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ABSTRACT The activity of CD101 and comparator antifungal agents against 606 in-
vasive fungal isolates collected worldwide during 2014 was evaluated using the Clin-
ical and Laboratory Standards Institute (CLSI) method. All Candida albicans (n �

251), Candida tropicalis (n � 51), Candida krusei (n � 16), and Candida dubliniensis
(n � 11) isolates were inhibited by �0.12 �g/ml of CD101 and were susceptible or
showed wild-type susceptibility to the other echinocandins tested. Five C. glabrata
isolates (n � 100) displayed CD101 MIC values of 1 to 4 �g/ml, had elevated MICs
of caspofungin (2 to �8 �g/ml), anidulafungin (2 to 4 �g/ml), and micafungin (2 to
4 �g/ml), and carried mutations on fks1 and fks2. Candida parapsilosis (n � 92) and
Candida orthopsilosis (n � 10) displayed higher CD101 MIC values (ranges, 0.5 to 4
�g/ml and 0.12 to 2 �g/ml, respectively), and similar results were observed for the
other echinocandins tested. Fluconazole resistance was noted among 11.0% of Can-
dida glabrata isolates, 4.3% of C. parapsilosis isolates, and 2.0% of C. albicans and C.
tropicalis isolates. The activity of CD101 against Aspergillus fumigatus (n � 56) was
similar to that of micafungin and 2-fold greater than that of caspofungin but less
than that of anidulafungin. These isolates had wild-type susceptibility to itracona-
zole, voriconazole, and posaconazole. The echinocandins had limited activity against
Cryptococcus neoformans (n � 19). CD101 was as active as the other echinocandins
against common fungal organisms recovered from patients with invasive fungal in-
fections. The long half-life profile is very desirable for the prevention and treatment
of serious fungal infections, especially in patients who can then be discharged from
the hospital to complete antifungal therapy on an outpatient basis.
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Despite the broad utilization of echinocandins to treat invasive candidiasis in
critically ill hospitalized patients, clinical resistance to these agents remains un-

common, although both breakthrough infections and acquired resistance mutations
have been noted in some species of Candida (1). Although the currently available
echinocandins are highly efficacious and relatively safe to use in the treatment of
invasive candidiasis and other invasive fungal infections (IFIs), they must be adminis-
tered daily by intravenous infusion, potentially prolonging the hospitalization of pa-
tients undergoing therapy and often limiting their use to the inpatient setting (2). The
availability of an echinocandin with activity that is comparable to the activities of
echinocandins presently in use but with a pharmacokinetic profile that allows less
frequent administration would alter the standard of care (i.e., echinocandin therapy) so
that it could be more easily administered in both inpatient and outpatient settings (3).
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CD101 (Cidara Therapeutics, Inc.) is a novel echinocandin antifungal agent that
displays chemical stability in plasma, in aqueous solution, and at elevated temperatures
and that also possesses a long-acting pharmacokinetic profile (4, 5). CD101 is being
developed for once-weekly intravenous administration for the treatment of invasive
candidiasis and candidemia (6). Less frequent dosing of this agent should facilitate
shorter and more cost-effective hospital stays, improve compliance for outpatients, and
provide more convenient outpatient prophylaxis or maintenance treatment regimens.

Surveillance of IFIs provides useful information concerning the patterns of etiologic
agents and the emergence of resistance to both established and newly introduced
antifungal agents (7, 8). The application of modern methods for species identification
and characterization of antifungal resistance mechanisms provides a level of standard-
ization and clarity that makes these observations useful in the ongoing fight against
antifungal resistance (7, 9, 10).

Preliminary in vitro susceptibility data obtained using Clinical and Laboratory Stan-
dards Institute (CLSI) broth microdilution (BMD) methods for yeasts (11) and filamen-
tous fungi (12) have demonstrated the excellent potency and spectrum of activity of
CD101 against both Candida and Aspergillus spp. (3); however, determination of the
activity of this agent in comparison with the activities of azoles and other echinocan-
dins against an expanded array of Candida spp. and Aspergillus fumigatus is important
in assessing the potential for the use of this novel echinocandin in the management of
IFIs due to these opportunistic pathogens.

In the present study, we performed a broad assessment of the activity of CD101 in
comparison with the activities of other echinocandins (anidulafungin, caspofungin, and
micafungin), azoles (fluconazole, itraconazole, posaconazole, and voriconazole), and
amphotericin B by testing a total of 606 isolates of Candida (531 isolates; 7 species),
Cryptococcus neoformans var. grubii (19 isolates), and Aspergillus fumigatus sensu stricto
(56 isolates) obtained during the 2014 SENTRY Antifungal Surveillance Program. All
isolates were tested using CLSI BMD methods (11, 12).

RESULTS AND DISCUSSION

The activity of CD101 and comparator agents against the CLSI-recommended quality
control (QC) strains was tested at least 20 times during the surveillance program. QC
results for the comparator agents were within established ranges, except for three
values for micafungin that were within the expected range upon repeat testing. MIC
values for CD101 were 0.03 to 0.06 �g/ml for Candida krusei ATCC 6258, 0.5 to 1.0
�g/ml for Candida parapsilosis ATCC 22019, and �0.008 �g/ml for both Aspergillus
flavus ATCC 204304 and A. fumigatus MYA-3626.

Among the 606 fungal isolates tested, 531 (87.6%) were Candida spp., 19 (3.1%)
were Cryptococcus neoformans var. grubii, and 56 (9.7%) were A. fumigatus sensu stricto
(Table 1).

Table 1 summarizes the in vitro susceptibilities of the 606 tested isolates to CD101,
anidulafungin, caspofungin, and micafungin. Although a recent report highlighted the
lack of reproducibility of caspofungin MIC results when isolates were tested using CLSI
reference broth microdilution methods (13), the results were included in this study.
Caspofungin is an important in-class comparator for the echinocandins; furthermore,
the results of the tests reported here were generated in a single laboratory, decreasing
the issues with the reproducibility of the results. To reduce the impact of these results,
we did not apply caspofungin interpretative criteria in Table 2.

When examined by species, CD101 at �0.12 �g/ml inhibited 95% of Candida
glabrata isolates and 100% of Candida albicans, Candida dubliniensis, Candida tropicalis,
and C. krusei isolates. All isolates of C. parapsilosis and Candida orthopsilosis were
inhibited by CD101 at �4 �g/ml, and all isolates of A. fumigatus were inhibited by
�0.03 �g/ml (the minimum effective concentration [MEC] value). The activity of CD101
was comparable to that of the three echinocandin comparators against all species of
Candida with the exception of C. krusei, where CD101 was 4-fold more active than
caspofungin (MIC50 and MIC90, 0.03 and 0.06 �g/ml, respectively, for CD101 versus 0.12
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and 0.25 �g/ml, respectively, for caspofungin). Whereas none of the echinocandins
were active against C. neoformans var. grubii, all four agents were very active against
the tested isolates of A. fumigatus (MEC for 90% of isolates tested [MEC90], 0.015 to 0.03
�g/ml).

When examined using either the clinical breakpoints or the epidemiological cutoff
values (ECVs) established by CLSI for the echinocandins, azoles, and amphotericin B
(14–17), the vast majority of isolates were susceptible and/or showed wild-type (WT)
susceptibility to all of the tested agents (Table 2). Fluconazole resistance was noted
among 11.0% of C. glabrata isolates, 4.3% of C. parapsilosis isolates, and 2.0% of C.
albicans and C. tropicalis isolates. Given these results, it is reasonable to assume that the

TABLE 1 Antifungal activity of CD101 and clinically available echinocandins against surveillance organisms/organism groups collected
worldwide during 2014 and tested using the CLSI reference method

Organism (no. of
isolates tested) and
antifungal agent

No. (cumulative %) of isolates inhibited at MIC or MEC (�g/ml) of:
MIC or MEC
(�g/ml)

<0.008 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 >8 50% 90%

Candida albicans (251)
CD101 17 (6.8) 107 (49.4) 91 (85.7) 28 (96.8) 8 (100.0) 0.03 0.06
Anidulafungin 69 (27.5) 101 (67.7) 54 (89.2) 22 (98.0) 5 (100.0) 0.015 0.06
Caspofungin 4 (1.6) 76 (31.9) 135 (85.7) 34 (99.2) 2 (100.0) 0.03 0.06
Micafungin 17 (6.8) 171 (74.9) 63 (100.0) 0.015 0.03

Candida glabrata (100)
CD101 3 (3.0) 59 (62.0) 29 (91.0) 4 (95.0) 0 (95.0) 0 (95.0) 1 (96.0) 3 (99.0) 1 (100.0) 0.03 0.06
Anidulafungin 1 (1.0) 0 (1.0) 11 (12.0) 62 (74.0) 21 (95.0) 0 (95.0) 0 (95.0) 0 (95.0) 3 (98.0) 2 (100.0) 0.06 0.12
Caspofungin 38 (38.0) 51 (89.0) 6 (95.0) 0 (95.0) 0 (95.0) 0 (95.0) 2 (97.0) 0 (97.0) 3 (100.0) 0.06 0.12
Micafungin 1 (1.0) 73 (74.0) 21 (95.0) 0 (95.0) 0 (95.0) 0 (95.0) 0 (95.0) 0 (95.0) 3 (98.0) 2 (100.0) 0.015 0.03

Candida parapsilosis (92)
CD101 22 (23.9) 35 (62.0) 34 (98.9) 1 (100.0) 1 2
Anidulafungin 4 (4.3) 28 (34.8) 44 (82.6) 16 (100.0) 2 4
Caspofungin 31 (33.7) 49 (87.0) 11 (98.9) 1 (100.0) 0.5 1
Micafungin 10 (10.9) 57 (72.8) 25 (100.0) 1 2

Candida tropicalis (51)
CD101 2 (3.9) 27 (56.9) 16 (88.2) 6 (100.0) 0.015 0.06
Anidulafungin 5 (9.8) 27 (62.7) 18 (98.0) 1 (100.0) 0.015 0.03
Caspofungin 12 (23.5) 23 (68.6) 15 (98.0) 1 (100.0) 0.03 0.06
Micafungin 1 (2.0) 15 (31.4) 27 (84.3) 8 (100.0) 0.03 0.06

Candida krusei (16)
CD101 3 (18.8) 11 (87.5) 2 (100.0) 0.03 0.06
Anidulafungin 1 (6.2) 6 (43.8) 9 (100.0) 0.06 0.06
Caspofungin 4 (25.0) 10 (87.5) 2 (100.0) 0.12 0.25
Micafungin 8 (50.0) 8 (100.0) 0.06 0.12

Candida dubliniensis (11)
CD101 6 (54.5) 4 (90.9) 1 (100.0) 0.03 0.06
Anidulafungin 1 (9.1) 3 (36.4) 7 (100.0) 0.06 0.06
Caspofungin 1 (9.1) 5 (54.5) 5 (100.0) 0.03 0.06
Micafungin 3 (27.3) 8 (100.0) 0.03 0.03

Candida orthopsilosis (10)
CD101 1 (10.0) 3 (40.0) 1 (50.0) 4 (90.0) 1 (100.0) 0.5 1
Anidulafungin 3 (30.0) 2 (50.0) 4 (90.0) 1 (100.0) 0.5 1
Caspofungin 1 (10.0) 3 (40.0) 3 (70.0) 3 (100.0) 0.25 0.5
Micafungin 2 (20.0) 2 (40.0) 3 (70.0) 3 (100.0) 0.5 1

Cryptococcus neoformans
var. grubii (19)

CD101 6 (31.6) 13 (100.0) �8 �8
Anidulafungin 19 (100.0) �8 �8
Caspofungin 4 (21.1) 15 (100.0) �8 �8
Micafungin 19 (100.0) �8 �8

Aspergillus fumigatus (56)
CD101 23 (41.1) 29 (92.9) 4 (100.0) 0.015 0.015
Anidulafungin 30 (53.6) 21 (91.1) 5 (100.0) �0.008 0.015
Caspofungin 18 (32.1) 35 (94.6) 3 (100.0) 0.03 0.03
Micafungin 16 (28.6) 38 (96.4) 2 (100.0) 0.015 0.015
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TABLE 2 Activity of CD101 and comparator antifungal agents when tested using the CLSI method

Organism (no. of
isolates tested)
and antifungal agent

MIC or MEC50

(�g/ml)
MIC or MEC90

(�g/ml)
Range
(�g/ml)

% isolates meeting the
following CLSI criteriona:

% isolates
meeting the
following ECVb:

S I/SDD R WT NWT

C. albicans (251)
CD101 0.03 0.06 �0.008–0.12 —c — — — —
Anidulafungin 0.015 0.06 �0.008–0.12 100.0 0.0 0.0 100.0 0.0
Caspofungind 0.03 0.06 �0.008–0.12 — — — — —
Micafungin 0.015 0.03 �0.008–0.03 100.0 0.0 0.0 100.0 0.0
Fluconazole �0.12 0.25 �0.12–�128 98.0 0.0 2.0 96.8 3.2
Posaconazole 0.03 0.06 �0.008–�8 — — — 92.4 7.6
Voriconazole �0.008 0.015 �0.008–�8 99.2 0.0 0.8 98.4 1.6
Amphotericin B 1 1 0.5–1 — — — 100.0 0.0

C. glabrata (100)
CD101 0.03 0.06 0.015–4 — — — — —
Anidulafungin 0.06 0.12 �0.008–4 95.0 0.0 5.0 95.0 5.0
Caspofungind 0.06 0.12 0.03–�8 — — — — —
Micafungin 0.015 0.03 �0.008–4 95.0 0.0 5.0 95.0 5.0
Fluconazole 8 64 0.25–128 — 89.0 11.0 89.0 11.0
Posaconazole 0.5 2 0.03–4 — — — 99.0 1.0
Voriconazole 0.12 1 0.015–4 — — — 88.0 11.0
Amphotericin B 1 1 0.5–2 — — — 100.0 0.0

C. parapsilosis (92)
CD101 1 2 0.5–4 — — — — —
Anidulafungin 2 4 0.5–4 82.6 17.4 0.0 100.0 0.0
Caspofungind 0.5 1 0.25–2 — — — — —
Micafungin 1 2 0.5–2 100.0 0.0 0.0 100.0 0.0
Fluconazole 1 2 0.25–128 95.7 0.0 4.3 95.7 4.3
Posaconazole 0.06 0.12 0.03–1 — — 98.9 1.1
Voriconazole 0.015 0.03 �0.008–2 95.7 1.1 3.3 95.7 4.3
Amphotericin B 1 1 0.5–1 — — — 100.0 0.0

C. tropicalis (51)
CD101 0.015 0.06 �0.008–0.06 — — — — —
Anidulafungin 0.015 0.03 �0.008–0.06 100.0 0.0 0.0 100.0 0.0
Caspofungind 0.03 0.06 0.015–0.12 — — — — —
Micafungin 0.03 0.06 �0.008–0.06 100.0 0.0 0.0 100.0 0.0
Fluconazole 0.5 0.5 �0.12–8 98.0 0.0 2.0 98.0 2.0
Posaconazole 0.06 0.12 0.015–0.25 — — — 98.0 2.0
Voriconazole 0.03 0.06 �0.008–0.25 98.0 0.0 2.0 94.1 5.9
Amphotericin B 1 1 0.5–1 — — — 100.0 0.0

C. krusei (16)
CD101 0.03 0.06 0.015–0.06
Anidulafungin 0.06 0.06 0.015–0.06 100.0 0.0 0.0 100.0 0.0
Caspofungind 0.12 0.25 0.06–0.25 — — — — —
Micafungin 0.06 0.12 0.06–0.12 100.0 0.0 0.0 100.0 0.0
Fluconazole 32 32 16–64 — — — 100.0 0.0
Posaconazole 0.25 0.5 0.03–0.5 — — — 100.0 0.0
Voriconazole 0.25 0.5 0.06–0.5 100.0 0.0 0.0 100.0 0.0
Amphotericin B 1 1 1–2 — — — 100.0 0.0

C. dubliniensis (11)
CD101 0.03 0.06 0.03–0.12 — — — — —
Anidulafungin 0.06 0.06 0.015–0.06 — — — 100.0 0.0
Caspofungind 0.03 0.06 0.015–0.06 — — — — —
Micafungin 0.03 0.03 0.015–0.03 — — — 100.0 0.0
Fluconazole �0.12 �0.12 �0.12–0.25 — — — 100.0 0.0
Posaconazole 0.03 0.06 0.03–0.06 — — — 100.0 0.0
Voriconazole �0.008 �0.008 �0.008 — — — 100.0 0.0
Amphotericin B 0.5 0.5 0.25–1 — — — 100.0 0.0

(Continued on following page)
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CD101 MIC distributions obtained for each species in this survey represent the WT
susceptibility distributions for this new echinocandin when tested by the CLSI BMD
method (Tables 1 and 2).

There were five isolates of C. glabrata for which the CD101 MICs were �1 �g/ml and
the MICs of the other echinocandins were �2 �g/ml; one harbored a mutation on fks1
hot spot region 1 (HS 1) encoding the S629P alteration, two carried alterations on fks2
HS 1 (F659S and S663P), and two carried alterations on both fks1 HS 1 (S629P) and fks2
HS 1 (S663P) (data not shown).

Summary and conclusions. The data presented here expand upon our previous
observations (3) and demonstrate that the activity of CD101 is comparable to that of
anidulafungin, caspofungin, and micafungin against a predominantly WT collection of
Candida spp. and A. fumigatus isolates. Although only five isolates (all C. glabrata) were
found to have non-WT (NWT) susceptibility to the echinocandins and harbored muta-
tions in fks1 and fks2, the results were consistent with our previous observations
indicating that fks mutant strains of Candida exhibit elevated MIC values for CD101 as
well as for the established echinocandins. On the basis of these data, it appears that
MICs of �0.12 �g/ml for C. albicans, C. glabrata, C. dubliniensis, C. tropicalis, and C.
krusei, MICs of �4.0 �g/ml for C. parapsilosis and C. orthopsilosis, and an MEC of �0.03
�g/ml for A. fumigatus define the upper limit of the WT MIC distributions for CD101 and
the common species of Candida and Aspergillus. Further evaluation against less com-
mon species of yeasts and molds and expanded clinical development of this long-
acting echinocandin are warranted.

TABLE 2 (Continued)

Organism (no. of
isolates tested)
and antifungal agent

MIC or MEC50

(�g/ml)
MIC or MEC90

(�g/ml)
Range
(�g/ml)

% isolates meeting the
following CLSI criteriona:

% isolates
meeting the
following ECVb:

S I/SDD R WT NWT

C. orthopsilosis (10)
CD101 0.5 1 0.12–2 — — — — —
Anidulafungin 0.5 1 0.25–2 — — — 100.0 0.0
Caspofungind 0.25 0.5 0.06–0.5 — — — — —
Micafungin 0.5 1 0.12–1 — — — 100.0 0.0
Fluconazole 1 2 0.5–32 — — — 90.0 10.0
Posaconazole 0.12 0.12 0.06–0.25 — — — 100.0 0.0
Voriconazole 0.03 0.06 0.015–0.5 — — — 90.0 10.0
Amphotericin B 0.5 1 0.5–1 — — — 100.0 0.0

C. neoformans var. grubii (19)
CD101 �8 �8 8–�8 — — — — —
Anidulafungin �8 �8 8–�8 — — — — —
Caspofungind �8 �8 8–�8 — — — — —
Micafungin �8 �8 8–�8 — — — — —
Fluconazole 2 4 1–4 — — — 100.0 0.0
Posaconazole 0.12 0.25 0.03–0.25 — — — 100.0 0.0
Voriconazole 0.03 0.06 0.03–0.06 — — — 100.0 0.0
Amphotericin B 1 1 0.5–1 — — — — —

A. fumigatus (56)
CD101 0.015 0.015 �0.008–0.03 — — — — —
Anidulafungin �0.008 0.015 �0.008–0.03 — — — — —
Caspofungind 0.03 0.03 0.015–0.06 — — — — —
Micafungin 0.015 0.015 �0.008–0.03 — — — — —
Itraconazole 0.5 1 0.25–1 — — — 100.0 0.0
Posaconazole 0.25 0.5 0.06–0.5 — — — 100.0 0.0
Voriconazole 0.25 0.5 0.12–1 — — — 100.0 0.0
Amphotericin B 2 2 0.5–2 — — — 100.0 0.0

aClinical and Laboratory Standards Institute (CLSI) breakpoint criteria. S, susceptible; I/SDD, intermediate/susceptible dose dependent; R, resistant.
bWT, wild type; NWT, non-wild type.
c—, not available.
dCaspofungin interpretative criteria were omitted due to reproducibility issues when this compound was tested (13).
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MATERIALS AND METHODS
Organisms. A total of 606 nonduplicate fungal isolates prospectively collected during 2014 from 38

medical centers located in North America (161 isolates; 10 sites), Europe (294 isolates; 17 sites), the
Asia-Pacific region (82 isolates; 6 sites), and Latin America (69 isolates; 5 sites) were evaluated. The
isolates selected were from the following sources: bloodstream (379 strains), normally sterile body fluids,
tissues, and abscesses (22 strains), respiratory tract specimens (96 strains), and other or nonspecified
body sites (109 strains). The yeast isolates were subcultured and screened using CHROMagar Candida
(Becton Dickinson, Sparks, MS) to ensure purity and to differentiate Candida albicans from Candida
dubliniensis, Candida tropicalis, and C. krusei. Isolates suspected to be either C. albicans or C. dubliniensis
(green colonies on CHROMagar) were incubated at 45°C. All other yeast and all mold isolates were
submitted to matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF
MS) using a MALDI Biotyper system according to the manufacturer’s instructions (Bruker Daltonics,
Billerica, MA). Three isolates that were not identified by either phenotypic or proteomic methods were
identified using sequencing-based methods as previously described (8, 10, 18).

Antifungal susceptibility testing. All isolates were tested by BMD according to CLSI methods
outlined in documents M27-A3, M38-A2, and M27-S4 (11, 12, 14). The systemically active antifungal
agents tested were CD101, anidulafungin, caspofungin, micafungin, fluconazole, itraconazole, posacona-
zole, voriconazole, and amphotericin B. The ranges of the antifungal agent concentrations tested were
0.008 to 16 �g/ml for the echinocandins, amphotericin B, itraconazole, and voriconazole and 0.12 to 128
�g/ml for fluconazole. MIC results were determined visually after 24 h (Candida spp.), 48 h (A. fumigatus),
or 72 h (C. neoformans) of incubation at 35°C and were considered to be the lowest concentration of drug
that resulted in �50% inhibition of growth relative to that of the growth control (azoles and echino-
candins versus yeasts) or complete (100%) inhibition (itraconazole, posaconazole, and voriconazole
versus A. fumigatus and amphotericin B versus both yeasts and molds). The echinocandin minimum
effective concentration (MEC) values for A. fumigatus were determined as described in CLSI document
M38-A2 (12). CLSI clinical breakpoints for echinocandins, fluconazole, and voriconazole were used for the
five most common species of Candida (C. albicans, C. glabrata, C. parapsilosis, C. tropicalis, and C. krusei).
Epidemiological cutoff values (ECV) were applied when available for the other species tested (14, 18).

QC. Quality control (QC) was ensured by testing the following strains recommended by CLSI: C. krusei
ATCC 6258, C. parapsilosis ATCC 22019, A. flavus ATCC 204304, and A. fumigatus MYA-3626.

Screening for 1,3-�-D-glucan synthase mutations. All isolates of Candida spp. that were either
resistant or that had non-wild-type (NWT) susceptibility (MIC � ECV) to one or more of the echinocandins
were characterized for the presence or absence of a mutation in the hot spot (HS) regions of fks1 and
fks2 (C. glabrata only) as described previously (19).

ACKNOWLEDGMENTS
We thank R. D. Dietrich, L. N. Woosley, and S. E. Costello, who are staff members at

JMI Laboratories (North Liberty, IA, USA), for technical support during susceptibility
testing and characterization of the fks mutant isolates.

This study was sponsored by research grants from Seachaid Pharmaceuticals and
Cidara Therapeutics, Inc.

JMI Laboratories, Inc., also contracted to perform services in 2016 for Achaogen,
Actelion, Allecra, Allergan, Ampliphi, API, Astellas, AstraZeneca, Basilea, Bayer, BD,
Biomodels, Cardeas, CEM-102 Pharma, Cempra, Cormedix, CSA Biotech, Cubist, Debio-
pharm, Dipexium, Duke, Durata, Entasis, Fortress, Fox Chase Chemical, GSK, Medpace,
Melinta, Merck, Micurx, Motif, N8 Medical, Nabriva, Nexcida, Novartis, Paratek, Pfizer,
Polyphor, Rempex, Scynexis, Shionogi, Spero Therapeutics, Symbal Therapeutics, Syn-
olgoic, TGV Therapeutics, The Medicines Company, Theravance, ThermoFisher, Vena-
torx, Wockhardt, and Zavante. Some JMI employees are advisors/consultants for Aller-
gan, Astellas, Cubist, Pfizer, Cempra, and Theravance. There are no speakers’ bureaus or
stock options to declare.

REFERENCES
1. Arendrup MC, Perlin DS. 2014. Echinocandin resistance: an emerging

clinical problem? Curr Opin Infect Dis 27:484 – 492. https://doi.org/
10.1097/QCO.0000000000000111.

2. Chen SC, Slavin MA, Sorrell TC. 2011. Echinocandin antifungal drugs in
fungal infections: a comparison. Drugs 71:11– 41. https://doi.org/
10.2165/11585270-000000000-00000.

3. Pfaller MA, Messer SA, Rhomberg PR, Jones RN, Castanheira M. 2016.
Activity of a long-acting echinocandin, CD101, determined using CLSI
and EUCAST reference methods, against Candida and Aspergillus spp.,
including echinocandin- and azole-resistant isolates. J Antimicrob Che-
mother 71:2868 –2873. https://doi.org/10.1093/jac/dkw214.

4. Ong V, Hough G, Schlosser M, Bartizal K, Balkovec JM, James KD,

Krishnan BR. 2016. Preclinical evaluation of the stability, safety, and
efficacy of CD101, a novel echinocandin. Antimicrob Agents Chemother
60:6872– 6879. https://doi.org/10.1128/AAC.00701-16.

5. Krishnan BR, James KD, Polowy K, Bryant BJ, Vaidya A, Smith S, Laude-
man CP. 10 August 2016. CD101, a novel echinocandin with exceptional
stability properties and enhanced aqueous solubility. J Antibiot (Tokyo).
https://doi.org/10.1038/ja.2016.89.

6. Zhao Y, Perez WB, Jimenez-Ortigosa C, Hough G, Locke JB, Ong V,
Bartizal K, Perlin DS. 2016. CD101: a novel long-acting echinocandin. Cell
Microbiol 18:1308 –1316. https://doi.org/10.1111/cmi.12640.

7. Arendrup MC, Bruun B, Christensen JJ, Fuursted K, Johansen HK, Kjael-
dgaard P, Knudsen JD, Kristensen L, Moller J, Nielsen L, Rosenvinge FS,

Pfaller et al. Antimicrobial Agents and Chemotherapy

March 2017 Volume 61 Issue 3 e02045-16 aac.asm.org 6

https://doi.org/10.1097/QCO.0000000000000111
https://doi.org/10.1097/QCO.0000000000000111
https://doi.org/10.2165/11585270-000000000-00000
https://doi.org/10.2165/11585270-000000000-00000
https://doi.org/10.1093/jac/dkw214
https://doi.org/10.1128/AAC.00701-16
https://doi.org/10.1038/ja.2016.89
https://doi.org/10.1111/cmi.12640
http://aac.asm.org


Roder B, Schonheyder HC, Thomsen MK, Truberg K. 2011. National
surveillance of fungemia in Denmark (2004 to 2009). J Clin Microbiol
49:325–334. https://doi.org/10.1128/JCM.01811-10.

8. Pfaller MA, Rhomberg PR, Messer SA, Jones RN, Castanheira M. 2015.
Isavuconazole, micafungin and eight comparator antifungal agents’ sus-
ceptibility profiles for common and uncommon opportunistic fungi
collected in 2013: temporal analysis of antifungal drug resistance using
CLSI species-specific interpretive criteria. Diagn Microbiol Infect Dis
82:303–313. https://doi.org/10.1016/j.diagmicrobio.2015.04.008.

9. Castanheira M, Messer SA, Rhomberg PR, Pfaller MA. 2016. Antifungal
susceptibility patterns of a global collection of fungal isolates: results of
the SENTRY Antifungal Surveillance Program (2013). Diagn Microbiol
Infect Dis 85:200 –204. https://doi.org/10.1016/j.diagmicrobio.2016
.02.009.

10. Pfaller MA, Woosley LN, Messer SA, Jones RN, Castanheira M. 2012.
Significance of molecular identification and antifungal susceptibility of
clinically significant yeasts and moulds in a global antifungal surveil-
lance program. Mycopathologia 174:259 –271. https://doi.org/10.1007/
s11046-012-9551-x.

11. Clinical and Laboratory Standards Institute. 2008. M27-A3. Reference
method for broth dilution antifungal susceptibility testing of yeasts, 3rd
ed. Clinical and Laboratory Standards Institute, Wayne, PA.

12. Clinical and Laboratory Standards Institute. 2008. M38-A2. Reference
method for broth dilution antifungal susceptibility testing of filamentous
fungi, 2nd ed. Clinical and Laboratory Standards Institute, Wayne, PA.

13. Espinel-Ingroff A, Arendrup MC, Pfaller MA, Bonfietti LX, Bustamante B,
Canton E, Chryssanthou E, Cuenca-Estrella M, Dannaoui E, Fothergill A,
Fuller J, Gaustad P, Gonzalez GM, Guarro J, Lass-Florl C, Lockhart SR, Meis
JF, Moore CB, Ostrosky-Zeichner L, Pelaez T, Pukinskas SR, St-Germain G,
Szeszs MW, Turnidge J. 2013. Interlaboratory variability of caspofungin
MICs for Candida spp. using CLSI and EUCAST methods: should the
clinical laboratory be testing this agent? Antimicrob Agents Chemother
57:5836 –5842. https://doi.org/10.1128/AAC.01519-13.

14. Clinical and Laboratory Standards Institute. 2012. M27-S4. Reference
method for broth dilution antifungal susceptibility testing of yeasts, 4th
informational supplement. Clinical and Laboratory Standards Institute,
Wayne, PA.

15. Espinel-Ingroff A, Diekema DJ, Fothergill A, Johnson E, Pelaez T, Pfaller
MA, Rinaldi MG, Canton E, Turnidge J. 2010. Wild-type MIC distributions
and epidemiological cutoff values for the triazoles and six Aspergillus
spp. for the CLSI broth microdilution method (M38-A2 document). J Clin
Microbiol 48:3251–3257. https://doi.org/10.1128/JCM.00536-10.

16. Espinel-Ingroff A, Cuenca-Estrella M, Fothergill A, Fuller J, Ghannoum M,
Johnson E, Pelaez T, Pfaller MA, Turnidge J. 2011. Wild-type MIC distri-
butions and epidemiological cutoff values for amphotericin B and Asper-
gillus spp. for the CLSI broth microdilution method (M38-A2 document).
Antimicrob Agents Chemother 55:5150 –5154. https://doi.org/10.1128/
AAC.00686-11.

17. Espinel-Ingroff A, Chowdhary A, Cuenca-Estrella M, Fothergill A, Fuller J,
Hagen F, Govender N, Guarro J, Johnson E, Lass-Florl C, Lockhart SR,
Martins MA, Meis JF, Melhem MS, Ostrosky-Zeichner L, Pelaez T, Pfaller
MA, Schell WA, Trilles L, Kidd S, Turnidge J. 2012. Cryptococcus
neoformans-Cryptococcus gattii species complex: an international study
of wild-type susceptibility endpoint distributions and epidemiological
cutoff values for amphotericin B and flucytosine. Antimicrob Agents
Chemother 56:3107–3113. https://doi.org/10.1128/AAC.06252-11.

18. Pfaller MA, Messer SA, Woosley LN, Jones RN, Castanheira M. 2013.
Echinocandin and triazole antifungal susceptibility profiles of opportu-
nistic yeast and mould clinical isolates (2010-2011); application of new
CLSI clinical breakpoints and epidemiological cutoff values to char-
acterize geographic and temporal trends of antifungal resistance. J
Clin Microbiol 51:2571–2581. https://doi.org/10.1128/JCM.00308-13.

19. Castanheira M, Woosley LN, Messer SA, Diekema DJ, Jones RN, Pfaller
MA. 2014. Frequency of fks mutations among Candida glabrata isolates
from a 10-year global collection of bloodstream infection isolates.
Antimicrob Agents Chemother 58:577–580. https://doi.org/10.1128/
AAC.01674-13.

In Vitro Activity of CD101 Antimicrobial Agents and Chemotherapy

March 2017 Volume 61 Issue 3 e02045-16 aac.asm.org 7

https://doi.org/10.1128/JCM.01811-10
https://doi.org/10.1016/j.diagmicrobio.2015.04.008
https://doi.org/10.1016/j.diagmicrobio.2016.02.009
https://doi.org/10.1016/j.diagmicrobio.2016.02.009
https://doi.org/10.1007/s11046-012-9551-x
https://doi.org/10.1007/s11046-012-9551-x
https://doi.org/10.1128/AAC.01519-13
https://doi.org/10.1128/JCM.00536-10
https://doi.org/10.1128/AAC.00686-11
https://doi.org/10.1128/AAC.00686-11
https://doi.org/10.1128/AAC.06252-11
https://doi.org/10.1128/JCM.00308-13
https://doi.org/10.1128/AAC.01674-13
https://doi.org/10.1128/AAC.01674-13
http://aac.asm.org

	RESULTS AND DISCUSSION
	Summary and conclusions.

	MATERIALS AND METHODS
	Organisms.
	Antifungal susceptibility testing.
	QC.
	Screening for 1,3--D-glucan synthase mutations.

	ACKNOWLEDGMENTS
	REFERENCES

