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Posaconazole Combined with Amphotericin B, an Effective Therapy
for a Murine Disseminated Infection Caused by Rhizopus oryzae�
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In a murine model of disseminated zygomycosis, low doses of amphotericin B (0.3 mg/kg body weight/day)
combined with posaconazole (40 mg/kg/day) prolonged survival and reduced tissue burden with respect to that
of controls and that of both drugs administered alone. Results were similar to those obtained with ampho-
tericin B given alone at 0.8 mg/kg/day.

Zygomycosis is an opportunistic fungal infection that causes
a high degree of morbidity and mortality in immunocompro-
mised patients, particularly those with hematologic malignancy
or diabetes mellitus. Rhyzopus oryzae infection is the most
common cause of zygomycosis in humans (10). Optimal man-
agement of zygomycosis has not been defined. Rapid diagnosis,
mitigation or reduction of risk factors, administration of anti-
fungal therapy, surgical debridement where possible, and the
use of adjunctive therapies all contribute to the successful
management of zygomycosis (11). Amphotericin B (AMB) de-
oxycholate and lipid formulations of AMB are the drugs of
choice for treating zygomycoses (10, 11, 12). Posaconazole
(PSC) is safer than AMB and shows good in vitro activity
against some zygomycetes (1, 14). Clinical data seem to con-
firm that in two compassionate use trials, outcomes obtained
with PSC therapy were similar to those obtained with AMB,
supporting the use of this azole in the management of refrac-
tory zygomycosis or in cases of patient intolerance to AMB
therapy (6, 15). Because animal studies showed limited activity
of PSC against R. oryzae infection (2, 4), we hypothesized that
the combined use of two drugs with different targets and with
proven activities against zygomycetes may act synergistically
against R. oryzae infection or, at least, would allow the use of
reduced therapeutic doses. Therefore, we evaluated the effi-
cacy of PSC alone and of PSC combined with AMB in a model
of disseminated R. oryzae infection in neutropenic mice.

Two clinical isolates of R. oryzae, FMR 6485 and FMR 8542,
were used. The in vitro antifungal susceptibility of each strain
was tested using a reference microdilution method (8), and the
in vitro interactions were assessed using a checkerboard
method (5, 7). For both of the drugs and their combinations,
we used a MIC of 0 as the endpoint criterion.

Male OF1 mice weighing 30 g were used. All animal care
procedures were supervised and approved by the Universitat
Rovira i Virgili animal welfare committee. Animals were im-
munosuppressed by intraperitoneal administration of a single
dose of cyclophosphamide, 200 mg/kg of body weight, plus a
single intravenous administration of 5-fluorouracil, 150 mg/kg,

1 day before the infection (3). Mice were injected with 1 � 105

CFU in 0.2 ml in the lateral tail vein. Preliminary experiments
with both strains (data not shown) showed that this concentra-
tion was the optimal dose for killing 100% of the animals
within 6 days of infection.

AMB (Fungizona) and PSC (Noxafil) were tested. AMB was
administered intravenously at 0.3 mg/kg/day or 0.8 mg/kg/day,
once daily; PSC was administered orally at 20 mg/kg/day, 40
mg/kg/day, or 80 mg/kg/day, once daily. In addition, AMB at
0.3 mg/kg/day or 0.8 mg/kg/day was combined with PSC at 40
mg/kg/day. Treatments were started 24 h after the challenge
and lasted for 7 days. We evaluated the efficacy of the different
regimens in prolonging survival and in reducing tissue burden
in the brain and kidneys.

For survival studies, groups of 10 mice used with each strain
and from each treatment group were randomly established and
checked daily for 20 days. For tissue burden studies, groups of
10 mice were also established, and the animals were sacrificed
on day 4 after they were infected. Kidneys and brains were
removed aseptically and gently homogenized in 2 ml of sterile
saline. Serial 10-fold dilutions of the homogenates were plated
on Sabouraud dextrose agar and incubated for 24 h at 35°C.
Data were expressed as log10 CFU per gram of tissue. Mean
survival time was estimated by the Kaplan-Meier method and
compared among groups by using the log rank test. Colony
counts from tissue burden studies were analyzed by using the
Mann-Whitney U test.

The in vitro results are shown in Table 1. The combination
of AMB plus PSC was synergistic against the strain FMR 6485
but showed an indifferent interaction against the strain FMR
8542.

For both strains, the results of two studies are pooled; thus,
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TABLE 1. In vitro antifungal activities and interactions among
antifungal drugs against two strains of R. oryzae

Strain
MIC (�g/ml)a

AMB PSC AMB/PSC FICI

FMR 6485 0.5 1 0.125/0.25 0.50
FMR 8542 0.5 2 0.125/1 0.625

a Values greater than or equal to 0.5, synergistic activity; values ranging from
�0.5 to �4, indifferent activity; values of more than 4, antagonistic activity (8).
FICI, fractional inhibitory concentration index.
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there were 20 control mice for each strain. For strain FMR
6485, all treatment regimens, with the exception of AMB at 0.3
mg/kg/day and PSC at 20 mg/kg/day, significantly prolonged
survival compared with that for the control group (Fig. 1). For
strain FMR 8542, all treatments prolonged survival compared
with those for the control group. In addition, for both strains,
AMB at 0.8 mg/kg/day and with the two combinations were the
most effective regimens for prolonging survival. We observed
no statistical differences between AMB at 0.8 mg/kg/day and
the two combinations of AMB and PSC.

AMB at 0.8 mg/kg/day and the two combinations of AMB
plus PSC significantly reduced the fungal load of strain FMR
6485 in the brain and the kidney with respect to that of the
other groups (Fig. 2). For strain FMR 8542, the same results
were seen with the kidneys. However, in brain the combination
of AMB at 0.3 mg/kg plus PSC at 40 mg/kg was the most
effective therapy. The combination of AMB at 0.8 mg/kg plus
PSC at 40 mg/kg and AMB at 0.8 mg/kg also significantly
reduced fungal load in brain tissue compared with those of the
monotherapies and the control group. Finally, PSC 40 and 80
at mg/kg/day significantly reduced fungal load in both the brain
and the kidney compared with that of the control group,
whereas PSC at 20 mg/kg/day did so only in brain.

As in other studies, AMB at 0.8 mg/kg/day was generally

FIG. 1. Cumulative mortality of mice infected with R. oryzae FMR
6485 (A) or R. oryzae FMR 8542 (B) and treated with AMB and PSC.
a, P � 0.05 versus control; b, P � 0.05 versus PSC (20 mg/kg), PSC (40
mg/kg), PSC (80 mg/kg), and AMB (0.3 mg/kg).

FIG. 2. Effects of the antifungal treatment on colony counts of the R. oryzae strains FMR 6485 (A) and FMR 8542 (B) in brain and kidney of
mice. a, P � 0.05 versus control; b, P � 0.05 versus AMB (0.3 mg/kg); c, P � 0.05 versus AMB (0.8 mg/kg); d, P � 0.05 versus PSC (20 mg/kg);
e, P � 0.05 versus PSC (40 mg/kg); f, P � 0.05 versus PSC (80 mg/kg); g, P � 0.05 versus AMB (0.8 mg/kg) plus PSC (40 mg/kg). Horizontal lines
indicate mean values.
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effective against both isolates (4, 13). In an animal infection
model, PSC showed poor efficacy against a strain of R. oryzae
(4). Similarly, prophylactic administration of PSC to neutro-
penic mice prolonged survival but did not reduce the tissue
burden in a disseminated infection caused by R. oryzae (2). The
current study partly confirmed these results.

Although the combination of PSC plus AMB has not been
extensively tested in patients with infections caused by R.
oryzae, recently, a patient with disseminated infection caused
by Rhizomucor sp. (a genus close to Rhizopus) was cured with
combined therapy of liposomal AMB and PSC, without surgi-
cal intervention (9).

In the current study, although the combination of PSC with
AMB was not superior to high-dose AMB alone, the combi-
nation did allow a reduction of the AMB dose with no loss of
efficacy. In addition, for one fungal strain, the combination
reduced the fungal burden in the brain. Further controlled
studies are needed to ascertain the clinical relevance of this
combination.

This work was supported by a grant from Fondo de Investigaciones
Sanitarias from the Ministerio de Sanidad y Consumo of Spain (PI
050031).
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