AAC

Journals.ASM.org

Antifungal Susceptibility Profiles of Bloodstream Yeast Isolates by
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Sensititre YeastOne (SYO) is an affordable alternative to the Clinical and Laboratory Standards Institute (CLSI) reference
method for antifungal susceptibility testing. In this study, the MICs of yeast isolates from 1,214 bloodstream infection episodes,
generated by SYO during hospital laboratory activity (January 2005 to December 2013), were reanalyzed using current CLSI clin-
ical breakpoints/epidemiological cutoff values to assign susceptibility (or the wild-type [WT] phenotype) to systemic antifungal
agents. Excluding Candida albicans (57.4% of all isolates [n = 1,250]), the most predominant species were Candida parapsilosis
complex (20.9%), Candida tropicalis (8.2%), Candida glabrata (6.4%), Candida guilliermondii (1.6%), and Candida krusei
(1.3%). Among the non-Candida species (1.9%), 7 were Cryptococcus neoformans and 17 were other species, mainly Rhodotorula
species. Over 97% of Candida isolates were susceptible (WT phenotype) to amphotericin B and flucytosine. Rates of susceptibil-
ity (WT phenotype) to fluconazole, itraconazole, and voriconazole were 98.7% in C. albicans, 92.3% in the C. parapsilosis com-
plex, 96.1% in C. tropicalis, 92.5% in C. glabrata, 100% in C. guilliermondii, and 100% (excluding fluconazole) in C. krusei. The
fluconazole-resistant isolates consisted of 6 C. parapsilosis complex isolates, 3 C. glabrata isolates, 2 C. albicans isolates, 2 C.
tropicalis isolates, and 1 Candida lusitaniae isolate. Of the non-Candida isolates, 2 C. neoformans isolates had the non-WT phe-
notype for susceptibility to fluconazole, whereas Rhodotorula isolates had elevated azole MICs. Overall, 99.7% to 99.8% of Can-
dida isolates were susceptible (WT phenotype) to echinocandins, but 3 isolates were nonsusceptible (either intermediate or re-
sistant) to caspofungin (C. albicans, C. guilliermondii, and C. krusei), anidulafungin (C. albicans and C. guilliermondii), and
micafungin (C. albicans). However, when the intrinsically resistant non-Candida isolates were included, the rate of echinocan-

din nonsusceptibility reached 1.8%. In summary, the SYO method proved to be able to detect yeast species showing antifungal

resistance or reduced susceptibility.

Imost all of the classes of antifungal agents available to date,
such as polyenes, azoles, flucytosine, and echinocandins, are
systemically active against Candida or non-Candida yeasts causing
bloodstream infections (BSIs) (1-4). Nevertheless, the expanding
use of newer (e.g., caspofungin or posaconazole) and older (e.g.,
fluconazole) antifungal agents for prophylactic or empirical pur-
poses (5, 6) has led to and in part has driven the changing epide-
miology of fungemia (7-10) and the emergence of fungal patho-
gens with decreased susceptibility or resistance to currently
prescribed antifungals (11, 12). It is noteworthy that while Can-
dida albicans is the most frequently encountered species in most
hospital settings worldwide (13), non-albicans Candida species
(i.e., Candida glabrata, Candida parapsilosis, Candida tropicalis,
Candida krusei, etc.) were recently shown to be the cause of two-
thirds of all cases of candidemia in a population-based laboratory
study (14). Additionally, more than half of Candida isolates found
to be resistant to one of two antifungal classes (i.e., azoles and
echinocandins) were C. glabrata, with 8 of 9 isolates being resis-
tant to both an echinocandin and fluconazole (14). It is also no-
table that in about 62% of candidemia episodes studied over a
10-year period at Duke University Hospital, patients who failed to
respond or responded only initially to an echinocandin therapy
were infected with C. glabrata isolates for which the MICs indi-
cated echinocandin resistance and which harbored FKS mutations

(15).
In keeping with the need for reproducible and clinically rele-
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vant fungal susceptibility testing, the Sensititre YeastOne (SYO;
Thermo Fisher Scientific, MA) colorimetric plate was marketed to
provide an easy and affordable alternative to the Clinical and Lab-
oratory Standards Institute (CLSI) or the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) standard
broth microdilution methods (16, 17). It now represents, to our
knowledge, a suitable method for the routine testing of the sus-
ceptibilities of clinical Candida isolates to amphotericin B, flucy-
tosine, fluconazole, itraconazole, posaconazole, voriconazole, and
the three echinocandins, particularly when it is used on a large
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scale (18; see also reference 19). Using 24-h MIC results obtained
by SYO, Huang et al. assessed the in vitro antifungal susceptibility
profiles of 474 blood Candida isolates by applying the newly re-
vised CLSI clinical breakpoints (CBPs) or, in the absence of CBPs,
epidemiological cutoff values (ECVs) for nine antifungal agents
(20). Based on data from a prospective candidemia study, van Hal
et al. were able to support the revised fluconazole CBP for C.
albicans by use of the MICs that were obtained using the SYO
method (21).

In the present study, we carried out a retrospective analysis of
antifungal MIC data generated by the SYO system during a 9-year
hospital laboratory activity with regard to fungal BSIs. Thus, the
original MICs of 1,250 isolates of Candida and non-Candida spe-
cies from 1,214 infectious episodes were reanalyzed by adopting
the current interpretive criteria to determine the rates of antifun-
gal resistance and to detect emerging resistance among the iso-
lates. Furthermore, isolates of Candida species showing elevated
echinocandin MICs were molecularly characterized to define the
mechanisms of echinocandin resistance.

MATERIALS AND METHODS

Data collection. A total of 1,214 BSI episodes due to Candida or non-
Candida species were diagnosed in 1,214 patients during the years from
2005 to 2013 and identified through a search of the clinical microbiology
laboratory information system at the Universita Cattolica del Sacro Cuore
(UCSC), a large institution comprising a 1,200-bed tertiary-level hospital
in Rome, Italy. Episodes in which more than one fungal species were
detected were considered polyfungal BSIs, whereas episodes occurring in
patients whose blood samples for culture for analysis of the incident epi-
sode (i.e., the first blood culture positive for a fungal species) were col-
lected >48 h after hospital admission were considered hospital-onset BSIs
(HO-BSIs). Outpatient-acquired BSIs were episodes detected =48 h after
hospital admission. As no multiple episodes of fungemia in the same
patient (defined as episodes due to the same fungal species that occurred
at least >21 days after the incident episode) were diagnosed, all the first
episodes of fungemia diagnosed during the study period were included in
the study. Data were reported into a customized database created for the
inclusion of patient identifiers, hospital wards or outpatient services/de-
partments, dates of BSI onset, and the species and antifungal susceptibility
patterns of the yeast isolates from the BSI patients (n = 1,250 isolates,
including those recovered from episodes with a single [n = 1,214] or
mixed [n = 36] fungal etiology). Additionally, data concerning the dosage
and duration of any antifungal treatment, primary disease, source of fun-
gal infection, and clinical outcome were retrieved from the patients’ hos-
pital charts (only for patients infected with isolates nonsusceptible
[including susceptible dose dependent/intermediate and resistant] to an-
tifungals), whereas data on hospital antifungal consumption (in defined
daily doses [DDDs] per year) were available from the UCSC pharmacy
database. The study did not require oversight by the institutional ethics
committee because of its descriptive nature.

Species identification and antifungal susceptibility testing. Yeast or-
ganisms were isolated, after growth on Difco Candida bromcresol green
(BCG) agar plates, from cultures of patient blood, which was collected as
part of normal clinical practice and processed using a Bactec (BD Diag-
nostic Systems, Sparks, MD) or BacT/Alert (bioMérieux, Marcy I'Etoile,
France) system. Isolates were identified to the species level by standard
methods, such as morphology on cornmeal-Tween 80 agar, growth at
45°C (for C. albicans/C. dubliniensis), and/or yeast assimilation/enzymatic
tests using Vitek 2 and RapID Yeast Plus identification systems (22) or,
since 2010, by matrix-assisted laser desorption ionization—time of flight
(MALDI-TOF) mass spectrometry (23), supplemented by molecular
identification, as needed (24). This was the case for isolates yielding in-
conclusive phenotypic profiles or insufficient mass spectra. Antifungal
susceptibility testing was performed as part of routine patient care, and
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colorimetric MIC endpoints were determined visually, after 24 of incuba-
tion at 35°C in a non-CO, atmosphere, using the SYO panel (progres-
sively upgraded until it included all 10 antifungal agents available in 2009
[the SYO-10 version]) for a total of 1,250 (100% tested with amphotericin
B, flucytosine, fluconazole, itraconazole, and voriconazole), 1,059 (84.7%
tested with caspofungin), 908 (72.6% tested with posaconazole), and 740
(59.2% tested with anidulafungin and micafungin) isolates, according to
the manufacturer’s instructions. In cases in which a prolonged incubation
of SYO plates was required (e.g., for cryptococcal isolates), visual readings
of MICs was performed regardless of colorimetric changes. The concen-
trations of the antifungals in version SYO-10 ranged from 0.12 to 8 g/ml
for amphotericin B, 0.06 to 64 g/ml for flucytosine, 0.015 to 8 pg/ml for
anidulafungin, 0.008 to 8 pwg/ml for caspofungin, micafungin, voricona-
zole, and posaconazole, 0.12 to 256 p.g/ml for fluconazole, and 0.015 to 16
pg/ml for itraconazole. As the ranges for amphotericin B, flucytosine,
fluconazole, and itraconazole were different from those for the previous
SYO versions (SYO-06, SYO-07, SYO-8) used throughout the study pe-
riod (see Table S1 in the supplemental material), MIC values of 0.008 to
0.12 pg/ml for amphotericin B and of 0.03 to 0.12 pg/ml for fluconazole
were reported as =0.12 wg/ml, MIC values of 0.03 to 0.06 pg/ml for
flucytosine were reported as =0.06 pg/ml, and MIC values of 0.008 to
0.015 pg/ml for itraconazole were reported as =0.015 pg/ml.

Data analysis. The interpretive antifungal MIC breakpoints were the
species-specific CBPs of fluconazole, voriconazole, and echinocandins
(25-27), which were recently revised by the CLSI (28) to identify resistant
strains of the 5 most common species of Candida (C. albicans, C. glabrata,
C. parapsilosis, C. tropicalis, and C. krusei); exceptions were the species C.
krusei, for which all isolates are defined to be intrinsically resistant to
fluconazole, and the voriconazole and C. glabrata combination, for which
no CBPs were assigned by the CLSI (26, 29). The CLSI resistance break-
point for fluconazole was defined as an MIC of >4 ng/ml against C.
albicans, C. parapsilosis, and C. tropicalis and an MIC of >32 pg/ml
against C. glabrata; the CLSI resistance breakpoint for voriconazole was
defined as an MIC of >0.5 pg/ml against C. albicans, C. parapsilosis, and
C. tropicalis and an MIC of >1 pg/ml against C. krusei. The CLSI resis-
tance breakpoint for anidulafungin, caspofungin, and micafungin was
defined as an MIC of >0.5 pg/ml against C. albicans, C. tropicalis, and C.
krusei and an MIC of >4 pg/ml against C. parapsilosis; the CLSI resistance
breakpoint both for anidulafungin and caspofungin and for micafungin
was defined as an MIC of >0.25 pg/ml and >0.12 pg/ml, respectively,
against C. glabrata. In lieu of CBPs, the ECV of >0.5 p.g/ml was used to
identify isolates of C. glabrata nonsusceptible (i.e., isolates with the non-
wild-type [non-WT] phenotype) to voriconazole; ECVs of >0.06 jg/ml,
>0.25 pg/ml, >0.12 pg/ml, >2 pg/ml, and >0.5 pwg/ml were used to
identify isolates of C. albicans, C. parapsilosis, C. tropicalis, C. glabrata, and
C. krusei, respectively, nonsusceptible (non-WT phenotype) to posacona-
zole (29). ECVs were also used to identify isolates of C. albicans, C. parap-
silosis, C. tropicalis, C. glabrata, and C. krusei nonsusceptible (non-WT
phenotype) to amphotericin B (>2 pg/ml for all) and flucytosine (>0.5
wg/ml for of C. albicans, C. parapsilosis, C. tropicalis, and C. glabrata and
>32 pg/ml for C. krusei), as well as those of other Candida species, such as
Candida guilliermondii (>2 pg/mland >1 pg/ml) and Candida lusitaniae
(>2 pg/mland 0.5 pg/ml) (29). For C. guilliermondii and the echinocan-
dins, the CLSI resistance breakpoint of >4 pg/ml (28, 29) was used. Also,
ECVs for triazoles and echinocandins were used to identify nonsuscep-
tible (non-WT phenotype) isolates of C. guilliermondii (only for tria-
zoles), C. lusitaniae, and other Candida species, such as Candida dublini-
ensis, Candida kefyr, and Candida pelliculosa (29). Among non-Candida
yeasts, we used ECVs only for Cryptococcus neoformans and fluconazole
(16 pg/ml), itraconazole (1 pg/ml), posaconazole (0.5 pg/ml), and vori-
conazole (0.25 wg/ml), as reported elsewhere (30); Rhodotorula species, C.
neoformans, and Trichosporon asahii were considered intrinsically resis-
tant to echinocandins. Rates of resistance were not calculated for the re-
maining species and antifungal compound combinations.

All Candida isolates with MICs for anidulafungin, caspofungin,
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and/or micafungin greater than the CBPs or ECVs were investigated for
the presence or absence of a mutation in the hot spot (HS) regions of the
FKS gene, as previously described (see reference 31 and references
therein). This gene encodes the target enzyme (glycan synthase) for echi-
nocandins (32).

Statistics. All incidence rates were calculated using as the denomina-
tor the summed numbers of inpatient days of the UCSC hospital during
the study period and are presented per 1,000 inpatient days (33). Categor-
ical variables were analyzed using the chi-square test or Fisher’s exact test,
and continuous variables were analyzed by the Mann-Whitney U test.
Significance was set as a P value of <0.05 (two-tailed). All analyses were
done using STATA software (version 11.1; StataCorp, College Station,
TX).

RESULTS AND DISCUSSION

Table 1 shows the distribution of species for the BSI episodes
caused by 1,250 yeasts during the study period (January 2005 to
December 2013). Among the isolates, 1,226 were Candida species
and 24 were non-Candida species (7 C. neoformans isolates and 17
isolates of other species). As expected, Candida species accounted
for 98.1% of the BSI isolates and C. albicans was the predominant
species (n = 718 isolates, 57.4%), followed by the C. parapsilosis
complex (n = 262, 20.9%), C. tropicalis (n = 102, 8.2%), C.
glabrata (n = 80, 6.4%), C. guilliermondii (n = 20, 1.6%), and C.
krusei (n = 16, 1.3%); miscellaneous species of Candida (n = 28,
2.2%) included C. lusitaniae (n = 9, 0.7%) and 10 other infre-
quent species (n = 19, 1.5%). Non-Candida yeasts accounted for
1.9% of all BSI isolates, and these were dominated by Rhodotorula
species (Rhodotorula mucilaginosa, Rhodotorula glutinis, and Rho-
dotorula dairenensis; 9 isolates) and C. neoformans, which together
accounted for 1.3% of all BSI isolates and 66.6% of all non-Can-
dida yeasts. Overall, we recorded 1,214 first episodes of BSI,
among which 1,183 were diagnosed in patients admitted to med-
ical wards (n = 580, 47.8%), surgical wards (n = 335, 27.6%), the
intensive care unit (ICU; n = 166, 13.7%), and oncology or he-
matology ward (n = 102, 8.4%) at the time of blood sample col-
lection; the remaining 31 (2.5%) BSI episodes were acquired when
the patients were outpatients (Table 1). Compared with the other
Candida species, C. albicans and the C. parapsilosis complex were
more likely to infect patients with hematological diseases and/or
malignancies (P < 0.001), whereas C. albicans, the C. parapsilosis
complex, and C. guilliermondii were more likely to infect ICU
patients (P = 0.024, P = 0.004, and P = 0.014, respectively). As
calculated from the total number of inpatient days (n =
3,574,148), the overall incidence rate was 0.33/1,000 inpatient
days; the highest incidence was observed in ICU patients (0.61/
1,000 inpatient days), followed by medical patients (0.42/1,000
inpatient days), malignancy patients (0.29/1,000 inpatient days),
and surgical patients (0.21/1,000 inpatient days). Also, the overall
incidence rates per 1,000 inpatient days were calculated for C.
albicans, the C. parapsilosis complex, C. tropicalis, C. glabrata, C.
guilliermondii, and C. krusei (Table 1).

Among the 1,183 HO-BSI patients, the median time from the
time of admission to the time of detection of the first positive
blood culture was 25 days (interquartile range [IQR], 11 to 42
days), with C. krusei BSIs being diagnosed the earliest (9 days;
IQR, 4 to 20 days; P < 0.001) and C. albicans or C. tropicalis BSIs
being diagnosed the latest (28 days [IQR, 16 to 45 days; P < 0.001]
and 20 days [IQR, 9 to 38 days; P = 0.02], respectively) (Table 1).
The number of total BSIs averaged ~135 per year, with no dis-
cernible trends in either the number of infections or the species
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distribution per year being found (P > 0.05). The median age of
all BSI patients (72 years) did not differ significantly with respect
to whether the causative species was C. albicans, C. parapsilosis, C.
tropicalis, C. glabrata, or C. krusei, with the exception of patients
infected with C. guilliermondii, who were aged 48 years (P <
0.001) (Table 1). Polyfungal BSIs occurred in 35 patients (2.8%),
of which 34 were infected by 2 species and 1 was infected by 3
species (C. glabrata, a C. parapsilosis complex isolate, and C. tropi-
calis) (Table 1). In 26 (74.3%) of these patients, C. albicans was
isolated in combination with another yeast, among which C.
glabrata and the C. parapsilosis complex accounted for 9 episodes
each. Other mixed BSIs involved species like Blastoschizomyces
capitatus, Candida famata, C. pelliculosa, Candida rugosa, and R.
mucilaginosa, which are not commonly isolated worldwide (34,
35), although these species must be regarded as emerging causes of
fungemia (36). It is noteworthy that C. parapsilosis was isolated
together with C. famata in one case and with C. guilliermondii in
another case. In fact, less prevalent Candida species are difficult to
differentiate from each another with many identification systems
that are currently used in clinical laboratories (37), except for the
newly introduced MALDI-TOF mass spectrometry (23), and
polyfungal fungemias also fail to be detected using a combination
of conventional identification methods, like the ID 32C system
plus CHROMagar (38).

Excluding C. albicans, the rank order of the six most frequently
encountered Candida species in the present study was C. parapsi-
losis complex > C. tropicalis > C. glabrata > C. guilliermondii >
C. krusei > C. lusitaniae (frequency range, 20.9 to 0.7%). As in
other European countries (38), the C. parapsilosis complex was the
most common of the non-albicans Candida species, but this is in
apparent contrast to the findings of fungemia surveillances re-
cently conducted in the United States (35, 39). In one of these
studies, C. parapsilosis was found to be the most prevalent species
in 4 of 24 medical centers surveyed, whereas C. krusei ranked
second or third in prevalence in seven of these centers (39). Thus,
itis not surprising that C. guilliermondii (accounting for 18 single-
species infections and 2 mixed infections) was fourth in rank order
among the non-albicans Candida species in our study. Likewise,
the C. parapsilosis complex, C. tropicalis, and C. glabrata were the
first three species to be identified as causes of invasive candidiasis
among 1,072 isolates from a 3-year national surveillance in China
(40).

Table 2 shows the results of testing of the in vitro susceptibili-
ties of BSI isolates to nine antifungal agents, as routinely per-
formed using the SYO method. Although such testing was done by
common laboratory personnel, quality control procedures were
performed each time that a new SYO panel batch was used during
the study period, and the MICs for control strains (C. krusei ATCC
6258 and C. parapsilosis ATCC 22019) were within the acceptable
range for the antifungals tested in each run (data not shown). As
shown in Table 2, the MICs for the 1,250 yeast isolates were not
always determined for all antifungals, since the number of anti-
fungals in the SYO panels increased over time, i.e., from 6 in 2005
(version SYO-06) to 10 in 2009 (version SYO-10). Although ke-
toconazole has been available since the SYO-06 version, the MICs
of this nonsystemic antifungal agent were disregarded in the pres-
ent analysis.

Among 1,209 isolates of common and less common Candida
species (including 9 isolates of C. lusitaniae and 2 isolates of C.
dubliniensis), over 97% were of the WT phenotype for amphoter-
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TABLE 2 In vitro susceptibilities of yeast BSI isolates tested against nine antifungals by SYO method

No. (%) of isolates in the indicated

No. (%) of isolates

No. of MIC (pg/ml)* susceptibility category by CBP? by ECV*
isolates Non-wild
Species Antifungal agent  tested ~ Range 50% 90% S S-DD I R Wild type  type
C. albicans Amphotericin B 718 =0.12to 1 0.12 0.5 718 (100) 0 (0.0)
Flucytosine 718 =0.06to 8 =0.06 0.12 714 (99.4) 4 (0.6)
Fluconazole 718 =0.12t0 16 0.25 0.5 716 (99.7) 0 (0.0) 2(0.3)
Itraconazole 718 =0.015to 1 0.03 0.06 713(99.3) 5(0.7)
Voriconazole 718 =0.008 to 0.5 0.008 0.008 716 (99.7) 2(0.3) 0(0.0)
Posaconazole 530 =0.008 to 1 0.008 0.03 526 (99.2) 4 (0.8)
Caspofungin 619 =0.008 to 4 0.03 0.06 618 (99.8) 0 (0.0) 1(0.2)
Anidulafungin 431 =0.015to 1 =0.015 0.03 430 (99.8) 0 (0.0) 1(0.2)
Micafungin 431 =0.008 to 1 =0.008 0.015 430 (99.8) 0(0.0) 1(0.2)
C. parapsilosis Amphotericin B 262 =0.12to 2 0.25 0.5 262 (100) 0 (0.0)
complex® Flucytosine 262 =0.06 to =64 0.06 0.12 257 (98.1) 5(1.9)
Fluconazole 262 =0.12to 16 0.5 2 244 (93.1) 12 (4.6) 6(2.3)
Itraconazole 262 =0.015t0 0.5 0.03 0.12 262 (100) 0 (0.0)
Voriconazole 262 =0.008t00.25 0.015  0.03  260(99.2) 2(0.8) 0 (0.0)
Posaconazole 186 =0.008 t0 0.25 0.03 0.06 186 (100) 0 (0.0)
Caspofungin 218 0.03 to 2 0.25 0.5 218 (100) 0 (0.0) 0(0.0)
Anidulafungin 156 =0.015t0 2 0.5 1 156 (100) 0(0.0)  0(0.0)
Micafungin 156 0.03 to 2 0.5 1 156 (100) 0 (0.0) 0(0.0)
C. tropicalis Amphotericin B 102 =0.12to 1 0.25 0.5 102 (100) 0 (0.0)
Flucytosine 102 =0.06 to =64 0.06 32 83 (81.4) 19 (18.6)
Fluconazole 102 =0.12t0 16 0.25 0.5 99 (97.0)  1(1.0) 2(2.0)
Itraconazole 102 =0.015t0 0.5 0.12 0.25 102 (100) 0 (0.0)
Voriconazole 102 =0.008 t0 0.25 0.03 0.06 101 (99.0) 1 (1.0) 0(0.0)
Posaconazole 75 =0.008 to 0.5 0.06 0.25 63 (84.0) 12 (16.0)
Caspofungin 84 0.015to0 0.12 0.03 0.06 84 (100) 0 (0.0) 0(0.0)
Anidulafungin 64 =0.015t0 0.12  0.015 0.03 64 (100) 0 (0.0) 0(0.0)
Micafungin 64 0.015t00.06  0.03 0.03 64 (100) 0(0.0)  0(0.0)
C. glabrata Amphotericin B 80 =0.12to 1 =0.12 0.5 80 (100) 0(0.0)
Flucytosine 80 =0.06 =0.06 =0.06 80 (100) 0(0.0)
Fluconazole 80 0.25 to =256 8 16 77 (96.3) 3(3.7)
Itraconazole 80 =0.015to =16 0.5 1 77 (96.3) 3(3.7)
Voriconazole 80 =0.008 to =8 0.12 0.5 77 (96.3) 3(3.7)
Posaconazole 53 0.25 to =8 0.5 2 50 (94.3) 3(5.7)
Caspofungin 62 0.03 to 0.25 0.06 0.12 62 (100) 0 (0.0) 0(0.0)
Anidulafungin 42 =0.015t00.12 =0.015 0.03 42 (100) 0(0.0)  0(0.0)
Micafungin 42 =0.008 t0 0.03  0.015 0.015 42 (100) 0 (0.0) 0(0.0)
C. guilliermondii ~ Amphotericin B~ 20 =0.12t0 0.5 0.12 0.25 20 (100) 0(0.0)
Flucytosine 20 =0.06 to =64 0.06 64 14 (70.0) 6 (30.0)
Fluconazole 20 0.5t08 2 8 20 (100) 0(0.0)
Itraconazole 20 0.03t0 0.5 0.12 0.5 20 (100) 0(0.0)
Voriconazole 20 =0.008 t0 0.12  0.03 0.12 20 (100) 0(0.0)
Posaconazole 19 0.03t0 0.5 0.12 0.25 19 (100) 0(0.0)
Caspofungin 19 0.06 to 4 0.25 1 18 (94.7) 1(5.3) 0(0.0)
Anidulafungin 13 0.12to 1 0.5 1 13 (100) 0 (0.0) 0(0.0)
Micafungin 13 0.06 t0 0.5 0.25 0.5 13 (100) 0(0.0)  0(0.0)
C. krusei Amphotericin B 16 =0.12to 1 0.03 0.5 16 (100) 0 (0.0)
Flucytosine 16 1to16 4 16 16 (100) 0 (0.0)
Fluconazole 16 16 to 64 64 64 16 (100) 0 (0.0)
Itraconazole 16 0.06 to 0.5 0.25 0.5 16 (100) 0 (0.0)
Voriconazole 16 0.03t0 0.5 0.12 0.5 16 (100) 0 (0.0) 0(0.0)
Posaconazole 10 0.06 to 0.25 0.25 0.25 10 (100) 0(0.0)
Caspofungin 11 0.12to 2 0.25 0.25 10 (90.9) 0 (0.0) 1(9.1)
Anidulafungin 7 =0.015t0 0.5 ND ND 6 (85.7) 1(14.3) 0(0.0)
Micafungin 7 0.06 to 0.5 ND ND 6 (85.7) 1(14.3) 0(0.0)
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TABLE 2 (Continued)

Antifungal Susceptibilities of Yeast Isolates by SYO

No. (%) of isolates in the indicated No. (%) of isolates

No. of MIC (pg/ml)* susceptibility category by CBP? by ECV*
isolates Non-wild
Species Antifungal agent  tested ~ Range 50% 90% S S-DD I R Wild type  type
C. lusitaniae Amphotericin B 9 0.03 t0 0.5 ND ND 9 (100) 0(0.0)
Flucytosine 9 =0.06to 1 ND ND 9 (100) 0 (0.0)
Fluconazole 9 0.25to 4 ND ND 8 (88.9) 1(11.1)
Itraconazole 9 =0.015t00.12 ND ND 9 (100) 0(0.0)
Voriconazole 9 =0.008 t0 0.03 ND ND 9 (100) 0 (0.0)
Posaconazole 6 =0.008 t0 0.03 ND ND 6 (100) 0 (0.0)
Caspofungin 8 0.03 to 0.25 ND ND 8 (100) 0(0.0)
Anidulafungin 3 0.03 to 0.12 ND ND 3 (100) 0 (0.0)
Micafungin 3 0.03 to 0.06 ND ND 3 (100) 0(0.0)
C. neoformans Amphotericin B 7 =0.12t0 0.5 ND ND
Flucytosine 7 41032 ND ND
Fluconazole 7 4 to 64 ND ND 5(71.4) 2 (28.6)
Itraconazole 7 0.03 to 0.25 ND ND 7 (100) 0(0.0)
Voriconazole 7 0.06 to 0.25 ND ND 7 (100) 0(0.0)
Posaconazole 4 0.03 to 0.5 ND ND 4 (100) 0(0.0)
Caspofungin 6 =8 ND ND
Anidulafungin 4 =8 ND ND
Micafungin 4 =8 ND ND
Other yeasts? Amphotericin B 36 =0.12t0 2 0.25 1
Flucytosine 36 =0.06 to 16 0.06 4
Fluconazole 36 0.12 to 128 4 128
Itraconazole 36 =0.015t0 2 0.12 0.5
Voriconazole 36 =0.008 to 2 0.06 0.5
Posaconazole 25 0.015to 4 0.25 1
Caspofungin 32 0.03 to =8 2 =8
Anidulafungin 20 =0.015to =8 0.5 =8
Micafungin 20 =0.008to =8 0.5 =8

@ MICs are reported as the range, MICs,, and MICy,,. The MIC5s and MICy,s were calculated only for those species with at least 10 isolates tested. ND, not determined.

b Clinical breakpoints (CBPs) for susceptible (S), susceptible dose dependent (S-DD), intermediate (I), and resistant (R) were those of the CLSI (28, 29). In the absence of CBPs for
amphotericin B, flucytosine, itraconazole, and posaconazole and the five most common species of Candida (C. albicans, C. glabrata, C. parapsilosis, C. tropicalis, and C. krusei), as
for the voriconazole and C. glabrata combination, for which no CBPs were assigned by the CLSI (26, 29), isolates were classified as having the WT and non-WT drug susceptibility
phenotypes according to the epidemiological cutoff values (ECVs) recently proposed by CLSI (29). In lieu of CBPs, ECVs were also used for the amphotericin B, flucytosine,
triazole, and echinocandin antifungal agents to identify isolates of C. guilliermondii with the non-WT phenotype (excluding echinocandins), C. lusitaniae, and other listed Candida
species, such as C. dubliniensis, C. kefyr, and C. pelliculosa (see footnote d below) (29). Among the non-Candida yeasts (see footnote d below), ECVs were used only for Cryptococcus

neoformans, as specified in the text.

¢ Includes two isolates that were identified as C. orthopsilosis since their isolation from the respective patients’ blood cultures in 2010 and 2011, which was subsequent to the
MALDI-TOF mass spectrometry implementation in the clinical microbiology laboratory. These isolates were classified as resistant to fluconazole according to the C. parapsilosis
species-specific CBP mentioned in footnote b above, or as having the non-WT phenotype for susceptibility to fluconazole according to the established ECV (>2 pg/ml) (29). Two
of the remaining four fluconazole-resistant isolates initially designated to be C. parapsilosis species complex were analyzed using MALDI-TOF mass spectrometry at the time of the

present study and were identified as C. parapsilosis sensu stricto.

4 Other Candida and non-Candida species included isolates of Blastoschizomyces capitatus (n = 6), Rhodotorula mucilaginosa (n = 7), C. famata (n = 4), C. rugosa (n = 3), C.
dubliniensis (n = 2), C. lipolytica (n = 2), C. pelliculosa (n = 2), Candida utilis (n = 2), and 1 isolate each of C. intermedia, C. kefyr, C. lambica, C. norvegensis, Rhodotorula
dairenensis, Rhodotorula glutinis, Saccharomyces cerevisiae, and Trichosporon asahii (see also Table S2 in the supplemental material).

icin B and flucytosine susceptibility; no isolates had amphotericin
B MICs above the ECV, whereas 34 isolates across C. albicans
(4/718 isolates, 0.6%), the C. parapsilosis complex (5/262 isolates,
1.9%), C. tropicalis (19/102 isolates, 18.6%), and C. guilliermondii
(6/20 isolates, 30%) were found to have the non-WT phenotype
for flucytosine susceptibility. The remaining 17 isolates belonged
to those Candida species (e.g., C. kefyr, C. pelliculosa) for which
amphotericin B or flucytosine ECVs were not defined (29). Ten-
tative ECVs for the SYO method were recently proposed, and the
median values obtained by the five approaches employed for flu-
cytosine and C. albicans, C. parapsilosis, and C. tropicalis were
almost identical to those obtained with the CLSI method (41). For

July 2015 Volume 59 Number 7

Antimicrobial Agents and Chemotherapy

these species, the MIC ranges of flucytosine obtained in the pres-
ent study were similar to those obtained in two earlier surveys,
both of which used the SYO method (20, 40), but a higher pro-
portion of our C. parapsilosis complex or C. tropicalis isolates ex-
hibited flucytosine MICs greater than the CLSI ECVs.

With regard to C. albicans, 2 (0.3%) isolates were resistant to
fluconazole and 2 (0.3%) isolates were susceptible dose dependent
to voriconazole, whereas 5 (0.7%) isolates and 4 (0.8%) isolates
had the non-WT phenotype for itraconazole and posaconazole
susceptibility, respectively. With regard to the C. parapsilosis com-
plex, 6 (2.3%) isolates were resistant and 12 (4.6%) isolates were
susceptible dose dependent to fluconazole and 2 (0.8%) isolates
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were susceptible dose dependent to voriconazole; no isolates with
itraconazole or posaconazole MICs greater than the ECVs were
found. With regard to C. tropicalis, 2 (2.0%) isolates and 1 (1.0%)
isolate were resistant and susceptible dose dependent to flucona-
zole, respectively, and 1 (1.0%) isolate was susceptible dose de-
pendent to voriconazole, whereas 12 (16%) isolates had the
non-WT phenotype for posaconazole susceptibility. With regard
to C. glabrata, 3 (3.7%) isolates were resistant to fluconazole, 3
(3.7%) isolates had the non-WT phenotype for itraconazole or
voriconazole susceptibility, and 3 (5.7%) had the non-WT pheno-
type for posaconazole susceptibility. All C. krusei isolates in this
study were susceptible to voriconazole and had the WT phenotype
for itraconazole and posaconazole susceptibility. The isolates of C.
neoformans (the most represented among the non-Candida spe-
cies studied) showed high MIC values only to fluconazole, with 2
(28.6%) of 7 isolates classified as having the non-WT phenotype
for susceptibility to this antifungal agent.

Among the 11 remaining Candida species studied, 1 (11.1%)
isolate of C. lusitaniae had the non-WT phenotype for fluconazole
susceptibility, whereas 2 isolates of C. pelliculosa and 1 isolate of C.
kefyr had fluconazole MICs that were below the ECVs established
for this antifungal agent (see Table S2 in the supplemental mate-
rial). In contrast, fluconazole MICs were consistently =2 pg/ml
for C. famata (3 of 4 isolates), C. rugosa (2 of 3 isolates), Candida
lipolytica (1 of 2 isolates), Candida lambica (1 isolate), and Can-
dida norvegensis (1 isolate) (see Table S2 in the supplemental ma-
terial). Otherwise, lower MICs of itraconazole and voriconazole
were seen for C. famata (0.25 and =0.12 pg/ml, respectively), C.
rugosa (0.06 and =0.06 pg/ml, respectively), C. lipolytica (0.25
and =0.12 pg/ml, respectively), C. lambica (0.12 and 0.03 pg/ml,
respectively), and C. norvegensis (0.25 and 0.12 pg/ml, respec-
tively); similarly, the MICs of posaconazole, when tested, were
0.12 pg/ml for C. famata (1 isolate), 0.25 pg/mland 0.5 pg/ml for
C. lipolytica (2 isolates), and 0.25 pg/ml for C. norvegensis (1 iso-
late) (see Table S2 in the supplemental material).

Among the Candida isolates tested (1,024 isolates for caspo-
fungin and 718 isolates for both anidulafungin and micafungin
across C. albicans, C. parapsilosis complex, C. tropicalis, C.
glabrata, C. guilliermondii, C. krusei, C. lusitaniae, C. dubliniensis,
C. kefyr, and C. pelliculosa isolates), susceptibility to echinocan-
dins was very high. Despite this, the rates at which isolates were
nonsusceptible (either intermediate or resistant) to echinocan-
dins were 0.2% (1/619) for C. albicans, 5.3% (1/19) for C. guillier-
mondii, and 9.1% (1/11) for C. krusei (only to caspofungin), but
no resistance was found among C. glabrata and C. tropicalis iso-
lates. The C. albicans isolate was found to harbor a point mutation
(S645F) in HS1 of fks1, whereas the C. guilliermondii isolate (ex-
cept for a constitutive polymorphism) and the C. krusei isolate
were wild type for the fks gene; of note, the C. guilliermondii isolate
showed an intermediate phenotype for susceptibility to caspofun-
gin and anidulafungin (Table 3). It was noticed that adoption of
the revised CLSI CBPs for caspofungin may overstate the rates at
which isolates are nonsusceptible (especially intermediate) to
caspofungin among C. glabrata and C. krusei isolates (18), and the
interlaboratory variability in caspofungin MICs for C. albicans, C.
glabrata, C. tropicalis, and C. krusei may considerably limit the use
of both the CLSI and EUCAST reference methods (42). Thus,
while clinical microbiology laboratories should use micafungin or
anidulafungin as a surrogate marker to predict caspofungin sus-
ceptibility (43, 44), the use of SYO assays was recently advised for
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hospitals that routinely perform echinocandin susceptibility test-
ing of bloodstream isolates (18). This advice was provided to over-
come the variability in caspofungin MICs that occurs when Can-
dida species are tested by the reference methods. To support this
concept, we observed low variability among the caspofungin
MICs obtained for isolates of the most common Candida species,
even through the testing performed with different SYO batches
throughout the study period (see Fig. S1 in the supplemental ma-
terial).

The percentages of resistance reported in our study are similar
to those reported from two recent Spanish studies (38, 45), show-
ing that resistance to echinocandins is not emerging like it is in
other geographical areas, such as the United States (15, 35). In
addition, it is notable that antifungal susceptibility testing in those
studies was performed by using EUCAST and CLSI reference pro-
cedures, with comparable results being obtained between the two
methods (45), and it is notable that our findings are also similar to
those reported after analyzing yeast isolates collected from all over
the world (SENTRY Program 2010-2011), using CLSI broth mi-
crodilution methods (30). In a study by Pfaller et al., decreased
susceptibility to posaconazole was prominently (>5%) observed
in 8.3% of the isolates of C. albicans (ECV, 0.06 pwg/ml) and 7.1%
of the isolates of C. krusei (ECV, 0.5 pg/ml) that were obtained
from European laboratories (30). Interestingly, in that study (30)
the C. krusei isolates for which posaconazole MICs were >0.5
pg/ml (non-WT phenotype) yet which had the WT phenotype for
voriconazole susceptibility are reminiscent of C. tropicalis isolates
for which posaconazole MICs were >0.12 pg/ml (non-WT phe-
notype) yet were classified as having the WT phenotype for vori-
conazole susceptibility in the present study. This provides further
support for the concept that posaconazole ECVs for C. krusei and
other common species of Candida may be set too low, perhaps
because the ECVs were derived from MIC distributions which
were obtained from a single laboratory (30). However, ECVs for
MIC distributions originating from =6 laboratories for posacona-
zole remained substantially unchanged for eight species of Can-
dida, including C. albicans, C. tropicalis, and C. krusei (46).

Overall (only Candida species), the rate of susceptibility was
97.5% (1,196/1,226 isolates) for fluconazole and 99.7% (1,032/
1,035 isolates) for caspofungin. Among the fluconazole-resistant
isolates, 16 isolates were C. krusei and the remaining 14 isolates
were the C. parapsilosis complex (6 isolates, including 2 Candida
orthopsilosis isolates), C. glabrata (3 isolates), C. albicans (2 iso-
lates), C. tropicalis (2 isolates), and C. lusitaniae (1 isolate) (Table
3). Five isolates (3 C. glabrata and 2 C. orthopsilosis isolates) were
resistant (non-W'T phenotype) to fluconazole and voriconazole,
and 3 isolates (all C. glabrata) were resistant (non-WT phenotype)
to the other three azoles. Two C. albicans isolates were cross-resis-
tant to fluconazole and itraconazole, and 1 C. albicans isolate and
2 C. tropicalis isolates exhibited a non-WT phenotype for po-
saconazole susceptibility. Overall (all isolates), the rate of resis-
tance to fluconazole and echinocandin antifungals was 3.9%, as
reflected by the number of BSI episodes caused by species with
decreased susceptibility to fluconazole or by intrinsically resistant
species, such as C. neoformans, Rhodotorula spp., or Trichosporon
asahii. Even though these species are regarded to be rare patho-
gens, they merit particular attention because their challenging in-
trinsic susceptibility pattern often leads to delayed appropriate
antifungal treatment (4).

Table 3 also shows the characteristics of patients with BSIs
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FIG 1 Trends of azole (A) and echinocandin (B) consumption (in DDDs) in the UCSC hospital over the study period (2005 to 2013). The overall distribution
of BSI episodes caused by Candida and non-Candida isolates with intrinsic or acquired fluconazole (A) or echinocandin (B) resistance in the same years is

denoted by a black line.

caused by Candida isolates found to be nonsusceptible to an
azole(s) or echinocandin(s) in vitro. Among 14 patients infected
with fluconazole-resistant Candida species, 13 (92.8%) were
adults (age range, 22 to 91 years) and 8 (57.1%) were male. One of
three patients with a BSI caused by an echinocandin-resistant
Candida species was a newborn who was infected with C. guillier-
mondii. Excluding the last patient and 3 other patients (1 infected
with C. albicans, 1 infected with the C. parapsilosis complex, and 1
infected with C. tropicalis), all the remaining patients had experi-
enced prior exposure to azoles (1 = 9, 64.2%) or echinocandins
(n=2,14.2%) alone; 1 patient (infected with C. orthopsilosis) had
previously been treated with either an azole or an echinocandin
antifungal agent, and another patient (infected with an isolate of
the C. parapsilosis complex) had previously been treated with ei-
ther amphotericin B or azoles (both fluconazole and itracona-
zole). Six of 17 patients died, and in 5 of these patients the death
occurred =8 days after initiation of antifungal therapy. Three of
14 patients infected with fluconazole-resistant isolates were
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treated with fluconazole, and 2 of them (i.e., 1 with a C. lusitaniae
BSI and 1 with a C. albicans BSI) died after only 7 and 10 days of
antifungal therapy, respectively; the third patient (with a C. parap-
silosis complex BSI) survived after 15 days of antifungal therapy.
The patients infected with echinocandin-nonsusceptible isolates
were treated with fluconazole (1 patient) and amphotericin B (2
patients), but in one of them (i.e., the patient infected with C.
krusei), the amphotericin B therapy was administered only for 4
days because the death occurred early. Furthermore, 6 of 17 pa-
tients had not received adequate control of the source infection,
and half of these patients did not survive, according to previously
published observations (47). The 17 BSI episodes described in
Table 3 were distributed uniformly over the time period from 14
November 2005 to 8 January 2013, with 3 episodes (in the years
2005 and 2008) to 1 episodes (in the years 2006, 2007, 2009, and
2010) occurring per year (Fig. 1). This was despite the persistently
high rate of fluconazole consumption during the study period
(10,542 DDDs in 2005 to 11,889 DDDs in 2013); in contrast, the
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hospital use of echinocandins had greatly increased during the
same 9-year period, ranging from 1,414 DDDs (only caspofungin)
in 2005 to 4,522 DDDs (both caspofungin and anidulafungin) in
2013. Of note, the echinocandin DDD ratio, which was 1.8 for
caspofungin/anidulafungin in 2009, was noticed to reverse in fa-
vor of anidulafungin in 2010 and to reach values of 2.5 in 2011,
which remained stable until 2013 (Fig. 1). No DDDs of micafun-
gin were shown because this echinocandin was not included in the
formulary of the hospital.

A limitation of the present study is that no comparisons with
the CLSI broth microdilution methods were made, but previous
studies have documented that antifungal MICs generated by the
SYO are in good essential agreement with those obtained by the
CLSI methodology, from which SYO is adapted (48, 49). How-
ever, the categorical agreement may be lower, especially for some
fungal species-antifungal drug combinations (19). We applied the
CLSI CBPs where applicable, yet we were aware that the SYO
method should really be employed to screen fungal isolates show-
ing high MICs of antifungal agents. In this context, ECVs for Can-
dida species based on the SYO method have been set up, but
though they are within 1 2-fold dilution of those determined by
the CLSI reference method (41, 50), they need to be further vali-
dated for routine use.

In conclusion, the present study shows that the development of
secondary antifungal resistance among common Candida species
is not a growing threat in our hospital but that the emergence of
Candida or non-Candida species with intrinsically reduced sus-
ceptibility or resistance needs to be continuously monitored. This
emphasizes the necessity to perform locally relevant epidemiolog-
ical studies as well as antifungal susceptibility studies, which in
turn will reinforce the role of the clinical microbiology laboratory
in assisting clinicians with the treatment of invasive fungal infec-
tions.
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