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Novel Method for Evaluating In Vitro Activity of Anidulafungin in
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A combination of drugs possessing different targets has been used as salvage therapy, although without scientific support. In
vitro studies validating such combinations are scarce, and the methodology is very laborious and time-consuming. This study
proposes a flow cytometric (FC) protocol as an alternative to evaluate the effect of the combination of anidulafungin (AND) with
amphotericin B (AMB) and azoles (fluconazole and voriconazole), tested upon 39 and 36 Candida strains, respectively. The con-
centration assayed in the combination was 0.5 X MIC of each drug. The membrane potential marker DiBAC,(3) [Bis-(1,3-dibu-
tylbarbituric acid) trimethine oxonol] was used for AND-AMB, and the metabolic marker FUN-1 was used for AND-azoles.
Drug interaction was determined by calculating a staining index (SI): the sum of the percentage of depolarized cells (DC) after
treatment with drug combinations divided by the DC of the drug alone, and the sum of the mean intensity of fluorescence (MIF)
displayed by cells treated with drug combinations divided by the MIF of the drug alone for FUN-1. An SI of <1 means antago-
nism, an SI between 1 and 4 means no interaction, and an SI of >4 means synergism. The combination of AND and AMB by FC
and checkerboard was synergistic for 46 and 43% of isolates and antagonistic for 5 and 8%, respectively. For the combination of

AND and azoles, it was synergistic for 36% and antagonistic for 3% by FC and synergistic for 44% and antagonistic for 3% by
checkerboard. When the FC method was compared to the gold standard checkerboard method, the agreement was 0.91 (95%
confidence interval [95% CI] of 0.88 to 0.94), sensitivity was 0.88 (95% CI of 0.73 to 0.95), and specificity was 0.95 (95% CI of 0.84
to 1). Thus, FC is a rapid and reliable method (<2 h) to assess the effect of antifungal combinations.

Candida species represent an important cause of nosocomial
infections with high morbidity and mortality rates (28, 33).
Over the past few years, epidemiological changes have been regis-
tered: the incidence of C. albicans has been reduced followed by a
growing incidence of non-albicans species (9, 21, 34). Late diag-
nosis and high mortality rates frequently foment the use of empir-
ical antifungal combinations as salvage therapy without a sound
scientific basis (1). The availability of new antifungal drugs with
novel targets of action has enlivened the interest in combination
therapy. Likewise, it is not possible to assume that the simultane-
ous administration of two or more drugs with distinct mecha-
nisms of action would improve the clinical outcome compared to
monotherapy (3). It is unknown whether a combination might
reduce the effectiveness of each drug or increase the potential for
drug interactions or even toxicity, keeping in mind that this car-
ries a significantly increased cost to the health care system without
previously proven clinical benefits (7). Thus, it is important and
timely to critically evaluate the role of combination therapy.

The methods available for studying drug combinations are few
and cumbersome and often provide contradictory results. The
most commonly utilized are the checkerboard method (based on
amathematical model) and the time-kill assay, both impossible to
implement in the routine of clinical laboratories because they are
very laborious (15, 35). Therefore, the Etest was proposed as an
alternative; however, it also has serious limitations, including the
cost, despite its good correlation with the classical method. The
Etest is difficult to interpret when dealing with the azoles, due to
the inconsistent growth patterns, and it takes at least 24 h to pro-
vide results since it is based on microbial growth (15). Critical
patients need a rapid response.
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Flow cytometry (FC) is a valuable tool for studying antifungal
susceptibility, since it can be used to detect different physiological
cell stages by using the appropriate fluorescent markers (5, 8). FC
susceptibility testing to azoles, amphotericin B (AMB), and echi-
nocandins has already been described (23-25, 27, 30). The goal of
this study was to develop an FC protocol to characterize the effects
of the combinations of AMB or azoles with the echinocandin
anidulafungin (AND) upon Candida spp.

MATERIALS AND METHODS

Fungal strains. Thirty-nine Candida strains were tested regarding the
association between AND and AMB: 14 Candida albicans, 8 Candida
glabrata, 9 Candida parapsilosis, 4 Candida tropicalis, 1 Candida guillier-
mondii, 2 Candida krusei, and 1 Candida lusitaniae. For the association
between AND and azoles (fluconazole [FLU] or voriconazole [VOR]), 36
strains were tested: 16 C. albicans, 9 C. glabrata, 7 C. parapsilosis, 7 C.
tropicalis, and 1 C. krusei. Clinical isolates of Candida spp. with a previ-
ously characterized antifungal susceptibility phenotype were selected
from the collection of the Department of Microbiology, Faculty of Med-
icine of Porto, Portugal, in order to study all possibilities: susceptible or
nonsusceptible to both drugs or susceptible to one and nonsusceptible to
the other. C. albicans ATCC 90028 was used as the reference strain. Before
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Testing Antifungal Combinations by Flow Cytometry
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FIG 1 In vitro antifungal activities of anidulafungin and amphotericin B. Distribution of fluorescence intensity of the C. albicans 0207 AND-susceptible strain
(A), C. parapsilosis 0136 AND-nonsusceptible strain (B), C. albicans 0207 AMB-susceptible strain (D), and C. lusitaniae D51 AMB-nonsusceptible strain (E). In
each histogram, the autofluorescence is represented by line a, line b represents the fluorescence of untreated cells stained with DiBAC,(3), line c s the fluorescence
of cells treated with 70% ethanol and stained with DiBAC,(3) (positive control), and line d is the fluorescence of cells treated with 1 pg/ml of antifungal drugs
during 1 h and stained with DiBAC,(3). (C, F) Determination of the number of CFU (CFU/ml) of cell suspensions treated with different antifungal concentra-
tions under conditions identical to those of the flow cytometric assay. The nonsusceptible strain is represented by the dark-gray bars and the susceptible strain

by the light-gray bars.

the initiation of each experiment, the yeasts were subcultured twice on
Sabouraud agar (Liofilchem, Teramo, Italy) to ensure both the viability
and that the culture was pure.

Drugs and chemicals. Stock solutions of AMB (Sigma-Aldrich,
Taufkirchen, Germany), FLU (Sigma), and VOR and AND (Pfizer, New
York) were prepared as recommended by the CLSI protocol M27-A3 (6)
and stored at —80°C. Fluorescent dyes 2-chloro-4-(2,3-dihydro-3-meth-
yl-[benzo-1,3-thiazol-2-yl]-methylidene)-1 (FUN-1) and Bis-(1,3-dibu-
tylbarbituric acid) trimethine oxonol [DiBAC,(3)] (both acquired from
Molecular Probes, Leiden, Netherlands) were prepared in phosphate-
buffered saline (PBS) (Sigma) and kept at —20°C.

Checkerboard microdilution studies. Checkerboard assays were per-
formed for AND plus AMB and for AND plus azoles (FLU or VOR). MIC
values of each antifungal and for the associations were determined after 24
h of incubation. The concentrations tested for each antifungal ranged
between 0.06 and 32 wg/ml for FLU, 0.015 and 8 pg/ml for VOR and
AMB, and 0.06 and 2 pg/ml for AND. Endpoints were determined ac-
cording to values defined by the M27-A3 protocol (6). The fractional
inhibitory concentration index (FICI), which is defined as the sum of the
MIC of each drug when used in combination divided by the MIC of the
drug when used alone, was calculated to determine the interaction; a FICI
of =0.5 represents synergy, >0.5 to 4 represents no interaction, and >4
represents antagonism (10, 18).

Flow cytometry studies. For FC assays, the strains were subcultured in
Sabouraud broth and incubated with agitation at 35°C until the exponen-
tial growth phase in order to obtain a homogenous population and thus to
correlate the perturbations in cellular parameters observed by FC with the
drug action and independently of growth phase. Then, 0.5 McFarland
standard density yeast suspensions were prepared in PBS, corresponding
to 10° yeast cells/ml. The cell suspensions were incubated at 35°C with
subinhibitory concentrations (0.5X MIC value) of each antifungal alone
and in combination as described above. In order to standardize the FC
protocol for all strains, the 0.5X MIC of each drug was chosen since the
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breakpoints to AND and FLU are being reviewed and their values are
species dependent (20, 22), because a new CLSI protocol is not already
available, and because antagonistic and synergistic classifications usually
rely on deviations from additivity (36). According to the Loewe additivity
definition, 0.5X MIC of drug A combined with 0.5X MIC of drug B is
equivalent to 1 MIC of drug A or 1 MIC of drug B in an additive drug pair.
Even so, for strains inhibited at high MIC values and that do not present
antagonism with the combination of 0.5X MIC, a new test was carried out
using the breakpoint of the drug (e.g., 8 pg/ml for FLU and 4 p.g/ml for
AND) in order to evaluate its clinical significance.

Following 1 h of incubation, the cells were washed and incubated for
15 min in the dark at room temperature with 0.5 pg/ml of DIBAC,(3), a
lipophilic anion able to diffuse across depolarized membranes, in the case
of the association of AND plus AMB and with 0.5 wg/ml of FUN-1, a
metabolic marker, in the case of association of AND plus azoles. The
intensity of fluorescence of 30,000 cells was registered at FL1 (530 nm) for
DiBAC,(3) and FL2 (575 nm) for FUN-1. The samples were analyzed in a
FACSCalibur cytometer (BD Biosciences, Sydney, Australia) standard
model equipped with 3 photomultiplayers (PMTs), standard filters, and a
15-mW 488-nm Argon laser and using CellQuest Pro software (version
4.0.2). Instrument controls followed the standard procedures described
by the manufacturer. All trials were performed in triplicate. The evalua-
tion of in vitro drug interactions by FC was determined according to the
staining index (SI), which is similar to the FICI described above. The SI
was calculated as the sum of the percentage of depolarized cells (DC) after
treatment with drug combinations divided by the DC of the drug alone for
DiBAC,(3) and the sum of mean intensity of fluorescence displayed by
cells treated with drug combinations divided by the fluorescence of the
drugalone for FUN-1. Hence, SI = (DC AND + AMB/DC AND) + (DC
AND + AMB/DC AMB) for AND-AMB association and SI = (MIF
AND + azole/MIF AND) + (MIF AND + azole/MIF azole) (MIF, ratio
between mean intensity of fluorescence of treated cells and viable cells) for
AND-azoles association. Taking into account the standard classification
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FIG 2 In vitro antifungal activities of anidulafungin and fluconazole. Distribution of fluorescence intensity of C. albicans 0207 AND-susceptible strain (A), C.
parapsilosis 0136 AND-nonsusceptible strain (B), C. albicans 0223 FLU-susceptible strain (D), and C. albicans O216 FLU-nonsusceptible strain (E). In each
histogram, the autofluorescence is represented by line a, line b represents the fluorescence of untreated cells stained with FUN-1, line c is the fluorescence of cells
treated with 70% ethanol and stained with FUN-1 (positive control), and line d is the fluorescence of cells treated with antifungal drugs (1 wg/ml of ANTand 16
pg/ml of FLU) during 1 h and stained with FUN-1. (C, F) Determination of the number of CFU (CFU/ml) of cell suspensions treated with different antifungal
concentrations under conditions identical to those of the flow cytometric assay. The nonsusceptible strain is represented by the dark-gray bars and the susceptible

strain by the light-gray bars.

of the checkerboard results, an association provided by FC was defined as
antagonism for SI of <1, no interaction for SI between 1 and 4, and
synergy for an SI of >4.

Determination of viable cells. The number of viable cells in each FC
assay was determined by plating 100 pl of serial dilutions on Sabouraud
agar medium and incubating at 35°C for 24 h. Afterwards, the number of
CFU was determined. No carryover antifungal effect was detected. All
assays were performed in triplicate.

Statistical analysis. To evaluate the agreement between checkerboard
and FC studies, the proportion of agreement (PA) and the value of Kappa
(K) were calculated (31). In order to check the diagnostic validity of FC to
detect the effect of AND with AMB and azoles, having the checkerboard
method as the reference, sensitivity and specificity were calculated (with
confidence intervals at 95%). For calculation of all measures, the SPSS
program (version 19.0) was used.

RESULTS

A protocol for evaluation of AND and AMB susceptibility by FC
using DiBAC,(3) as a marker was optimized. Our method is in-
deed able to discriminate for both drugs the susceptible and non-
susceptible Candida strains. A typical example of FC analysis for
antifungal susceptibility testing is represented in Fig. 1. Accord-
ingly, for each strain, the autofluorescence of the cell population
in analysis is measured. This value is always represented on the
first decade of the log scale of intensity of fluorescence, while the
ethanol-treated cells (dead cells, the positive control) showed a
high increase in the green fluorescence intensity (FL1 [530 nm]) as
expected. The viable nontreated cells stained with DiBAC,(3) had
a slight increase in the fluorescence (2-fold) in comparison with
the viable nontreated and nonstained cells (autofluorescence).
Treatment of susceptible strains with AND produced a dose-de-
pendent increase for the fourth decade of intensity of fluorescence
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of cells, which was not observed in the nonsusceptible strains (Fig.
1A, B). The results obtained after 2 h of incubation with the anti-
fungal were similar to data after 1 h (data not shown). This in-
crease in fluorescence intensity corresponds to a decrease in the
number of CFU (Fig. 1A to C). Likewise, treatment of susceptible
strains with 1 pg/ml of AMB also induced an increase in fluores-
cence intensity similar to that of the positive control after 1 h of
incubation. In contrast, for strains having higher MIC values, only
a slight increase in fluorescence intensity was observed after incu-
bation with AND or AMB, highlighting the fact that plasma mem-
brane depolarization is dependent on antifungal action and thus
dependent on the antifungal susceptibility profile (Fig. 1D, E).
The CFU values determined in similar conditions agree very well
with the FC data (PA = 0.92) (Fig. 1C, F). Since azole treatment
did not result in any increase in the intensity of fluorescence after
DiBAC,(3) staining, even after 2 h of incubation, neither in sus-
ceptible nor in nonsusceptible strains (data not shown), a differ-
ent fluorescent probe was chosen. FUN-1, a metabolic marker, has
already been demonstrated by our group to be an excellent probe
for azole susceptibility testing of Candida spp. (25). Thus, we de-
veloped an FC protocol to evaluate FLU, VOR, and AND suscep-
tibility by FC using FUN-1 as a marker (Fig. 2). An increase in the
intensity of fluorescence was registered only for susceptible strains
after 1 h of incubation. Conversely, this increase was not found for
nonsusceptible strains as expected (Fig. 2B, E). The CFU values
were consistent with FC data (PA = 0.86) (Fig. 2C, F).
Regarding the antifungal association studies, the FC assays for
antifungal associations were performed with subinhibitory con-
centrations (0.5X MIC values) of each drug either alone or in
association using the previous optimized conditions (Fig. 1 and
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FIG 3 Evaluation of antifungal combination effect using flow cytometry. (A) Flow cytometric analysis of the combination effect between anidulafungin and
amphotericin B on the C. albicans 0215 strain, an example of synergistic association. Line a, fluorescence of untreated cells stained with DiBAC,(3); line b,
fluorescence of cells treated with 70% ethanol and stained with DiBAC,(3); line ¢, fluorescence of cells treated with antifungal drugs and stained with DiBAC,(3);
C1, cells treated with a subinhibitory concentration of AND (0.5X MIC); C2, cells treated with a subinhibitory concentration of AMB (0.5X MIC); and C3, cells
treated with a subinhibitory concentrations of both antifungal drugs in association (AND 0.5X MIC + AMB 0.5X MIC). (B) Flow cytometric analysis of the
combination effect between anidulafungin and fluconazole on the C. albicans OL196 strain, an example of indifferent association. Line a, fluorescence of
untreated cells stained with FUN-1; line b, fluorescence of cells treated with 70% ethanol and stained with FUN-1; line ¢, fluorescence of cells treated with
antifungal drugs and stained with FUN-1; CI, cells treated with a subinhibitory concentration of AND (0.5X MIC); C2, cells treated with a subinhibitory
concentration of FLU (0.5X MIC); and C3, cells treated with subinhibitory concentrations of both antifungal drugs in association (AND 0.5X MIC + FLU 0.5X

MIC).

2). These values were used to be able to standardize since the MIC
varies for each strain. DiBAC,(3) was used for staining cells
treated with AND-AMB and FUN-1 for staining cells treated with
AND-FLU or AND-VOR. A typical synergistic interaction of
AND-AMB evaluated by FC is represented in Fig. 3A. The lack of
interaction between AND and FLU association is represented in
Fig. 3B. Taking into account the FC data, the association between
AND and AMB was synergistic in 46% of cases (18 of 39); there
was no interaction in 49% of isolates (19 of 39), and the associa-
tion was antagonistic in 5% (2 of 39) (Table 1). The association
between AND and FLU was synergistic in 36% of cases (13 of 36),
there was no interaction in 61% (22 of 36), and the association was
antagonistic in 3% (1 of 36) (Table 2). The association between
AND and AMB evaluated by the checkerboard microdilution
method was synergistic in 43% of strains tested (17 of 39), there
was no interaction in 49% (19 of 39), and the association was
antagonistic in 8% (3 of 39). Antagonistic interaction was detected
only for C. albicans. For C. glabrata isolates, this association was
quite promising since there was no evidence of an antagonistic
effect and “no interaction” was not a frequent event (Table 1). The
results of AND and FLU association were similar to that for AND
and VOR. Synergism was observed in 44% of strains (16 of 36), no
interaction in 53% (19 of 36), and an antagonistic effect in 3% (1
of 36). These antagonistic events were detected for only one isolate
of C. parapsilosis. Concerning C. glabrata, once again no antago-
nism was observed between AND and the azoles, and no interac-
tion was also a rare event, it being detected only in two strains. For
strains that are susceptible-dose dependent or resistant to FLU
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and those which are nonsusceptible to AND, not showing antag-
onism with the combination of 0.5X MIC, the results of the assays
performed using the breakpoint concentration were similar to
those obtained with 0.5X MIC (data not shown).

Our FC assay showed three more cases of “no interaction” than
the checkerboard method, and there was one more case of antag-
onism in the checkerboard method related to one C. albicans
strain (O195) in comparison with the FC method. The Kappa
value obtained between both methods was 0.83 (95% CI of 0.79 to
0.87), it being 0.82 (95% CI of 0.76 to 0.88) for AND-AMB asso-
ciation and 0.84 (95% CI of 0.78 to 0.90) for the AND-azoles
association. The proportion of agreement calculated was 0.91
(95% CI 0f 0.88 to 0.94), namely 0.90 (95% CI of 0.85 to 0.95) for
the AND-AMB association and 0.92 (95% CI of 0.87 to 0.97) for
the AND-azoles association. Regarding sensitivity and specificity
of the FC method, considering the checkerboard assay as the ref-
erence methodology, sensitivity was 0.88 (95% CI of 0.73 to 0.95)
for detection of synergic effects, and specificity was 0.95 (95% CI
of 0.84 to 1). In order to detect an antagonistic interaction, FC
sensitivity was 0.75 (95% CI of 0.3 to 0.95), and its specificity
was 1.

DISCUSSION

The use of drugs with different mechanisms of action in associa-
tion may play a key role in treatment of invasive fungal infections
(3, 7). In the past few years, this combined antifungal therapy has
received increased attention. Antifungal interaction involving
Cryptococcus has been studied; however, reports on the effect of
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TABLE 1 In vitro interaction of anidulafungin and amphotericin B by the checkerboard and flow cytometry methods against 39 Candida species”

Checkerboard MIC (jg/ml)

Flow cytometry DC (%)

FICI SI

Strain AND AMB AND/AMB (interpretation) AND AMB AND-AMB (interpretation)
C. albicans 0236 0.25 0.25 0.125/0.03 0.62 (NI) 45.04 13.53 22.42 2.15 (NI)
C. albicans 0223 0.25 0.125 0.06/0.015 0.36 (S) 71.23 14.58 69.08 5.71 (S)
C. albicans 0216 0.125 0.25 0.06/0.015 0.54 (NI) 49.68 8.24 25.17 3.56 (NI)
C. albicans 0189 0.25 0.125 0.06/0.015 0.36 (S) 26.33 1.78 24.77 14.86 (S)
C. albicans OL196 0.03 0.25 0.06/0.015 2.06 (NI) 83.45 27.89 33.56 1.61 (NI)
C. albicans 0207 0.015 0.125 0.06/0.015 412 (A) 48.96 10.45 8.53 0.99 (A)
C. albicans 0245 0.015 0.25 0.06/0.015 4.06 (A) 48.13 37.23 20.21 0.99 (A)
C. albicans 0237 0.25 0.25 0.06/0.015 0.30 (S) 42.59 1.57 44.53 29.41 (S)
C. albicans 0183 0.015 0.06 0.015/0.015 1.25 (NI) 22.69 10.41 13.20 1.85 (NI)
C. albicans 0222 1 0.125 0.06/0.015 0.18 (S) 37.40 8.78 32.65 4.59 (S)
C. albicans 0215 0.25 0.125 0.06/0.015 0.36 (S) 68.42 13.05 65.04 5.93 (S)
C. albicans 0190 0.25 2 0.125/0.015 0.51 (NI) 19.34 11.08 17.57 2.49 (NI)
C. albicans 0195 0.015 0.125 0.06/0.015 4.12 (A) 53.12 12.98 17.89 1.72 (NI)
C. albicans ATCC 0.03 0.06 0.015/0.015 0.75 (NI) 61.34 37.12 53.11 2.30 (NI)
C. glabrata OL158 4 0.25 1/0.03 0.37 (S) 79.44 19.36 75.85 4.87 (S)
C. glabrata 0206 0.03 0.25 0.06/0.015 2.06 (NI) 35.48 70.21 50.81 2.16 (NI)
C. glabrata 0188 0.50 0.125 0.06/0.015 0.24 (S) 82.83 3.95 58.39 15.49 (S)
C. glabrata OL163 0.25 0.25 0.06/0.015 0.30 (S) 73.94 15.09 57.93 4.62 (S)
C. glabrata OL149 0.25 0.25 0.125/0.03 0.62 (NI) 75.39 36.95 58.23 2.35 (NI)
C. glabrata O175 0.06 0.125 0.015/0.015 0.37 (S) 66.85 10.44 63.11 6.99 (S)
C. glabrata 0180 0.03 0.25 0.015/0.015 0.56 (NI) 78.27 3.01 73.13 25.23 (S)
C. glabrata O181 4 0.06 0.015/0.03 0.50 (S) 59.89 5.66 37.48 7.25(S)
C. guilliermondii 33 1 0.125 0.25/0.03 0.49 (S) 23.28 2.46 21.11 9.49 (S)
C. krusei OL16 0.25 0.25 0.06/0.015 0.30 (S) 29.72 4.81 27.58 6.66 (S)
C. krusei 0234 0.125 0.125 0.06/0.015 0.60 (NI) 14.92 2.11 10.53 5.70 (S)
C. lusitaniae D51 0.5 2 0.25/0.25 0.63 (NI) 79.93 49.79 69.93 2.28 (NI)
C. parapsilosis OL143 2 0.25 1/0.03 0.62 (NI) 72.14 23.71 55.46 3.11 (NI)
C. parapsilosis 0246 1 0.25 0.5/0.06 0.74 (NI) 67.93 48.06 58.03 2.06 (NI)
C. parapsilosis ATO17 4 0.125 1/0.06 0.73 (NI) 2.94 0.34 0.78 2.56 (NI)
C. parapsilosis OL144 2 0.25 0.06/0.03 0.15 (S) 21.15 0.63 16.10 26.32 (S)
C. parapsilosis 0204 4 0.125 2/0.06 0.98 (NI) 82.33 31.18 80.53 3.56 (NI)
C. parapsilosis O136 2 0.125 1/0.03 0.74 (NI) 15.58 14.50 16.98 2.26 (NI)
C. parapsilosis Cpo41 8 0.125 0.06/0.06 0.49 (S) 8.87 5.98 15.06 422 (S)
C. parapsilosis 0158 2 0.125 0.5/0.03 0.49 (S) 45.08 4.92 21.61 4.87 (S)
C. parapsilosis 056 4 0.125 2/0.03 0.74 (NI) 21.72 11.53 18.67 2.48 (NI)
C. tropicalis OL202 0.06 0.25 0.015/0.015 0.31(S) 90.22 3.45 89.79 27.02 (S)
C. tropicalis OL205 0.25 0.25 0.06/0.015 0.30 (S) 70.98 23.04 53.85 3.10 (NI)
C. tropicalis OL193 0.03 0.5 0.06/0.015 2.03 (NI) 42.01 11.21 11.01 1.24 (NI)
C. tropicalis 1304 1 0.06 0.5/0.03 1 (NI) 11.54 1.98 3.96 2.34 (NI)

@S, synergism; A, antagonism; NI, no interaction; FICI, fractional inhibitory concentration index; DC, percentage of depolarized cells; SI, staining index. DC percentage is based on
the use of 0.5X MIC of each drug. FICI = (MIC AND/AMB)/MIC AND + (MIC AMB/AND)/MIC AMB. SI = (DC AND + AMB)/DC AND + (DC AND + AMB)/DC AMB.

antifungal combinations involving the most frequent Candida
spp. are less common. Most of these studies have demonstrated
synergism, whereas others have reported no interaction and occa-
sionally antagonism (3, 11, 13, 29, 32).

Echinocandins are a novel class of antifungals which have the
cell wall as their target. The literature addressing the relationship
between such drugs and membrane-active drugs such as polyenes
or azoles against Candida is still somewhat limited (12, 13, 15).
Importantly, drugs with different targets of action could reinforce
each other, allowing a decrease in doses and thus reducing side
effects for patients (12, 16). AND acts by inhibiting the 1,3-3-D-
glucan synthesis, the major component of the fungal cell wall (26).
AMB and azoles are membrane-active drugs; the former acts by
making holes in the membrane and the latter by inhibiting its
synthesis. Echinocandins probably enhance the effect of mem-
brane-active drugs by increasing their access to the target (1, 12).
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Nevertheless, it cannot be assumed that the use of two or more
effective drugs with distinct mechanisms of action would produce
an improved outcome compared to the results seen with a single
compound (3, 7).

Like in most previously published studies, the association be-
tween azoles or AMB with AND resulted, for the majority of the
strains, in a synergy or no interaction (13, 17, 19). In fact, in our
study, antagonism for AND-AMB association was observed only
for three strains of C. albicans (0207, 0245, 0195) and one for the
AND-FLU association in a strain of C. parapsilosis (Cpo41). Each
drug alone had very low MIC values for these strains, but they
increased following the association, although still remaining low.
With regard to echinocandins, most authors found no antago-
nism between micafungin and azoles or AMB (4, 17, 32). Barchiesi
et al. did not find advantages in associating caspofungin and the
polyene, with the exception of C. parapsilosis, but the study in-
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TABLE 2 In vitro interaction of anidulafungin and fluconazole by the checkerboard and flow cytometry methods against 36 Candida species”

Checkerboard MIC (pg/ml) FICI Flow cytometry MIF SI

Strain AND FLU AND/FLU (interpretation) AND FLU AND-FLU (interpretation)
C. albicans O189 0.25 32 0.06/0.06 0.24 (S) 1.10 1.26 2.60 4.44 (S)
C. albicans O190 0.25 64 0.06/0.015 0.24 (S) 0.48 0.48 1.24 5.13 (S)
C. albicans 0195 0.015 4 0.015/0.06 1.02 (NI) 2.70 1.62 2.34 2.31 (NI)
C. albicans 0205 0.06 2 0.06/0.015 1.01 (NI) 1.68 0.93 0.82 1.36 (NI)
C. albicans 0207 0.015 4 0.015/0.06 1.02 (NI) 2.30 1.74 1.55 1.57 (NI)
C. albicans 0216 0.25 64 0.06/0.06 0.24 (S) 4.77 3.16 7.72 4.06 (S)
C. albicans 0223 0.25 1 0.06/0.06 0.30 (S) 1.75 1.39 4.37 5.65 (S)
C. albicans 0236 0.25 16 0.06/0.06 0.24 (S) 1.10 1.03 2.17 4.08 (S)
C. albicans 0237 0.25 64 0.06/0.06 0.24 (S) 2.67 1.29 3.50 4.03 (S)
C. albicans 0245 0.015 64 0.015/0.06 1 (NI) 1.41 1.27 1.34 2.00 (NI)
C. albicans OL122 0.125 0.5 0.125/0.015 1.03 (NI) 8.00 4.79 5.69 1.90 (NI)
C. albicans OL160 0.03 16 0.015/0.125 0.51 (NI) 0.38 0.38 0.59 3.09 (NI)
C. albicans OL171 0.015 0.5 0.015/0.015 1.03 (NI) 0.48 0.49 0.48 2.00 (NI)
C. albicans OL172 0.03 16 0.015/0.125 0.51 (NI) 1.26 0.91 1.68 3.19 (NI)
C. albicans OL196 0.015 64 0.015/0.06 1 (NI) 1.28 1.41 1.28 1.91 (NI)
C. albicans ATCC 0.03 0.125 0.015/0.015 0.62 (NI) 1.69 1.40 1.79 2.33 (NI)
C. glabrata 0158 4 4 0.5/1 0.38 (S) 7.93 1.01 8.90 9.93 (S)
C. glabrata O181 4 4 0.25/1 0.31 () 2.48 0.51 2.83 6.72 (S)
C. glabrata 0188 0.5 8 0.06/0.06 0.13 (S) 3.77 2.81 7.15 4.44 (S)
C. glabrata 0180 0.5 16 0.125/0.06 0.25 (S) 0.46 1.02 1.30 4.09 (S)
C. glabrata 0206 0.03 16 0.015/0.06 0.51 (NI) 1.88 1.80 2.04 2.22 (NI)
C. glabrata OL149 0.25 16 0.06/0.06 0.24 (S) 2.08 1.22 3.24 4.20 (S)
C. glabrata OL158 4 8 0.06/4 0.52 (NI) 127 1.01 1.14 2.03 (NI)
C. glabrata OL163 0.25 16 0.06/0.06 0.24 (S) 1.78 1.57 1.96 2.35 (NI)
C. glabrata OL164 0.25 8 0.06/0.015 0.24 (S) 0.96 0.62 1.61 4.29 (S)
C. krusei OL16 0.25 64 0.125/0.06 0.51(NI) 1.10 1.06 1.15 2.13 (NI)
C. parapsilosis Cpo41 8 0.125 0.06/0.5 4.01 (A) 1.34 1.11 0.59 0.97 (A)
C. parapsilosis O136 4 2 0.25/2 1.06 (NI) 1.64 0.91 0.92 1.57 (NI)
C. parapsilosis 0246 2 0.5 0.25/0.25 0.625 (NI) 1.53 1.72 1.66 2.05 (NI)
C. parapsilosis 056 4 0.5 0.5/0.25 0.625 (NI) 2.33 4.06 3.07 2.07 (NI)
C. parapsilosis OL143 2 2 0.25/0.5 0.38 (S) 3.37 4.37 4.96 2.61 (NI)
C. parapsilosis ATO16 4 0.25 0.5/0.06 0.37 (S) 3.10 3.53 4.31 2.61 (NI)
C. parapsilosis OL144 2 2 0.5/1 0.75 (NI) 1.95 1.18 1.94 2.65 (NI)
C. tropicalis OL193 0.015 2 0.015/0.06 1.03 (NI) 1.12 1.68 1.53 2.27 (NI)
C. tropicalis OL202 0.015 2 0.015/0.06 1.03 (NI) 0.47 0.75 0.46 1.60 (NI)
C. tropicalis OL295 0.25 2 0.06/0.06 0.27 (S) 1.43 0.98 2.57 4.42 (S)

@S, synergism; A, antagonism; NI, no interaction; FICI, fractional inhibitory concentration index; MIF, mean intensity of fluorescence; S, staining index. MIF was determined
using 0.5X MIC of each drug. FICI = (MIC AND/FLU)/MIC AND + (MIC FLU/AND)/MIC FLU. SI = (MIF AND + FLU)/MIF AND + (MIF AND + FLU)/MIF FLU.

cluded a much more limited number of strains (2). In some Can-
dida strains, echinocandins are highly active, and so the fungicidal
activity may be difficult to improve after combination (17). More-
over, we have shown that the drug interaction potential is species
and strain dependent, which enhances the importance of the novel
protocol described here for the first time.

The mathematic model used for the checkerboard method,
which allows a quantification analysis after calculating the FICI,
has been the most commonly used procedure to characterize the
activity of antimicrobial combinations in clinical laboratories.
Other methods, such as time-kill assays and Etest, have been used
(13); however, despite their good correlation with the checker-
board assay, all of them take at least another 24 h to provide re-
sults. The terminology used to assign the results into interpretative
categories is often a subject of debate and confusion, with difficult
resolution (10). Synergism and antagonism have clear and intui-
tive meanings, although “no interaction” is a somewhat subjective
category without a clear clinical relevance (10).

At the moment, few but relevant reports have helped to dem-
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onstrate the value of cytometric assays as excellent yet underex-
plored tools in clinical microbiology (8, 23, 30). Flow cytometry is
a powerful high-throughput technology which allows the charac-
terization of several thousands of cells per second, distinguishing
between different physiological states. Differentiations between
viable, intermediate, and nonviable cells are possible using fluo-
rescent dyes. Using these tools, fast, reliable data could be ob-
tained with great benefit for the patient. Echinocandin antifungal
activity was studied using DiBAC,(3) or FUN-1, although for
azoles only FUN-1 could be used after a short incubation time.
Regarding AMB, previous studies reported the impossibility of
studying its activity with FUN-1 (25). Thus, the study of the AND-
AMB association was performed using DiBAC,(3) and that of the
AND-azoles association was performed using FUN-1 (Fig. 1 to 3).
DiBAC,(3) is a membrane potential marker that can enter depo-
larized cells, where it binds to intracellular proteins or membranes
and exhibits enhanced fluorescence; and FUN-1 is a metabolic
activity staining that passively diffuses through yeast cell walls. In
metabolically inactive cells, FUN-1 remains in the cytoplasm, dis-
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playing a green fluorescence, while in active cells it is processed,
which results in the formation of distinct vacuolar structures that
exhibit a red fluorescence, accompanied by a reduction in the
green cytoplasmic fluorescence (14, 24). For both markers, an
increase in fluorescence intensity [FL1 (530 nm) for DiBAC,(3)
and FL2 (575 nm) for FUN-1] agrees with the reduction of CFU
counts, meaning a reduction of cell viability.

The FC protocols described show an excellent agreement with
the checkerboard method and high sensitivity and specificity, thus
allowing the study of different combinations of antifungal drugs
in less than 2 h.
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