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We investigated the in vitro activities of posaconazole (POS), fluconazole (FLC), amphotericin B (AMB), and
caspofungin (CAS) against four clinical isolates of Candida glabrata with various susceptibilities to FLC (FLC
MICs ranging from 1.0 to >64 �g/ml). POS MICs ranged from <0.03 to 0.5 �g/ml; AMB MICs ranged from
0.25 to 2.0 �g/ml, while CAS MICs ranged from 0.03 to 0.25 �g/ml. When FLC MICs increased, so did POS
MICs, although we did not observe any isolate with a POS MIC greater than 0.5 �g/ml. Time-kill experiments
showed that POS, FLC, and CAS were fungistatic against all isolates, while AMB at eight times the MIC was
fungicidal against three out of four isolates of C. glabrata tested. Then, we investigated the activity of POS in
an experimental model of disseminated candidiasis using three different isolates of C. glabrata: one susceptible
to FLC (S; FLC MICs ranging from 1.0 to 4.0 �g/ml; POS MIC of <0.03 �g/ml), one susceptible in a
dose-dependent manner (SDD; FLC MICs ranging from 32 to 64 �g/ml; POS MICs ranging from 0.125 to 0.25
�g/ml), and another one resistant to FLC (R; FLC MIC of >64 �g/ml; POS MIC of 0.5 �g/ml). FLC
significantly reduced the kidney burden of mice infected with the S strain (P � 0.0070) but not of those infected
with the S-DD and R strains. POS was significantly effective against all three isolates at reducing the kidney
fungal burden with respect to the controls (P ranging from 0.0003 to 0.029). In conclusion, our data suggest
that POS may be a useful option in the management of systemic infections caused by C. glabrata. Additionally,
the new triazole may be a therapeutic option in those cases where an FLC-resistant isolate is found to retain
a relatively low POS MIC.

In recent years, the patterns of Candida infections have
changed. Previously, Candida albicans was the most prevalent
cause of Candida infections, whereas in recent times, other
Candida species have become common pathogens causing in-
fections (11, 12).

Candida glabrata has recently emerged as the second most
common cause of invasive candidiasis, and there are increasing
numbers of reports showing its important role in determining
either superficial or deep-seated infections (11, 12). Systemic
infections due to C. glabrata are characterized by a high mor-
tality rate, and they are difficult to treat due to a reduced
susceptibility of this species to azole drugs, especially to flu-
conazole (FLC) (11, 12).

Posaconazole (POS) has been developed mainly to combat
the development of resistance to azoles in yeasts, in particular
to FLC, and to expand the spectrum of susceptible pathogens
(5–7, 17–22). Numerous in vitro studies demonstrated that
POS has a broad spectrum of activity against the majority of
yeasts, filamentous fungi, and azole-resistant Candida species
(2, 9, 19). The new triazole exerts the same mechanism of

action as does the other azole derivatives (i.e., it inhibits
ergosterol production by binding and inhibiting the lanosterol
14�-demethylase) (4, 19).

In the present study, we investigated the in vitro and in vivo
activities of POS against clinical isolates of C. glabrata with
various susceptibilities to FLC.

MATERIALS AND METHODS

Isolates. Four clinical isolates of C. glabrata were used in this study. The
isolates were recovered from blood. Each strain represented a unique isolate
from a patient. Yeast isolates were identified at the species level by conventional
morphological and biochemical methods and stored at �70°C in 10% glycerol.
Before the initiation of the study, yeast isolates were subcultured on Sabouraud
dextrose agar plates to ensure viability and purity. Candida parapsilosis ATCC
22019 was used as the quality control.

Drugs. POS (Schering-Plough Research Institute, Kenilworth, NJ) was prepared
with polyethylene glycol 200 (Janssen Chimica, Geel, Belgium) for both in vitro and
in vivo studies. A stock solution of FLC (Pfizer Inc.) was prepared in sterile saline
solution for both in vitro and in vivo studies. Caspofungin (CAS) was used as a
commercial preparation (Cancidas; Merck Sharp & Dohme) for both in vitro and in
vivo experiments. It was dissolved following the manufacturer’s instructions. Am-
photericin B (AMB) was used as pure powder (Sigma) for in vitro studies and as a
commercial preparation (Fungizone; Bristol-Myers Squibb) for in vivo studies. It was
dissolved in dimethyl sulfoxide and in sterile water following the manufacturer’s
instructions for in vitro and in vivo studies, respectively.

Broth dilution. Antifungal susceptibility testing was performed by a broth
microdilution method in accordance with the Clinical and Laboratory Standards
Institute (CLSI; formerly NCCLS) recommendations (8). The final concentra-
tions of POS, CAS, and AMB ranged from 0.0078 to 8.0 �g/ml. The final
concentrations of FLC ranged from 0.125 to 64 �g/ml. Plates were incubated at
35°C and read at 24 and 48 h. Readings were performed spectrophotometrically
at an optical density at 490 nm with an automatic plate reader (ELx800; Biotek).
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POS, FLC, and CAS MICs were considered the first concentrations of the
antifungal agents at which the turbidities in the wells were 50% less than those
in the control wells (8, 9). The AMB MIC was considered the first concentration
of the antifungal agent at which the turbidity in the well was 90% less than that
in the control well (8). Experiments were performed in quintuplicate.

Killing curves. Three to five colonies of C. glabrata isolates from a 48-h growth
plate were suspended in 10 ml of sterile distilled water, and the turbidity was
adjusted using spectrophotometric methods to an 0.5 McFarland standard (ap-
proximately 1 � 10 6 to 5 � 10 6 CFU/ml). One milliliter of the adjusted fungal
suspension was added to 9 ml of either RPMI 1640 medium buffered with MOPS
(morpholinepropanesulfonic acid) or a solution of growth medium plus an ap-
propriate amount of drug. Drugs were used at concentrations of one-half and
eight times the MICs. Test solutions were placed on a shaker and incubated at
35°C. At time points of 0, 2, 4, 8, and 24 h following the introduction of the test
isolate into the system, 100-�l aliquots were removed from each test solution.
After 10-fold serial dilutions, a 50-�l aliquot from each dilution was streaked in
triplicate onto Sabouraud dextrose agar plates for colony count determination.
Following incubation at 35°C for 48 h, the number of CFU on each plate was
determined. The limit of detection was 20 CFU/ml. Fungicidal activity was
considered to be achieved when the number of CFU per milliliter was �99.9%
of the initial inoculum size (15). Each isolate was tested at least twice.

Animal experiments. CD1 male mice (Charles River, Calco, Lecco, Italy) weigh-
ing 25 g were rendered neutropenic by intraperitoneal (i.p.) administration of cy-
clophosphamide (200 mg/kg of body weight) on days �4, �1, and �4 postinfection.
They were infected intravenously (i.v.) through the lateral tail vein with C. glabrata
4198, 4205, and 4293 given in an 0.2-ml volume. A total of four studies were
performed: in studies 1 and 2, the mice were challenged, respectively, with 2.44 � 108

CFU/mouse and 1.04 � 108 CFU/mouse of the FLC-dose-dependent-susceptible
(SDD) isolate C. glabrata 4293; in study 3, they were challenged with 2.6 � 107

CFU/mouse of the FLC-susceptible (S) isolate 4205; in study 4, they were challenged
with 5.8 � 107 CFU/mouse of the FLC-resistant (R) isolate 4198. Drugs were
initiated 24 h postchallenge and given daily for six consecutive days. FLC was given
in an 0.2-ml volume i.p. at doses ranging from 25 to 50 mg/kg/day. POS was
administered by oral gavage in an 0.2-ml volume at doses of 15 and 30 mg/kg/day.
CAS and AMB were administered i.p. at a dose of 1 mg/kg/day only in studies 1 and
2. Drug efficacy was assessed by determining the number of CFU per kidney pair.
Briefly, the mice were sacrificed and the kidneys were homogenized. Diluted and
undiluted aliquots, including the entire organ, were grown on Sabouraud dextrose
agar for colony count determination. Tissue burden experiments were performed on
day 7 postinfection. There were from seven to eight animals in each control and
treatment group. Animal experiments were conducted with the approval of the
University of Ancona Ethics Committee.

Statistical analysis. The in vitro susceptibility data were compared by Stu-
dent’s t test or the Mann-Whitney U test. The Mann-Whitney U test was also
used to compare tissue burden counts. A P value of �0.05 was considered
statistically significant.

RESULTS

In vitro susceptibility testing results are reported in Table 1.
Median FLC and POS MICs for C. parapsilosis ATCC 22019
were 4.0 and �0.03 �g/ml, respectively. Median CAS and
AMB MICs for the quality control isolate were 0.25 and 1.0
�g/ml, respectively. FLC MICs ranged from 1.0 to �64.0 �g/
ml, with C. glabrata 4205 being susceptible to the triazole and

isolates 4370 and 4293 being susceptible in a dose-dependent
manner, while isolate 4198 was resistant to this drug. POS
MICs ranged from �0.03 to 0.5 �g/ml. AMB MICs ranged
from 0.25 to 2.0 �g/ml. CAS MICs ranged from �0.03 to 0.25
�g/ml. The FLC MIC was significantly higher than those ob-
served for POS (P � 0.001), CAS (P � 0.001), and AMB (P �
0.001). In general, when FLC MICs increased, so did POS
MICs. Thus, the rank order of susceptibility to both azoles was
4205 (S) � 4370 (S) � 4293 (SDD) � 4198 (R) (P ranging
from 0.008 to 0.03). Results of killing experiments are shown in
Fig. 1. AMB at eight times the MIC was fungicidal against
three isolates of C. glabrata (4198, 4205, and 4293). The same
concentration of the polyene exerted a fungistatic activity
against C. parapsilosis ATCC 22019 and C. glabrata 4370. AMB
at one-half the MIC was fungistatic against all isolates. Simi-
larly, CAS at one-half the MIC was shown to be fungistatic
against all isolates. Although CAS at eight times the MIC was
not fungicidal against any tested isolate, the echinocandin
yielded a reduction of CFU/ml ranging from 1.08 to 1.58 log10

upon 24 h of incubation. POS and FLC exerted a fungistatic
activity against all isolates at both one-half and eight times the
MICs. Then, we investigated the activity of POS in an exper-
imental model of disseminated candidiasis due to three differ-
ent isolates of C. glabrata. Figure 2 shows the data from the
experiments performed with the SDD strain 4293 (median
FLC MIC, 32 �g/ml; range, 32 to 64 �g/ml). POS was given by
oral gavage at 15 and 30 mg/kg/day in studies 1 and 2, respec-
tively. As expected either AMB (P � 0.003) or CAS (P �
0.003) given at 1 mg/kg/day was effective at reducing the fungal
burden against the controls. This was seen in study 1 and con-
firmed in study 2. Similarly, POS given at 15 mg/kg/day (P �
0.029) and at 30 mg/kg/day (P � 0.0037) significantly reduced
the kidney counts below the control values. FLC was not ef-
fective at either 25 or 50 mg/kg/day.

Figure 3A shows the in vivo results of the animals challenged
with the S isolate 4205. Both triazole FLC and triazole POS given
at 30 mg/kg/day were active at reducing the fungal burden with
respect to the controls (P � 0.0070 and 0.0003, respectively).
Finally, POS given at a dose of 30 mg/kg/day (P � 0.0003), but not
FLC, reduced the colony count below that of the controls in the
mice infected with the FLC-R strain (Fig. 3B).

DISCUSSION

In this study, we investigated the in vitro and in vivo activi-
ties of POS against C. glabrata. Our susceptibility data agree

TABLE 1. In vitro susceptibilities of yeast isolates used in this study to FLC, POS, AMB, and CASa

Isolateb
Median MIC (range) (�g/ml) of drug:

FLC POS AMB CAS

C. parapsilosis ATCC 22019 4.0 (2.0–4.0) �0.03 (�0.03) 1.0 (1.0) 0.25 (0.25)
C. glabrata 4198 �64 (�64) 0.5 (0.5) 0.5 (0.5–1.0) 0.25 (0.06–0.25)
C. glabrata 4205 1.0 (1.0–4.0) �0.03 (�0.03) 0.5 (0.25–0.5) 0.25 (0.25)
C. glabrata 4293 32 (32–64) 0.25 (0.125–0.25) 0.5 (0.5) �0.03 (�0.03–0.06)
C. glabrata 4370 16 (8.0–16) 0.06 (0.06–0.125) 1.0 (1.0–2.0) 0.125 (0.125)

a Readings were performed spectrophotometrically at either 24 or 48 h with an automatic plate reader (ELx800; Biotek) set at 490 nm. Results were similar (within
1 double dilution). MICs are taken from 48-h readings for POS, FLC, and AMB and from 24-h readings for CAS (9).

b Each isolate was tested five times.
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with those previously reported by others who have found a
slight increase in POS MICs as FLC MICs increased (13).
However, our FLC-R isolate retained a relatively low POS
MIC (0.5 �g/ml), representing an unusual condition with re-

spect to that reported by recent reports (14, 16). In fact, Sa-
batelli et al. showed that among 149 FLC-R isolates of C.
glabrata, POS MIC50 and MIC90 were 2.0 and 16 �g/ml, re-
spectively (16). Similarly, Pfaller et al. showed that among 145

FIG. 1. Time-kill studies conducted with C. parapsilosis ATCC 22019 and four isolates of C. glabrata (4198, 4205, 4293, and 4370). Symbols: crosses, controls;
open symbols, one-half the MIC of the drug; solid symbols, eight times the MIC of the drug; squares, AMB; triangles, CAS; circles, POS; diamonds, FLC. The
solid lines represent a �99.9% growth reduction compared with the initial inoculum size (fungicidal effect). The limit of detection is 20 CFU/ml (dotted lines).
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FLC-R isolates of C. glabrata, POS MIC50 and MIC90 were 8.0
and �8.0 �g/ml, respectively (14). Our data suggest that the
phenotype of FLC-R C. glabrata used in our study is unusual
and not representative of the more common pan-azole-resis-
tant profile.

Recent clinical observations suggest that C. glabrata exhibits
considerable clinically significant cross-resistance between
older azole drugs (FLC and itraconazole) and voriconazole
(VRC) (10, 11). According to these data, Panackal et al. state
that caution is advised when considering VRC therapy for C.
glabrata candidemia occurring in patients with extensive prior
azole drug exposure (10). The clinical impact of POS cross-
resistance is still poorly investigated. From a therapeutic point
of view, POS appears to offer advantages over FLC and VRC,
since the activity of the former triazole appears to be less
affected by either mutations in ERG11 or the overexpression of
specific efflux pumps (4). In recent studies, POS was shown to
be effective for the treatment of oropharyngeal and esophageal
candidiasis in subjects with human immunodeficiency virus in-
fection including those who were azole refractory (17, 21).
Very few data are still available on the efficacy of POS in
infections due to C. glabrata. Anstead et al. reported a systemic
infection due to C. glabrata that has been controlled by the use
of POS after failing FLC (1). Overall, these data would indi-
cate a beneficial effect of POS in clinical circumstances in
which other triazoles failed. Cacciapuoti et al. tested POS in a
murine model of systemic candidiasis due to C. albicans with

variable patterns of FLC susceptibility (2). They showed that
the new triazole was significantly efficacious against FLC-S,
FLC-SDD, or FLC-R strains in either immunocompetent or
immunocompromised mouse models. They showed that POS,
but not FLC, was active against two FLC-R strains, including
one with a POS MIC of 16 �g/ml, although they observed an
activity reduction with respect to all the other strains (2).

Here, we demonstrated that POS is also active in vivo
against all three strains of C. glabrata with different suscepti-
bilities to FLC. This triazole was active against only one strain
susceptible to FLC (4205; MICs ranging from 1.0 to 4.0 �g/ml),
not against the other two strains of C. glabrata tested. Both
AMB and CAS were included in studies 1 and 2 since these
drugs represent common therapies for treating systemic infec-
tion due to C. glabrata (11). Our time-kill experiments showed
that FLC, POS, and CAS were fungistatic against all isolates,
while AMB at eight times the MIC was fungicidal against three
out of four isolates of C. glabrata tested. Literature data re-
ported so far showed that POS was fungistatic in the time-kill
tests against all C. glabrata and C. parapsilosis strains, even at
drug concentrations of 32 to 64 times the MIC (18). Moreover,
the fungicidal activity of AMB against C. albicans is very fast,
while for both C. glabrata and C. parapsilosis, the fungicidal
endpoint is generally reached upon 24 h of incubation (3).
Similar to these data, we showed that AMB reached a fungi-
cidal activity starting from 17 h (C. glabrata 4198) to 24 h (C.
glabrata 4205 and 4293) of incubation. Overall, these results
underline the difficulties encountered during the treatment of
invasive infections due to C. glabrata.

In conclusion, our data suggest that POS may be a useful

FIG. 2. Kidney tissue burden of neutropenic CD1 mice infected i.v.
with C. glabrata 4293. In study 1, the mice were challenged i.v. with
2.44 � 108 CFU/mouse (A), while in study 2 they were challenged i.v.
with 1.04 � 108 CFU/mouse (B). Animals were treated daily for six
consecutive days with CAS and AMB i.p. at 1 mg/kg/day in both
studies, and FLC was given i.p. at 25 and 50 mg/kg/day in studies 1 and
2, respectively, while POS was given by oral gavage at 15 and 30
mg/kg/day in studies 1 and 2, respectively. Tissue burden experiments
were performed on day 7 postinfection. C, control mice. The bars
represent the medians. The asterisks indicate P values of �0.05.

FIG. 3. Kidney tissue burden of neutropenic CD1 mice infected i.v.
with the FLC-susceptible strain C. glabrata 4205 (A) and with the
FLC-resistant strain C. glabrata 4198 (B). The mice were challenged
i.v. with 2.6 � 107 CFU/mouse of isolate 4205 and with 5.8 � 107

CFU/mouse of isolate 4198. Animals were treated daily for six con-
secutive days with FLC i.p. at 30 mg/kg/day, while POS was given by
oral gavage at 30/mg/kg/day. Tissue burden experiments were per-
formed on day 7 postinfection. C, control mice. The bars represent the
medians. The asterisks indicate P values of �0.05.
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option in the management of systemic infections caused by C.
glabrata. Additionally, the new triazole may be a therapeutic
choice in those cases where an FLC-R isolate is found to retain
a relatively low POS MIC.
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