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Nilgun Kaşifoğlu,1 and Yurdanur Akgun1

Department of Microbiology, Medical Faculty,1 and Department of Biology, Faculty of Art and Science,2

University of Osmangazi, Eskişehir, Turkey
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The in vitro activities of caspofungin plus amphotericin B against 50 Candida glabrata isolates were evaluated
by the time-kill, disk diffusion, and Etest methods. In vitro experiments showed a positive interaction. Even
though each of these methods uses different conditions and endpoints, the results of the different methods
frequently agreed.

Candida glabrata is an opportunistic pathogen that mainly
affects severely immunocompromised patients, causing dissem-
inated and frequently fatal infections (9). Many isolates of C.
glabrata have shown innate resistance to fluconazole, and treat-
ment often fails. Combined therapy could be a therapeutic
alternative, but it has been poorly explored (7).

Caspofungin (CAS), an echinocandin, inhibits fungal cell
wall synthesis. Amphotericin B (AMB) targets fungal ergos-
terol, the main component of the fungal cell membrane (5).
With their different mechanisms of action, these two drugs
could be effective in combination. In this study, we hypothe-
sized that the combination of CAS with AMB could have an
advantage against C. glabrata over monotherapy with either
drug.

Fifty strains of C. glabrata were isolated from clinical sam-
ples at our laboratory. Candida parapsilosis ATCC 22019 was
included for quality control (4). Antifungal susceptibility test-
ing was performed, following both the broth microdilution (4)
and Etest (Etest technical guide 4; AB Biodisk, Solna, Sweden)
methods. The final concentrations were 0.03 to 2.0 �g/ml of
AMB and 0.0625 to 64 �g/ml of CAS. MICs were read after
48 h of incubation. The Etest was performed on RPMI 1640
agar plates as recommended (Etest technical guide 4) (1). For
CAS, an 80% inhibition in growth was used as the MIC end-
point (microcolonies were ignored), and for AMB, the MIC
endpoint was defined as the lowest concentration with com-
plete (100%) growth inhibition (1).

For the time-kill studies, the drugs alone and in combination
were used at 1� MIC (1.0 �g/ml for both drugs). The numbers
of CFU were determined at 0, 2, 6, and 24 h. The limit of
detection was 50 CFU/ml. Fungicidal activity was considered to
have been achieved when the number of CFU per milliliter was
�99.9% compared with the initial inoculum size. Synergy and

antagonism were defined, respectively, as a �100-fold increase
or decrease in killing compared with that achieved with the
most active single agent. If there was less than a 100-fold
change, the interaction was considered indifferent (3). For the
antifungal combination studies, two types of Etest methods
were used. For the first method (Etest-1; described in refer-
ence 5), synergy was defined as a decrease of �3 dilutions,
indifference as a decrease of �2 dilutions, and antagonism as
an increase of �3 dilutions, respectively, in the resultant MIC.
The second method (Etest-2) was carried out as described in a
previous study (10). The fractional inhibitory concentration
(FIC) index was calculated as follows: �FIC � FIC A � FIC
B, where FIC A is the MIC of the combination/the MIC of
drug A alone, and FIC B is the MIC of the combination/the
MIC of drug B alone. An FIC of �0.5 indicated a synergic
effect, an FIC of �0.5 to 4.0 an indifferent effect, and an FIC
of �4.0 an antagonistic effect (1, 5, 10).

The disk diffusion method was used according to National
Committee for Clinical Laboratory Standards guideline
M44-A (8). Disks were embedded in the drug alone or in the
drugs in combination. The final concentrations for AMB and
CAS were 10 �g/disk and 2.5 �g/disk, respectively. The plates
were incubated at 35°C, and inhibition zone diameters were
measured at 24 to 48 h (6).
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TABLE 1. In vitro susceptibilities of 50 isolates to two antifungal
agents as determined by Etest and broth microdilution methods

Antifungal
agent Methoda MIC range (�g/ml) % of agreementb

(� 2 log2 dilutions)

AMB BMD 0.25–2 (�g/ml) 86
ET 0.0020–25 (�g/ml)

CAS BMD 0.125–2 (�g/ml) 90
ET 0.125–1.5(�g/ml)

a BMD, broth microdilution; ET, Etest.
b Percentage of agreement between the results is defined as the proportion of

Etest MIC results that were within � 2 log2 dilutions of the broth microdilution
MIC results.
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Statistical analysis. The in vitro results were analyzed by
Student’s t test, and a value of �0.05 was considered signifi-
cant.

The median MICs are presented in Table 1. In general,
there was good agreement between the Etest and the broth
microdilution test.

As seen in Table 2, time-kill studies for the C. glabrata
isolates using CAS plus AMB revealed synergy in 23 of 50
(46%) isolates and indifference in 27 of 50 (54%) isolates,
whereas antagonism was not detected. The Etest-1 method

revealed synergy in 20 of 50 (40%) isolates, indifference in 29
of 50 (58%) isolates, and antagonism in 1 of 50 (2%) isolates.
The Etest-2 method revealed synergy in 6 of 50 (12%) isolates,
indifference in 41 of 50 (82%) isolates, and antagonism in 3 of
50 (6%) isolates.

Concordance of the Etest-1 synergy method and the time-
kill assay was demonstrated for 44 of 50 (92%) isolates. Con-
cordance of the Etest-2 synergy method and the time-kill assay
was found for 26 of 50 (52%) isolates. However, 26 of 50 (52%)
isolates gave the same result for each of three tests (indiffer-
ence, 22; synergy, 4).

For the Etest-2 method, we opted to place the Etest strips
simultaneously on the agar at 90° angles. CAS and AMB ex-
hibited different diffusion characteristics through the agar, re-
sulting in dissimilar ellipse patterns. However, the growth end-
points used to measure the MIC by Etest are different for the
two agents. Therefore, we felt that the interpretation of sepa-
rate ellipses at 90° angles would be difficult.

The disk diffusion assay results are reported in Table 3. The
zone diameters of each drug combination were never smaller
than those produced by each drug alone, and antagonism was
never observed.

Our findings are similar to the results of other investigators
who reported that generally, synergistic and indifferent effects
against Candida spp. are observed, whereas antagonism is
rarely detected (2, 3). However, the results of the Etest-1 study
indicate that this method could be an acceptable alternative to
time-kill studies with antifungal agents. It is possible that pre-
exposure for 1 h with an echinocandin in agar-based medium is
sufficient to detect an echinocandin-polyene interaction. The
positive interaction between an echinocandin compound and a
polyene can be explained by the fact that both drug families
possess unique mechanisms of action. It can be postulated that
the candins, which inhibit cell wall synthesis, may enhance the
activity of AMB by increasing the rate or degree of their access
to the cell membrane (3).

Combination therapy with these two drugs may be advanta-
geous against C. glabrata, since synergy was seen with some of
the isolates (46% for the time-kill method) and antagonism
was not seen. Animal studies are warranted to elucidate the
potential utility of this combination therapy.
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and AMB alone and in combination as determined by

disk diffusion assaya

Drug Halo diamb (mean � SD)

CAS alone 24 � 2.7c

AMB alone 22 � 4.5d

CAS � AMB 29 � 4.7

a Each isolate was tested in duplicate.
b With treatment of 2.5 �g/disk of CAS or 10 �g/disk of AMB. SD, standard

deviation.
c P � 0.05 versus results for CAS alone.
d P � 0.05 versus results for AMB alone.
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7. Mariné, M., C. Serena, F. J. Pastor, and J. Guarro. 2006. Combined anti-
fungal therapy in a murine infection by Candida glabrata. J. Antimicrob.
Chemother. 58:1295–1298.

8. National Committee for Clinical Laboratory Standards. 2002. Method for an-
tifungal disk diffusion susceptibility testing in yeasts. Approved guideline
M-44-A. National Committee for Clinical Laboratory Standards, Wayne, PA.

9. Patterson, T. F. 2005. Advances and challenges in management of invasive
mycoses. Lancet 366:1013–1025.

10. White, R. L., D. S. Burgess, M. Manduru, and J. A. Bosso. 1996. Comparison
of three different in vitro methods of detecting synergy: time-kill, checker-
board, and E test. Antimicrob. Agents Chemother. 40:1914–1918.

790 KIRAZ ET AL. ANTIMICROB. AGENTS CHEMOTHER.


