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ABSTRACT Candida auris has simultaneously emerged on five continents as a fungal
pathogen causing nosocomial outbreaks. The challenges in the treatment of C. auris in-
fections are the variable antifungal susceptibility profiles among clinical isolates and the
development of resistance to single or multiple classes of available antifungal drugs.
Here, the in vitro susceptibility to echinocandin antifungal drugs was determined and
FKS1 sequencing was performed on 106 C. auris clinical isolates. Four isolates were iden-
tified to be resistant to all tested echinocandins (MIC � 4 mg/liter) and harbored an
S639F mutation in FKS1 hot spot region 1. All remaining isolates were FKS1 wild type
(WT) and echinocandin susceptible, with micafungin being the most potent echinocan-
din (MIC50 � 0.125 mg/liter). Antifungal susceptibility testing with caspofungin was chal-
lenging due to the fact that all FKS1 WT isolates exhibited an Eagle effect (also known
as the paradoxical growth effect), which occurred at various intensities. To assess
whether the Eagle effect resulted in pharmacodynamic resistance, 8 representative iso-
lates were evaluated for their in vivo drug response in a murine model of invasive candi-
diasis. All isolates were susceptible to caspofungin at a human therapeutic dose, except
for those harboring the S639F mutation. The data suggest that only isolates carrying
mutations in FKS1 are echinocandin resistant and that routine in vitro testing of C. auris
isolates for susceptibility to caspofungin by the broth microdilution method should be
viewed cautiously or avoided.
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Candida auris is a novel Candida species that was first reported in 2009 after being
isolated from the external ear canal discharge of a patient in Japan (1). Subse-

quently, various types of C. auris infections have been reported from many countries
located on five continents (2–18). Bloodstream infection has been the most frequently
reported type of invasive infection, with the rate of mortality ranging from 30 to 60%
(19). C. auris isolates have been recovered from various types of clinical specimens,
including typically sterile body fluids, respiratory sections, urine, bile, tissues, wounds,
and mucocutaneous swabs (2, 14–16, 20, 21). Patients infected with C. auris are usually
critically ill with serious underlying medical conditions and significant health care exposure
(2, 15, 16, 20). Moreover, it was reported that C. auris can extensively contaminate
health care environments. Lockhart et al. concluded that its behavior is quite unique for
a fungal pathogen and speculated that it is a skin commensal rather than part of the
gastrointestinal microbiota (22).

Notably reduced susceptibility to azoles, polyenes, and echinocandins is often
observed among C. auris isolates. Like other Candida species, antifungal susceptibility
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testing (AFST) for C. auris has been performed using various standardized tests,
including Clinical and Laboratory Standards Institute (CLSI) and European Committee
on Antimicrobial Susceptibility Testing (EUCAST) broth microdilution methods, the
Etest gradient diffusion method, and the Vitek 2 antifungal susceptibility system. Yet
analysis of the susceptibility results obtained by these tests is not straightforward and
can be problematic since no antifungal breakpoints for C. auris have been defined by
CLSI or EUCAST. C. auris was initially suspected to be intrinsically resistant to flucona-
zole, since reports dealing with Indian isolates indicated their nearly universal resis-
tance to this drug (6, 23, 24). A recent study on 350 isolates from India reported that
3% (11 of 350 isolates) had low fluconazole MICs (2 to 8 mg/liter). Furthermore, the
ERG11 sequences of isolates with low fluconazole MICs (1 to 2 mg/liter) exhibited the
wild-type genotype, whereas the amino acid substitutions Y132 and K143, responsible
for azole resistance in C. albicans, were present in fluconazole-resistant (32 to �64
mg/liter) C. auris isolates (25). It was also reported that C. auris can exhibit reduced
susceptibility to other triazole antifungal drugs, including voriconazole, posaconazole,
itraconazole, and isavuconazole (5, 6, 8, 14, 16, 24). This is troubling, given that azoles
are a mainstay in the treatment of Candida infections and access to antifungals other
than fluconazole is often lacking in resource-limited countries. However, as more
isolates from around the world have been tested, the number of isolates with flucona-
zole MIC values similar to those of C. glabrata (in the 2 to 8 mg/liter range) has
increased, and fluconazole resistance is now believed to be acquired (22). Furthermore,
C. auris isolates exhibit variable susceptibility to the polyene antifungal drug ampho-
tericin B (5, 9, 15, 16, 21, 26–28). The concern about resistance to azoles and ampho-
tericin B has led to the recommendation for the use of echinocandins as a first-line
therapy, pending susceptibility testing (29, 30). However, C. auris isolates with a
reduced susceptibility to one or more drugs in the echinocandin class (MICs, �4
mg/liter for anidulafungin [ANF] and micafungin [MCF] and �2 mg/liter for caspofun-
gin [CAS]) have been detected (5, 6, 16, 24, 27). An alarming 37% rate of resistance to
CAS, measured by broth microdilution, was reported on the basis of an analysis of 102
C. auris isolates from 4 hospitals in India (23). Moreover, a number of C. auris isolates
have demonstrated elevated MICs to multiple classes of antifungal agents, raising the
possibility of pan-drug resistance (5, 23).

The emergence of multidrug-resistant C. auris is a multifactorial phenomenon that
raises many serious public health concerns. A thorough understanding of the molecular
insights into this organism is crucial for improved management. In this paper, we
present the results of a comprehensive study (in vitro AFST, in vivo drug efficacy studies,
and molecular resistance determinant analysis) on the activity of the echinocandin class
of antifungal drugs against C. auris isolates.

RESULTS
Antifungal susceptibility testing. AFST was performed for a collection of 106 C.

auris isolates from Colombia (n � 56), India (n � 40), and the Antimicrobial Resistance
(AR) Isolate Bank (n � 10). The MIC distribution and the MICs of ANF, CAS, and MCF for
individual isolates at 24 h and 48 h are shown in Table 1 and Table S1 in the
supplemental material, respectively. Only 4 Indian isolates from a total of 106 isolates
(3.8%) exhibited highly elevated MICs of �4 mg/liter at 24 h and were considered
presumptively resistant to all tested echinocandins (ANF, CAS, MCF). These isolates
were recovered from the blood of four different patients treated in intensive care units.
Three of the patients were from the same hospital, and their echinocandin exposure
history was unknown. One patient from a different hospital was given CAS for 10 days,
but the specimen was drawn on the 4th day of therapy. MCF was the most potent
echinocandin, with an MIC50 of 0.125 mg/liter and an MIC90 of 0.5 mg/liter at 24 h.
Reading of the CAS MICs was difficult in many cases, since all tested isolates exhibited
an Eagle effect (also known as the paradoxical growth effect), the intensity of which
differed among the isolates. The growth of isolates exhibiting the most prominent
Eagle effect was not significantly inhibited (�50%) at 24 h. At 48 h, these isolates grew
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over the entire range of CAS concentrations. In order to better investigate this phe-
nomenon, absorbance measurements (595 nm) were performed and growth intensities
were calculated for four isolates (isolate VPCI 265/P/14, which was resistant to all
echinocandins; isolate VPCI 513/P/14, which was susceptible to all echinocandins with
a high CAS Eagle effect; isolate C57942, which was susceptible to all echinocandins with
a medium CAS Eagle effect; and isolate VPCI 107/P/14, which was susceptible to all
echinocandins with a low CAS Eagle effect) in the presence of ANF, CAS, and MCF at 24 h
and 48 h (Fig. 1). The results of this experiment confirmed the observations that C. auris
isolates do not exhibit a typical inhibition pattern in the presence of an increasing CAS
concentration. In the case of ANF, spectrophotometric readings also revealed a very low
intensity of the Eagle effect that was not visible to the naked eye. Moreover, in order
to exclude the possibility of resistance, 100 �l of the cells of isolates VPCI 513/P/14 and
C57942 growing at 1 mg/liter and 16 mg/liter was recovered from their respective wells,
cultured overnight on yeast extract peptone dextrose (YPD) medium, and subjected to
a repeat susceptibility test. All recovered isolates exhibited the same pattern of growth
(Eagle effect) as the parental isolates, thus demonstrating that no stable genetic
mechanism of resistance was acquired.

FKS1 analysis. FKS1 sequencing was performed for all C. auris isolates (Table 2), and
102 echinocandin-sensitive isolates presented the wild-type (WT) genotype. The four
high MIC isolates, which were presumptively echinocandin resistant, exhibited a serine-
to-phenylalanine amino acid substitution (S639F) in the position equivalent to well-
characterized position S645 in FKS1 hot spot region 1 (HS1) in Candida albicans. Isolates
representing different clades were separated by 20 single nucleotide polymorphisms
(SNPs) not resulting in amino acid substitutions.

Pharmacodynamic response of C. auris in a mouse model of invasive candidi-
asis. In order to evaluate whether the in vitro Eagle effect had any impact on the in vivo

TABLE 1 Distribution of Candida auris isolates MICs at 24 h and 48 h

Echinocandin
Time of
testing (h)

No. of isolates for which the MIC (mg/liter) was as followsa: MIC (mg/liter)

0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 >16 GMb MIC50 MIC90

ANF 24 1 6 23 18 45 9 0 1 0 1 2 0.34 0.5 1
48 1 6 19 17 31 27 1 0 0 2 2 0.42 0.5 1

CAS 24 0 0 6 51 42 3 0 0 3 1 0 0.38 0.25 0.5
48 0 0 2 14 46 21 1 0 0 1 21 1.06 0.5 �16

MCF 24 1 10 46 36 9 0 0 0 0 4 0 0.20 0.125 0.5
48 0 6 29 38 21 8 0 0 0 0 4 0.28 0.25 1

aThe underlined values indicate modal (most frequent) MIC.
bGM, geometric mean.

FIG 1 Growth intensity-drug concentration curves for Candida auris isolates which presented different patterns of response to anidulafungin (A), caspofungin
(B), and micafungin (C). VPCI 265/P/14 was resistant to all echinocandins, VPCI 513/P/14 was susceptible to all echinocandins with a high CAS Eagle effect,
C57942 was susceptible to all echinocandins with a medium CAS Eagle effect, and VPCI 107/P/14 was susceptible to all echinocandins with a low CAS Eagle
effect. Growth intensity was calculated as follows: (i) the absorbance of the no-growth control was subtracted from the absorbance of all the wells, and (ii) the
values obtained were compared to the value for the growth control (which was not treated with an antifungal drug), which was set at 100%.
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drug response of the C. auris isolates to echinocandins, mice were challenged with 8 C.
auris isolates representing different susceptibility profiles and FKS1 genotypes and
treated with a single humanized therapeutic dose of CAS. At 24 h postinfection, mice
challenged with fks1 S639F mutants failed to respond to the drug, as there was no
significant difference in the fungal kidney burdens between the CAS- and vehicle-
treated groups (Fig. 2). In contrast, mice infected with C. auris FKS1 WT isolates,
irrespective of the MIC and the intensity of the Eagle effect observed in vitro, had a
significant (P � 0.05) �1 log10 CFU/g kidney burden reduction upon CAS treatment
relative to the kidney burden in the vehicle-treated controls. Two individual mouse
outliers, one from the isolate B11800-infected and CAS-treated group and the other
from the isolate C57942-infected and CAS-treated group, in which the kidney burdens
were not decreased upon CAS treatment, were observed. However, the presence of
these two outliers did not affect the statistical significance of the general kidney burden
differences between CAS-treated and untreated mice infected with the WT isolates.

DISCUSSION

Even though Candida albicans remains the most frequently isolated Candida species
in the clinical setting, an apparent trend toward an increasing prevalence of infections

TABLE 2 Candia auris FKS1 sequence analysis results

FKS1 hot spot Nucleotide sequence (nta positions or mutation) Amino acid sequence (type) Isolates

FKS1 HS1 TTCTTGACTTTGTCCTTGAGAGATCCT (1903–1929) FLTLSLRDP (WT) All except 4 (mentioned below)
TTCTTGACTTTGTTCTTGAGAGATCCT (C1916T) FLTLFLRDPb (S639F) VPCI 1133/P/13, VPCI 265/P/14,

VPCI 462/P/14, VPCI 471a/P/14c

FKS1 HS2 GACTGGATTAGACGTTATACCTTG (4048–4071) DWIRRYTL (WT) All
ant, nucleotide.
bThe boldface F represents the mutated amino acid.
cIsolates VPCI 1133/P/13 - R, VPCI 265/P/14, VPCI 462/P/14, and VPCI 471a/P/14 - R were resistant to all the echinocandins tested.

FIG 2 Comparison of the kidney burdens among the different treatment groups of mice infected with C. auris FKS1 WT isolates
which exhibited Eagle effects of different intensities in vitro (isolates VPCI 463/P/14, VPCI 107/P/14, and B11800 exhibited a low
Eagle effects; isolate C57942 exhibited a medium Eagle effect; and isolate VPCI 471/P/13 exhibited a high Eagle effect) and C.
auris fks1 mutant isolates with the S639F substitution (isolates VPCI 1133/P/13 - R, VPCI 462/P/14, and VPCI 471a/P/14 - R, which
were resistant to all echinocandins tested) at 24 h postinfection.
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caused by non-albicans Candida spp. has been observed in recent years. One of them
is C. auris, which has recently emerged as a nosocomial pathogen in many locations all
over the world. A concerning attribute of C. auris is the fact that isolates are often
characterized by reduced susceptibility to azoles, polyenes, and echinocandins, thus
limiting antifungal treatment options and making the management of patients infected
with C. auris more challenging (19).

The development of echinocandin resistance has been documented in C. auris
isolates recovered from patients treated with these drugs in multiple geographic areas.
This is particularly worrisome, given the recommendation for the use of echinocandins
as an empirical treatment for C. auris infection prior to the availability of specific
susceptibility testing results (29, 30). In the present study, AFST according to the CLSI
guidelines was performed, and four Indian isolates were recognized to be resistant to
all tested echinocandins (ANF, CAS, MCF), since they exhibited MICs of �4 mg/liter at
24 h (31). These isolates were further identified to harbor an S639F mutation in FKS1.
A different amino acid substitution in the same position (S639P) was recently reported
by Berkow and Lockhart in echinocandin-resistant C. auris isolates (32). FKS1 encodes
glucan synthase, which is the target for echinocandin class antifungal drugs. The major
mechanism of echinocandin resistance in other Candida spp. is amino acid substitu-
tions in Fks subunits of glucan synthase, which decrease the sensitivity of the enzyme
to the drugs (33). Amino acid changes associated with resistance occur in two highly
conserved hot spot (HS) regions of Fks (34–36) in all Candida species, and mutations in
codons S645 and F641 (C. albicans) cause the most pronounced resistance phenotypes
(34, 37, 38). Correspondingly, the two equivalent HS regions in C. auris FKS1 are present
at positions F635 to P643 and D1350 to L1357 of FKS1, and the amino acid substitution
S639F is equivalent to S645F in C. albicans (Table 3). Resistance caused by fks1 S639F
in C. auris was further confirmed in vivo in the mouse model of invasive candidiasis.
Mice infected with the fks1 S639F mutant isolates did not respond to CAS treatment,
with the mice having high kidney burdens comparable to those in the kidneys of the
vehicle-administered controls.

MCF was the most potent echinocandin in the MIC testing, which is consistent with
the AFST results of other groups (6, 27) Moreover, micafungin demonstrated the most
prominent pharmacodynamic response in comparison to those of fluconazole and
amphotericin B in a C. auris murine candidemia pharmacokinetic/pharmacodynamic
study (39).

A significant challenge with obtaining an accurate AFST MIC readout for CAS was
encountered, since all tested isolates exhibited an Eagle effect (also known as the
paradoxical growth effect), with the intensities of the Eagle effect varying among the
isolates. This phenomenon refers to reduced fungicidal activity at high concentrations
of antifungals, mainly in in vitro circumstances (40). It was widely reported that
paradoxical growth varies in terms of the medium, species, strain, and type of echino-
candin. Among the currently approved echinocandins, CAS is most notably associated
with the Eagle effect. It was first described in 2002, when it was noticed that higher
concentrations of CAS seemed to be less effective against C. albicans than lower
concentrations of the drug (41). The Eagle effect is not associated with a genetically
stable resistant fungal subpopulation, where fungal growth would be expected at all
concentrations above the MIC, even at the lower concentration range (42). Moreover,
the effect is not due to mutations in FKS and is not related to the upregulated activity

TABLE 3 Fks1 HS1 equivalents in Candida spp.

Species Fks1 HS1 sequence

C. auris F635LTLSLRDP
C. albicans F641LTLSLRDP
C. glabrata F625LILSIRDP
C. parapsilosis F652LTLSLRDA
C. tropicalis F650LTLSLRDP
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of glucan synthase in the presence of the drug. It was shown that echinocandins are
effective in vivo in the treatment of invasive murine candidiasis caused by C. dubliniensis
strains, despite the presence of the Eagle effect in vitro (43). Similarly, our study
demonstrated that the observed Eagle effect did not affect the in vivo drug response
of C. auris isolates, of which the only determinant impacting the pharmacodynamic
response was the FKS1 genotype.

The echinocandin resistance in our C. auris collection was characterized by 3.8%
prevalence and the same underlying mechanism of FKS1 HS1 mutation. Comparable
levels of resistance (2% and 7%, respectively) were reported for C. auris isolates
collected in India (10 hospitals) and by the CDC (from hospitals in Pakistan, India, South
Africa, and Venezuela) (5, 25). We speculate that the previously reported 37% CAS
resistance rate, without supporting molecular data (23), may possibly be due to the fact
that isolates exhibiting a high Eagle effect were categorized as resistant, thereby
overestimating the rate of echinocandin resistance in C. auris. Thus, as with many
Candida species, CAS testing appears to provide an unreliable measure of resistance
prevalence (44). The most solid information can be obtained by performing MCF AFST
and/or FKS1 sequencing, where resistance is reflected by an MIC of �2 mg/liter and the
presence of the characteristic mutation, respectively.

In any event, susceptibility testing for an emerging fungal species like C. auris is
complicated by the lack of breakpoints enabling AFST result interpretation and very
little knowledge of the correlation between MICs and clinical outcomes. Currently,
guidance for C. auris MIC interpretation, based on information gathered for related
Candida species and expert opinion, is provided by the CDC (31). Presumably, new
guidance documents will soon be developed by EUCAST and CLSI.

In summary, our results demonstrate for a global collection of C. auris isolates that
the prevalence of resistance was 3.8%, which is on the order of that for C. glabrata. As
with many Candida species, standardized CLSI susceptibility testing with CAS should be
viewed cautiously or avoided since an Eagle effect results in an overestimation of the
resistant population. These “pseudoresistant” strains responded well to the drug in a
murine infection model; only clinical isolates with an fks1 S639F mutation failed to
respond in this model, and these isolates were best identified by AFST with MCF or by
FKS1 sequence analysis.

MATERIALS AND METHODS
Fungal isolates and culture conditions. A total of 106 C. auris isolates were investigated in this

study. Forty C. auris isolates were obtained from Vallabhbhai Patel Chest Institute, University of Delhi
(Delhi, India), 48 isolates were obtained from Clinica General del Norte (Barranquilla, Colombia), 8 isolates
were obtained from a clinic of high complexity (Santa Marta, Colombia), and 10 isolates were from the
Candida auris Panel from the Antimicrobial Resistance (AR) Isolate Bank (Centers for Disease Control and
Prevention in collaboration with the Food and Drug Administration). Isolates were grown at 37°C on
yeast extract peptone dextrose (YPD) agar plates prior to testing. Species identification of all Candida
isolates was performed by sequencing of the rDNA region, amplified with primers Fun-rDNAF (5=-GGT
CATTTAGAGGAAGTAAAAGTCG-3=) and Fun-rDNAR (5=-YGATATGCTTAAGTTCAGCGGGTA-3=) (S. Katiyar,
personal communication), and further identified by nucleotide BLAST (https://blast.ncbi.nlm.nih.gov/
Blast.cgi) analysis, as well as real-time PCR (45).

AFST. Antifungal susceptibility testing was performed at least in duplicate for each strain in
accordance with the guidelines described in CLSI document M27-A3 (46). C. parapsilosis ATCC 22019 and
C. krusei ATCC 6258 were used as quality control strains. ANF (Pfizer, New York, NY), CAS (Merck & Co. Inc.,
Rahway, NJ), and MCF (Astellas Pharma, USA, Inc., Deerfield, IL) were obtained as standard powders from
their manufacturers, and stock solutions were prepared by dissolving the compounds in water (CAS,
MCF) or 100% dimethyl sulfoxide (DMSO) (ANF). The MIC endpoints were defined as the lowest drug
concentration that caused a prominent decrease (�50%) in visual growth in relation to the growth of the
controls. Additionally, an absorbance measurement (595 nm) was performed at 24 and 48 h for selected
strains which exhibited an Eagle effect of different intensities.

DNA extraction. DNA from fungal isolates was prepared by a 10-min incubation of a single colony
in 100 �l of extraction buffer (60 mM sodium bicarbonate [NaHCO3], 250 mM potassium chloride [KCl],
50 mM Tris, pH 9.5) at 95°C and subsequent addition of 100 �l anti-inhibition buffer (2% bovine serum
albumin). After vortex mixing, this DNA-containing solution was used for PCR (47).

FKS1 gene analysis. On the basis of analysis of the sequence with GenBank accession number
XM_018312389, primers for C. auris FKS1 amplification and sequencing were designed (Table 4). The
primers were then synthesized by Integrated DNA Technologies. PCR mixtures were prepared in a total
volume of 30 �l, consisting of 15 �l of 2� EmeraldAmp Max PCR master mix (TaKaRa Bio Inc.), 1 �l of
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each primer (CauFKS1_F and CauFKS1_R) at 10 �M, and 2 �l of DNA. PCR was performed in a T100
thermal cycler (Bio-Rad Laboratories, Inc.). The thermal profile included initial denaturation for 3 min at
95°C, followed by 40 cycles of 30 s at 95°C, 30 s at 40°C, and 4 min at 72°C. The presence of amplicons
was examined electrophoretically on 1% agarose gels stained with GelStar (Lonza). Amplicons were
purified by using a ZR DNA sequencing cleanup kit (Zymo Research) and sequenced by Genewiz.
Sequencing results were analyzed by SeqMan Pro (version 14) software (Lasergene; DNAStar).

In vivo drug response assessment in a murine model of invasive candidiasis. Six-week-old
female BALB/c mice (Charles River Laboratories) weighing 16 to 18 g were used for all animal experi-
ments. Mice were housed in presterilized filter-top cages and maintained in accordance with American
Association for Accreditation of Laboratory Care criteria. The animal study was approved by the Rutgers
Institutional Animal Care and Use Committee.

A well-established murine neutropenic disseminated candidiasis model was used for this study (48).
A total of 80 mice were randomized into 16 different infection/antifungal therapy arms. The sample size
of this animal experiment was considered adequate on the basis of the resource equation method (49).
Mice were rendered neutropenic by receiving 150 mg/kg and 100 mg/kg of cyclophosphamide via
intraperitoneal (i.p.) injection on day �4 and day �1 prior to infection, respectively. Five C. auris WT
isolates which exhibited Eagle effects of different intensities in vitro (isolates VPCI 463/P/14, VPCI
107/P/14, and B11800 had a low Eagle effect, isolate C57942 had a medium Eagle effect, and isolate VPCI
471/P/13 had a high Eagle effect) and three C. auris S639F mutant isolates (echinocandin-resistant
isolates VPCI 1133/P/13 - R, VPCI 462/P/14, and VPCI 471a/P/14 - R) were used in the study. The organisms
were subcultured in liquid YPD medium at 37°C with shaking overnight. Cells were collected by
centrifugation, washed twice with sterile phosphate-buffered saline (PBS), and counted with a hemocy-
tometer. The inoculum was adjusted to 2 � 107 CFU/ml, and 50 �l was used to infect each mouse. The
actual infection dose was verified by determination of viable counts on YPD plates spread with proper
dilutions of the inoculum and incubated at 37°C for 24 h. On day 0, mice were infected with 1 � 106 CFU
of the respective C. auris strain via retro-orbital injection. Groups of 5 mice were given a single dose of
vehicle (sterile saline) or CAS at 4 mg/kg at 1 h postinfection via i.p. injection. At the experiment endpoint
(24 h postinoculation), mice from each group were euthanized via CO2 inhalation, and the kidneys were
aseptically removed for enumeration of the fungal burdens. All graphical data are expressed as scattered
data points with means and standard deviations (bars) and were statistically analyzed by analysis of
variance (ANOVA) using Prism computer software (version 6; GraphPad Software, Inc., San Diego, CA).
The differences in the burdens between the test and the control groups were assessed by post hoc
analyses, using Dunnett’s or Dunn’s multiple-comparison test (when group values did not fit a Gaussian
distribution). A P value of �0.05 was considered statistically significant.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.00238-18.

SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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