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Candida parapsilosis isolates occasionally display resistance in vitro to echinocandins and cause breakthrough infections to
echinocandins. The degree of the in vivo cross-resistance among echinocandins and the fitness loss associated with caspofungin
(CAS) resistance of C. parapsilosis are not well studied. We compared the activities of CAS and anidulafungin (ANF), each given
at 2 dosing schedules (high dose or low dose) in a nonneutropenic mouse model of invasive candidiasis (IC) caused by ANF-sus-
ceptible isolates of C. parapsilosis with different degrees of susceptibility to CAS (CAS resistant [CAS-R], MIC, >16 mg/liter;
CAS intermediate [CAS-I], MIC, 4 mg/liter; and CAS susceptible [CAS-S], MIC, 2 mg/liter). We analyzed tissue fungal burden,
histopathology, and weight loss patterns. Increasing CAS resistance was associated with reduced virulence of C. parapsilosis iso-
lates (mortality rates for CAS-S versus CAS-I versus CAS-R, 100% versus 11.1% versus 0%, respectively; P < 0.001). High doses
of either echinocandin were active against infection with the CAS-I isolate when assessed by fungal burden reduction and weight
gain. In contrast to CAS-S and CAS-I isolates, there was no reduction in fungal burden in mice infected with the CAS-R isolate
following treatment with either echinocandin, each given at a high or low dose. Nevertheless, mice infected with the CAS-R iso-
late had reduced disease severity following echinocandin treatment, suggesting that echinocandins have activity in vivo, even
against echinocandin-resistant strains. A complex interplay of residual echinocandin activity, decreased virulence, and/or fitness
of isolates with altered cell wall and possible immunomodulatory effects can be encountered in vivo during infection with CAS-
resistant C. parapsilosis isolates.

Candida parapsilosis is one of the most common causes of inva-
sive candidiasis (IC) worldwide (1, 2). Over the past 2 decades,

the incidence of infection by C. parapsilosis has increased (1, 3),
especially in critically ill neonates and in patients hospitalized in
intensive care units (ICUs) (4–8). Overall morbidity and mortal-
ity are less in C. parapsilosis IC, due to its lower virulence, than in
Candida albicans (9, 10).

The introduction of echinocandins, a class of antifungal agents
that act by blocking the cell wall polysaccharide �-glucan synthe-
sis, is considered a significant advance in the management of Can-
dida infections (11). Specifically, echinocandins, including caspo-
fungin (CAS), micafungin (MICA), and anidulafungin (ANF),
have limited toxicity in patients and possess broad-spectrum fun-
gicidal activity against azole-resistant Candida species, making
these agents the preferred first-line therapy for many forms of IC
(12). Nonetheless, echinocandins demonstrate reduced in vitro
activity against C. parapsilosis (1, 12–15), and failures of echino-
candin treatment have been reported in C. parapsilosis IC (16, 17).
In particular, clinical failure due to CAS-resistant (CAS-R) iso-
lates has been recently reported in patients receiving CAS (18, 19).
Furthermore, a rise in the incidence of C. parapsilosis infections,
which has been partially attributed to the increased use of CAS,
has been noted in some cancer centers and the ICU setting (17–
19). Overall, the emergence of echinocandin-resistant C. parapsi-
losis infections raises concerns about their optimal management.

ANF retains activity in vitro against most CAS- and MICA-
resistant C. parapsilosis isolates and is recommended for C. parap-
silosis IC treatment (20–22). However, the in vivo implications of
differential in vitro activities of the various echinocandins against
C. parapsilosis are not known, and the degree of the in vivo cross-

resistance and the fitness loss associated with CAS resistance have
not been systematically studied for C. parapsilosis.

The purpose of the present study was to establish a clinically
relevant mouse model of invasive C. parapsilosis infection in im-
munocompetent mice and to compare the in vivo activities of ANF
and CAS in experimental candidemia caused by C. parapsilosis
isolates that are sensitive in vitro to ANF, showing different de-
grees of susceptibility to CAS.

MATERIALS AND METHODS

Susceptibility testing. Antifungal susceptibility testing was performed by
the broth microdilution method in duplicate according to the Clinical and
Laboratory Standards Institute (CLSI M27-A3) guidelines for yeasts in
RPMI growth medium (23, 24). The plates were incubated at 37°C for 24
h, and the MICs (in mg/liter) of all isolates were determined as the con-
centration causing a �50% reduction in growth.
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Candida parapsilosis isolates. The C. parapsilosis isolates used in this
study are listed in Table S1 in the supplemental material. Two well-char-
acterized genotypically identical Candida parapsilosis clinical isolates (iso-
lates 35176 and 35177) associated with prosthetic valve endocarditis
breakthrough to CAS were obtained from the Infectious Diseases Labo-
ratory at the Wayne State University at Detroit, MI (19), and one clinical
isolate (20447.040) was obtained from St. Luke’s Episcopal Hospital of
Houston, TX. All three isolates were sensitive to ANF (MIC, 1 to 2 mg/
liter). Two isolates displayed reduced CAS susceptibility (CAS-S) (CAS-R,
MIC, �16 mg/liter; CAS intermediate [CAS-I], MIC, 4 mg/liter), and the
third one displayed susceptibility to CAS (MIC, 2 mg/liter). Yeast cells
were stored at �80°C in 10% glycerol. Before each experiment, isolates
were transferred to Sabouraud dextrose agar (SDA) and incubated at 37°C
for 48 h. One morphologically identical colony was subcultured twice into
Sabouraud dextrose broth and placed on a rotating incubator at 37°C
overnight. Yeast cells were collected by centrifugation, washed twice with
phosphate-buffered saline (PBS), and finally counted with a hemocytom-
eter. The inoculum was adjusted to �10x/ml using progressive dilution in
PBS. For verification of the infecting Candida inocula, we plated appro-
priate dilutions in yeast agar glucose (YAG) plates and counted the CFU
after 24 h of incubation.

Antifungal agents. The clinical formulations of anidulafungin
(Ecalta; Pfizer Pharmaceuticals, Athens, Greece) and caspofungin (Can-
cidas; MSD Pharmaceuticals, Athens, Greece) were used for all experi-
ments. For in vivo experiments, antifungals were reconstituted according
to the manufacturer’s instructions, while for susceptibility testing, anti-
fungals were reconstituted according to the CLSI M27-A3 directions (23);
anidulafungin was dissolved in 1% dimethyl sulfoxide (DMSO) (Sigma),
while caspofungin was diluted in sterile water. Stock solutions of each
antifungal agent (25 mg/ml and 5 mg/ml, respectively) were stored at
�70°C.

Animals. Female 6- to 8-week-old BALB/c mice (The Foundation for
Research and Technology—Hellas [FORTH], Heraklion, Crete, Greece)
weighing 18 to 22 g each were used for all experiments. Mice were housed
(5 per cage) in presterilized filter-top cages and provided with food, water,
and bedding in the biohazard isolation suite at the University of Crete
animal care facilities. Mice had access to food and water ad libitum. All
procedures were performed in accordance with the highest standards for
humane handling, care, and treatment of research animals and were ap-
proved by the University of Crete Animal Care and Use Committee.

Murine infection model. Initial experiments were performed to de-
fine the optimal C. parapsilosis inoculum for studying antifungal activity
(inoculum range of 5 � 107 to 2 � 108 total yeast cells per mouse). Groups

of 6- to 8-week-old female BALB/c mice (n � 10 per group unless stated
otherwise) were infected with each of the three C. parapsilosis isolates, via
injection of yeast cells dissolved in 100 �l of PBS into the lateral tail veins.
Mice were observed three times daily until day 14 after infection for as-
sessment of cumulative survival. The body weight of each mouse was
recorded daily for 14 days after infection. Moribund mice were eutha-
nized and recorded as having died the following day.

Treatment endpoints. The efficacy of respective echinocandin regi-
mens was analyzed by 3 endpoints in independent experiments: (i) tissue
fungal burden studies, including analysis of the rates or target organ clear-
ance of C. parapsilosis; (ii) analysis of weight loss patterns; and (iii) histo-
pathology.

The kinetics of fungal burden reduction in target organs (kidney,
spleen, and liver) infected by C. parapsilosis strains was analyzed by eutha-
nizing animals at 12, 24, 48, 72, and 120 h after infection and counting the
number of colonies per gram of organ tissue. A total of 15 mice were used
for each experiment on the kinetics of the fungal burden.

Starting 6 h after infection with each of C. parapsilosis isolate, intra-
peritoneal (i.p.) administration of each echinocandin (CAS or ANF) in
two doses (1 and 10 mg/kg of body weight) or DMSO (control group) was
performed once daily for 7 days or until the death of the animal. Such
doses have been previously used in either neutropenic or immunocom-
petent murine models of invasive candidiasis and reflect human regimens
(22, 25). Specifically, kidney, spleen, and liver were aseptically removed
and weighed in selected mice (n � 6) euthanized on day 2 after infection.
The target organs were homogenized in 1 ml PBS with a tissue homoge-
nizer (Polytron dispensing and mixing technology PT 1600 E; Kine-
matica, AG, Luzern, Switzerland) for determination of fungal burden by
plating serial dilutions onto the surface of Sabouraud dextrose agar with
5% (wt/vol) chloramphenicol plates, incubated at 37°C for 48 h. Colonies
were counted, and the number of CFU per gram of organ tissue was
calculated for each animal. Results were analyzed and expressed as the
mean fungal burden � standard deviation (SD) of two independent ex-
periments.

Antifungal efficacy was also evaluated by analysis of weight loss in
infected mice treated with antifungal agents. In different experiments, 6 h
after infection with each C. parapsilosis strain, mice (n � 5 per group)
received i.p. injection of each antifungal agent (CAS and ANF) in two
doses (1 and 10 mg/kg) or DMSO (control group). Each treatment group
comprised five mice.

To further evaluate differences in fungal burden of the organs in mice
infected with CAS-S, CAS-I, or CAS-R C. parapsilosis isolates, histopatho-
logical examination of the kidneys was performed in selected mice (n � 3)

FIG 1 Establishment of the experimental mouse model. (a) Survival of untreated mice infected with the three CAS-S (1.3 � 108; n � 20 mice, 2 independent
experiments; and 1.8 � 108 yeast cells/mouse; n � 12 mice, 2 independent experiments), CAS-I (1.8 � 108 yeast cells/mouse; n � 18 mice, 2 independent
experiments) and CAS-R (1.8 � 108 yeast cells/mouse; n � 10 mice, 2 independent experiments) C. parapsilosis isolates. (b) Weight loss of untreated mice
infected with the three C. parapsilosis isolates (n � 5 mice for each group, 1 independent experiment). Error bars represent the mean � standard deviation (SD);
*, P 	 0.05 (for differences in weight compared to day 0), by ANOVA with Dunnett’s posttest for multiple comparisons. -S, sensitive; -R, resistant; -I,
intermediate sensitive.
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euthanized on day 2 after infection and treated as described above. Briefly,
kidneys of mice were processed, stored in 10% formaldehyde, and embed-
ded in paraffin wax for histopathological examination. Matched sections
were then stained with hematoxylin and eosin and periodic acid-Schiff
stain (PAS) and examined in a blinded fashion by light microscopy. The
degree of histopathological findings was scored from � to 

 as follows:
�, absence of blastospores or filamentous form in kidney sections; 
,
sparse (�3 yeast cells) and/or few foci of yeast cells or filamentous form
(	2 foci) in kidney sections; and 

, abundant (�2 foci) and/or large
(�3 yeast cells) foci of yeast cells or filamentous form in kidney sections.

Statistical analysis. All graphic data are expressed as means � SD and
were statistically analyzed by analysis of variance (ANOVA) with Dun-
nett’s posttest for multiple comparisons, using computer Prism software
(Prism 5; GraphPad Software, Inc., San Diego, CA). Survival curves were
estimated by the Kaplan-Meier method and compared by the Mantel-Cox
(log rank) test. A P value of 	0.05 is considered statistically significant.

RESULTS
Establishment of a C. parapsilosis mouse model simulating he-
matogenous infection. C. parapsilosis typically afflicts immuno-
competent patients and is characterized by reduced mortality
compared to other Candida spp. Thus, we attempted to establish a
physiologically relevant model with low mortality rates in non-

neutropenic mice. Pilot experiments using a range of C. parapsi-
losis inocula (106 to 2 � 108 yeast cells per mouse) demonstrated
that for the CAS-I and CAS-R isolates, the optimal inoculum was
1.8 � 108 yeast cells per mouse, while for the CAS-S isolate, the
optimal inoculum was 1.3 � 108 yeast cells per mouse. These
inocula resulted in a subacute infection with mortality rates of 10
to 30% (Fig. 1a), which are close to those of C. parapsilosis infec-
tion in humans (12).

Despite the relatively low mortality rates, infection with the
standardized inocula resulted in proliferative fungal growth in all
organs tested, characterized by an increase in fungal load and his-
topathological evidence of filamentation of C. parapsilosis in the
affected organs (Fig. 2). Specifically, the kinetics of fungal growth
by assessment of the number of CFU/g of organ tissue showed that
the peak of infection occurred on day 2, with a significant decrease
in fungal load starting on day 3 of infection (Fig. 2). In addition,
measurement of weight loss of infected mice, an established
marker of disease severity in C. albicans models (9, 26, 27), corre-
lated with disease progression in our C. parapsilosis model. All
infected mice lost �25% of their baseline weight by day 5 of in-
fection (P 	 0.05); evidence that infected but untreated mice suf-

FIG 2 Kinetics of fungal burden in different organs suggestive of proliferative growth of C. parapsilosis showing a peak on day 2 and rapid clearance of the
infection by the host following day 3. Shown are the kinetics of fungal burdens (log CFU/g organ tissue) in different organs (spleen, liver, and kidney) in untreated
mice infected with (a) CAS-S, (b) CAS-I, or (c) CAS-R C. parapsilosis isolates (n � 3 mice for each time point, 1 independent experiment).
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fered high morbidity and disease severity, with recovery starting
on day 6 after infection (Fig. 1b).

The C. parapsilosis CAS-S strain is more virulent than C.
parapsilosis strains with reduced susceptibility to CAS in the
mouse model. After establishing the mouse model, we compared
the virulence levels of three different C. parapsilosis isolates in the
model with different degrees of susceptibility to caspofungin. The
CAS-S isolate was more virulent than the other two isolates, with
a mortality rate of 100% (P 	 0.001) (Fig. 1a). There was a trend
toward reduced mortality following infection with the CAS-R iso-
late compared to the CAS-I isolate (mortality rate of 11.1% versus
0%, respectively; P � 0.45).

Echinocandins possess significant activity against CAS-S and
CAS-I C. parapsilosis isolates in vivo. Next, we compared the in
vivo activities of CAS and ANF against those of CAS-S and CAS-I
strains in the infection model. Both agents exhibited significant
and comparable activities against the CAS-I and CAS-S isolates, as
evidenced by significant reduction in mean fungal burden in all
affected organs, an effect more pronounced with the administra-
tion of higher doses than that with lower doses of both antifungals
(Fig. 3a and c).

Infection with the CAS-I isolate resulted in a significantly

higher kidney mean fungal burden in untreated mice than that
those in mice treated with either echinocandin at high doses by
day 
2 of infection: kidney reduction for high-dose CAS versus
control (mean � SD), 1.091 � 0.417 log CFU/g (P � 0.026);
high-dose ANF, 0.943 � 0.256 log CFU/g (P � 0.004). Addition-
ally, weight loss was less pronounced in mice infected by the CAS-I
isolate following CAS or ANF treatment: weight loss for high-dose
CAS versus control (mean � SD), 14.7% � 2.0% (P � 0.09), and
weight loss for high-dose ANF versus control, 13.1% � 12.3%
(P � 0.02) (Fig. 4a).

In animals infected with the CAS-S strain, high and low doses
of CAS or the low dose of ANF treatment resulted in lower organ
fungal burdens than those in controls. However, at higher doses of
ANF, a paradoxical effect was evident that seemed to vary, de-
pending on the echinocandin and the site of infection (Fig. 3c).
Specifically, the mean fungal burden in the kidneys of DMSO-
treated mice (control) was significantly higher than that in mice
treated with high-dose CAS or low-dose ANF on day 2 after infection:
kidney for high-dose CAS versus control (mean � SD), 0.959 �
0.183 log CFU/g (P � 0,0004) and that for low-dose ANF, 0.601 �
0.185 log CFU/g (P � 0.008). However, mice treated with high-
dose ANF had no significant reduction in mean fungal burden

FIG 3 Echinocandin treatment is associated with significant reduction in tissue fungal burden in mice infected with CAS-S and CAS-I C. parapsilosis isolates.
Fungal burden (log CFU/g organ tissue) in different organs (spleen, liver, and kidney) of mice on day 2 of infection with the CAS-I (a), CAS-R (b), or CAS-S (c)
C. parapsilosis isolate and treated with either DMSO (control) or different doses of echinocandins (CAS or ANF). Six mice were used for each group (5 groups
[30 mice total]). Results were analyzed as the mean fungal burden � standard deviation of two independent experiments. Each symbol represents an independent
experiment, and error bars represent the mean. *, P 	 0.05 for control versus treatment groups by ANOVA with Dunnett’s posttest for multiple comparisons.
CAS, caspofungin; ANF, anidulafungin; -S, sensitive; -R, resistant; -I, intermediate sensitive. Horizontal bars show the statistically significant differences between
controls and treatment groups.
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compared to that in DMSO-treated mice (control): kidney reduc-
tion for high-dose ANF versus control (mean � SD), 0.364 �
0.339 log CFU/g (P � 0.096). The paradoxical effect of high-dose
ANF in mice infected with CAS-S C. parapsilosis was confirmed in
an additional experiment (data not shown). There was a consid-
erable variability in fungal burdens of mice infected by the CAS-I
C. parapsilosis isolates, which were treated with CAS, which pre-
cluded the assessment of the CAS paradoxical effect in this partic-
ular experimental system. The amount of weight loss was smaller
in mice infected by the CAS-S C. parapsilosis following high-dose
CAS or ANF treatment, while all mice of the control group lost
substantial weight and died on day 5 after infection (Fig. 4c).

Treatments with either CAS or ANF are less effective against
the CAS-R C. parapsilosis strain. In animals infected with the
CAS-R strain, neither echinocandin was effective at reducing the
mean fungal burden by day 
2 (Fig. 3b). However, antifungal
treatment still accelerated animal recovery and resulted in less
severe disease, as evidenced by patterns of weight loss versus con-
trols. In the CAS-R-infected and DMSO-treated control animals,

the weight loss for high-dose CAS versus control (mean � SD) was
10.4% � 4.4% (P � 0.044), and that for high-dose ANF versus the
control was 11.6% � 6.7% (P � 0.038) (Fig. 4b).

Histopathological analysis of tissue fungal burden. Consis-
tent with the results of fungal burden in all affected organs of
echinocandin- and DMSO-treated mice, kidney histological sec-
tions revealed differences in fungal burdens between the three C.
parapsilosis strains on day 2 after infection (Table 1). Sections in
control animals infected with either of three strains showed the
presence of scattered foci of yeast cells, occasionally coexisting
with filamentous structures in the glomeruli, whereas the tubuli
appeared normal (Fig. 5a and b). In contrast, in mice infected with
either CAS-I or CAS-S isolates and treated with 10 mg/kg of CAS
or 10 mg/kg of ANF, there was significant reduction or absence of
yeast cells and filamentous forms in kidney sections (Fig. 5c and
d). In particular, mice infected with the CAS-S isolate and treated
with a low dose of ANF demonstrated fewer yeast cells in the
kidneys than infected mice treated with a higher dose of ANF.
Regarding the CAS-R isolate, kidney sections obtained from echi-
nocandin-treated mice revealed no significant reduction in the
number of yeast cells compared to that in controls (Table 1). Dif-
ferences in histopathology scores between the different treatment
groups are shown in Table 1.

DISCUSSION

In this work, we established a reproducible model of C. parapsilo-
sis IC in immunocompetent mice. This model mimics the patho-
biology of hematogenous infection in humans and allows com-
parisons of antifungal drug activity based on differences in fungal
burden and weight loss of infected mice.

In previous C. parapsilosis mouse models, chemotherapy-in-
duced neutropenia or administration of corticosteroids was used
in order to achieve a reproducible infection, in part because of the
attenuated virulence of this yeast compared to other Candida spe-
cies (22, 28–31). In the present study, immunocompetent mice
were used, since this type of infection in humans mostly occurs in
nonneutropenic adults, especially in patients requiring prolonged
use of central venous or peritoneal dialysis catheters or indwelling

TABLE 1 Histopathological analysis of tissue fungal burden

Mouse group and cell form

Histopathology for
C. parapsilosis isolatea

CAS-I CAS-R CAS-S

Control DMSO-treated mice
Yeast cells 

 

 


Filamentous form 
 � �

Caspofungin-treated (high dose) mice
Yeast cells � 

 �
Filamentous form � � �

Anidulafungin-treated (high dose) mice
Yeast cells 
 

 


Filamentous form 
 � �

a Shown are the differences in histopathology scores in kidneys of mice infected with
each of three C. parapsilosis isolates between the different treatment groups. The degree
of histopathological findings was scored from � to 

: �, absence of yeast cells or
filamentous form in kidney sections; 
, sparse (�3 yeast cells) and/or few foci of yeast
cells or filamentous form (	2 foci) in kidney sections; 

, abundant (�2 foci) and/or
large (�3 yeast cells) foci of yeast cells or filamentous form in kidney sections.

FIG 4 Decreased weight loss in infected mice following CAS or ANF admin-
istration in IC caused by all three C. parapsilosis isolates. Weight loss was
measured in mice treated with each echinocandin (CAS or ANF) or DMSO
(control), and infected with (a) CAS-I, (b) CAS-R, and (c) CAS-S C. parapsi-
losis isolate (n � 5 mice per group; 1 independent experiment). Error bars
represent the mean � standard deviation (SD). *, P 	 0.05 for control versus
treatment groups by ANOVA with Dunnett’s posttest for multiple compari-
sons. CAS, caspofungin; ANF, anidulafungin; -S, sensitive; -R, resistant; -I,
intermediate sensitive.
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devices or receiving parenteral nutrition (1, 5, 19) due to the af-
finity of C. parapsilosis to foreign materials.

We specifically utilized an inoculum of C. parapsilosis that re-
sulted in subacute infection and relatively low mortality (10 to
30%), similar to the course of infection observed with C. parapsi-
losis in humans. C. parapsilosis fungemia mortality ranges from
4% to 45% (32–35). Trofa et al. reported average crude mortality
rates of 28.5%, compared to that of 44.8% for C. albicans, con-
firming C. parapsilosis’s decreased virulence (1). Due to the rela-
tively low mortality rates associated with C. parapsilosis fungemia
in humans, as well as in the present model, fungal burden in the
affected organs (CFU/g) instead of mortality rates was measured
as an accurate marker of infection severity. In addition, weight loss
was used as a composite marker of morbidity that depends on
both fungal virulence and the host’s inflammatory immune re-
sponse. Several studies have used this marker for disease severity
in mice with IC or other type of infection (9, 26, 27). Notably,
fungal clearance is observed in control mice relatively early follow-
ing infection with C. parapsilosis in our model, so it was difficult to
assess the therapeutic effect of antifungal therapy based only on
fungal burden. For that reason, we used weight loss assessment as
another dynamic measure of antifungal drug efficacy that was
assessed on a daily basis. It is plausible that discrepancies between
weight loss and fungal burden reduction reflect the limitations of
our model.

We also assessed the in vivo activity of CAS versus that of ANF
against isolates of C. parapsilosis displaying different degrees of
susceptibility to CAS. Regarding the CAS-R strain, we found that,
although there was no difference in fungal burdens between the
untreated and echinocandin-treated mice, there was less weight

loss and more rapid weight gain in the latter group. Regarding the
CAS-I strain, only high doses of either CAS or ANF were effective
in reducing the fungal burden and attenuating weight loss com-
pared to the case in untreated mice. Finally, regarding the CAS-S
strain, it was more virulent than either CAS-I or CAS-R strains. In
the CAS-S strain infection, treatment with either CAS or ANF at a
low dose achieved lower organ fungal burdens than those in con-
trols, while the echinocandin-treated groups gained weight more
rapidly than the DMSO-treated mice. Similarly, the comparative
activity of CAS versus ANF as reflected by tissue fungal burden
(CFU/g) and the degree of weight loss showed that mice treated
with echinocandins had more rapid weight gain than controls in
all isolates tested.

Echinocandins possess reduced in vitro activity against C.
parapsilosis (2, 12–15), and clinical failures due to CAS-R isolates
have been reported recently (16, 17), especially in patients receiv-
ing CAS (18, 19). The reduced susceptibility of C. parapsilosis to
echinocandins has been related to polymorphisms in the FSK1
gene (16, 36, 37). Other studies suggested that interspecies differ-
ences in CAS susceptibility result from the combination of struc-
tural differences in the cell wall components, a reduced affinity for
the glucan synthase protein complex, or variations in the regula-
tory network of this complex (28, 38). Also, the unique mitochon-
drial respiratory network of this yeast may play an important role
in its decreased susceptibility to echinocandins (39). However, the
lack of a molecular mechanism of resistance in the clinical strains
used in our study is a limitation of our study. The optimal man-
agement of the infections caused by CAS-R C. parapsilosis is un-
clear. In vitro studies have demonstrated that ANF retains in vitro
activity against most CAS-R isolates (20–22). However, in the

FIG 5 Representative PAS-stained kidney sections (on day 2 of infection) from mice infected with C. parapsilosis isolates. (a) Tubuli appear normal, whereas
blastospores and hyphae are present in glomeruli of nontreated mice. Original magnification, �400. (b) Presence of yeast cells in a glomerulus of untreated or
echinocandin-treated mice. Original magnification, �400. (c) Fewer yeast cells or smaller foci of yeast cells in a glomerulus of echinocandin-treated mice.
Original magnification, �400. (d) Absence of yeast cells or hyphae in kidney sections of echinocandin-treated mice. Original magnification, �400. n � 3 mice
per group, 1 independent experiment.
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present study, it was demonstrated that CAS and ANF possess
comparable activities against infections caused by all isolates
tested.

The present data highlight the discrepancy between tissue fun-
gal burden assessment and weight loss and the morbidity in our
experimental model of CAS-R C. parapsilosis infection. Specifi-
cally, echinocandin treatment resulted in less morbidity, despite
the lack of reduction in tissue fungal burden. To complicate things
further, the CAS-nonsusceptible isolate had attenuated virulence
compared to the CAS-S isolate. It is plausible that the switch to
enhanced chitin cell wall biosynthesis, resulting in altered glucan-
host effector immune cell interactions, might account for these
differences (40). Finally, an interesting finding of the present
study was the observation of a paradoxical effect that seems to
differ according to the type of echinocandin and the infected site.
Several studies have described paradoxical effects for other echi-
nocandins, especially for CAS (41–47).

In conclusion, our findings demonstrate that there is no
straightforward in vitro or in vivo correlation of echinocandin ac-
tivity against C. parapsilosis displaying nonsusceptibility to CAS.
Specific endpoints of echinocandin treatment response, including
markers of morbidity (organ fungal burden versus weight loss),
showed limited concordance with in vitro susceptibility. A com-
plex interplay of pharmacokinetics (48), relative potency of echi-
nocandin activity (48), fitness loss (49), paradoxical effects, and
immunomodulatory effects (50) that differ according to site of
infection can be encountered in vivo during infection with CAS-
resistant C. parapsilosis isolates. Further studies will be needed for
comparison of C. parapsilosis infection to those caused by C. albi-
cans strains with different degrees of susceptibility to echinocan-
dins. Experimentation with immunosuppressed murine models
or models with catheter-associated C. parasilosis fungemia would
also add additional relevance.
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