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The combination of amphotericin B at a suboptimal dose (0.3 mg/kg) with voriconazole has shown efficacy in prolonging sur-
vival and reducing tissue burden in a murine model of disseminated infection by an isolate of Aspergillus fumigatus that had
showed a poor in vivo response to the azole. The efficacy of the combined treatment was higher than that obtained with ampho-
tericin B at 0.8 mg/kg.

Aspergillus fumigatus produces severe infections with high mor-
bidity and mortality worldwide, mainly in immunocompro-

mised patients (1, 2). Voriconazole (VRC) is the first-line treat-
ment for invasive aspergillosis (IA) (3); however, several isolates
showing reduced susceptibility or resistance to azoles have been
reported (4, 5). Since therapeutic alternatives are limited, com-
bined therapy has been suggested as an option for treating refrac-
tory infections (6, 7). VRC combined with amphotericin B (AMB)
has demonstrated clinical efficacy against several fungal patho-
gens (8–10), while the results obtained for clinical and experimen-
tal aspergillosis are inconclusive and divergent (11, 12). We have
evaluated the therapeutic efficacy of AMB and VRC alone and in
combination in a murine model of disseminated infection using
an isolate of A. fumigatus (FMR 10528) that in a previous study
showed a poor in vivo response to VRC (13).

The fungus was grown on potato dextrose agar (PDA) at 35°C
for 48 h. The in vitro susceptibility determination was carried out
using a microdilution reference method (14). Antifungal interac-
tions were assessed in duplicate by a checkerboard microdilution
method (15, 16). For the two drugs tested and their combination,
a MIC-0 (100% growth inhibition) endpoint criterion was used.
The fractional inhibitory concentration index (FICI) was used to
classify drug interactions, which were defined as synergistic if the
FICI was �0.5, antagonistic if the FICI was �4, and indifferent if
the FICI was �0.5 but �4 (16). The isolate showed VRC and AMB
MICs of 0.5 and 2 �g/ml, respectively, and a FICI value of 2. Tests
were carried out in duplicate.

Male OF1 mice were immunosuppressed with a single intra-
peritoneal injection of cyclophosphamide at 200 mg/kg of body
weight plus a single intravenous injection of 5-fluorouracil at 150
mg/kg 1 day before challenge (17). To prevent bacterial infection,
all the animals received ceftazidime at 5 mg/kg/day subcutane-
ously, starting on the day of the infection. The procedure stan-
dards were approved by the Animal Welfare and Ethics Commit-
tee of the Universitat Rovira i Virgili.

Two inocula were tested, 1 � 104 and 1 � 106 CFU, in 0.2 ml of
sterile saline solution injected via the lateral tail vein. Groups of 20
mice were established for each inoculum and each treatment. Ten
mice from each group were randomly chosen for survival and the
other 10 for tissue burden studies. The groups were treated once
daily as follows: VRC at 25 mg/kg of body weight given orally by
gavage (p.o.) (18), AMB at 0.3 or 0.8 mg/kg given intravenously

(i.v.), and VRC at 25 mg/kg p.o. plus AMB at 0.3 mg/kg i.v. The
selection of AMB 0.3 mg/kg to be combined with voriconazole was
mainly in order to demonstrate the enhancement of the antifungal
efficacy of the combination over the respective monotherapies
and try to minimize the adverse effects of the polyene. The use of
a highly effective amphotericin B dose combined with voricona-
zole could mask a significant improvement of the results obtained
with the combination (19). All treatments began 24 h after chal-
lenge and lasted for 7 days. Animals treated with VRC received
50% grapefruit juice instead of water ad libitum, starting 1 day
before the beginning of the treatment (20). Control animals re-
ceived no antifungal treatment.

Mouse survival was checked daily for 28 days after challenge.
For tissue burden studies, mice were euthanized by anoxia using a
CO2 chamber on day 5 of treatment, and the kidneys and lungs
were aseptically removed, weighed, and homogenized in 2 ml of
sterile saline solution. Serial 10-fold dilutions of the homogenates
were plated on PDA and incubated for 48 h at 25°C to determine
the fungal load (CFU/g of tissue).

Mean survival time was estimated by the Kaplan-Meier test and
compared among groups using the log rank test. Colony counts from
tissue burden studies were analyzed using the Mann-Whitney U test.
All the statistical analyses were made using the GraphPad Prism soft-
ware, version 4.00 for MS Windows (GraphPad Software Inc., La
Jolla, CA).

At the lowest inoculum, both AMB at 0.8 mg/kg and the com-
bined therapy significantly prolonged survival, but only the com-
bined treatment achieved 100% mouse survival (Fig. 1). VRC,
AMB at 0.8 mg/kg, and the combination significantly reduced the
fungal loads in the two tested organs, but VRC showed the lowest
efficacy (Table 1).

At the highest inoculum, the combined therapy significantly
prolonged mouse survival in comparison to the control group.
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AMB at 0.8 mg/kg/day did not show efficacy (Fig. 1). The combi-
nation reduced the fungal load in both organs, but AMB at 0.8
mg/kg did so only in kidney (Table 1).

Although previous in vitro studies suggested possible antago-
nism between azoles and polyenes (21), clinical evidence does not
support this concern, and in vivo data demonstrated the potential
use of this combination for treating invasive fungal infections (9,
10, 19). As in previous studies (22), the combination of VRC plus
AMB showed indifferent interaction in vitro; however, it worked
in vivo better than the corresponding monotherapies, even using a
suboptimal AMB dose. This suggests an important therapeutic
benefit, since it minimizes the adverse effects that limit the use of
AMB. Previous animal studies with this combination have given
contradictory results. In a murine central nervous system infec-
tion model, AMB plus VRC showed efficacy superior to those of
the corresponding monotherapies (19), while in two models of
invasive pulmonary infection in mice and guinea pigs, this com-
bination did not show significantly higher efficacy than the respec-
tive monotherapies (23, 24). However, the studies coincided in the
absence of antagonism between these two drugs. The good in vivo
response to the combination therapy observed in our experiment
might be related to the improvement in voriconazole activity

FIG 1 Cumulative survival of OF1 mice infected with A. fumigatus isolate FMR 10528 at two different inocula. VRC, voriconazole; AMB, amphotericin
B deoxycholate. a, P � 0.05 versus control group; b, P � 0.05 versus VRC at 25 mg/kg; c, P � 0.05 versus AMB at 0.8 mg/kg; d, P � 0.05 versus AMB at
0.3 mg/kg.

TABLE 1 Colony count results for kidneys and lungs of mice infected
with A. fumigatus isolate FMR 10528 at two different inocula

Inoculum
(CFU/mouse) Treatment groupa

Colony count (mean � SD log10

CFU/g of tissue) in:

Kidney Lung

1 � 104 Control 4.03 � 0.29 2.52 � 1.00
VRC 25 3.26 � 0.21b 1.31 � 0.53b

AMB 0.3 3.72 � 0.43 2.73 � 0.80
AMB 0.8 1.52 � 0.35b,c,e 0.01 � 0.02b,c

VRC 25 � AMB 0.3 2.61 � 0.45b,c 0.91 � 0.85b,c

1 � 106 Control 4.81 � 0.26 2.38 � 0.27
AMB 0.8 3.44 � 0.14b 2.30 � 0.20
VRC 25 � AMB 0.3 3.53 � 0.60b 1.32 � 0.40b,d

a VRC 25, voriconazole at 25 mg/kg/day; AMB 0.3, amphotericin B deoxycholate at 0.3
mg/kg/day; AMB 0.8, amphotericin B deoxycholate at 0.8 mg/kg/day; VRC 25 � AMB
0.3, voriconazole at 25 mg/kg/day plus amphotericin B deoxycholate at 0.3 mg/kg/day.
b P � 0.05 versus control group.
c P � 0.05 versus VRC at 25 mg/kg.
d P � 0.05 versus AMB at 0.8 mg/kg.
e P � 0.05 versus VRC at 25 mg/kg plus amphotericin B at 0.3 mg/kg.
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caused by a low concentration of amphotericin B, as has been
reported before (19). The same phenomenon has been observed in
vitro previously for the combination of amphotericin B plus po-
saconazole and could be explained by the destabilization of the
fungal membrane by the polyene, which facilitates the entry of the
azole into the fungal cell (25).

The lack of in vivo efficacy of the VRC treatment against the
isolate used in our study is interesting because it showed a MIC
below the epidemiological cutoff value proposed for this species (1
�g/ml) (26). This issue has been discussed in a recent study which
demonstrated that isolates of A. fumigatus with VRC MICs of
�0.5 �g/ml show variable and unpredictable in vivo responses to
this drug (13).

In conclusion, the combination of VRC plus AMB at a subop-
timal dose improved the efficacy of the respective monotherapies
in the experimental IA. Further studies involving more strains are
warranted to establish the possible use of this combination in the
treatment of IA refractory to VRC therapy.
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