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Methods: A total of 1991 Candida spp. isolates from 12 centres isolated from 1997-2017 were included in
the study. Species/species complex (SC) identification was performed using conventional methods in all
centres, occasionally accompanied by MALDI-TOF/MS. Antifungal susceptibility testing was performed
for amphotericin B, fluconazole, itraconazole, posaconazole, voriconazole and micafungin (as
echinocandin class representative) using the CLSI microdilution method. Resistance rates were
determined according to CLSI clinical breakpoints (CBPs). For drugs and species with undetermined CBPs,
epidemiological cut-off values were used for wild-type (WT)/non-WT categorisation.
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Turkey Results: No or low rates of resistance were detected in general for tested Candida spp. isolates. Specifically,
Multicentre overall resistance to fluconazole in isolates of Candida parapsilosis SC and Candida glabrata SC were 7.7%
CLSI reference antifungal susceptibility and 0.9%, respectively. Resistance rates for C. parapsilosis SC varied extensively from one center to other
testing method (0-47.1%). Importantly, no echinocandin resistance was detected. Rates of non-WT isolates were also

generally low: fluconazole against Candida lusitaniae, 4.3%; posaconazole against C. parapsilosis SC, 3.5%;
posaconazole against Candida krusei, 1.9%; and voriconazole against C. glabrata SC, 0.5%.
Conclusion: This is the first multicentre report of antifungal resistance rates among candidaemia isolates
in Turkey, suggesting low resistance rates in general. Due to varying rates of fluconazole resistance in
C. parapsilosis SC isolates that was detected at remarkably high levels in some centres, further studies are
warranted to explore the source, clonal relatedness and resistance mechanisms of the isolates.
© 2019 International Society for Antimicrobial Chemotherapy. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

Antifungal resistance is gaining increasing importance due not only

to awareness and increasing rates but also to developments in
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to increasing knowledge regarding the extent of antifungal resistance
[1-20]. Focusing on Candida spp., secondary echinocandin resistance
hasbeen one of the hot topics drawing attentionin recentyears [21].
Whilst rates of resistance in Candida strains have been investigated
in studies in Turkey, studies using Clinical and Laboratory Standards
Institute (CLSI) or European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) reference methods and the currently
accepted clinical breakpoints (CBPs) or epidemiological cut-off
values (ECVs)forinterpretation of the results are limited. Additional
limitations are the availability of only single-centre data in each of
these reports, exploring resistance rates only for one species of
Candida and/or testing Candida isolated from non-sterile clinical
samples [22-30]. We aimed to conduct the first multicenter study to
document the antifungal resistance rates in candidaemia isolates in
Turkey using the CLSI reference antifungal susceptibility testing
method.

2. Materials and methods

A total of 1991 Candida strains isolated between 1997 and 2017
from patients with candidaemia at 12 centres in Turkey were
included in the study. All centres were tertiary-care university
hospitals with the number of beds varying from 700 to 1850. The
candidaemia isolates included from these centres were from
mixed populations including haematology/oncology patients
and those hospitalised in intensive care units. Species identifi-
cation was performed in each centre using one or more of the
following methods: germ tube test followed by ID32C or
API20C AUX (bioMérieux, France) assimilation profile; morphol-
ogy on cornmeal agar with Tween 80; and matrix-assisted laser
desorption/ionisation time-of-flight mass spectrometry (MALDI-
TOF/MS) proteomic analysis (Bruker) [31-34]. MALDI-TOF/MS
was used for species identification in three of the centres (Nos. 3,
8 and 9), accompanying the biochemical profiles using commer-
cial strips and/or morphological characteristics on cornmeal agar
with Tween 80. The isolates included 851 Candida albicans, 575
Candida parapsilosis species complex (SC), 216 Candida glabrata SC,
203 Candida tropicalis, 52 Candida krusei, 33 Candida kefyr, 23
Candida lusitaniae, 16 Candida guilliermondii SC and 22 isolates
belonging to other Candida spp. [Candida inconspicua/norvegensis
(7), Candida dubliniensis (6), Candida pelliculosa (3), Candida rugosa
(2), Candida utilis (2), Candida lipolytica (1) and Candida sake (1)].
All antifungal susceptibility tests were performed in the Mycology
Laboratory of the Department of Medical Microbiology, Hacettepe
University Medical School (Ankara, Turkey) using the CLSI
microdilution method [35]. In vitro activities of amphotericin B
(Sigma Aldrich, USA), fluconazole (Pfizer, Ireland), itraconazole
(Janssen-Cilag, USA), posaconazole (Merck Sharp & Dohme, USA),
voriconazole (Pfizer, USA) and micafungin (Astellas, Japan) (as a
representative of the echinocandins) [36] were determined
against the studied isolates. Minimum inhibitory concentrations
(MICs) were evaluated visually following incubation for 24 h; the
incubation period was extended to 48h in case of insufficient
growth. MICs were interpreted using the established species-
specific CLSI CBPs to categorise the isolates as susceptible,
susceptible dose-dependent (S-DD), intermediate or resistant
[37,38]. In the case of lack of determined CBPs for a species-drug
combination, CLSI ECVs were used to classify the isolate as wild-
type (WT) or non-WT [38]. If neither CBPs nor ECVs are available
for a particular species-drug combination, only the generated
MICs were presented. Based on the well-known species-based
intrinsic resistance pattern, strains of C. krusei were categorised as
fluconazole-resistant. The analysis was focused on the rates of
resistance (or non-WT isolates) for each particular species and
antifungal drug and inter-centre variations in rates of resistance.

3. Results

MICs and percentages of susceptibility, resistance and non-WT
strains for all 1991 Candida spp. isolates included in the study are
shown in Table 1. According to the available CBPs, the overall
resistance rate for fluconazole against C. parapsilosis SC was
noteworthy (7.7%). On the other hand, the overall fluconazole
resistance rate against C. glabrata SC was as low as 0.9%. According
to the available ECVs, the rates of non-WT isolates were also low in
general, the highest values being detected for fluconazole against
C. lusitaniae (4.3%), posaconazole against C. parapsilosis SC (3.5%)
and posaconazole against C. krusei (1.9%). These results suggest
very low rates of antifungal resistance in candidaemia isolates in
general and emphasise the relatively high rates of fluconazole
resistance in C. parapsilosis SC isolates in Turkey. In relation to this
significant finding, the fluconazole resistance rate for C. parapsilosis
SC varied extensively between centres (range, 0-47.1%) (Table 2).
Fluconazole-resistant C. parapsilosis SC isolates were rather
scattered with no remarkable strict cumulation in any of the time
period or years. Importantly, no echinocandin resistance was
detected in any of the isolates (Table 1). Except for fluconazole
against C. glabrata SC where the category of ‘susceptible’ is lacking
(S-DD: 99.1%), the number of strains included in the S-DD category
was also very low to O for all species—drug combinations (Table 1).

4. Discussion

This is the first multicentre evaluation of antifungal resistance
rates in candidaemia isolates in Turkey using one of the reference
microdilution susceptibility testing methods. In many previous
reports, methods other than CLSI or EUCAST reference micro-
dilution were used. Also, previous studies from Turkey mostly
consisted of an evaluation for a single centre or for isolates
belonging only to a specific species and thus provided a rather
limited perspective on the current extent of antifungal resistance
in the country [22-30,39]. Given the high number of isolates
included in this study (n=1991) isolated in 12 tertiary-care
university hospitals, the attained conclusions may optimally
represent the current status and reveal that antifungal resistance
rates are very low in general in Candida isolates in Turkey.
Remarkable variations in antifungal resistance rates in Candida
isolates have been observed in published reports of multicentre
studies from various countries, including low and high resistance
rates [2-6,8,9,11-18,20]. Centre-based variations and specific
factors, including previous exposure to antifungal drugs, are
known to influence resistance rates, as questioned and explored in
previously published reports [10,11,15,17,40].

In the current study, three of the conclusions that we would like
to focus on are particularly noteworthy. First is the remarkable rate
of fluconazole resistance in C. parapsilosis SC. High fluconazole
resistance rates in C. parapsilosis SC have also been reported in
multicentre studies from other countries. A laboratory-based
surveillance in South Africa showed that only 37% of C. parapsilosis
SCisolates were susceptible to fluconazole [40]. On the other hand,
fluconazole resistance rate of 19.3% was reported from China [8]
among C. parapsilosis isolates. Other multicentre studies have
revealed low rates or absence of resistance, including the Korean
(<1%) [17], Asia-Pacific (2.2%) [15], Portuguese (4%) [5], Belgian
(5.6%, using the EUCAST reference method) [16], Romanian (0%
fluconazole resistance in bloodstream isolates of C. parapsilosis
using the EUCAST reference method) [9] and Spanish (0-0.6%)
[11,13] multicentre surveys as well as a report from Peru (5%) [14].
In the current study, inter-centre variations in fluconazole
resistance rates among C. parapsilosis SC isolates were remarkable.
Based on the conclusions obtained in this study, further studies to
explore any possible clonal spread of fluconazole-resistant strains,
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Table 1

Minimum inhibitory concentrations (MICs) following 24 h of incubation and resistance/non-wild-type (non-WT) rates obtained for all Candida spp. isolates included in the

study (n=1991).

Candida spp. (n) Antifungal drug MIC (pg/mL)

Rate of resistance/non-WT (%)

MICsq MICgo GM Range S S-DD/I R Non-WT*
C. albicans (851) AMB 1 2 0.95 0.125-2 0
FLU 0.25 0.5 0.26 <0.125-4 99.8 0.2 0
ITR 0.06 0.125 0.04 <0.015-0.5 99.4 0.6 0
MFG <0.03 <0.03 0.03 <0.03-0.06 100 0 0
POS <0.03 0.06 0.03 <0.03-1 0
VRC <0.015 <0.015 0.02 <0.015-0.06 100 0 0
C. parapsilosis SC (575) AMB 1 2 0.89 0.125-2 0
FLU 1 4 0.95 <0.125 to >64 89 33 7.7
ITR 0.06 0.25 0.07 <0.015-1 0.2
MFG 1 1 0.83 0.125-4 99.8 0.2 0
POS <0.03 0.25 0.05 <0.03-0.5 35
VRC <0.015 0.03 0.02 <0.015-0.5 97.9 2.1 0
C. glabrata SC (216) AMB 1 2 113 0.125-2 0
FLU 4 16 417 0.5-64 - 99.1 0.9
ITR 0.25 0.5 0.23 <0.015-2 0
MFG <0.03 <0.03 0.03 <0.03-0.06 100 0 0
POS 0.25 1 0.23 <0.03-2 0
VRC 0.03 0.125 0.03 <0.015-1 0.5
C. tropicalis (203) AMB 1 2 117 0.25-2 0
FLU 0.5 1 0.45 <0.125-2 100 0 0
ITR 0.6 0.25 0.08 <0.015-0.5 0
MFG <0.03 <0.03 0.03 <0.03-0.06 100 0 0
POS <0.03 0.125 0.04 <0.03-0.125 0
VRC <0.015 <0.015 0.02 <0.015-0.06 100 0 0
C. krusei (52) AMB 2 2 132 0.5-2 0
FLU 32 64 27.64 8 to >64 - - 100°
ITR 0.25 0.5 0.17 <0.015-0.5 0
MFG 0.06 0.25 0.08 <0.03-0.25 100 0 0
POS 0.25 0.5 0.14 <0.03-1 1.9
VRC 0.06 0.125 0.07 0.03-0.125 100 0 0
C. kefyr (33) AMB 2 2 137 0.5-2 ¢ ¢
FLU 0.25 0.5 0.28 <0.125-1 0
ITR 0.06 0.125 0.07 <0.015-0.5 ¢ €
MFG <0.03 <0.03 0.03 <0.03-0.06 0
POS <0.03 0.125 0.05 <0.03-0.25 0
VRC <0.015 <0.015 0.02 <0.015 0
C. lusitaniae (23) AMB 1 1 1 0.5-2 0
FLU 0.25 1 0.3 <0.125-4 43
ITR 0.06 0.125 0.06 0.03-0.125 0
MFG <0.03 0.125 0.04 <0.03-0.25 0
POS <0.03 0.06 0.04 <0.03-0.125 0
VRC <0.015 <0.015 0.02 <0.015 0
C. guilliermondii SC (16) AMB 1 1 0.81 0.25-1 0
FLU 2 8 2.18 0.5-8 0
ITR 0.125 0.25 0.14 0.03-0.5 0
MFG 0.125 1 0.15 <0.03-1 100 0 0
POS 0.125 0.5 0.13 <0.03-0.5 0
VRC <0.015 0.03 0.02 <0.015-0.03 0
Other Candida spp. (22)° AMB - - - 0.25-2
FLU - - - <0.125-32
ITR - - - 0.03-0.125
MFG - - - <0.03-0.25
POS - - - <0.03-0.25
VRC - - - <0.015-0.125

MICsg90, MIC for 50% and 90% of the isolates, respectively; GM, geometric mean; S, susceptible; S-DD, susceptible dose-dependent (for FLU and ITR); I, intermediate (for
echinocandins, i.e. MFG); R, resistant; AMB, amphotericin B; FLU, fluconazole; ITR, itraconazole; MFG, micafungin; POS, posaconazole; VRC, voriconazole; SC, species

complex; ECV, epidemiological cut-off value.

2 Rate of resistance could not be determined for these drug-species combinations owing to lack of determined clinical breakpoints.

® Intrinsic resistance to FLU.
¢ Not determined owing to lack of established clinical breakpoints and ECVs.

4 Includes C. inconspicua/norvegensis (7), C. dubliniensis (6), C. pelliculosa (3), C. rugosa (2), C. utilis (2), C. lipolytica (1) and C. sake (1). Among these, ECVs are available for FLU,
VRC and POS against C. dubliniensis and C. pelliculosa and for AMB, ITR and MFG only against C. dubliniensis. All isolates of these species with available ECVs are wild-type for

the denoted antifungal drugs.

particularly in centre No. 12, and the identification of cryptic
species within C. parapsilosis SC are among the planned future
projects to be conducted.

Second, a very low resistance rate of fluconazole against
C. glabrata SC (0.9%) was detected (Table 1). Fluconazole
susceptibility in C. glabrata SC isolates includes only categories

of S-DD and resistant [37], and resistance to fluconazole has been a
growing concern in a remarkable number of reports [41,42].
Fluconazole resistance rates of 2.8% from South Korea [6], 4% from
China (China-SCAN study) [8], 5.2% from the Asia-Pacific region
[using Sensititre® YeastOne® (Thermo Fisher) and CLSI break-
points] [15]. 8% from South Africa [40], 9% from Portugal [5], 10.3%
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Table 2

Inter-centre variation in rates of resistance/percentages of non-wild-type (non-WT) isolates for all species-antifungal combinations detected within the categories of

resistance or non-WT.

Centre no. Rate of resistance (%)/percentage of non-WT isolates/total n in each centre

C. parapsilosis SC C. glabrata SC C. krusei C. lusitaniae

FLU ® ITR" POS® Total n° FLU® VRC® Total n° POS® Total n° FLU® Total n°
1 6.3 0 0.8 126 1.2 0 82 0 11 0 11
2 34 0 34 29 4.0 4.0 25 0 6 d 1
3 5.1 0 0 39 0 0 3 - 0 - 0
4 71 0 0 14 0 0 15 0 5 - 0
5 31 0 0 64 0 0 20 0 13 0 3
6 0 0 2.7 37 0 0 6 - 0 - 0
7 0 0 0 11 0 0 2 - 0 0 1
8 0 0 0 84 0 0 19 0 5 0 2
9 7.9 0 0 63 0 0 11 0 5 0 4
10 1.9 0 0 52 0 0 22 0 1 0 1
11 0 0 0 5 0 0 2 - 0 - 0
12 471 2.0 333 51 0 0 9 16.7 6 - 0
Overall 7.7 0.2 3.5 575 0.9 0.5 216 1.9 52 43 23
Range 0-47.1 0-2.0 0-33.3 - 0-4.0 0-4.0 - 0-16.7 - d -

SC, species complex; FLU, fluconazole; ITR, itraconazole; POS, posaconazole; VRC, voriconazole.

2 Resistance rate (%).

b Percentage of non-WT isolates (%).

¢ Total number of isolates per denoted species identified in each centre.
4 Only one resistant isolate.

from South Korea [17], 10.7-11.3% from Belgium [16,42], 16% from
Romania (using the EUCAST reference method) [9] and 36.4% from
Brazil [2] are noteworthy for fluconazole and C. glabrata SC. On the
other hand and similar to the current findings, (very) low
resistance rates or no resistance have been reported from
multicentre studies conducted in Spain (0-1.1%) [11,13], Peru
(0%) [14] and South Korea (0%) [6]. These reports clearly show the
variability of resistance rates for fluconazole against C. glabrata SC
isolates and the results of the current study emphasise the very low
rates of resistance observed in Turkish centres for this particular
antifungal-SC combination.

Third, no echinocandin-resistant isolates were detected among
the tested candidaemia isolates. Micafungin was included in this
study as one of the two echinocandins (anidulafungin and
micafungin) recommended for detection of in vitro resistance to
this class of antifungal drugs [36]. Echinocandins are of particular
significance as being one of the two first-line therapeutic choices in
the treatment of invasive candidiasis, and echinocandin resistance
is being increasingly encountered in Candida isolates [21]. The
emergence of stepwise multidrug resistance, including to echi-
nocandins, has also been reported in some isolates [43].
Echinocandin resistance rates of 1% from Belgium (tested using
the EUCAST reference method, anidulafungin and micafungin)
[16],1.7% from the Asia-Pacific region (tested using caspofungin in
the Sensititre YeastOne panel) [15], 1.9% in C. glabrata in a
surveillance study from South Africa [40] and 3.8% in a
retrospective fungaemia survey in Sweden (tested with anidula-
fungin) [7] are among the relatively low rates reported so far. On
the other hand, rates varying from 0-10% and 0-8.3% have been
reported depending on species for micafungin in the Portuguese
[5] and Spanish [ 13] multicentre surveys, respectively. Unlike these
findings and similar to the current results, no echinocandin
resistance was detected for Candida spp. in the multicentre studies
from Spain (tested with caspofungin and anidulafungin) [11],
China (tested with caspofungin) [8], South Korea (tested with
caspofungin and micafungin) [17] and Peru (tested with anidu-
lafungin) [14]. The echinocandin resistance rate among Candida
isolates, which is currently nil in this study, awaits periodic
surveillance to determine any possible change.

To conclude, this study remains significant as being the first
multicentre antifungal resistance report for candidaemia isolates

in Turkey. The results suggest surveillance and detailed analysis for
fluconazole resistance in C. parapsilosis SC isolates in particular and
continuation of surveillance studies to determine any possible
change in antifungal resistance rates.
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