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ABSTRACT We used a Vitek 2 AST–YS08 (YS08) system and the broth microdilution
method (BMD) adopted by the Clinical and Laboratory Standards Institute (CLSI) to
compare the susceptibility of 184 isolates of 11 Candida species to fluconazole, vori-
conazole, micafungin, caspofungin, amphotericin B, and flucytosine. In Candida albi-
cans, the categorical agreement (CA) was 79.2%, 91.7%, 95.8%, and 95.8% for fluco-
nazole, voriconazole, micafungin, and caspofungin, respectively. About 12.5% and
4.2% of very major errors were detected for fluconazole and voriconazole, respec-
tively. C. glabrata showed excellent essential agreements (EAs) (.90%) for azoles but
different MIC distributions for fluconazole and caspofungin. The CA between BMD
fluconazole MICs and YS08 voriconazole MICs by the method-specific clinical break-
point (CBP) was 90% in C. glabrata. Over 80% of C. glabrata and C. krusei isolates
identified as micafungin–susceptible were labeled intermediate or resistant to caspo-
fungin in YS08. In C. parapsilosis, 5.3% of very major errors and 10.5% of minor errors
were found, whereas 33.3% of minor errors were observed in C. tropicalis for flucona-
zole. For C. tropicalis, 13 (61.9%) non-wild type (WT) isolates of fluconazole and 7
(33.3%) non-WTs of voriconazole were classified in YS08 as WT. For C. auris, the EAs
were 93.3%, 100%, 82.2%, 97.8%, and 97.8% for fluconazole, voriconazole, micafun-
gin, caspofungin, and amphotericin B, respectively. YS08 showed comparable results
to the BMD. However, considering the lower YS08 fluconazole MIC results compared
with BMD in Candida species and YS08 caspofungin results in C. glabrata and C. kru-
sei, improvements are needed.

IMPORTANCE The new Vitek 2 AST–YS08 (YS08) card has been updated to reflect the
recently revised Clinical and Laboratory Standards Institute (CLSI) guideline. In this
study, antifungal drug susceptibility tests were performed using the YS08 card and
compared with the CLSI broth microdilution (BMD) method. In conclusion, YS08
showed similar results to BMD, including with C. auris. However, about 12.5% and
4.2% of major errors were detected for fluconazole and voriconazole, respectively, in
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C. albicans. More than 80% of C. glabrata and C. krusei isolates identified as suscepti-
ble to micafungin were labeled moderate or resistant to caspofungin in YS08. The
categorical agreement between BMD fluconazole MICs and YS08 voriconazole MICs
was 90% by the method-specific CBP of voriconazole, 80% by the current epidemio-
logical cutoff value (ECV) (0.25 mg/mL) of voriconazole, and 85% by the previous
ECV (0.5 mg/mL) of voriconazole. Further improvements in YS08 for the detection of
fluconazole and echinocandin resistance are thus needed.

KEYWORDS Candida, antifungal susceptibility, Vitek 2 AST–YS08, broth microdilution,
epidemiological cutoff value

C andida species are normal commensals that localize on the skin and mucosal
membranes of genitals and the gastrointestinal tract. However, they can cause

various infections in vulnerable patients, such as the elderly, hospitalized, or immuno-
suppressed (1). Invasive fungal infection due to Candida species is widely recognized
as a leading cause of morbidity and mortality in medical environments (2). The mor-
tality rate from invasive candidiasis is estimated to be around 19–40% (3), and is
much higher in intensive care unit patients, approaching 70% (4). The distribution of
species has changed over the past decades (3). Candida albicans was previously the
predominant pathogen (3, 5), but in recent years, C. glabrata, C. tropicalis, C. krusei, C.
parapsilosis, and C. lusitaniae have emerged as important pathogens (6). According
to epidemiologic surveillance data from Korea, C. tropicalis (36.4%) is the most com-
mon non-albicans Candida, followed by C. glabrata (28.5%), C. parapsilosis (24.7%),
and C. krusei (2.6%) (7). Cyberlindnera fabianii (Candida fabianii) is an uncommon
opportunistic yeast species, but it has the ability to cause septicemia and rapidly ac-
quire resistance to fluconazole and voriconazole (8).

Antifungal agents target various biosynthetic pathways of pathogens. Echinocandins tar-
get biosynthesis of the cell wall. Azoles target the important enzyme 14a–demethylase in er-
gosterol biosynthesis. Flucytosine (5–FC) interferes with nucleic acid biosynthesis. Polyene
drugs, including amphotericin B, bind with ergosterol to form pores and are fungicidal (1, 9).

An important factor that may contribute to therapeutic failure is antifungal agent
resistance (1). Increased MICs and other specific mechanisms of resistance are associ-
ated with treatment failure and mortality, making empirical treatment choices difficult
for clinicians (10). The molecular mechanisms involved in antifungal resistance include
overexpression of membrane transporters, changes in the biosynthesis of the cell wall
and ergosterol, mutations in the transcription factors that regulate membrane trans-
porters, and ergosterol biosynthesis (9).

In addition, the emergence of multidrug-resistant C. glabrata and C. auris, the
increase of fluconazole-resistant C. tropicalis and C. parapsilosis, and the existence of the
intrinsically resistant C. krusei are more problematic (11). C. auris has emerged as a new
multidrug-resistant species that causes a wide range of infections, especially in intensive
care units (12). In 2016, the Infectious Diseases Society of America recommended anti-
fungal susceptibility testing for azoles in clinically relevant Candida isolates and all blood-
stream infections (2).

Broth microdilution (BMD) is considered the most reliable reference method for
the evaluation of antifungal susceptibility in Candida species (13). The Clinical and
Laboratory Standards Institute (CLSI) has developed a standard method and estab-
lished clinical breakpoints (CBPs) for the most common Candida species (14). The
epidemiological cutoff value (ECV) identifies isolates that have a non-wild type (WT)
profile, and CLSI has updated its documentation to provide ECVs for the less preva-
lent Candida species (15).

Vitek 2 (bioMérieux, Marcy l’Etoile, France) is a fully automated system capable of
performing microbial identification and susceptibility testing. The system can be
applied to bacteria and yeast and is used by many laboratories because of its rapidity
and ease of use (16). The new Vitek 2 antimicrobial susceptibility testing (AST) system
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for yeast, AST-YS08 card, has been updated to reflect the recently revised CLSI CBP for
common Candida species (17).

The aim of this study was to evaluate the clinical applicability of the new Vitek 2
AST–YS08 (YS08) card by comparing it with the results of the BMD method by CLSI.

RESULTS

MIC distributions for each Candida species were determined by CLSI reference broth
microdilution method (Table 1). For C. albicans, the categorical agreement (CA) was
79.2%, 91.7%, 95.8%, and 95.8% for fluconazole, voriconazole, micafungin, and caspofun-
gin, respectively. The very major errors of 12.5% (3/24) for fluconazole and 4.2% (1/24)
for voriconazole were detected in C. albicans. The essential agreements (EAs) between
the BMD and YS08 were 83.3%, 91.7%, 95.8%, 95.8%, and 95.8% for fluconazole, vorico-
nazole, micafungin, caspofungin, and amphotericin B, respectively, in C. albicans.

In C. glabrata, the CA was 100% for micafungin but only 15% for caspofungin between
the BMD and YS08. A major error of 10% (2/20) and minor error of 75% (15/20) for caspofun-
gin were detected. In YS08, 85% (17/20) of isolates were interpreted as caspofungin-interme-
diate (15 isolates) or -resistant (two isolates), but all showed micafungin susceptibility.
Excellent EAs for micafungin (100%), fluconazole (90.0%), and voriconazole (95.0%) were
found for C. glabrata. Although fluconazole and caspofungin in C. glabrata are not recom-
mended to be read with YS08, we compared the MIC distributions between the two meth-
ods (Fig. 1). For fluconazole, the MICs by BMD were more widely distributed than those by
YS08, and for caspofungin, YS08 generated at least a 2-fold higher MIC compared with BMD.

In C. krusei, about 26.7% (4/15) of isolates in BMD and 80% (12/15) of isolates in
YS08 showed intermediate susceptibility to caspofungin, but all showed micafungin
susceptibility in BMD and YS08. C. parapsilosis showed 5.3% (1/19) of very major errors
and 10.5% (2/19) of minor errors for fluconazole and 5.3% of minor errors for caspofun-
gin. In C. tropicalis, 33.3% (7/21) of minor errors and no very major errors or major
errors were observed for fluconazole. The EAs between the BMD and YS08 were 76.2%,
100%, 100%, 100%, and 100% for fluconazole, voriconazole, micafungin, caspofungin,
and amphotericin B, respectively, in C. tropicalis.

The EAs of flucytosine were 100% for all strains except C. albicans (87.5%, 21/24). Because
the minimum MIC value that can be reported by the YS08 for flucytosine is 1 mg/mL, MICs
less than 1mg/mL could not be reported in YS08 (Table S1 in the supplemental material).

We compared the fluconazole MICs and voriconazole MICs in C. glabrata to predict
the fluconazole susceptibility using different criteria (Table 2). The CAs between BMD
fluconazole MICs and YS08 voriconazole MICs were 90% (18/20) by the method-specific
CBP of voriconazole, 80% (16/20) by the current ECV (0.25 mg/mL) of voriconazole, and
85% (17/20) by the previous ECV (0.5 mg/mL) of voriconazole. Only 10% of very major
errors were detected by the method-specific CBP. About 5% of very major errors and
15% of major errors were detected by the current ECV criteria, whereas 10% of very
major errors and 5% of major errors were found by the previous ECV criteria. However,
the CAs between fluconazole ECV (8 mg/mL) and YS08 voriconazole ECV were 65% (13/
20) by the current ECV criteria and 60% (12/20) by the previous ECV criteria.

In Table 3, the proportion of WT versus non-WT and CAs were analyzed according
to the CLSI ECV criteria. Agreement between voriconazole and micafungin could not
be determined in C. albicans because the minimum MIC reported by YS08 was higher
than the ECV concentration (ECV: 0.03 for voriconazole and micafungin). Micafungin
for C. glabrata could also not be interpreted for the same reason. The CA of C. glabrata
for voriconazole was 80% (16/20), of which two non-WT isolates were classified as WT
in YS08. In C. tropicalis, the CA for fluconazole was 38.1% and that for voriconazole was
66.7%. Thirteen (61.9%) non-WT isolates for fluconazole and seven (33.3%) for vorico-
nazole were classified in YS08 as WT, respectively.

Based on the Centers for Disease Control and Prevention (CDC) criteria, C. auris
showed 37.8% (17/45) fluconazole resistance by BMD and 22.2% (10/45) by YS08
(Table 4). Only 24.4% (11/45) of isolates showed amphotericin B resistance in BMD. No
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isolates showed resistance to micafungin or caspofungin. YS08 MIC50 values were
within one dilution of BMD, except for flucytosine. YS08 MIC90 values were within two
dilutions of BMD, except for micafungin. The EAs between the CLSI and YS08 were
93.3%, 100%, 82.2%, 97.8%, 97.8%, and 97.8% for fluconazole, voriconazole, micafun-
gin, caspofungin, amphotericin B, and flucytosine, respectively.

DISCUSSION

In this study, we report six antifungal susceptibility profiles for 184 clinical isolates
recovered in Korea. The CBPs were used to define susceptible or resistant isolates. ECVs

FIG 1 Comparison of fluconazole (A) and caspofungin (B) MIC distributions in BMD and YS08.

TABLE 2 Comparison of fluconazole and voriconazole MICs obtained by CLSI broth microdilution method and Vitek 2 AST–YS08 of
C. glabrataa

Results of BMD for fluconazole

Results of YS08 for voriconazole

Method-specific
CBP from YS08
(S: £1, I: 2, R:
4mg/mL)

Current ECV
(0.25 mg/mL)

Previous ECV
(0.5 mg/mL)

S+ I R WT Non–WT WT Non–WT
CBP (SDD:# 32, R:$ 64mg/mL) SDD (n = 15) 15 0 12 3 14 1

R (n = 5) 2 3 1 4 2 3
CA, n (%) 18 (90) 16 (80) 17 (85)
VME, n (%) 2 (10) 1 (5) 2 (10)
ME, n (%) 0 3 (15) 1 (5)

ECV (WT:# 8, non-WT :.8mg/mL) WT (n = 8) 8 0 7 1 8 0
Non–WT (n = 12) 9 3 6 6 8 4
CA, n (%) 11 (55) 13 (65) 12 (60)
VME, n (%) 9 (45) 6 (30) 8 (40)
ME, n (%) 0 1 (5) 0

aS, susceptible; I, intermediate; SDD, susceptible dose-dependent; R, resistant; CA, categorical agreement; VME, very major errors; ME, major errors; WT, wild type; non-WT,
non-wild type.
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TABLE 3 In vitro antifungal susceptibility profiles analyzed by CLSI epidemiological cutoff values except for C. aurisa

Wild type Non–wild type CA
Candida species Antifungal agents Method Breakpoints (mg/mL) N, (%) N, (%) N, (%)
C. albicans (n = 24) Fluconazole BMD ECV: 0.5 19 (79.2) 5 (20.8) 21 (87.5)

YS08 18 (75) 6 (25)
Voriconazole BMD ECV: 0.03 20 (83.3) 4 (16.7)

YS08 NA NA
Micafungin BMD ECV: 0.03 23 (95.8) 1 (4.2)

YS08 NA NA
Caspofungin BMD NA

YS08
Amphotericin B BMD ECV: 2 23 (95.8) 1 (4.2) 23 (95.8)

YS08 24 (100)
Flucytosine BMD ECV: 1 16 (66.7) 8 (33.3) 22 (91.7)

YS08 16 (66.7) 8 (33.3)
C. glabrata (n = 20) Fluconazole BMD ECV: 8 8 (40) 12 (60)

YS08
Voriconazole BMD ECV: 0.25 11 (55) 9 (45) 16 (80)

YS08 13 (65) 7 (35)
Micafungin BMD ECV: 0.03 19 (95) 1 (5)

YS08 NA NA
Caspofungin BMD

YS08
Amphotericin B BMD ECV: 2 20 (100) 20 (100)

YS08 20 (100)
Flucytosine BMD ECV: 1 20 (100) 20 (100)

YS08 20 (100)
C. guilliermondii (n = 9) Fluconazole BMD ECV: 8 8 (88.9) 1 (11.1) 8 (88.9)

YS08 9 (100)
Voriconazole BMD NA

YS08
Micafungin BMD ECV: 2 9 (100) 9 (100)

YS08 9 (100)
Caspofungin BMD ECV: 2 9 (100) 9 (100)

YS08 9 (100)
Amphotericin B BMD ECV: 2 9 (100) 9 (100)

YS08 9 (100)
Flucytosine BMD ECV: 1 9 (100) 9 (100)

YS08 9 (100)
C. krusei (n = 15) Fluconazole BMD NA

YS08
Voriconazole BMD ECV: 0.5 15 (100) 15 (100)

YS08 15 (100)
Micafungin BMD ECV: 0.25 15 (100) 15 (100)

YS08 15 (100)
Caspofungin BMD NA

YS08
Amphotericin B BMD ECV: 2 15 (100) 14 (93.3)

YS08 14 (93.3) 1 (6.7)
Flucytosine BMD ECV: 1 15 (100) 15 (100)

YS08 15 (100)
C. lusitaniae (n = 6) Fluconazole BMD ECV: 1 6 (100) 6 (100)

YS08 6 (100
Voriconazole BMD NA

YS08
Micafungin BMD ECV: 0.5 6 (100 6 (100)

YS08 6 (100
Caspofungin BMD ECV: 1 6 (100 6 (100)

YS08 6 (100
Amphotericin B BMD ECV: 2 6 (100 6 (100)

YS08 6 (100
Flucytosine BMD ECV: 1 6 (100 6 (100)

YS08 6 (100

(Continued on next page)
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TABLE 3 (Continued)

Wild type Non–wild type CA
Candida species Antifungal agents Method Breakpoints (mg/mL) N, (%) N, (%) N, (%)
C. orthopsilosis (n = 5) Fluconazole BMD ECV: 2 4 (80) 1 (20) 4 (80)

YS08 5 (100)
Voriconazole BMD ECV: 0.125 4 (80) 1 (20) 4 (80)

YS08 5 (100)
Micafungin BMD ECV: 1 5 (100) 5 (100)

YS08 5 (100)
Caspofungin BMD ECV: 1 5 (100) 5 (100)

YS08 5 (100)
Amphotericin B BMD ECV: 2 5 (100) 5 (100)

YS08 5 (100)
Flucytosine BMD ECV: 1 5 (100) 5 (100)

YS08 5 (100)
C. parapsilosis (n = 19) Fluconazole BMD ECV: 2 17 (89.5) 2 (10.5) 16 (84.2)

YS08 18 (94.7) 1 (5.3)
Voriconazole BMD NA

YS08
Micafungin BMD ECV: 2 19 (100) 19 (100)

YS08 19 (100)
Caspofungin BMD ECV: 1 18 (94.7) 1 (5.3) 18 (94.7)

YS08 19 (100)
Amphotericin B BMD ECV: 1 19 (100) 19 (100)

YS08 19 (100)
Flucytosine BMD ECV: 1 19 (100) 19 (100)

YS08 19 (100)
C. pelliculosa (n = 8)b Fluconazole BMD ECV: 0.5 8 (100) 8 (100)

YS08 8 (100)
Voriconazole BMD ECV: 0.03 8 (100)

YS08 NA
Micafungin BMD ECV: 0.03 8 (100)

YS08 NA
Caspofungin BMD NA

YS08
Amphotericin B BMD ECV: 2 8 (100) 8 (100)

YS08 8 (100)
Flucytosine BMD ECV: 1 8 (100) 8 (100)

YS08 8 (100)
C. tropicalis (n = 21) Fluconazole BMD ECV: 1 8 (38.1) 13 (61.9) 8 (38.1)

YS08 21 (100)
Voriconazole BMD ECV: 0.12 14 (66.7) 7 (33.3) 14 (66.7)

YS08 21 (100)
Micafungin BMD ECV: 0.06 21 (100) 21 (100)

YS08 21 (100)
Caspofungin BMD NA

YS08
Amphotericin B BMD ECV: 2 21 (100) 21 (100)

YS08 21 (100)
Flucytosine BMD ECV: 1 21 (100) 21 (100)

YS08 21 (100)
C. fabianii (n = 12)b Fluconazole BMD ECV: 0.5 0 13 (100) 2 (16.7)

YS08 10 (83.3) 2 (16.7)
Voriconazole BMD ECV: 0.03 6 (50.0) 6 (50.0)

YS08 NA
Micafungin BMD ECV: 0.03 5 (41.7) 7 (58.3)

YS08 NA
Caspofungin BMD NA

YS08
Amphotericin B BMD ECV: 2 12 (100) 12(100)

YS08 12(100)
Flucytosine BMD ECV: 1 12(100) 12(100)

YS08 12(100)
aCA, categorical agreement; BMD, CLSI broth microdilution method; YS08, Vitek 2 AST YS08; NA, not available.
bBecause ECVs for C. pelliculosa and C. fabianii were not available, the value from C. albicans was used to identify isolates/species with elevated MICs.
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are useful in distinguishing between WT without resistance mechanisms and non-WT with
resistance mechanisms (15). Both criteria can be used to obtain the CA between the two
methods (17). Currently, two commercial BMD-based systems, the Vitek 2 system
(bioMérieux, France) and the Sensititre YeastOne system (Thermo Scientific, Cleveland, OH,
USA), are widely used in clinical microbiological laboratories for antifungal susceptibility
testing (17). The previous version of the YS08, YS07, had an FDA-accredited fluconazole
formulation that has been validated against C. glabrata. However, the fluconazole formula-
tion was modified and no validation for C. glabrata has been made; therefore, the MIC for
the fluconazole of C. glabrata is not recorded in YS08 (18).

The azoles are the most commonly used agents for invasive fungal infections, in partic-
ular, fluconazole for the treatment of candidemia (2). Regardless of the Candida species
tested, the overall EA and CA of fluconazole between BMD and YS08 ranged from 40%–

100% and from 66.7%–100%, respectively. Notably, YS08 classified five fluconazole-resist-
ant isolates as susceptible, representing a very major error. C. albicans, C. parapsilosis, and
C. tropicalis showed less than 90% EA and CA for fluconazole MIC. C. albicans showed
79.2% CA and 83.3% EA, and 12.5% of very major errors in fluconazole were detected by
YS08. C. parapsilosis showed 84.2% CA and 89.5% EA with 5.3% of very major errors for flu-
conazole. In C. tropicalis, 66.7% CA, 66.7% EA, and 33.3% of minor errors were detected,
and the median MIC (range) for fluconazole was 2 (0.5–4) using the CLSI method and 0.5
(0.5–1) by YS08. These findings led to the conclusion that the fluconazole MIC of YS08 was
lower than that of the BMDmethod. Until recently, only two studies had assessed the clini-
cal performance of YS08 cards compared with Sensititre YeastOne and/or BMD using clini-
cal isolates. Comparing BMD and YS08, Lim et al. found excellent (.90%) EA and CA for
fluconazole in C. albicans and C. parapsilosis, but 3.8% of very major errors and 13% of
minor errors were observed in C. albicans and C tropicalis (17). However, in another study
comparing YS08 and Sensititre YeastOne, Wong et al. revealed poor agreement for fluco-
nazole in C. albicans, with 70% EA and 85% CA (19). The better and more consistent EA
and CA results compared with our study might be due to the Candida species tested.

In our study, the EA of C. glabrata against fluconazole and voriconazole was excellent
(.90%), but a different MIC distribution for fluconazole was observed between BMD and
YS08. The CLSI guideline does not provide the voriconazole MIC value because of insuffi-
cient data on the relationship between C. glabrata and voriconazole resistance in clinical
outcomes (14). However, the cross-resistance between fluconazole and voriconazole has
been reported (20). In our study, the CAs with BMD fluconazole and YS08 voriconazole
were 90%, 85%, and 80% using the method-specific CBP, ECV of 0.5 mg/mL, and ECV of
0.25 mg/mL, respectively. Lim et al. reported 97.8% and 82.5% CA between BMD flucona-
zole MIC and ECV of 0.5 mg/mL and 0.25 mg/mL, respectively (17). Therefore, YS08

TABLE 4MIC distributions of C. auris (n = 45)a

Test
method

MIC (mg/L)

Antifungal agents £0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 >64 Median EA (n, %) MIC50 MIC90
Fluconazole BMD 7 4 7 10 8 9 16 42 (93.3%) 16 64

YS08 0 3 2 26 4 10 8 8 32
Voriconazole BMD 4 10 12 3 7 7 1 1 0.06 45 (100%) 0.06 0.5

YS08 29 8 7 1 0.12 0.12 0.5
Micafungin BMD 8 13 13 3 6 2 0.12 37 (82.2%) 0.12 0.5

YS08 43 2 0.06 0.06 0.06
Caspofungin BMD 3 11 21 8 2 0.12 44 (97.8%) 0.12 0.25

YS08 20 25 0.25 0.25 0.25
Amphotericin B BMD 7 19 8 11 0.5 44 (97.8%) 0.5 2.0

YS08 17 28 0.5 0.5 0.5
5–Flucytosine BMD 11 19 13 2 0.12 44 (97.8%) 0.12 0.25

YS08 44 1 1 1 1
aBMD, CLSI broth microdilution method; YS08, Vitek 2 AST YS08. Isolate numbers tested are given in parentheses for each species. Species above the vertical line are
resistance strains according to the CDC recommendation (fluconazole$32mg/mL; amphotericin B$2mg/mL; caspofungin$2mg/mL; micafungin$4mg/mL). Gray color:
Low off–scale MIC value of Vitek 2 AST YS08.
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voriconazole testing using the CLSI ECV might provide reliable discrimination of flucona-
zole-resistant C. glabrata.

The CLSI recommends caution in interpretation because antifungal susceptibility
tests for caspofungin have high interlaboratory variability (14). Caspofungin can show
“eagle effects,” which may cause variability in MICs, as described previously (21). When
susceptibility tests are performed under standardized conditions, a surprising echino-
candin-specific paradoxical effect can be observed. This effect refers to a phenomenon
in which certain strains grow in higher concentrations of echinocandin while being
completely susceptible at lower concentrations. This has been observed in several spe-
cies of Candida and Aspergillus (22).

C. glabrata and C. krusei showed excellent CA for micafungin (100% and 100%,
respectively) but poor CA (15% and 46.7%, respectively) for caspofungin. In C. krusei,
26.7% (4/15) of isolates in BMD showed intermediate susceptibility to caspofungin but
were susceptible to micafungin. Although the reference method used was the CLSI
BMD, caspofungin susceptibility testing in vitro might have contributed to reports of
false resistance (23). Therefore, our results of a low EA for caspofungin of C. glabrata
and C. krusei might be an unavoidable result. Lim et al. reported that YS08 caspofungin
testing appeared unreliable for C. glabrata and that the YS08 micafungin result was
more reliable than the caspofungin result (17). Clinical echinocandin resistance is gen-
erally associated with amino acid substitutions in specific hot spot regions of FKS1 (all
Candida species) and FKS2 (C. glabrata only) (24). CLSI guidelines recommend that if
the caspofungin result is susceptible, it can be reported as susceptible, but the possibil-
ity of “intermediate” or “resistance” should be confirmed through a micafungin or ani-
dulafungin test or DNA sequence analysis of FKS genes (14). Similar to previous
research using the EUCAST method, we found that antifungal susceptibility to other
echinocandins or an FKS genetic study should be performed and interpreted compre-
hensively when interpreting echinocandin resistance (23, 25).

We performed antifungal susceptibility tests on 45 C. auris strains collected in Korea
from 2017–2020, and they showed excellent EA except for micafungin (82.2%). A previous
study in Korea that used 61 C. auris isolates collected from 1996–2018 showed excellent EAs
(.96.7%) and CAs (.93.4%) for fluconazole, amphotericin B, caspofungin, and micafungin
between the BMD and the previous version of YS07 (26). However, several surveillance
reports have revealed consistently high fluconazole MICs and variable resistance to echino-
candins and amphotericin B and the echinocandins in C. auris (12, 27–30). Moreover, multi-
drug-resistant strains have emerged in the Americas, Africa, Asia, and Europe (27, 28, 30).
Higher MIC50 values of YS07 for amphotericin B, caspofungin, and voriconazole were previ-
ously reported compared with our results of 8 mg/mL, 0.5 mg/mL, and 1 mg/mL (12).
However, there were no cases of echinocandin, amphotericin B, or multidrug-resistant C.
auris strains in Korea (26). We observed a lower level of resistance to fluconazole and resist-
ance to amphotericin B at a level of 24.4%. Similar to a previous study (26), our results found
that C. auris in Korea had relatively low resistance to antifungal agents compared with those
isolated from other regions. Multidrug-resistant strains of C. auris have been mainly identi-
fied among the South American clade (clade IV) or South Asia clade (clade I). We did not
identify the clade of C. auris in this study, but previous studies have identified that Korean
isolates mainly belonged to the East Asia clade (clade II) (26).

As in a previous paper (6), we used ECV/CBP of C. albicans to identify rare yeast spe-
cies. In fact, cutoffs are species-specific, so it may be unwise to apply them to other
species arbitrarily. Since the WT of C. albicans was universally susceptible to the anti-
fungal agents in this study, we posit that a method to evaluate the aberrant MIC distri-
bution based on C. albicans ECV/CBP is a meaningful approach (6).

In conclusion, YS08 showed comparable results with the BMD, including for C. auris.
Voriconazole testing of YS08 with the method-specific CBP or by applying an ECV of
0.5 mg/mL may allow for reliable discrimination of fluconazole-resistant C. glabrata.
However, interpreting the results of this method using the CBPs/ECVs determined for
other methods may lead to erroneous results. Considering the lower YS08 fluconazole
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MIC results compared with BMD in Candida species and the YS08 caspofungin results
in C. glabrata and C. krusei, further improvements for the detection of fluconazole and
echinocandin resistance are needed.

MATERIALS ANDMETHODS
Clinical samples. A total of 200 clinical isolates were submitted to the International St. Mary’s

Hospital from nine universities/general hospitals between July 2017 and June 2020 through the Korean
Nationwide Fungal Collection Network. Among them, only species with more than five independent iso-
lates were included in the current study (n = 184). The species consisted of C. auris (n = 45), C. albicans
(n = 24), C. tropicalis (n = 21), C. glabrata (n = 20), C. parapsilosis (n = 19), C. krusei (n = 15), Cyberlindnera
fabianii (C. fabianii) (n = 12), C. guilliermondii (n = 9), C. pelliculosa (n = 8), C. lusitaniae (n = 6), and C.
orthopsilosis (n = 5). These isolates were recovered from clinical specimens including the ear (n = 51),
blood (n = 45), urine (n = 34), sputum (n = 21), abscess (n = 11), vaginal swab (n = 9), body fluids (n = 6),
catheters (n = 4), and wounds (n = 3). Colonies in the primary media were subcultured in Sabouraud
Dextrose Agar (SDA) for 24 h at 35°C. The identification of clinical isolates was performed as described in
a previous study, using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry sys-
tems (ASTA MicroIDSys System, ASTA Inc., Suwon, South Korea) and/or molecular sequencing (31). After
identification, the strains were frozen at 270°C in a glycerol broth (20%) until they were analyzed. This
study was approved by the International St. Mary’s Hospital, Catholic Kwandong University College of
Medicine in Korea (IS21EISI0040).

Antifungal susceptibility testing and determination of MICs. The in vitro antifungal susceptibility
tests for fluconazole, voriconazole, micafungin, caspofungin, amphotericin B, and flucytosine were performed
according to the CLSI M27-ED4 (32) and Vitek 2 system (AST-YS08 card: bioMérieux, France) per the manufac-
turer’s instructions. For the BMD, the drug concentration ranges were 0.06–32 mg/L (amphotericin B),
0.12–64 mg/L (fluconazole), 0.03–8 mg/L (voriconazole), 0.008–8 mg/L (caspofungin, and micafungin), and
0.06–64 mg/L (fluconazole and flucytosine). The AST-YS08 (YS08) card contained serial dilution ranges of
antifungal concentrations for amphotericin B, fluconazole, voriconazole, micafungin, caspofungin, and flucy-
tosine (0.25–16 mg/mL, 0.5–64 mg/mL, 0.12–8 mg/mL, 0.06–8 mg/mL, 0.12–8 mg/mL, and 1–64 mg/mL,
respectively. C. parapsilosis (ATCC 22019) and C. krusei (ATCC 6258) were included in each test as control iso-
lates. MICs were determined using the CLSI method, and isolates were classified according to the CBP (14)
and ECV (15). Isolates with MICs equal to or less than ECV concentrations were defined as WT isolates, and
the rest were considered non-WT isolates (15). As CLSI does not provide CBP for voriconazole on C. glabrata,
the voriconazole MICs were determined with the method-specific CBP of YS08 (susceptible:#1mg/mL; inter-
mediate: 2 mg/mL; resistant: $4 mg/mL) according to the manufacturer’s instructions. Because CBPs for C.
lusitaniae, C. orthopsilosis, C. pelliculosa and C. fabianii and ECVs for C. pelliculosa and C. fabianii were not
available, the value from C. albicans was used to identify isolates/species with elevated MICs (6). In the case
of C. auris, MIC breakpoints recommended by the CDC were used: fluconazole $32 mg/mL; amphotericin B
$2 mg/mL; caspofungin $2 mg/mL; micafungin $4 mg/mL; amphotericin B and flucytosine: not available
(https://www.cdc.gov/fungal/candida-auris/c-auris-antifungal.html). As there was no CLSI CBP or ECV for flu-
cytosine, we applied an ECV of 1 mg/mL as we did in a previous study (6). The YS08 does not provide fluco-
nazole results for C. glabrata, and there is no fluconazole susceptibility category for C. glabrata in revised
CLSI M60 (14). We alternately predicted using the method-specific CBP of YS08 voriconazole, the current
CLSI M59 ECV (0.25mg/mL) of voriconazole, and the previous CLSI M27 ECV (0.5mg/mL) of voriconazole. For
discrepant results, YS08 and BMD were repeatedly tested, and the second-run results were accepted as the
final results.

Data analysis. MICs that were high off-scale were converted to the next highest level concentra-
tions, and the low off-scale MICs remained unchanged (33). The EA was defined as the difference
between MIC dilutions of less than two. The BMD low off-scale MICs of flucytosine, caspofungin, and
micafungin, which were lower than the 2-fold dilution scale of YS08, were rounded up to the next high-
est 2-log dilution to simplify comparisons. The CA was defined as when the MIC results belonged to the
same categories according to the CLSI CBP or/and ECV. Very major errors, major errors, and minor errors
were defined with BMD as the reference method. Very major errors were those where the reference
method classified an isolate as resistant and YS08 classified it as susceptible. If the reference method
classified an isolate as susceptible and YS08 classified it as resistant, it was classified as a major error.
Minor errors were defined as when one method classified an isolate as susceptible or resistant and the
other assay classified it as intermediate or susceptible depending on the dose (19).
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