the same value or values within 1 dilution upon

repetitive testing by both procedures. These preliminary re-
sults indicate the potential reproducibility of E-test for testing
isolates of Aspergillus spp.

In our study, the solidified RPMI 1640 medium supported
growth of four of five Aspergillus species at both 24 and 48 h.
The exceptions were isolates of A. terreus; at 24 h, five of these
isolates did not grow well in RPMI 1640 broth, and seven did
not grow well on solidified medium, but MICs could be deter-
mined at 48 h for all 107 isolates. Lack of growth at 24 h for A.
terreus has been documented with RPMI 1640 broth (10).
Trailing growth (presence of growth above the MIC) was not a
major problem for any of the antifungal agents tested. All
E-test inhibition ellipses were clear, but triazole ellipses, espe-
cially those of voriconazole, were wider than amphotericin B
ellipses for most isolates (Fig. 1A to C). Clear E-test ellipses
were expected, since reference MIC end points for all triazoles
and amphotericin B corresponded to 100% growth inhibition
(10, 17). In addition, it has been reported that solidified RPMI
1640 with 2% dextrose minimizes the trailing effect in testing of
voriconazole and posaconazole by E-test against Candida spp.
(22, 23).

Table 1 summarizes the in vitro susceptibilities of 107 iso-
lates of Aspergillus spp. to voriconazole, posaconazole, itracon-
azole, and amphotericin B as determined by the E-test and
NCCLS M38-P reference methods. Of the three triazoles, vori-
conazole had the least-variable E-test results between the two
incubation times and the highest overall degree of agreement
between the methods at both incubation times (93.8 and 96.3%
for voriconazole versus 90.7 and 95.3% for posaconazole at 24
and 48 h, respectively). Although the agreement between
methods was good to excellent for voriconazole and posacon-
azole (90.3 to 100% agreement between reference method
MICs and 24- or 48-h E-test MICs), to a certain degree this
was dependent on the species tested and the incubation time
(Table 2). Prior valuations for the two new triazoles against
Candida spp. by E-test also have demonstrated good reproduc-
ibility (�91%) between E-test and M27-A results for most
species tested (22, 23), as well as species dependency for
posaconazole (23). Lower percentages (50 to 85%) of agree-
ment were obtained for Candida guilliermondii, C. parapsilosis,
and Candida lusitaniae (23).

Voriconazole E-test MICs were usually 1 dilution lower (or
the same) than those obtained by the M38-P method and even
lower for A. nidulans (geometric mean MICs, 0.08 versus 0.26
�g/ml). The exceptions were results for A. terreus, where E-test
MICs tended to be slightly higher. On the other hand, most
posaconazole E-test MICs were lower than (or the same as)
reference MICs at 24 h but higher after 48 h of incubation.
High posaconazole MICs have been documented for 2 of the
107 isolates (NCPF 7100 and MMRL A130) in previous stud-
ies (10, 19), and a decreased response to posaconazole treat-
ment was demonstrated in a murine model of invasive aspergil-
losis with isolate NCPF 7100 as the infecting organism (19). In
our study, the distinction between the in vitro activity of
posaconazole against strains NCPF 7100 and MMRL A130
and that against all other isolates tested was more obvious by
E-test after both 24 and 48 h (4 versus �0.2 �g/ml) than by the
reference method (0.5 versus � 0.2 �g/ml). Voriconazole E-
test MICs of 8 �g/ml were determined several times for isolate
MMRL A130, while corresponding reference method MICs
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were �8 �g/ml. These results suggest that both methods can
identify Aspergillus sp. isolates that are potentially resistant to
these two new triazoles.

Overall agreement between the two methods was lower for
itraconazole MICs (82.2 to 91.8%) than for voriconazole and
posaconazole MICs (90.7 to 96.3%) (Table 2). In contrast to
that for posaconazole, agreement for itraconazole was higher
between microdilution MICs and 24-h E-test results (91.8%)
than between microdilution MICs and 48-h E-test results
(82.2%). Itraconazole E-test MICs for A. fumigatus showed

more-substantial shifting between the two incubation times
(Table 1), and greater discrepancies in MICs (�2 dilutions)
were found between the two methods with 48-h (16 isolates)
than with 24-h (6 isolates) E-test results (Table 2). Pfaller et al.
(21) and Szekely et al. (26) found that the percentages of
agreement between the methods were similar for the two E-
test incubation times. In agreement with our data (21), dis-
crepancy between the methods was due in each instance to
higher E-test MICs for A. fumigatus and A. flavus. The most
important role of antifungal susceptibility testing is to detect

FIG. 1. Clear E-test growth inhibition ellipses for voriconazole (strip VO), posaconazole (strip SCH), itraconazole (strip IT), and amphotericin
B (strip AP) at 48 h. (A) A. niger; (B) A. fumigatus; (C) A. terreus; (D) the QC strain C. krusei ATCC 6258.
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TABLE 1. MICs obtained by E-test and NCCLS broth microdilution (M38-P)a for 107 Aspergillus isolates

Fungus
(no. of isolates

tested)

Antifungal
agentb

Incubation
time

MICc (�g/ml) by:

E-test NCCLS M38-P method

Range G mean MIC90 Range G mean MIC90

A. flavus (15) V 24 h 0.12–0.25 0.17 0.25
48 h 0.25–0.5 0.22 0.25 0.12–0.5 0.34 0.5

P 24 h 0.03–0.12 0.07 0.12
48 h 0.06–0.25 0.14 0.25 0.03–0.12 0.06 0.12

I 24 h 0.06–0.25 0.18 0.25
48 h 0.12–1.0 0.35 0.5 0.03–0.25 0.14 0.25

A 24 h 0.25–8 3.4 8
48 h 0.5–�8 �8 �8 0.5–4 1.26 2

A. fumigatus (62) V 24 h 0.03–�8 0.32 0.5
48 h 0.03–�8 0.46 0.5 0.03–8 0.42 1.0

P 24 h �0.01–4 0.17 0.25
48 h �0.01–4 0.2 0.25 0.01–0.5 0.07 0.12

I 24 h 0.06–8 0.84 1
48 h 0.12–�8 1.57 2 0.03–�8 0.71 0.5

A 24 h 0.25–�8 1.34 2
48 h 0.25–�8 5.5 �8 0.25–4 1.1 2

A. nidulans (10) V 24 h 0.01–0.25 0.08 0.25
48 h 0.01–0.25 0.08 0.25 0.03–1.0 0.26 0.5

P 24 h 0.01–0.06 0.031 0.03
48 h 0.03–0.12 0.09 0.12 0.01–0.25 0.08 0.25

I 24 h 0.06–0.25 0.12 0.25
48 h 0.06–1.0 0.23 0.5 0.06–0.5 0.18 0.5

A 24 h 0.25–8 1.5 1
48 h 0.5–�8 6.1 �8 0.25–4 0.87 2

A. niger (10) V 24 h 0.06–0.25 0.12 0.25
48 h 0.12–0.25 0.16 0.25 0.12–1.0 0.35 0.5

P 24 h 0.01–0.25 0.07 0.12
48 h 0.12–0.25 0.17 0.25 0.06–0.25 0.09 0.12

I 24 h 0.5 0.5 0.5
48 h 1.0 1.0 1.0 0.25–1.0 0.48 1.0

A 24 h 0.5–1.0 0.75 1.0
48 h 1.0 1.0 1.0 0.5–1.0 0.7 1.0

A. terreus (10) V 24 h 0.25 0.25 N/A
48 h 0.12–1.0 0.4 1.0 0.12–1.0 0.26 0.5

P 24 h 0.01–0.06 0.028 N/A
48 h 0.01–0.06 0.035 0.06 0.03–0.06 0.033 0.03

I 24 h 0.03–0.5 0.18 N/A
48 h 0.01–0.5 0.19 0.5 0.03–0.5 0.13 0.25

A 24 h 0.25–4 2.05 N/A
48 h 0.5–8 2.85 4 0.5–4 1.7 4

a For the NCCLS M38-P broth microdilution method, see reference 17.
b V, voriconazole; P, posaconazole; I, itraconazole; A, amphotericin B.
c G mean, geometric mean MIC. N/A, not applicable; five to seven isolates did not grow well at 24 h on either the solidified or the broth medium.
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TABLE 2. Distribution of differences in MICs for 107 Aspergillus isolates and percent agreement within 3 dilutions
for the E-test and M38-P method

Fungus
(no. of isolates

tested)

Antifungal
agenta

Incubation
time

No. of isolates with E-test MICs different from the NCCLS M38-P method MICs % Agree-
mentb

��2 �2 �1 0 �1 �2 ��2

A. flavus (15) V 24 h 3 6 2 3 1 93.3
48 h 2 1 5 7 100

P 24 h 2 2 7 3 1 100
48 h 7 5 1 1 1 100

I 24 h 3 5 4 3 100
48 h 7 4 4 100

A 24 h 3 3 3 3 2 1 73.3
48 h 11 3 1 26.7

A. fumigatus (62) V 24 h 4 26 27 1 2 2 96.8
48 h 1 6 30 22 1 2 98.3

P 24 h 2 17 35 4 4 90.3
48 h 2 3 34 14 7 1 1 95.2

I 24 h 5 10 15 22 7 2 1 90.3
48 h 16 11 18 16 1 74.2

A 24 h 4 12 14 22 8 2 96.7
48 h 22 15 7 18 64.5

A. nidulans (10) V 24 h 1 1 1 2 2 3 70
48 h 1 1 2 1 2 3 70

P 24 h 2 6 2 80
48 h 1 5 2 2 80

I 24 h 1 2 1 4 2 80
48 h 2 1 5 2 80

A 24 h 1 2 2 3 1 1 80
48 h 4 2 4 60

A. niger (10) V 24 h 1 7 2 100
48 h 1 3 5 1 100

P 24 h 1 3 3 2 1 90
48 h 3 5 2 100

I 24 h 1 9 100
48 h 1 9 100

A 24 h 2 5 3 100
48 h 3 7 100

A. terreus (10)c V 24 h N/A
48 h 6 1 3 100

P 24 h N/A
48 h 4 4 2 100

I 24 h N/A
48 h 1 2 1 2 1 3 90

A 24 h N/A
48 h 3 3 2 2 70

All isolates (107) V 24 h 5 30 35 12 9 6 93.8
48 h 1 15 34 34 15 5 3 96.3

P 24 h 2 2 5 33 41 7 7 90.7
48 h 2 14 53 23 10 2 3 95.3

I 24 h 5 14 23 36 14 2 3 91.8
48 h 17 23 33 22 7 3 2 82.2

A 24 h 5 9 17 24 28 11 3 91.7
48 h 38 20 9 20 20 64.5

a V, voriconazole; P, posaconazole; I, itraconazole; A, amphotericin B.
b Percentage of MICs obtained by the two methods that were within 3 dilutions.
c N/A, not applicable; five to six isolates did not grow well at 24 h.
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potential resistance. The set of A. fumigatus isolates evaluated
included four isolates (NCPF 7100, NCPF 7099, MMRL A130,
and MMRL A83) for which itraconazole MICs are �8 �g/ml
(4, 10). In the present study, corresponding E-test itraconazole
MICs were 4 to �8 �g/ml at both incubation times. Isolates
NCPF 7100 and NCPF 7099 were recovered from patients who
failed appropriate itraconazole therapy.

As with itraconazole, the overall concordance between the
methods for amphotericin B MICs was lower with 48-h
(64.5%) than with 24-h (91.7%) E-test values, and overall
agreement was greater (82.2 to 96.3%) for the triazoles than
for amphotericin B (Table 2). When results for A. terreus were
included in the comparison for amphotericin B, the overall
agreement decreased from 91.7 to 89.7%. The reason for dis-
crepancies was that E-test MICs were higher, especially at 48 h,
than microdilution reference values. Although Szekely et al.
(26) reported 100% agreement between E-test and microdilu-
tion amphotericin B results for A. terreus, their MICs were
lower by both methods (MIC50, 1 �g/ml) than our results
(Table 1). Low agreement (60%) between E-test and a mi-
crodilution method has also been reported for A. flavus with
amphotericin B at 48 h (26). It appears that E-test amphoter-
icin B MICs for Aspergillus spp. should be determined as soon
as sufficient growth appears (before 48 h). However, the co-
nundrum is, which incubation time would provide the most
clinically relevant MIC? Death was attributed to disseminated
aspergillosis in 27 of 62 patients, despite adequate treatment
with amphotericin B (2, 11, 12, 15, 24), and in one of these
reports (12), 6 of the 7 patients died of infections caused by A.
flavus. Unfortunately, MICs were not reported for any of those
infecting isolates (2, 12, 15, 24). Recently published literature
regarding in vitro and clinical results also indicates that infec-
tions caused by A. terreus are refractory to treatment with
amphotericin B and that in vitro resistance has been docu-
mented for this species (13, 14, 25). Future studies with our A.
terreus and A. flavus isolates for which higher amphotericin B
E-test MICs (Tables 1 and 2) were determined may reflect
previous in vitro and clinical findings (12–14, 25). It is note-
worthy that the E-test appeared to be superior to the NCCLS
method for yeasts (18) in its ability to detect amphotericin
B-resistant Candida spp. and Cryptococcus neoformans strains
(3, 16, 28).

In conclusion, as has been demonstrated in this and other
studies, the E-test has potential value for testing the suscepti-
bilities of four of the five Aspergillus spp. evaluated to voricon-
azole and posaconazole. The lowest reproducibility between
the methods was obtained for the activities of the four com-
pounds against A. nidulans isolates (60 to 80%). One should
keep in mind that, as for any agar antimicrobial susceptibility
testing, the medium formulation and the depth of the agar can
influence the MIC result. Therefore, the manufacturer’s rec-
ommendations must be followed for E-test MICs. However, at
present E-test strips are available for investigational use only.
Collaborative studies should confirm the reproducibility of E-
test results obtained in this single (our) laboratory. Evaluations
of drug efficacy in experimental infections or clinical trials
should provide a better assessment of the utility of both meth-
ods for use in the clinical laboratory as predictors of antifungal
resistance in Aspergillus infections.
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