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Stefano P. Bachmann,'{ Gordon Ramage,” Kacy VandeWalle,' Thomas F. Patterson,’
Brian L. Wickes,” and José L. Lépez-Ribot'>*
Division of Infectious Diseases, Department of Medicine," and Department of Microbiology,*

The University of Texas Health Science Center at San Antonio,
San Antonio, Texas

Received 10 February 2003/Returned for modification 13 March 2003/Accepted 11 August 2003

Candida biofilms display increased resistance to most antifungal agents. We have evaluated the efficacy
of combinations of fluconazole (FLC), amphotericin B, and caspofungin (CSP) against Candida albicans bio-
films in vitro. Indifference was observed for all the combinations of paired antifungal agents when a check-
erboard titration method was used. Time-kill experiments revealed an antagonistic effect of high FLC

doses with CSP.

Candida albicans readily forms biofilms, consortia of cells
that coexist as an organized community, attached to a solid
substratum that is enveloped within an exopolysaccharide ma-
trix (4, 12). Biofilms are a well-described phenomenon which
have gained notoriety from their ability to resist antimicrobials
and immune cell challenge (4, 12).

In this study, we initially assessed the effects of antifungal
combinations on biofilms by a checkerboard microdilution
method with biofilms formed on the wells of microtiter
plates and an XTT-based colorimetric assay (10). From
these experiments we calculated the SMICyg, for each drug
alone and in combination, the fractionary inhibitory concen-
tration (FIC), and the FIC indices of the paired combina-
tions of antifungal agents. By use of the interpretation of
FICs recommended by Hindler (6), indifference (FIC index
of >0.5 to =4) was observed for all combinations of paired
antifungal agents. Fluconazole (FLC) did not alter ampho-
tericin B (AMB) activity, resulting in an FIC index of 1.00.
The combination of AMB and caspofungin (CSP) showed an
FIC index of 0.56, indicating indifference with a trend towards
additivism. A calculated FIC index of 2.00 for the FLC-CSP
combination also indicated indifference but with a trend to-
wards antagonism which was evident at high FLC concentra-
tions.

The interactions observed in the checkerboard microtiter
plate testing combining the different antifungal agents were
confirmed in time-kill curve experiments according to the
methodology described before by our group (11). Log plots of
decreased biofilm viability versus time for the different combi-
nations used are presented in Fig. 1. When FLC at a concen-
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tration of 16 pg/ml was combined with 2 ug of AMB/ml, we
found a nearly identical killing curve compared to that of AMB
alone at 2 pg/ml. FLC at a dose of 64 pg/ml slightly inhibited
AMB at 2 pg/ml. FLC at either concentration slightly de-
creased the effect of AMB at 0.5 pg/ml (Fig. 1A). There was
no difference when AMB was used at a concentration of
2 png/ml alone or in combination with CSP at concentrations
of 0.125 or 0.5 wg/ml, and only a slight, nonsignificant im-
provement of AMB at 0.5 pg/ml in combination with either
CSP concentration was observed (Fig. 1B). The time-kill ki-
netics of the combination of FLC and CSP showed a clear
inhibitory effect compared to that for CSP alone with nearly
identical killing curves for all tested concentration combina-
tions (Fig. 1C).

Previous studies by our group and others have demonstrated
lack of activity of FLC against C. albicans biofilms, increased
resistance to AMB, and efficacy of CSP against C. albicans
biofilms (1-5, 7, 9-12). The expanding armamentarium of
antifungal drugs including agents with different molecular
targets should also open new possibilities for exploring the
usefulness of combination therapy. In the present study we
have examined the effects and interactions of AMB, FLC,
and CSP used in combination for the treatment of C. albi-
cans biofilms in vitro. A checkerboard broth microdilution
method was used to examine the effects of antifungal com-
binations against C. albicans biofilms. In general, these ex-
periments pointed towards indifference for all antifungal
combinations tested. Results of the effects of antifungal
combinations were confirmed using time-kill methods. Be-
cause the FLC concentrations used in these experiments were
high, the antagonistic effects of high FLC concentrations, par-
ticularly in combination with CSP, were evident. It was also
observed that, even though combinations of AMB and CSP
showed in general an indifferent effect, the use of these two
agents in combination against C. albicans biofilms may still
benefit from the rapid killing by high concentrations of AMB
and the more sustained effect of physiological concentrations
of CSP. This approach to therapy could be appealing in a
clinical setting, particularly if biofilm resistance is due to the
presence of a few “persister” cells able to withstand antimicro-
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FIG. 1. (A) Log plots of killing kinetics of FLC-AMB combinations against preformed biofilms of C. albicans 3153A. Symbols: A, FLC (16 pg/ml);
<, FLC (64 png/ml); O, FLC (16 pg/ml)-AMB (0.5 pg/ml); ®, FLC (64 ng/ml)-AMB (0.5 pg/ml); €, FLC (16 pg/ml)-AMB (2 ng/ml); A, FLC (64 ng/
ml)-AMB (2 pg/ml); m, AMB (0.5 pg/ml); O, AMB (2 ng/ml). (B) Log plots of killing kinetics of AMB-CSP combinations against preformed biofilms
of C. albicans 3153A. Symbols: m, AMB (0.5 pg/ml); ©, AMB (2 pg/ml); O, AMB (0.5 pg/ml)-CSP (0.125 pg/ml); O, AMB (0.5 pg/ml)-CSP (0.5 pg/ml);
A, AMB (2 pg/ml)-CSP (0.125 pg/ml); ®, AMB (2 pg/ml)-CSP (0.5 pg/ml); ¢, CSP (0.125 pg/ml); A, CSP (0.5 pg/ml). (C) Log plots of killing kinetics
of FLC-CSP combinations against preformed biofilms of C. albicans 3153A. Symbols: A, FLC (16 pg/ml); ¢, FLC (64 pg/ml); A, FLC (16 pg/ml)-CSP
(0.125 pg/ml); @, FLC (64 pg/ml)-CSP (0.125 pg/ml); OJ, FLC (16 pg/ml)-CSP (0.5 pg/ml); m, FLC (64 pg/ml)-CSP (0.5 pwg/ml); @, CSP (0.125 pg/ml);
O, CSP (0.5 pg/ml). Results are mean values for each condition tested and are expressed as percentages of reduction in absorbance by the XTT assay.
Standard deviations were within 5% of the mean values and are not depicted in the graphs.
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