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The susceptibility of Aspergillus fumigatus to mulundocandin, an echinocandin-like compound, and other
antifungal agents was assessed by the National Committee for Clinical Laboratory Standards (NCCLS) M38-P
method, a 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenyl-amino)carbonyl]-2H-tetrazolium hydroxide (XTT)-
based colorimetric assay, and determination of morphologic alterations by microscopy. In contrast to the NCCLS
M38-P method, which does not predict the activity in vivo, the XTT-based assay showed that A. fumigatus is
susceptible to mulundocandin. Thus, the XTT-based assay might be useful for determination of the susceptibilities
of molds to echinocandins. Further evaluation is warranted.

The National Committee for Clinical Laboratory Standards
(NCCLS) is developing a reference method for broth dilution
antifungal susceptibility testing of filamentous fungi (12). This
method does not, however, incorporate standardized testing of
new classes of antifungal agents such as the macrocyclic lipo-
peptide antifungal agents (9). Examples of antifungal agents
from the macrocyclic lipopeptide class are caspofungins, FK463,
and mulundocandin (5). These compounds are echinocandin-
like lipopeptide antifungal agents, which are assumed to exert
their antifungal activity through the inhibition of b-(1,3)-D-
glucan synthesis (9). Mulundocandin is an echinocandin-like
lipopeptide obtained from a variant of Aspergillus sydowii (13).
It has antifungal activity against Candida strains, including
fluconazole-resistant isolates, and is being developed by Aven-
tis (Romainville, France). However, this compound is poorly
active against other non-Candida albicans isolates and is inac-
tive against Cryptococcus neoformans (5). The biological activ-
ity of mulundocandin and structural elucidation studies with
the compound have been described previously (5, 11).

In addition to the NCCLS proposed methodology, several
studies have demonstrated the use of alternative assays that
may be useful for the susceptibility testing of fungi, including
Aspergillus species. These include colorimetric susceptibility
assays based upon the use of the tetrazolium salt 3-(4,5-di-
methylthiazole-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
or Alamar Blue (7, 15) and agar-based assays such as the E-test
(3). MTT has also been shown to be useful in this context for
the susceptibility testing of yeasts (2), as has a related tetrazo-

lium salt, 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenyl-
amino)carbonyl]-2H-tetrazolium hydroxide (XTT) (4, 6, 14).
In the study described here, we have used the XTT-based assay
in order to evaluate the effects of mulundocandin on Aspergil-
lus fumigatus in vitro and compared this technique with the
microdilution and morphology assays performed by the NCCLS
M38-P method. We focused on A. fumigatus because it is the
primary pathogen (responsible for approximately 90% of hu-
man aspergillosis) causing life-threatening invasive aspergillo-
sis, pulmonary aspergilloma, allergic bronchopulmonary as-
pergillosis, and extrapulmonary infections (for a review, see
reference 10).

The organisms used included the following clinical isolates:
A. fumigatus WGHU 8896, WGHU 8901, and BP 9220 (kind
gifts from M. Richardson, Mycology Reference Laboratory,
Glasgow, United Kingdom). A. fumigatus ATCC 9643, a ref-
erence strain, was also used in our study. The isolates were
grown and maintained on potato dextrose agar slants. The
susceptibilities of the isolates to mulundocandin (prepared at
Aventis, Frankfurt, Germany), amphotericin B and flucytosine
(Sigma Chemical Co., St. Louis, Mo.), and fluconazole (syn-
thesized at Aventis) were assessed by the broth microdilution
technique, which is similar to the M38-P method for the sus-
ceptibility testing of filamentous fungi (12). Conidia were
counted with a hemocytometer, and 104 conidia/ml (100-ml
aliquots) were inoculated into wells of 96-well microtiter plates
containing 100 ml of RPMI 1640 medium (12). The antifungal
agents tested were amphotericin B and itraconazole (0.015 to
16 mg/ml), fluconazole and flucytosine (0.13 to 64 mg/ml), and
mulundocandin (0.1 to 256 mg/ml). The plates were incubated
for 72 h at 35°C. The MICs of amphotericin B and mulundo-
candin were defined as the lowest drug concentrations that
caused 100% inhibition of fungal growth compared to the
growth in the control well, while for fluconazole and flucy-
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tosine the MICs were defined as the lowest concentrations of
the antifungal agents that cause 80% inhibition compared to
the growth in the control wells. The MICs were determined
visually. The second susceptibility assay was performed as de-
scribed above, with the following additions. Three hours prior
to reading of the standard visual MIC, the plates were agitated
to resuspend the cell pellets in the wells of flat-bottom plates.
Unlike the microtiter plates with U-shaped wells used in the
M38-P method, we used flat-bottom plates in our study be-
cause such plates were used previously in colorimetric assays
(7). Thereafter, 50-ml aliquots of a solution containing 200 mg
of XTT (Sigma) per ml and 20 mg of phenazene methylsulfate
(Sigma) per ml were added in order to measure the metabolic
activities of untreated (control) and antifungal agent-treated
cells. The plates were incubated for 3 h at 35°C to allow color

development. The absorbance at 492 nm was read with a Ti-
tertek microtiter plate reader. The absorbance values for an-
tifungal agent-treated cells were compared with the absor-
bance values for untreated control cells, and the inhibitory
concentration that resulted in an 80% reduction in metabolism
(IC80) was calculated from dose-response curves.

The effects of mulundocandin on the morphology of A. fu-
migatus cells were assessed by using the minimum effective
concentrations (MECs), as described previously (8). Briefly,
the plates were prepared in exactly the same way as they were
for testing by the M38-P method, and the effects of mulundo-
candin on the morphologies of A. fumigatus cells were assessed
by viewing the cells under a light microscope after 18 h of
incubation at 35°C. The MEC was defined as the minimum
concentration of mulundocandin that produced morphologic

FIG. 1. Activities of antifungal agents against four A. fumigatus isolates, as measured by the M38-P method (MIC) and the XTT-based assay
(IC80). The values are in micrograms per milliliter; and the graphs represent the activities of mulundocandin (A), amphotericin B (B), itraconazole
(C), fluconazole (D), and flucytosine (E).
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alterations of A. fumigatus cells (abnormal hyphal growth with
highly branched tips, swollen germ tubes, and distended bal-
loon-like cells). To critically evaluate the effects of mulundo-
candin on the morphologies of A. fumigatus cells, the cells were
examined by scanning electron microscopy (SEM). The cells
were taken from microtiter plates prepared by the M38-P
method and included untreated control cells taken from

growth control wells. Cells were also taken from wells which
contained the corresponding IC80 (see description of the XTT-
based assay above) of mulundocandin. The cells were har-
vested, centrifuged, and subjected to three washes of 10 min
each with 0.15 M phosphate-buffered saline (pH 7.2). There-
after, the cells were fixed in 3% glutaraldehyde (cacodylate
buffer) for 1 h. The samples were then washed three times (10
min each time) with buffer and postfixed in 1% OsO4 (pre-
pared in cacodylate buffer). The samples were dehydrated with
increasing concentrations of ethanol, immersed in hexameth-
yldisilazane (Sigma) for 5 min, dried, and then sputter coated.
Samples were viewed with a JEOL 480 scanning electron mi-
croscope.

Using the M38-P method, we observed that the A. fumigatus
isolates showed different susceptibilities to the antifungal
agents. For example, we noted that they were poorly suscep-
tible to mulundocandin (MIC range, 64 to 128 mg/ml), as has
also been shown in a previous study (5). In contrast, ampho-
tericin B (MIC range, 0.03 to 0.12) and itraconazole (MIC
range, 0.5 to 1.0 mg/ml) were inhibitory, while fluconazole
(MIC range, 16 to 64 mg/ml) and flucytosine (MIC range, 0.5 to
16 mg/ml) exhibited poor or moderate levels of inhibitory ac-
tivity, respectively.

Previous studies have shown that tetrazolium salts are useful
in assessing more quantitatively the effects of antifungal agents
in MIC experiments (6, 14). Colorimetric methods with tetra-
zolium salts such as XTT and MTT are based on the fact that
these salts are taken up by living cells and are reduced by
mitochondrial dehydrogenase of the fungi to colored tetrazo-
lium formazan products that are determined spectrophoto-
metrically. While both XTT and MTT are useful, XTT pro-
vides two main advantages over MTT: it yields a water-soluble
formazan product, eliminating the need for a cell lysis step, and
it does not require dimethyl sulfoxide as a solubilizing agent
for the reduced product. Tetrazolium salts are useful for de-
termination of antifungal susceptibility, as they generate clear-
cut endpoints based on a visually detectable color change that
is quantifiable (6, 7). Hence, using the XTT-based assay, we
examined the susceptibilities of all isolates to each of the an-
tifungal agents. Figure 1 shows that amphotericin B was uni-
formly active against all of the isolates tested and that the XTT
IC80s for inhibition were low, in agreement with the MICs (Fig.
1). The IC80s and MICs of fluconazole and flucytosine were

FIG. 2. Effect of mulundocandin on the morphology of A. fumiga-
tus WGHU 8896 hyphae. Hyphae were observed by SEM following
18 h of incubation at 35°C in the absence (A) or presence (B) of a
sub-MIC of mulundocandin (1.0 mg/ml). The concentration tested
corresponds to the MEC for this isolate.

FIG. 3. Comparison of the activities of mulundocandin against four
A. fumigatus isolates as determined by the classical methods of deter-
mination of the MIC, MEC, and IC80. All values are in micrograms per
milliliter.
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very similar, with the MICs being elevated. By contrast, by the
XTT-based assay mulundocandin showed a marked reduction
in metabolism, with IC80s being between 1/20 and 1/40 of the
MIC (depending on the isolate tested) determined by the
NCCLS M38-P method. These data suggest that mulundocan-
din possesses activity against Aspergillus isolates, despite the
high MICs obtained by the M38-P method. Moreover, this in
vitro susceptibility is in agreement with the in vivo data dem-
onstrating the efficacy of this agent in murine models of as-
pergillosis (unpublished data).

In order to confirm our findings that mulundocandin was
active in vitro against Aspergillus isolates, we prepared similar
microtiter plates and determined the MEC. We observed that
mulundocandin does affect the morphology of Aspergillus cells
when it is tested at low concentrations (sub-MICs). For exam-
ple, incubation (for 18 h at 35°C) of A. fumigatus cells in the
presence of sub-MICs of mulundocandin had a significant ef-
fect on the morphology of the fungus. These cells were much
shorter and malformed compared with untreated control cells
(Fig. 2). We also noted that there was a good correlation
between the MECs and the IC80s by the XTT-based assay (Fig.
3). By contrast, the correlation of the MIC generated by the
M38-P method with either the MEC or the IC80 was very poor
(Fig. 3). Our results are consistent with those of Chiou et al.
(C. C. Chiou, N. Mavrogiorgos, and T. J. Walsh, Abstr. 40th
Intersci Conf. Antimicrob. Agents Chemother., abstr. 940,
2000), who used the MTT-based assay to investigate the anti-
fungal activity of echinocandin in combination with other cell
wall-active antifungal agents. Their data showed a correlation
between the values obtained by the MTT-based assay and
hyphal damage.

Overall the XTT-based antifungal assay allows one to deter-
mine the anti-Aspergillus activities of antifungal agents of the
macrocyclic lipopeptide antifungal class and other classes of
antifungal molecules. Some molecules of the lipopeptide class
do show moderate or poor activity against Aspergillus spp. by
the classical MIC testing method, as was previously seen with
cilofungin, whereby the compound was inactive when it was
tested by classical MIC methods but was observed to be effi-
cacious in a murine model of aspergillosis (1). In the present
study, mulundocandin showed very poor activity by the M38-P
method, although it was active by both the MEC assay and the
XTT-based assay. The XTT-based assay in combination with
the MEC assay might allow one to fully appreciate the anti-
Aspergillus activities of antifungal agents such as mulundocan-
din. However, it is important to emphasize that the XTT-based
assay alone can determine the susceptibility of A. fumigatus to
echinocandins. Examination by SEM is not an integral part of

the test and was used in our study to critically evaluate the
morphologic changes induced by the lipopeptide. Further stud-
ies with a large panel of filamentous fungi should be under-
taken to evaluate the clinical usefulness of the XTT-based
method for determination of the susceptibilities of these
pathogens to echinocandin-like compounds.

We thank Mohammad A. Hossain for critical review of the manu-
script.
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