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Abstract To evaluate the in vitro efficacy of com-
mon antifungal drugs, as well as the interactions of
caspofungin with voriconazole, amphotericin B, or
itraconazole against the pathogenic black yeast
Exophiala dermatitidis from China, the minimal
inhibitory concentrations (MICs) of terbinafine,
voriconazole, itraconazole, amphotericin B, fluconaz-
ole, and caspofungin against 16 strains of E. derma-
titidis were determined by wusing CLSI broth
microdilution method (M38-A2). The minimal fungi-
cidal concentrations (MFCs) were also determined.
Additionally, the interactions of caspofungin with
voriconazole, amphotericin B, itraconazole or fluco-
nazole, that of terbinafine with itraconazole, or that of
fluconazole with amphotericin B were assessed by
using the checkerboard technique. The fractional
inhibitory concentration index (FICI) was used to
categorize drug interactions as following, synergy,
FICI < 0.5; indifference, FICI > 0.5 and <4.0; or
antagonism, FICI > 4.0. The MIC ranges of terbina-
fine, voriconazole, itraconazole, amphotericin B, fluco-
nazole, and caspofungin against E. dermatitidis were
0.06-0.125 mg/1, 0.25-1.0 mg/1, 1.0-2.0 mg/l, 1.0-2.0
mg/l, 16-64 mg/l, and 32-64 mg/l, respectively. The
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in vitro interactions of caspofungin with voriconaz-
ole, amphotericin B, and itraconazole showed syner-
gic effect against 10/16(62.5%), 15/16(93.75%), and
16/16(100%) isolates, while that of caspofungin with
fluconazole showed indifference. Besides, the inter-
action of terbinafine with itraconazole as well as that
of fluconazole with amphotericin B showed indiffer-
ence. Terbinafine, voriconazole, itraconazole, and
amphotericin B have good activity against E. derma-
titidis. The combinations of caspofungin with voric-
onazole, amphotericin B or itraconazole present
synergic activity against E. dermatitidis. These results
provide the basis for novel options in treating various
E. dermatitidis infections.
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Introduction

The black yeast E. dermatitidis, which can be isolated
from various materials, is able to cause both super-
ficial and deep-seated infections in human beings [1].
In recent years, infections caused by E. dermatitidis
with various clinical presentations are increasing,
including fatal fungemia [2—4] and central nervous
system infections [5, 6]. Although a few papers
have presented antifungal susceptibility patterns of
E. dermatitidis against currently available antifungal
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drugs that are being used to treat phaeohyphomycosis
[7-9], little was known about the combination
regimens with synergistic drugs that could provide
novel options for treating various phaeohyphomyco-
sis. In this study, by using the standard microdilution
method CLSI (formerly NCCLS) M38-A2 [10], we
evaluated the antifungal activity of terbinafine,
fluconazole, itraconazole, voriconazole, amphotericin
B, and the echinocandin caspofungin [11] against
E. dermatitidis from China. Since the combinations
of different antifungal drugs with different mecha-
nisms might improve clinical results, reduce doses
and dose-related toxicity, we further investigated the
interactions of caspofungin with itraconazole, voric-
onazole, amphotericin B or fluconazole, that of
terbinafine with itraconazole, or that of fluconazole
with amphotericin B, against E. dermatitidis strains.

Materials and Methods
Organisms

All of the 16 E. dermatitidis strains, isolated from
different patients or nature, were stored in the
Research Center for Medical Mycology of Peking
University, China. Each strain was grown for 7 days
on potato dextrose agar (PDA) at 35°C to ensure the
viability and purity. Candida parapsilosis ATCC
22019 was used as quality control for antifungal
susceptibility testing.

Molecular Reconfirmation

Since the species of Exophiala are morphologically
very similar, we identified these 16 E. dermatitidis
strains by using the molecular methods as described
elsewhere [12]. After the genomic DNA was extracted,
PCR of the rDNA internal transcribed spacer region
with primers ITS1 (5-TCC GTA GGT GAA CCT
GCGG-3') and ITS4 (5'-TCCTCC GCT TAT TGA
TAT GC-3') was performed as described previously
[12]. Amplicons were verified by electrophoresis on
agarose gels staining with ethidium bromide and were
then sequenced. Similarity matrices for identification
were calculated after multiple sequence alignment
with strains in a research database maintained at CBS
that contains lots of chaetothyrialean sequences as
well as ex-type strains of all species in genus

@ Springer

Exophiala [13]. These procedures were duplicated
for each strain.

Antifungal Drugs

Antifungal agents were provided by the manufactur-
ers or were purchased as pure powder. Itraconazole
(Janssen Phamaceutica, Xian, China), voriconazole
(Shouguang Fukang Pharmaceutical Co. Ltd, China),
terbinafine (Shouguang Fukang Pharmaceutical Co.
Ltd, China), and amphotericin B (Sigma—Aldrich Co.
St. Louis, USA) were diluted in 100% dimethyl
sulphoxide as the stock solution with concentration of
1600 mg/l. Fluconazole (Fuyang Genebest Chemical
Industry Co. Ltd, China) and caspofungin (Merck,
NJ, USA) were diluted in sterile distilled water as the
stock solution with concentration of 1280 mg/l. The
stock solutions were diluted in RPMI-1640 medium
(Invitrogen Corporation, Grand Island, USA) and
were further serially diluted twofold, yielding 2 times
the final strength required for the test.

Broth Microdilution Method

The broth microdilution assay was performed accord-
ing to the Clinical and Laboratory Standards Institute
(CLSI) M38-A2 reference method [10]. The standard
liquid RPMI-1640 medium buffered with 0.165 M
MOPS (morpholinepropanesulfonic acid) to adjust the
pH 7.0 £ 0.1 was used as tested medium. Each
antifungal drug was serially twofold diluted in
RPMI-1640 broth medium to obtain two times of the
final concentrations. The final concentrations of
amphotericin B, itraconazole, and voriconazole ranged
16-0.03 mg/l, that of terbinafine ranged 4-0.008 mg/l,
that of fluconazole ranged 256-0.5 mg/l, and that of
caspofungin ranged 128-0.25 mg/l. Spores of the
tested E. dermatitidis strains were collected from
PDA cultures with sterile saline containing 0.01%
tween20 and were further diluted with RPMI-1640
broth medium to a final concentration of 2-5 X
10* CFU/ml as twofold of the desired inoculums, from
which 100 pl was further inoculated into the each
microdilution well. The MIC was determined by visual
assessment and was defined as lowest concentration to
inhibit 100% of fungal growth compared with the
growth control for all drugs after incubation at 35°C
for 72 h.
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MFC Determination

The in vitro minimal fungicidal concentrations
(MFCs) were determined as described previously
[14]. Briefly, after the MIC for each strain was
determined, the microtiter plates were shaken and
20 pl suspensions from each well showing complete
inhibition (100% or an optically clear well) and from
the growth control (drug-free medium) was subcul-
tured onto Sabouraud dextrose agar plates. The MFC
was defined as the lowest drug concentration at which
fewer than three colonies were observed after 48 h of
incubation at 35°C. The MFC value represents the
concentration at which approximately 99.9% of the
original inoculum is killed.

Interactions of Drugs In Vitro

Drug interactions were assessed by a checkerboard
microdilution method that also included the determi-
nation of the MIC of each drug alone in the same
plate using the guidelines presented in CLSI docu-
ment M38-A2. Antifungal agents were placed in the
rows or in the columns of the trays to perform
possible combinations, with concentrations from 2 to
0.03 mg/l for terbinafine, 8-0.015 mg/l for itraco-
nazole, voriconazole and amphotericin B, 64—1 mg/l
for fluconazole and caspofungin. For all the drugs and
their combinations, MIC was determined after 72 h
of incubation at 35°C with the endpoint criterion that
was defined as the lowest concentration resulting in
100% inhibition of visible fungal growth. Duplicate
testing was performed.

The fractional inhibitory concentration index
(FICI) was used to classify drug interaction. The
FICI is the sum of the FIC of each of the drugs, which
in turn is defined as the MIC of each drug when used
in combinations divided by the MIC of the drug when
used alone. The FICI was defined as the following
[15]: synergic if the FICI was <0.5; neither syner-
gistic nor antagonistic if the FICI was >0.5 and <4.0;
and antagonistic if FICI was >4.0.

Results

Based on the ITS DNA sequence alignment results, all
the 16 strains were identical with the type strains of
E. dermatitidis, e.g., CBS 686.92, CBS 207.35, CBS

581.76, and CBS 109154. MIC ranges, MIC5,, MICq,
and MFC data are presented in Table 1. In brief, the
MIC ranges of terbinafine, voriconazole, itraconazole,
amphotericin B, fluconazole, and caspofungin against
E. dermatitidis were 0.06-0.125 mg/1, 0.25-1.0 mg/l,
1.0-2.0 mg/l, 1.0-2.0 mg/l, 16-64 mg/l, and 32-64
mg/l, respectively. The MFC ranges of terbinafine,
voriconazole, itraconazole, amphotericin B, and
fluconazole were 0.06-0.25 mg/l, 0.25-1.0 mg/l,
1.0-2.0 mg/1, 1.0-2.0 mg/l, and 32—-128 mg/l, respec-
tively. With the high MIC values of caspofungin
against E. dermatitidis, its MFCs were not assayed. In
addition, the MEC (minimal effective concentration)
of caspofungin against E. dermatitidis could not be
determined, because most of strains showed mainly
yeast cells in the growth control wells and drug-
contained wells. The combinations of caspofungin
with voriconazole, amphotericin B, and itraconazole
had synergic effect against 10/16(62.5%), 15/16
(93.75%), and 16/16(100%) strains of E. dermatitidis,
respectively (Table 2). However, no interaction of
caspofungin with fluconazole was observed. Those of
terbinafine with itraconazole and amphotericin B with
fluconazole showed neither synergistic nor antago-
nistic effect against E. dermatitidis (data not show).

Discussion

In the present study, since MFCs were not higher than
MICs above twofold dilution in these drugs as shown
in Table 1, terbinafine, voriconazole, itraconazole,
and amphotericin B presented good in vitro anti-
fungal activity against E. dermatitidis with fungicidal
activity that was consistent with previous work
conducted by Fothergill et al. [8, 16]. However, the
high MIC values of caspofungin and fluconazole
might suggest their inadequate antifungal ability
against E. dermatitidis.

Terbinafine is an allylamine antifungal drug with
superior antifungal activity against various dermato-
phytes and other pathogenic fungi [17]. With the
highly lipophilic property and wide distribution in
cutaneous tissue, terbinafine is now being used in
treating various dermatophytosis [18, 19]. Since
E. dermatitidis can cause both superficial and subcu-
taneous infections, from this study and other report
[15] that terbinafine has in vitro fungicidal activity
against E. dermatitidis, we suggest that terbinafine
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Table 2 In vitro interactions of caspofungin with voriconazole, amphotericin B, and itraconazole against E. dermatitidis
Strains MIC (mg/l) FICI

VRC/CAS AMB/CAS ITC/CAS VRC/CAS AMB/CAS ITC/CAS
00031 0.25/4.0 1.0/16 0.5/4.0 0.56 0.75 0.31
00032 0.125/8.0 0.5/4.0 0.25/4.0 0.5 0.375 0.38
01629 0.06/8.0 0.25/2.0 0.25/4.0 0.5 0.31 0.375
00035 0.125/16 0.5/4.0 0.25/4.0 0.5 0.31 0.31
00038 0.06/16 0.25/4.0 0.25/4.0 0.5 0.31 0.18
00039 0.25/1.0 0.5/8.0 0.5/1.0 1.0 0.38 0.27
00041 0.125/8.0 0.5/2.0 0.5/2.0 0.5 0.31 0.31
00044 0.06/2.0 0.25/4.0 0.25/4.0 0.31 0.38 0.38
03290 0.06/16 0.25/8.0 0.25/8.0 0.5 0.25 0.25
03334 0.06/16 0.25/4.0 0.25/4.0 0.5 0.31 0.18
00028 0.125/16 0.5/2.0 0.25/8.0 0.75 0.28 0.18
00030 0.25/4.0 0.5/4.0 0.5/4.0 0.63 0.38 0.38
00037 0.25/2.0 0.5/16 0.25/4.0 0.28 0.5 0.19
00040 0.125/8.0 0.5/2.0 0.25/4 0.75 0.31 0.38
00036 0.25/1.0 0.5/2.0 0.125/8.0 1.0 0.31 0.38
00042 0.125/4.0 0.5/4.0 0.25/8.0 0.38 0.37 0.5
MIC range 0.06-0.25/1.0-16 0.25-1.0/2.0-16 0.125-0.5/1.0-8.0 - - -

FICI, fractional inhibitory concentration index (synergy, FICI < 0.5; indifference, FICI > 0.5 and <4.0; and antagonism,

FICI > 4.0)

AMB amphotericin B, CAS caspofungin, ITC itraconazole, VRC voriconazole

would be a useful choice in the treatment of
refractory cutaneous infections caused by E. derma-
titidis. Although terbinafine has been proven to have
synergistic activity with itraconazole against other
pathogenic fungi, such as Scedosporium prolificans
[20], it showed in this study no interaction with
itraconazole against E. dermatitidis.

Amphotericin B is widely used for the treatment of
serious systemic fungal infections [21]. From this in
vitro and previous study [22], amphotericin B is
effective for the treatment of patients who have
phaeohyphomycosis. Systemic toxicity of amphoter-
icin B provided the impetus to develop novel
therapeutic regimen such as antifungal combinations
that enable less drug dosage but better clinical
outcome. According to the present study, the combi-
nation of caspofungin with amphotericin B, which is
used in clinical practice for managing refractory
invasive aspergillosis infections [23, 24], had syner-
gic effect against E. dermatitidis. The role of
E. dermatitidis in the lung infection has become
increasingly apparent, especially in patients with
cystic fibrosis [22, 25-27]. With limited therapeutic

options, the present combination could be a valuable
regimen to cure obstinate pulmonary phaeohypho-
mycosis caused by E. dermatitidis, as well as to cure
systemic infections.

The triazoles, including fluconazole, itraconazole,
and voriconazole, show antifungal effect by inhibit-
ing C14-o lanosterol demethylase that contributes to
the ergosterol synthesis of fungal cell membrane[28].
Although fluconazole is used widely in the treatment
of various fungal infections caused by Candida spp.,
dermatophytes, and some dematiaceous fungi [29],
poor antifungal activity against E. dermatitidis was
observed in this study. And there was no interaction
when fluconazole combined with either amphotericin
B or caspofungin against E. dermatitidis. However,
itraconazole and voriconazole, which are now being
widely used in treating various invasive fungal
infections including candidemia [30], invasive asper-
gillosis, and even the fungal infections in CNS
[29, 31, 32], showed good in vitro antifungal activity
against E. dermatitidis. In addition, as shown in
Table 2, itraconazole and voriconazole also presented
synergic effect when combined with caspofungin.
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These observations indicated that each of them could
be used alone or in combination with caspofungin in
treatment of fungemia or invasive infections caused
by E. dermatitidis.

Caspofungin is an echinocandin antifungal drug
and is approved to treat invasive candidiasis and
invasive aspergillosis [10]. Previous studies have
demonstrated that echinocandins including caspofun-
gin and micafungin, which act by inhibiting the fungal
beta-(1, 3)-glucan synthesis to cause the damages of
fungal cell walls [10], can enhance the efficacy of
itraconazole or amphotericin B in vitro against sev-
eral fungal pathogens, such as Penicillium marne-
feii[33], Aspergillus spp.[34], Candida spp.[35]. As
shown in Table 2, caspofungin could enhance the
activity of both voriconazole and itraconazole against
10/16 and 16/16 isolates of E. dermatitidis, with the
MICs of both itraconazole and voriconazole reducing
two- to fourfold dilution and that of caspofungin in the
two combinations reducing two- to sixfold dilution,
although caspofungin had high MIC value (Table 1)
when being used alone against the E. dermatitidis.
Despite there was no accurate pharmacokinetic data
on the bioavailability of caspofungin in the CSF,
systemic therapy with caspofungin in a few patients
with cerebral fungal infection achieved more favor-
able outcome than other drugs [36, 37]. In addition,
the combination of caspofungin with voriconazole,
which is the first-line agent for the treatment of
invasive aspergillosis [38], had effectively cured fatal
cerebral aspergillosis that might attribute to their good
brain penetration and their possible synergic anti-
fungal activity [38—40]. Furthermore, the synergic
effects presented here provide novel clinical regimens
to get better clinical results in treatment for systematic
E. dermatitidis infections and lethal cerebral phaeo-
hyphomycosis. Despite these observations, indiffer-
ence was seen in the combination of caspofungin with
fluconazole against E. dermatitidis in vitro.

In summary, the common antifungal drugs terbina-
fine, voriconazole, itraconazole, and amphotericin B
showed good in vitro activity against E. dermatitidis,
indicating that these drugs could be used alone to treat
infections caused by E. dermatitidis, although the
correlation between good in vitro activity and good
patient response need to be further investigated. The
combinations of caspofungin with voriconazole,
amphotericin B, and itraconazole presented encour-
aging in vitro synergic activity against E. dermatitidis,

@ Springer

suggesting that the combinations of caspofungin with
these drugs would potentially enable more effective
treatment of patients with E. dermatitidis infections.
Further studies in animal model and in clinical practice
are anticipated to elucidate the clinical potentials of
these combinations.
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