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We have examined the in vitro activities of fluconazole, amphotericin B, and caspofungin against Candida
albicans biofilms by time-kill methodology. Fluconazole was ineffective against biofilms. Killing of biofilm cells
was suboptimal at therapeutic concentrations of amphotericin B. Caspofungin displayed the most effective
pharmacokinetic properties, with >99% killing at physiological concentrations.
Yeasts (mainly Candida albicans) are the third leading cause
of catheter-related infections, with the overall highest crude
mortality (4, 5). Biofilms are a well-described phenomenon in
the microbial world, which have gained notoriety from their
ability to resist antimicrobials (10). Determining the effectiveness of different antifungal agents in this setting has important
clinical implications in that it may guide therapeutic decisions
that may affect the outcome for patients with these difficultto-treat infections.
Antifungal treatment strategies for C. albicans are limited to
a small armamentarium of compounds, mainly azoles, polyenes, and echinocandins (8). Azoles such as fluconazole act on
ergosterol biosynthesis and are fungistatic. Emergence of resistance to azoles is an increasing problem. Polyenes, such as
amphotericin B, bind to membrane sterols, leading to membrane permeability, leakage, and cell death. These drugs have
clinical drawbacks based on their toxicity. Echinocandins are a
new class of antifungal agents that inhibit the synthesis of
1,3-␤-D-glucan, a key component of the cell wall (11). Caspofungin, a member of this class, exhibits excellent pharmacokinetic characteristics, is fungicidal (against yeasts), and displays
good safety profiles (18).
The pharmacodynamic properties of all three antifungals
have been described in studies using free-floating (planktonic)
cells (2, 6, 7). These studies may be useful in selecting dosing
regimens for a range of Candida infections, mainly for freefloating cells encountered in bloodstream infections. However,
the pharmacodynamic profiles of sessile cells that are encountered in many biofilm-associated infections are not adequately
addressed in these types of studies, especially since sessile
C. albicans cells display dramatically altered resistance phenotypes in comparison to planktonic cells (1, 3, 15, 17).
Biofilms of C. albicans strains SC5314 and 3153A were

formed as previously described by our group by using microtiter plates (15, 16). Fluconazole (Pfizer, Inc., New York,
N.Y.), amphotericin B (Bristol-Myers Squibb, Princeton, N.J.),
and caspofungin (Merck Research Laboratories, Rahway,
N.J.) were then added to the preformed biofilms at various
concentrations, and plates were incubated for selected time
intervals (2, 4, 8, 12, 24, and 48 h). Antifungal effects were
monitored by a metabolic assay based on the reduction of
2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5carboxanilide (XTT), a tetrazolium salt (15).
An initial set of experiments was performed to validate the
XTT-colorimetric readings for determining cell viability compared to total viable cell counts in caspofungin-treated biofilms. For plate counts, triplicate biofilms were removed from
microtiter wells by scraping the biofilms and vortexed vigorously to disperse the cells. Cell counts were estimated by plating serial dilutions of these suspensions. Figure 1 shows a
parallel examination of caspofungin-treated biofilms with both
XTT measurements and total viable cell counts. The Pearson
correlation coefficient was r ⫽ 0.9667. The excellent correla-
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FIG. 1. Relationship between viable counts determined by plating
(■) and XTT-colorimetric readings (}) to measure the survival of
biofilm populations formed in microtiter plates following exposure to
caspofungin (0.125 g/ml). Results are expressed as percentages of
reduction in viability. Results were analyzed statistically to determine
the Pearson correlation coefficient (r ⫽ 0.9667).
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tion supports the use of the more rapid and simpler XTTbased method to allow high-throughput analysis of the efficacy
of the antifungal treatments.
Log plots of decreased viability (percent) in biofilms treated
with fluconazole versus time for each isolate are presented in
Fig. 2A and B. Fluconazole challenge of preformed C. albicans
biofilms showed minimal activity at all concentrations tested
over the 48-h period, with a maximal 30% decrease in biofilm
activity exhibited after 48 h. Fluconazole is used routinely in
the treatment of C. albicans infections, including those exhib-

iting a biofilm etiology. Indeed, the lack of correlation between
susceptibility testing results determined by NCCLS methods
(14) and clinical outcome in patients with deep-seated candidiasis (9, 12) could be explained by the increased resistance of
biofilms that is not adequately addressed by NCCLS techniques.
The effects of amphotericin B against sessile cells in biofilms
were rapid in comparison to those of fluconazole. As shown
in Fig. 2C and D, after 2 h of challenge a 36% and a 64%
reduction at the lowest and highest concentrations, respec-
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FIG. 2. Log plots of killing kinetics of fluconazole (A and B) (0.5 [F], 2 [䊐], 16 [Œ], 64 [■], and 1,024 [}] g/ml), amphotericin B (C and D)
(0.125 [F], 0.5 [䊐], 2 [Œ], 8 [■], and 64 [}] g/ml), and caspofungin (E and F) (0.00195 [F], 0.0156 [䊐], 0.125 [Œ], 1 [■], and 8 [}] g/ml) against
preformed biofilms of C. albicans type strains 3153A (A, C, and E) and SC5314 (B, D, and F). Results are averages of eight replicate biofilms for
each condition tested and are expressed as percentages of reduction in absorbance by the XTT assay. By this method, the limit of quantification
was a 99% killing.
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tively, of amphotericin B (0.125 and 64 g/ml, respectively)
were observed for C. albicans 3153A. Thereafter, the antifungal killing effects of the biofilms were generally linear in a
concentration-dependent manner with ⬎95% killing at the
three highest concentrations but not at therapeutic concentrations (0.125 and 0.5 g/ml). Thus, the toxicity of this antifungal
agent is its major drawback; therefore, if this was overcome
then this drug would help reduce morbidity and mortality rates
associated with biofilm-associated infections. Interestingly, a
recent report indicates the efficacy of lipid formulations of
amphotericin B against Candida biofilms, probably due to the
higher doses of drug present in these formulations (13), which
is consistent with our results.
Caspofungin challenge of preformed C. albicans biofilms
showed efficacious antifungal properties over the 48-h period
(Fig. 2E and F). C. albicans SC5314 and 3153A exhibited 95
and 60% killing after 12 h at 0.125 g/ml, respectively. Furthermore, after 24 and 48 h of caspofungin challenge (0.125
and 1 g/ml, respectively), ⬎99% killing was observed for both
C. albicans strains at concentrations achievable in humans (18).
Interestingly, the highest concentration of caspofungin (8 g/
ml) was less efficacious than were lower concentrations (0.125
and 1 g/ml).
Overall our results indicate that caspofungin exhibits the
most effective pharmacodynamic properties against C. albicans
biofilms in comparison to both amphotericin B and fluconazole
(Fig. 2). Whereas amphotericin B kills sessile cells within the
biofilm rapidly in a concentration-dependent manner, the concentrations required to initiate these effects are high above its
therapeutic margin. Fluconazole, a fungistatic drug, shows little or no efficacy against sessile cells. Caspofungin kills ⬎99%
of sessile cells within the biofilm at therapeutically attainable
concentrations. These observations, together with the toxicological and pharmacological profiles displayed by caspofungin,
support its further investigation and use in difficult-to-treat
biofilm-associated infections.
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