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Abstract

The in vitro activities of amphotericin B (AMB), itraconazole (ITC), voriconazole (VCZ) and terbinafine (TBF) alone and in the combinations
AMB + VCZ, TBF +ITC and TBF + VCZ were evaluated against 29 clinical isolates of Fusarium spp. (15 Fusarium solani, 7 Fusarium
oxysporum, 2 Fusarium decemcellulare, 2 Fusarium dimerum and 3 other Fusarium spp.). Minimum inhibitory concentrations were determined
using the method of the Clinical and Laboratory Standards Institute and the interaction activity was calculated using the fractional inhibitory
concentration index. The four antifungal drugs tested alone showed very limited activity against most of the isolates. In contrast, the combination
TBF + VCZ showed synergy for 21 isolates. The combination AMB + VCZ showed synergism for only five strains. No interaction or antagonism
was observed among the remaining strains. TBF + ITC showed no interaction for 18 strains. The in vitro antifungal activity of the drugs alone
and in combination varied for different species. These results corroborate previous in vitro studies in which the combination TBF + VCZ

showed synergy against Fusarium spp., although further studies are needed to elucidate its potential usefulness for therapy.
© 2007 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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1. Introduction

Fusarium spp. can cause severe infection in immuno-
compromised hosts, including those with haematological
malignancies and in transplant recipients, with Fusarium
solani and Fusarium oxysporum being the most frequent
species encountered. Mortality from systemic fusariosis in
immunocompromised patients ranges from 50% to 80% and
treatment modalities are limited [1]. However, the new azoles
voriconazole (VCZ), posaconazole and ravuconazole appear
to be active in vitro, especially against F. solani and F. oxyspo-
rum [2]. Nevertheless, their in vivo activity in animal models
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of infection is mediocre, reflecting the high mortality rate
associated with this infection in clinical practice [3]. Drug
combinations may provide an alternative approach to ther-
apy. Ortoneda et al. [4] determined the in vitro activity of
multiple antifungal interactions and reported that the combi-
nation of terbinafine (TBF) with VCZ or ravuconazole was
mostly synergistic against Fusarium spp.

The aim of this work was to evaluate the in vitro activity of
four licensed antifungal drugs and their interactions against
29 clinical Fusarium spp. strains isolated from hospitalised
patients.

2. Material and methods

Twenty-nine clinical Fusarium spp. strains (15 F. solani,
7 F oxysporum, 2 Fusarium decemcellulare, 2 Fusarium
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dimerum, 1 Fusarium incarnatum, 1 Fusarium proliferatum
and 1 Fusarium moniliforme) were obtained from different
sources, including blood culture (n =5), tissue biopsy (n=4),
eyes (n=16) and bronchoalveolar lavage (n=4). Identifica-
tion was based on morphology. Paecilomyces variotii ATCC
3257, Scedosporium prolificans M96/238, Candida parap-
silosis ATCC 22019 and Candida krusei ATCC 6258 were
included as quality control strains for minimum inhibitory
concentration (MIC) determination.

Susceptibility testing was based on the Clinical and
Laboratory Standards Institute recommendations [5] for
microdilution using RPMI-1640 medium with glutamine and
without sodium bicarbonate (Gibco BRL-Life Technologies,
Grand Island, NY) buffered to pH 7.0 with 0.165M mor-
pholinepropanesulfonic acid (Sigma Chemical Co., St Louis,
MO). Isolates were cultured on potato dextrose agar slants
at 35°C for 3 days and at 28 °C for the following 4 days.
The inoculum was prepared by scraping the surface of fungal
colonies from the agar growth using a loop and suspend-
ing the material in sterile saline solution. The suspension
was then filtered to remove the hyphae and adjusted to a
final inoculum of 1-5 x 10* colony-forming units/mL. Anti-
fungal drugs were obtained as standard powders of known
potency. Stock solutions of amphotericin B (AMB) (Sigma
Chemical Co.), itraconazole (ITC) (Janssen, Buenos Aires,
Argentina), TBF (Novartis, Buenos Aires, Argentina) and
VCZ (Pfizer, Buenos Aires, Argentina) were prepared by
dissolving the drugs in dimethyl sulfoxide (Sigma Chemi-
cal Co.) and then diluting further in RPMI-1640 medium.
The final concentration range was 0.03—16 pwg/mL for AMB,
ITC and VCZ and 0.12-64 pg/mL for TBF. All drugs were
distributed in 96-well, round-bottomed microtitration plates
(Nunclon 167008; Nunc, Naperville, IL).

The microtitration plates were inoculated with 100 pL. of
inoculated medium and incubated at 35 °C for 72 h. The MIC
was defined as the lowest concentration of drug that pro-
duced complete inhibition of fungal growth compared with
the growth control.

Drug interactions were evaluated using a checker-
board titration method for the following combinations:
AMB + VCZ; TBF+VCZ; and TBF+ITC. The fractional
inhibitory concentration index (FICI) was calculated using
the following formula: (MIC of drug A in combination/MIC
of drug A alone) + (MIC of drug B in combination/MIC of
drug B alone). Drug interactions were considered as syn-

Table 1
Minimum inhibitory concentrations (MICs) for the antifungal drugs tested

MIC (pg/mL)

Fusarium spp.

AMB TBF vCz ITC
F. solani (n=15) 1-16 >64 4-16 >16
F. oxysporum (n=17) 1to>16 8 to >64 2-16 >16
F. decemcellulare (n=?2) 0.5-1 8 8 >16
E dimerum (n=2) 1 2-4 8 >16
F. incarnatum (n=1) 16 >64 8 >16
F. proliferatum (n=1) 4 64 8 >16
F. moniliforme (n=1) 8 4 4 >16

AMB, amphotericin B; TBF, terbinafine; VCZ, voriconazole; ITC, itracona-
zole.

ergistic for FICI <0.5, not interactive when the FICI was
between 0.5 and 4 and antagonistic for FICI >4 [6]. All tests
were performed in duplicate.

3. Results and discussion

MIC:s for the antifungal agents alone are summarised in
Table 1. FICI values for drug combinations are summarised
in Table 2. For the combination TBF + VCZ, synergy was
observed for all F. solani isolates. For this combination, the
MIC for TBF alone was 256 pg/mL and the MIC for VCZ
was in the range 2—16 pg/mL, whereas in the combination the
MICs were 1 pg/mL and 0.25-1 pg/mL, respectively (data
not shown). Antagonism was not observed for F. solani for
the combinations TBF + ITC and TBF + VCZ, whereas it was
seen for seven and five isolates, respectively, from the total
29 tested in strains belonging to the other species.

Fusarium spp. have recently emerged as a cause of dissem-
inated infection. Risk factors include leukaemia, cytotoxic
therapy (with or without bone marrow transplantation) and
neutropenia. Disseminated fusariosis is associated with high
mortality in neutropenic patients and the prognosis is very
poor despite antifungal therapy. Fusarium spp. are usually
resistant to commercially available antifungal agents [7].

The efficacy of conventional and newly available anti-
fungal agents is not always optimal. However, VCZ was
approved for the treatment of fusariosis on a compassionate-
use basis in patients refractory to other drugs, despite the
high in vitro MIC values [8]. One way to enhance treatment
is to combine antifungal agents. The efficacy may improve

Table 2
Distribution of the fractional inhibitory concentration index (FICI) values for the Fusarium species tested®
Fusarium spp. AMB +VCZ TBF+ITC TBF +VCZ

S NI A S NI A S NI A
E solani (n=15) 2 12 1 0 15 0 15 0 0
FE oxysporum (n=17) 2 4 1 3 2 2 5 0 2
Other Fusarium spp. (n=7) 1 3 3 1 1 5 1 3 3
Total 5 19 5 4 18 7 21 3 5

AMB, amphotericin B; VCZ, voriconazole; TBF, terbinafine; ITC, itraconazole.

2§, synergism (FICI < 0.5); NI, no interaction (FICI >0.5-4); A, antagonism (FICI>4).
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due to synergism, dose reduction, decreased side effects and
possibly a shorter duration of therapy [9,10]. There are some
cases in which drug combination for treatment of fusariosis
has been shown to be effective, such as the combination of
AMB + caspofungin, followed by suppressive therapy with
VCZ [11], or the combination of liposomal AMB + VCZ in
acute leukaemia in a patient who was refractory to monother-
apy [12].

The aim of this study was to analyse whether antifungal
combination might be useful compared with a drug alone.
For this purpose, three combinations were evaluated against
different Fusarium spp. using the microdilution checkerboard
technique. The activities of AMB, VCZ, ITC and TBF alone
and the combinations AMB + VCZ and TBF + VCZ or ITC
were evaluated.

In general, poor antifungal activity was observed for all the
drugs tested alone, as previously described for Fusarium and
other filamentous fungi such as Scedosporium or Mucorales
[4,8,13].

Synergy was observed for the combination TBF + VCZ
against all isolates of F. solani, which is in agreement with
another study [4]. The recommended dose is 750 mg/day for
TBF and 400 mg/day for VCZ, which results in peak levels
of 2.7 pg/mL and 3 pg/mL, respectively [14,15]. For these
strains, the MIC values for the combination have decreased
up to seven dilution steps, being 1 ug/mL for TBF and
0.25-1 pg/mL for VCZ, which are in the range of achiev-
able blood levels, suggesting that the in vitro combination
data could be helpful to evaluate drug—drug interactions for
some agents.

No interactions were observed for the combination
AMB +VCZ for most of the isolates, as described by
Ortoneda et al. [4]. The combination of TBF with azole drugs
in vitro has been reported to be synergistic against some fila-
mentous fungi such as Aspergillus spp. [16] and S. prolificans
[17] and might be due to the combined effect of these drugs
on different targets in the ergosterol biosynthesis pathway. In
our case, the combination of TBF with ITC showed no inter-
action for F. solani, while synergy was detected for some
isolates of F. oxysporum.

Antagonism was not observed for the combination
TBF+ITC or VCZ for F. solani, whereas it was observed
for the other strains. The mechanisms underlying the antago-
nism observed in Fusarium is not known but might reflect
decreased ergosterol in the membrane induced by VCZ.
Alternatively, TBF might act as a competitive inhibitor
because it acts one step ahead of VCZ.

Antagonism was observed for the combination
AMB+VCZ in only 5 of the 29 strains tested. The
combination of AMB either with azoles or TBF was
observed to be antagonistic against Aspergillus spp. and this
was considered to be due to the use of different methods
and the influence on the FICI of different end points for the
drugs tested [16].

The sterol biosynthetic pathway varies between differ-
ent strains: nuclear demethylations occur before side-chain

alkylation in Candida glabrata and Saccharomyces cere-
visiae, but this reaction sequence is reversed in some Candida
albicans strains [18]. Such differences might explain why
antagonism was seen in some strains but not in others.

In conclusion, the results observed from this work show
that drug combinations, especially TBF+ VCZ, could be
effective against infections cause by Fusarium spp. Systemic
fusariosis is associated with a high mortality rate, there-
fore it is important to optimise early and rapid diagnosis,
including species-level identification since different interac-
tions have been observed for different species tested. Further
determination of susceptibility tests of drugs alone and/or in
combination could be helpful. However, further in vitro and
in vivo studies are needed to elucidate the clinical signifi-
cance of these in vitro findings in the clinical context in order
to determine adequate therapy.
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