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Microdilution broth checkerboard techniques based on the National Committee for Clinical Laboratory
Standards methodology were used to study double and triple antifungal combinations against clinical isolates
of Aspergillus fumigatus and A. terreus. The influences of the end-point definition (partial or complete inhibition)
and the mode of reading (visually or spectrophotometrically) were determined. Interactions between antifungal
drugs were also evaluated by agar diffusion tests. Combinations of caspofungin with either amphotericin B or
voriconazole were additive for all the isolates, and antagonism was not observed. The interaction between
caspofungin and flucytosine was synergistic for 62% of the isolates. In contrast, the interaction between
voriconazole and flucytosine was never synergistic and antagonism was noted for 93% of the isolates. The triple
combination of caspofungin with flucytosine and amphotericin B was synergistic for all the isolates tested. The
triple combination of caspofungin with flucytosine and voriconazole was also mostly synergistic; but complex
interactions were obtained for some isolates, with synergy or antagonism depending on the concentrations of
caspofungin and voriconazole. Analysis of the influence of the reading technique on the results showed that
spectrophotometric reading was a good alternative to the recommended visual reading. The results of these in
vitro tests suggest that the activity of flucytosine as part of a double combination with caspofungin and as part
of a triple combination with caspofungin and amphotericin B against Aspergillus spp. warrants further
investigations. Animal studies are needed to evaluate the in vivo efficacies of these combinations.

Invasive aspergillosis is an increasing problem that occurs
primarily in immunocompromised patients (11). The mortality
rate is particularly high in bone marrow transplant recipients
and patients with disseminated infections (22). Until recently,
amphotericin B and itraconazole were the drugs of choice for
the treatment of these infections (44). Nevertheless, the overall
success rate has been low, and recent reports of de novo and
acquired resistance of Aspergillus fumigatus clinical isolates to
itraconazole (7, 13) as well as in vivo resistance to amphoter-
icin B (18) complicate the management of invasive aspergillo-
sis. Moreover, some Aspergillus species such as Aspergillus ter-
reus are less susceptible to amphotericin B (8). New drugs with
activity against Aspergillus spp. include voriconazole and caspo-
fungin. However, their therapeutic efficacies remain limited,
with response rates of 45% for caspofungin in refractory cases
(J. Maertens, I. Raad, G. Petrikkos, D. Selleslag, F. Petersen,
C. Sable, N. Kartsonis, A. Ngai, A. Taylor, T. Patterson, D.
Denning, and T. Walsh, Abstr. 42nd Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. 868, 2002) and 48 to 53% for
voriconazole as a first-line strategy (12, 17); the mortality rate
among patients treated with voriconazole is about 30% at week
12. It is therefore mandatory to find new strategies for the
treatment of invasive aspergillosis, among which combinations
of drugs deserve evaluation. Combinations of more than two
drugs are commonly used to treat various infections such as
those caused by Mycobacterium tuberculosis and human immu-

nodeficiency virus (HIV) (39, 47), but they have been poorly
evaluated in medical mycology (35).

Azoles, echinocandins, flucytosine, and amphotericin B be-
long to different pharmacological classes and possess distinct
mechanisms of action (16). As these drugs act on different
targets, evaluation of their interactions is of potential interest
for improving treatments for invasive aspergillosis. Azoles such
as voriconazole act primarily by inhibition of 14�-demethylase
(41), whereas echinocandins such as caspofungin inhibit the
synthesis of beta-1,3-glucan (10). Flucytosine inhibits fungal
RNA and DNA synthesis (46), and amphotericin B binds to
ergosterol (16). All these drugs except flucytosine have activity
against Aspergillus spp. Nevertheless, the use of flucytosine in
combination with amphotericin B has been proposed for the
treatment of cerebral aspergillosis (44). It must be noted that
there is no standardized method for susceptibility testing of
caspofungin, and various MICs of this drug for A. fumigatus
have been obtained (2, 5, 15, 32).

The activities of combinations of echinocandins with ampho-
tericin B against Aspergillus spp. have been evaluated in vitro
(3) and in vivo in animals (23) and showed no antagonism.
Moreover, it has been shown in a recent retrospective study (1)
that the combination of caspofungin with liposomal amphoter-
icin B is a safe and feasible option for the treatment of invasive
fungal infections in patients with hematologic malignancies.
Interactions between echinocandins and azole drugs have also
been tested in vitro (24, 32, 40) and in animal models of
aspergillosis (20, 23, 33), and it can be concluded that these
combinations deserve consideration for the treatment of as-
pergillosis.

The activities of combinations of flucytosine with the new
azoles or with echinocandins against Aspergillus spp. have not
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been tested so far. Although flucytosine is known to interact
synergistically with azoles against some fungal pathogens such
as Cryptococcus neoformans, antagonism against Candida gla-
brata (42, 43) and Candida lusitaniae (31) has also been re-
ported.

The aim of this study was to investigate the in vitro interac-
tions among caspofungin, amphotericin B, voriconazole, and
flucytosine in double combinations as well as triple combina-
tions against clinical isolates of A. fumigatus and A. terreus.

MATERIALS AND METHODS

Test isolates. A total of 35 clinical isolates of Aspergillus spp. (30 A. fumigatus
isolates and 5 A. terreus isolates) were used in the study. Depending on the
combination of drugs used, 12 to 35 of these isolates were tested in each exper-
iment. For triple combinations, isolates were chosen to include those with which
both synergistic and indifferent interactions were obtained in the studies with
double combinations. All isolates were cultured from frozen stocks on Sab-
ouraud dextrose agar (supplemented with 0.02% chloramphenicol) for 7 days at
30°C to ensure purity and viability. Two reference strains, Candida krusei ATCC
6258 and Candida parapsilosis ATCC 22019, were included to ensure quality
control.

Medium. RPMI 1640 medium with L-glutamine but without sodium bicarbon-
ate (Sigma-Aldrich, Saint Quentin Fallavier, France) buffered to pH 7.0 with
0.165 M morpholinepropanesulfonic acid (Sigma-Aldrich) was used as the test
medium.

Inoculum. The isolates were grown on Sabouraud dextrose agar for 7 days at
30°C, and stock spore suspensions were prepared by washing the surfaces of the
slants with 2 ml of sterile saline containing 0.05% Tween 80. The spore suspen-
sions were adjusted spectrophotometrically at 530 nm to optical densities ranging
from 0.09 to 0.11 and were then diluted 1:50 (for double combinations) or 1:25
(for triple combinations) in RPMI 1640 medium to obtain two or four times the
final concentration, respectively. Inoculum sizes were checked by quantitative
determination of colony counts on Sabouraud dextrose agar.

Antifungal susceptibility testing. Drug combinations were tested by using the
guidelines presented in document M38A of the National Committee for Clinical
Laboratory Standards (NCCLS) (28), as modified for a broth microdilution
checkerboard procedure.

The drugs tested included amphotericin B (Bristol-Myers Squibb, Paris,
France), flucytosine (ICN Pharmaceuticals, Orsay, France), voriconazole (Pfizer
Central Research, Sandwich, United Kingdom), and caspofungin (Merck & Co.,
Inc., Rahway, N.J.). For preparation of stock solutions, amphotericin B and
voriconazole were dissolved in dimethyl sulfoxide and flucytosine and caspofun-
gin were dissolved in water. The drug dilutions were prepared at four times the
strength of the final concentration by following the additive drug dilution scheme
of NCCLS (28). For the double combinations a two-dimensional checkerboard
with twofold dilutions of each drug was used for the study of caspofungin with
either voriconazole or amphotericin B. The final concentrations of the antifungal
agents were 0.03 to 16 �g/ml for caspofungin (i.e., 10 twofold dilutions), 0.03 to
2 �g/ml for voriconazole (i.e., 7 twofold dilutions), and 0.06 to 4 �g/ml for
amphotericin B (i.e., 7 twofold dilutions). For the double combinations of flucy-
tosine with either caspofungin or voriconazole, the final concentrations of the
antifungal agents were 2 to 128 �g/ml for flucytosine (i.e., 7 twofold dilutions),
0.03 to 16 �g/ml for caspofungin (i.e., 10 twofold dilutions), and 0.008 to 4 �g/ml
for voriconazole (i.e., 10 twofold dilutions).

The triple combinations caspofungin-amphotericin B-flucytosine and caspo-
fungin- voriconazole-flucytosine were tested by a three-dimensional checker-
board technique in the following manner. A checkerboard with twofold dilutions
of caspofungin and either amphotericin B or voriconazole was set up as described
above for the double combinations. Flucytosine was added at a single concen-
tration per plate. Five plates were used for each isolate, including one plate
without flucytosine. The final concentrations of the antifungal agents were 0.03
to 16 �g/ml for caspofungin, 0.03 to 2 �g/ml for amphotericin B, 0.015 to 1 �g/ml
for voriconazole, and 2 to 128 �g/ml for flucytosine (i.e., five dilutions were
tested: 0, 2, 8, 32, and 128 �g/ml).

Growth control wells containing medium plus 0.5% of the corresponding
solvent were included. Microdilution trays were kept at �20°C for less than 1
month until the day of testing, and quality controls were included in each set of
experiments to ensure maintenance of the potencies of the drugs during storage.

Incubation and MIC determination. On the day of the test, each well of the
microtiter plates containing 100 �l of the diluted drug concentrations (150 �l for

the triple combinations) was inoculated with 100 �l of the inoculum suspension
(50 �l for the triple combinations). The microtiter plates were incubated at 35°C,
and the MICs were determined after 48 h of incubation. The MICs were deter-
mined in two independent experiments, with similar results obtained in each
experiment. The microtiter plates were read visually and spectrophotometrically.

(i) Visual MIC determination. The microtiter plates were read visually with
the aid of a concave mirror, and the growth in each well was compared with that
in the growth control well. Each well was then given a numerical score according
to the NCCLS guidelines: 4, no reduction in growth; 3, growth reduction of 25%;
2, growth reduction of 50%; 1, growth reduction of 75% or more; and 0, absence
of growth (optically clear). Visual readings were performed by one investigator
and were always performed before the spectrophotometric reading.

(ii) Spectrophotometric MIC determination. Spectrophotometric readings
were performed with an automated microtiter plate reader spectrophotometer
(Multiscan RC-351; Labsystems Oy, Helsinki, Finland) at 450 nm. Blank optical
density values for the uninoculated plates were subtracted from the optical
density values, and the percentage of growth for each well was calculated by
comparison with the growth for the drug-free control wells.

(iii) MEC determination. The minimal effective concentration (MEC) of
caspofungin was determined by reading the microtiter plates with an inverted
microscope and was defined as the minimal concentration that gave abnormal
hyphal growth (2). Nevertheless, as the other antifungals were not responsible
for the same pattern of microscopic modification of the hyphae, the MEC was
not suitable for evaluation of the combined effects of the drugs. Therefore, we
used the MIC instead of the MEC for evaluation of antifungal interactions, as
reported previously (3, 32). From the 216 determinations performed in the
present study, the median caspofungin MEC was 0.5 �g/ml (range, 0.25 to 2
�g/ml), which is in agreement with the results presented in previous reports (2,
3).

End-point determination. The MIC end points were defined as the lowest drug
concentration (tested alone or in combination) which had a score of 0, as
determined by visual reading (VisuMIC-0). Additionally, for all drugs the lowest
drug concentration which had a score of 2 (VisuMIC-2) as well as the lowest
concentrations that gave 50 and 90% inhibition by the spectrophotometric read-
ing (SpecMIC50% and SpecMIC90%, respectively) was recorded.

Agar diffusion test. In order to visualize the interactions, the activities of the
antifungal combinations against one of the isolates (A. fumigatus AF2) were also
evaluated by agar diffusion tests. A disk diffusion assay was used in the first set
of experiments. RPMI 1640 agar plates containing increasing concentrations of
one of the antifungals were inoculated with a spore suspension by swabbing the
agar surface. After the plates were allowed to dry, sterile paper disks impreg-
nated with either 16 �g of caspofungin, 4 �g of voriconazole, or 128 �g of
flucytosine were placed onto the agar surface. The inhibition zones were mea-
sured after incubation at 35°C for 48 h. Assays were run in duplicate. Etest (AB
Biodisk, Solna, Sweden) was used to assess the interaction between voriconazole
and flucytosine in the second set of experiments. Briefly, voriconazole Etest strips
were placed on RPMI 1640 agar plates containing either 0, 4, or 32 �g of
flucytosine per ml. Similarly, in other experiments, flucytosine Etest strips were
placed on agar plates containing concentrations of voriconazole greater than the
MIC for isolate AF2. The MICs were recorded after incubation at 35°C for 48 h.

Analysis. The VisuMIC-0s were used for the analysis. The MICs at which 50%
(MIC50) and 90% (MIC90) of the isolates tested were inhibited as well as the
geometric mean MICs were calculated. The fractional inhibitory concentrations
(FICs) of each drug used in combination were calculated and added to obtain the
FIC indices (6, 14), as follow: FIC index � (MICA in combination/MICA alone)
� (MICB in combination/MICB alone) � (MICC in combination/MICC alone),
where MICA, MICB, and MICC indicate the MICs of drugs A, B, and C,
respectively. For double combinations, the third term of the equation was omit-
ted. Drug interactions were defined as synergy if the lowest FIC index was �0.5,
additivity (i.e., no interaction) if the lowest FIC index was �0.5 and �4, and
antagonism if the highest FIC index was �4. For the calculations, the high
off-scale MICs were converted to the next highest concentration and the low
off-scale MICs were left unchanged.

To assess the influence of the end-point definition and the reading technique
on the interaction modes between antifungals, the percent synergy, additivity,
and antagonism obtained with VisuMIC-2, VisuMIC-0, SpecMIC50%, and Spec-
MIC90% were compared.

RESULTS

Combination of caspofungin with amphotericin B or vori-
conazole. Table 1 summarizes the MICs of caspofungin, am-
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photericin B, and voriconazole alone; the lowest FIC indices;
and the corresponding MICs of the drugs in combination for
the 35 isolates tested.

The geometric mean MIC and the MIC90 of amphotericin B
alone for A. fumigatus were 0.45 and 0.5 �g/ml, respectively.
Higher MICs of amphotericin B, ranging from 1 to 2 �g/ml,
were found for the five A. terreus isolates. Caspofungin alone
exhibited MICs of �16 �g/ml for all isolates. The geometric
mean MIC and the MIC90 of voriconazole alone were 0.35 and
0.5 �g/ml, respectively.

The interaction between caspofungin and amphotericin B
was additive for all isolates. Antagonism was not observed (the
highest FIC indices ranged from 1.00 to 2.5 [data not shown]).

When caspofungin was combined with voriconazole, addi-
tive interactions were noted against all isolates. Antagonism
was not observed (the highest FIC indices ranged from 1.00 to
1.5 [data not shown]).

Combination of caspofungin with flucytosine. Table 2 sum-
marizes the MICs of caspofungin and flucytosine alone, the
lowest FIC indices, and the corresponding MICs of the drugs

in combination for the 14 isolates tested. The geometric mean
MIC and the MIC90 of flucytosine alone were 210 and �128
�g/ml, respectively. The MICs of caspofungin for all isolates
were �16 �g/ml.

The interaction between caspofungin and flucytosine was
synergistic for 7 of 12 A. fumigatus isolates (58%) and additive
for 5 isolates (42%). Among the A. terreus isolates, the com-
bination was synergistic for one isolate, but for the other iso-
late the absence of inhibition at the highest concentrations
used in combination precluded analysis of the interaction. An-
tagonism was not observed (the highest FIC indices ranged
from 0.62 to 1.0 [data not shown]). For the synergistic inter-
actions the median concentration of caspofungin in the com-
bination was 0.5 �g/ml (range, 0.125 to 2 �g/ml) and the
median concentration of flucytosine in the combination was 32
�g/ml (range, 2 to 64 �g/ml).

Combination of voriconazole with flucytosine. Table 3 sum-
marizes the mode of interaction between voriconazole and
flucytosine. The geometric mean MIC and the MIC90 of vori-
conazole alone were 0.37 and 0.5 �g/ml, respectively. The

TABLE 1. Interaction of caspofungin in combination with amphotericin B or voriconazole against 35 isolates of Aspergillus spp.a

Isolate
MIC (�g/ml) of drug alone MICs (�g/ml) of the drugs in

combinationb
Lowest FIC index for the

combination

CAS AMB VRZ CAS-AMB CAS-VRZ CAS-AMB CAS-VRZ

A. fumigatus
AF1 �16 0.5 0.5 0.03/0.5 0.03/0.5 1.00 1.00
AF2 �16 0.125 0.5 0.03/0.125 0.5/0.25 1.00 0.52
AF3 �16 0.25 0.25 0.03/0.25 0.03/0.25 1.00 1.00
AF4 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF5 �16 0.5 0.5 0.03/0.5 0.5/0.25 1.00 0.52
AF6 �16 0.5 0.25 0.03/0.5 0.5/0.125 1.00 0.52
AF7 �16 0.5 0.25 0.03/0.5 0.5/0.125 1.00 0.52
AF8 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF9 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF10 �16 0.25 0.5 0.03/0.25 0.5/0.25 1.00 0.52
AF11 �16 0.5 0.25 1/0.25 0.03/0.25 0.53 1.00
AF12 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF13 �16 0.5 0.5 0.5/0.25 0.03/0.5 0.52 1.00
AF14 �16 0.5 0.5 0.25/0.25 0.03/0.5 0.51 1.00
AF15 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF16 �16 0.5 0.5 0.03/0.5 0.5/0.25 1.00 0.52
AF17 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF18 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF19 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF20 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF21 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF22 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF23 �16 0.5 0.5 8/0.25 0.03/0.5 0.75 1.00
AF24 �16 0.25 0.5 0.03/0.25 0.03/0.5 1.00 1.00
AF25 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF26 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF27 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF28 �16 0.5 0.5 0.03/0.5 0.5/0.25 1.00 0.52
AF29 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00
AF30 �16 0.5 0.25 0.03/0.5 0.03/0.25 1.00 1.00

A. terreus
AT1 �16 1 0.25 0.03/1 0.03/0.25 1.00 1.00
AT2 �16 1 1 0.03/1 1/0.5 1.00 0.53
AT3 �16 1 2 2/0.5 0.5/1 0.56 0.52
AT4 �16 2 0.5 0.03/2 0.03/0.5 1.00 1.00
AT5 �16 2 0.5 0.03/2 0.03/0.5 1.00 1.00

a MICs were determined visually as the concentration that gave 100% inhibition (VisuMIC-0). CAS, caspofungin; AMB, amphotericin B; VRZ, voriconazole.
b Corresponding to the lowest FIC index.
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interaction was antagonistic for all A. fumigatus isolates tested
and for one A. terreus isolate. For the antagonistic interactions
the concentrations of voriconazole and flucytosine in the com-
bination were 1 to 4 and 2 to 128 �g/ml, respectively (data not
shown).

Triple combinations. Triple combinations that included
caspofungin, flucytosine, and either amphotericin B or vori-
conazole were tested.

Table 4 presents the results of the three-dimensional check-

erboard studies of the combination of caspofungin, flucytosine,
and amphotericin B. Synergistic interactions were observed for
all isolates tested, with FIC indices ranging from 0.04 to 0.41.
Upon combination the median concentrations of caspofungin,
flucytosine, and amphotericin B were 0.75, 128, and 0.03 �g/ml,
respectively. Antagonism was not observed (the highest FIC
indices ranged from 1.00 to 2.07 [data not shown]). The inter-
action between amphotericin B and flucytosine (the data were
extracted from the results for the triple combination) was ad-
ditive for all isolates tested.

Table 5 summarizes the results for the triple combination of
caspofungin, flucytosine, and voriconazole. Synergistic interac-
tions were observed for 8 of 12 isolates (67%), and additivity
was noted for 4 isolates (33%). The median concentrations of
caspofungin, flucytosine, and voriconazole in combination re-
quired to achieve the lowest FIC index were 0.5, 128, and 0.016
�g/ml, respectively. Interestingly, antagonism was also ob-
served for six isolates of A. fumigatus, indicating that two dif-
ferent modes of interaction can be observed with the same
combination, depending on the concentrations used (data not
shown). For these isolates, synergy was obtained with voricon-
azole at concentrations of 0.016 to 0.03 �g/ml, whereas antag-
onistic interactions were observed with higher concentrations
of voriconazole (1 �g/ml).

Table 6 presents a summary of the results obtained with the
different double and triple combinations.

Agar diffusion test. The results of the agar diffusion test for
the combination of voriconazole or caspofungin and flucy-
tosine for one isolate of A. fumigatus are shown in Fig. 1. Paper
disks impregnated with antifungal drugs were used in the first
set of experiments. A clear inhibition zone was observed with
voriconazole on plain agar, whereas caspofungin gave partial
inhibition. When flucytosine at 16 �g/ml was incorporated into
the agar, the size of the inhibition zone around the voricon-
azole disk decreased from 35.0 to 29.9 mm and the size of the

TABLE 2. Interaction of caspofungin in combination with
flucytosine against 14 isolates of Aspergillus spp.a

Isolate

MIC (�g/ml)
of drug alone

MIC (�g/ml) of drugs
in the combination

CAS-5FCb

Lowest FIC index for
the combination

CAS-5FCCAS 5FC

A. fumigatus
AF2 �16 �128 2/64 0.31
AF3 �16 �128 0.25/32 0.13
AF4 �16 �128 4/128 0.63
AF5 �16 �128 1/128 0.53
AF6 �16 �128 4/128 0.63
AF7 �16 �128 1/64 0.28
AF8 �16 �128 0.5/64 0.27
AF9 �16 �128 0.5/32 0.14
AF11 �16 �128 0.5/32 0.14
AF12 �16 �128 0.25/32 0.13
AF17 �16 �128 0.5/128 0.52
AF30 �16 �128 0.5/128 0.52

A. terreus
AT4 �16 16 0.125/2 0.13
AT5 �16 �128 NDc/ND ND

a MICs were determined visually as the concentration that gave 100% inhibi-
tion (VisuMIC-0). CAS, caspofungin; 5FC, flucytosine.

b Corresponding to the lowest FIC index.
c ND, not determined; the absence of inhibition at the highest concentrations

used in combination precluded analysis of the results.

TABLE 3. Interaction of voriconazole in combination with
flucytosine against 14 isolates of Aspergillus spp.a

Isolate

MIC (�g/ml)
of drug alone

MIC (�g/ml) of drugs
in the combination

VRZ-5FCb

Highest FIC index for
the combination

VRZ-5FCVRZ 5FC

A. fumigatus
AF2 0.5 �128 2/128 4.5
AF3 0.5 �128 2/128 4.5
AF4 0.5 �128 4/128 8.5
AF5 0.5 �128 4/128 8.5
AF6 0.25 �128 2/128 8.5
AF7 0.25 �128 2/128 8.5
AF8 0.25 �128 2/128 8.5
AF9 0.25 �128 2/128 8.5
AF11 0.25 �128 2/128 8.5
AF12 0.25 �128 2/128 8.5
AF17 0.5 �128 2/128 4.5
AF30 0.5 �128 2/128 4.5

A. terreus
AT4 0.5 �128 2/128 4.5
AT5 0.5 �128 1/128 2.5

a MICs were determined visually as the concentration that gave 100% inhibi-
tion (VisuMIC-0). VRZ, voriconazole; 5FC, flucytosine.

b Corresponding to the highest FIC index.

TABLE 4. Interactions of triple combination of caspofungin with
flucytosine and amphotericin B against 12 isolates of

Aspergillus spp.a

Isolate

MIC (�g/ml) of drug
alone

MICs (�g/ml)
of the drugs in
the combina-

tion CAS-
AMB-5FCb

Lowest FIC
index for the
combination

CAS-AMB-5FCCAS AMB 5FC

A. fumigatus
AF2 �16 1 �128 1/0.25/8 0.30
AF4 �16 1 �128 4/0.03/128 0.41
AF6 �16 1 �128 4/0.03/128 0.41
AF7 �16 1 �128 4/0.03/128 0.41
AF8 �16 1 �128 0.5/0.03/128 0.30
AF9 �16 1 �128 2/0.03/32 0.16
AF11 �16 1 �128 0.25/0.03/128 0.29
AF12 �16 1 �128 0.25/0.03/128 0.29
AF17 �16 1 �128 1/0.03/128 0.31
AF30 �16 1 �128 0.5/0.03/128 0.30

A. terreus
AT4 �16 2 �128 0.25/0.03/8 0.04
AT5 �16 4 �128 0.03/1/8 0.27

a MICs were determined visually as the concentration that gave 100% inhibi-
tion (VisuMIC-0). AMB, amphotericin B; CAS, caspofungin; 5FC, flucytosine.

b Corresponding to the lowest FIC index.
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inhibition zone around the caspofungin disk increased from
27.3 to 33.2 mm, indicating antagonism and synergy, respec-
tively. When voriconazole was added to the agar at 1 �g/ml (a
concentration above the MIC), the growth of the strain was
inhibited except around the flucytosine disk, indicating antag-
onism between the two drugs. Antagonism was not observed
between caspofungin and voriconazole.

The Etest strategy was also used. The voriconazole MIC
increased from 0.19 �g/ml in the absence of flucytosine to 0.25
and 0.75 �g/ml in the presence of flucytosine at 4 and 32 �g/ml,
respectively, indicating antagonism between the two drugs.
Similarly, when voriconazole was added to the agar at 0.25
�g/ml (the MIC for the isolate), an ellipse of growth was
apparent around the flucytosine strip, confirming the antago-
nism between voriconazole and flucytosine.

Influence of the MIC end point. The influence of the MIC
end point on the results was evaluated for all combinations.
Four end points were used: VisuMIC-2, VisuMIC-0, Spec-
MIC-50%, and SpecMIC-90%. For the double combinations, a
comparison of the modes of interaction between the antifun-
gals obtained with the four end points is presented in Fig. 2.
Similar results were obtained with triple combinations (data
not shown). When 50% inhibition was used as the end point,
the spectrophotometric reading led to higher percentages of
synergy than visual reading for all four combinations. In con-
trast, when MIC end points were defined as complete growth

inhibition (VisuMIC-0 and SpecMIC-90%), the percentages of
synergy, additivity, and antagonism were almost identical by
both reading techniques. Overall, whatever reading technique
was used, visual or spectrophotometric, a lower percentage of
synergy and a higher percentage of antagonism were obtained
when a complete inhibition end point was used compared to
the results obtained when a partial inhibition end point was
used.

DISCUSSION

Despite recent advances in the treatment of invasive as-
pergillosis, particularly with the use of new antifungal drugs
such as voriconazole (17) and caspofungin (19), the rate of
mortality from these infections remains very high and new
antifungal strategies are needed. Antifungal combination ther-
apy is commonly used and is recommended for the treatment
of some invasive yeast infections, such as cryptococcal menin-
gitis (37). More recently it has been demonstrated that this
approach could add some microbiological benefits to the treat-
ment of candidemia in nonneutropenic patients (36). Never-
theless, the role of combination therapy for the management of
filamentous fungal infections remains to be evaluated.

It must be noted that the relevance of data from in vitro
studies of the activities of antifungal combinations against fil-
amentous fungi has been poorly evaluated and is mainly un-

TABLE 5. Interactions of triple combination of caspofungin with flucytosine and voriconazole against 12 isolates of Aspergillus spp.a

Isolate

MIC (�g/ml) of drug alone
MICs (�g/ml)
of drugs in the

combination
CAS-VRZ-

5FCb

Lowest FIC index for
the combination CAS-

VRZ-5FC

Highest FIC index
for the combination

CAS-VRZ-5FCCAS VRZ 5FC

A. fumigatus
AF2 �16 0.5 �128 8/0.016/128 0.53 2.56
AF3 �16 0.5 �128 1/0.016/128 0.31 2.56
AF5 �16 0.5 �128 0.5/1/2 2.02 2.52
AF6 �16 0.25 �128 4/0.016/128 0.44 4.28
AF7 �16 0.25 �128 0.5/0.25/2 1.02 4.75
AF8 �16 0.25 �128 0.5/0.016/128 0.33 4.56
AF9 �16 0.25 �128 0.25/0.016/128 0.32 4.56
AF11 �16 0.25 �128 0.25/0.016/128 0.32 4.31
AF12 �16 0.25 �128 0.5/0.016/128 0.33 4.56
AF30 �16 0.5 �128 0.5/0.016/128 0.30 2.56

A. terreus
AT4 �16 0.5 �128 0.25/0.016/32 0.10 2.56
AT5 �16 0.5 �128 0.03/1/2 2.00 2.75

a MICs were determined visually as the concentration that gave 100% inhibition (VisuMIC-0). AMB, amphotericin B; VRZ, voriconazole; 5FC, flucytosine.
b Corresponding to the lowest FIC index.

TABLE 6. Summary of drug interactions for the six combinations testeda

Interaction mode
% of isolates for the following combination:

CAS-5FC VRZ-5FC CAS-AMB CAS-VRZ CAS-AMB-5FC CAS-VRZ-5FCb

Synergy 62 0 0 0 100 67
Additivity (no interaction) 38 7 100 100 0 33
Antagonism 0 93 0 0 0 50

a MICs were determined visually as the concentration that gave 100% inhibition (VisuMIC-0). CAS, caspofungin; 5FC, flucytosine; VRZ, voriconazole; AMB,
amphotericin B.

b For this combination, different modes of interaction were detected for a given isolate, depending on the concentrations of the drugs.
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known. This is related in part to the absence of a standardized
method for studies of the activities of combinations of agents
and to the influences of many parameters on the results. Nev-
ertheless, it is possible to compare the activities of different
combinations when the same methodology is used. Moreover,
if the same mode of interaction between antifungals is ob-
tained by different techniques (e.g., broth dilution and agar
diffusion) for a given combination, one can suppose that the
interaction is of clinical importance. However, animal studies
are required to provide sufficient data before clinical trials with
humans can be designed.

In the present study we evaluated the activities of four an-
tifungal drugs in double combinations as well as triple combi-
nations against A. fumigatus and A. terreus clinical isolates.

We found additive interactions between caspofungin and
either amphotericin B or voriconazole against 35 isolates of
Aspergillus spp., while antagonism was never observed. This is

in accordance with the results of a previous in vitro study that
reported additive to synergistic interactions between caspofun-
gin and amphotericin B for more than half of 14 Aspergillus sp.
isolates (3). A recent retrospective study with humans sug-
gested favorable responses in patients with hematologic malig-
nancies treated with caspofungin in combination with liposo-
mal amphotericin B (1).

Caspofungin has also been shown to interact synergistically
in combination with voriconazole in vitro against different As-
pergillus species (32), and this combination was significantly
more effective in terms of eliminating the fungal burden than
either drug alone in an animal model of disseminated aspergil-
losis (20). It must be noted that the combination of caspofun-
gin with other azoles seems to depend on the azole tested (24).
Overall, these results show that the combination of an echino-
candin with amphotericin B or an azole could be of interest for
the treatment of aspergillosis.

FIG. 1. Agar diffusion test of the combination of flucytosine (FC) with voriconazole (VO) or caspofungin (C) against A. fumigatus AF2. (A and
B) Paper disks impregnated with either 4 �g of voriconazole or 16 �g of caspofungin were placed on agar plates containing no antifungal (A) or
flucytosine at 16 �g/ml (B). In the presence of flucytosine, the inhibition zone around the voriconazole disk decreased (indicating antagonism),
whereas the inhibition zone around the caspofungin disk increased (indicating synergy). (C) Two paper disks impregnated with 16 �g of
caspofungin (upper disk) or 128 �g of flucytosine (lower disk) were placed on an agar plate containing voriconazole at 1 �g/ml (concentration
above the MIC). After incubation growth was apparent only around the flucytosine disk, indicating antagonism between voriconazole and
flucytosine. Antagonism between caspofungin and voriconazole was not observed. (D and E) A voriconazole Etest strip was placed on agar plates
containing either no antifungal (D) or flucytosine at 32 �g/ml (E). The voriconazole MIC increased from 0.19 �g/ml in the absence of flucytosine
to 0.75 �g/ml in the presence of flucytosine, indicating antagonism between the two drugs. (F) A flucytosine Etest strip was placed on an agar plate
containing voriconazole at 0.25 �g/ml (the MIC). After incubation an ellipse of growth was apparent around the strip, indicating antagonism
between the two drugs.

VOL. 48, 2004 ANTIFUNGAL COMBINATIONS AGAINST ASPERGILLUS 975



Flucytosine, when used alone, has poor activity in vitro as
well as in vivo against experimental aspergillosis (34). Never-
theless, the combination of flucytosine with amphotericin B or
azoles has been shown to be additive to synergistic in vitro and
in animal models of aspergillosis (4, 34, 35). Moreover, use of
this combination has been advocated in some particularly dif-
ficult cases, such as central nervous system infections, due to
the favorable pharmacokinetics properties of flucytosine. Be-
cause of this we tested flucytosine in combination with caspo-
fungin and voriconazole. Synergy between flucytosine and
caspofungin was demonstrated for more than 60% of the iso-
lates and was confirmed with one A. fumigatus isolate by the
agar diffusion test. As previously reported for the combination
of flucytosine with caspofungin against C. neoformans (38),
synergistic interactions were observed at concentrations of
caspofungin and flucytosine that were in the range of the levels
achievable in serum (45, 46). These data strongly suggest that
this combination could be effective in vivo.

In contrast to the results obtained with caspofungin, when
flucytosine was combined with voriconazole, the interactions
were antagonistic for 93% of the isolates and synergy was
never observed. This antagonism was also clearly demon-
strated by agar diffusion tests either with disks or by Etest. The

activities of the combination of flucytosine with azole drugs,
particularly fluconazole, against C. neoformans have been ex-
tensively studied in vitro (29, 38), in animal models (21, 30),
and in clinical trials (25). Overall, those studies demonstrated
synergy in vitro and efficacy in vivo, and the combination of
flucytosine with fluconazole can be recommended as an alter-
native therapy for the treatment of cryptococcosis in HIV-
positive patients (37). Nevertheless, some studies have re-
ported antagonistic interactions between flucytosine and azoles
against specific fungal pathogens (31, 42, 43). It has been
shown, for example, that the combination of flucytosine and
miconazole was antagonistic against some strains of C. glabrata
(43) and that the antagonism was possibly due to an increased
quantity of the target enzyme of miconazole in the presence of
flucytosine (42). In another study, in vitro antagonism between
flucytosine and fluconazole was demonstrated against flucy-
tosine-resistant strains of C. lusitaniae, and it was hypothesized
that flucytosine is a competitive inhibitor of fluconazole uptake
transport (31). It must be noted that the combination of ter-
binafine, which is another sterol biosynthesis inhibitor, with
flucytosine was also antagonistic in vitro against Aspergillus
spp. (27). The possible mechanism underlying the flucytosine-

FIG. 2. Influence of the MIC end point on the mode of interaction between antifungal drugs for double combinations of caspofungin (CAS)
with either amphotericin B (AMB), voriconazole (VRZ), or flucytosine (5FC) and voriconazole with flucytosine. The MICs of the drugs alone and
in combination were determined by visual reading by using 50% (VisuMIC-2) or complete (VisuMIC-0) inhibition and by spectrophotometric
reading by using 50% (SpecMIC50%) or 90% (SpecMIC90%) inhibition. ■ , synergy; �, additivity; p, antagonism.
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voriconazole antagonism against Aspergillus remains to be de-
termined.

Combinations of more than two antimicrobial drugs are
commonly used for the treatment of patients with tuberculosis
(39) or HIV infection (47). In the field of medical mycology,
triple antifungal therapy has seldom been used for humans and
has been poorly evaluated experimentally either in vitro or in
animal models. Combinations of amphotericin B with flucy-
tosine and either fluconazole or itraconazole as a third partner
drug have successfully been used to treat cryptococcal menin-
gitis in AIDS patients in Europe and Asia (35). The activities
of triple combinations that include the new drugs with activi-
ties against Aspergillus spp. have not yet been explored. In the
present study we found synergistic interactions of the triple
combination caspofungin-flucytosine-amphotericin B against
100% of the isolates. Each of the double combinations of these
three drugs gave additive to synergistic interactions, and in no
instance was antagonism observed. This could explain the syn-
ergy observed when the three drugs were combined together.
Complex interactions were obtained with the triple combina-
tion caspofungin-flucytosine-voriconazole. Although synergis-
tic or additive interactions were observed against all the iso-
lates, antagonism was also present for 50% of the isolates.
Antagonism was apparent at higher concentrations of voricon-
azole compared to the concentrations at which synergy was
observed. Therefore, the antagonistic interactions in this triple
combination are probably related to the antagonism between
flucytosine and voriconazole. Animal studies should be per-
formed to clarify the clinical relevance of the complex inter-
actions observed in vitro.

The influence of the end-point definition on the modes of
interaction between antifungal drugs was evaluated for the
double and triple combinations. Overall, visual and spectro-
photometric readings gave similar results for complete inhibi-
tion end points. MIC end-point determination by spectropho-
tometric reading is more objective and offers the potential for
automation. This approach is particularly attractive for use
when large sets of MICs must be determined. Spectrophoto-
metric readings have previously been used for determination of
the MICs of drugs alone for Aspergillus spp. (9) and also for
determination of the MICs of combinations of antifungals for
Scedosporium prolificans (26). The results of the present study
show that this technique can be used to study the activities of
combinations of antifungals against Aspergillus spp. The dis-
crepancies between the visual and spectrophotometric meth-
ods obtained when the partial inhibition end point was used
could reflect the difficulty of visual determination of 50% in-
hibition for the azoles and caspofungin.

In conclusion, our results indicate that the activities of the
double combination of caspofungin with flucytosine and the
triple combination of caspofungin and flucytosine with ampho-
tericin B as the third partner drug are synergistic in vitro, as
assessed by checkerboard studies and agar diffusion tests. In
contrast, the combination of voriconazole and flucytosine can
be antagonistic. Further investigation of these combinations in
animal models of aspergillosis is warranted.
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