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Abstract Candida glabrata has emerged as a major pathogen
in invasive candidiasis in recent years. Currently, guidelines
for invasive candidiasis treatment recommend fluconazole or
an echinocandin as the first-line therapy. Nevertheless, the
resistance of Candida glabrata to echinocandin is an emerg-
ing problem and has been partly associated with mutations in
the FKSI and FKS2 genes. The Etest® is an appropriate
method for determining antifungal susceptibility in emergen-
cy routine diagnosis. In this work, we evaluated the reliability
of the Etest® in comparison with the two reference broth
microdilution methods, Clinical and Laboratory Standards
Institute (CLSI) and European Committee on Antimicrobial
Susceptibility Testing (EUCAST), to assess the caspofungin
resistance of 193 isolates of Candida glabrata. The interpre-
tation of minimum inhibitory concentration (MIC) values was
also discussed according to different breakpoints. Moreover,
FKS1 and FKS2 mutations were investigated for isolates with
high MICs. Our results showed that the MICs, value was
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similar to the MICy, value for each method. The Etest®
method showed the lowest MIC values, whereas EUCAST
presented the highest. Categorical agreement between the
Etest® and CLSI methods was 100 % and 36 % using the
breakpoints proposed by Arendrup et al. (Antimicrob Agents
Chemother 56(7):3965-3968, 2012) and Pfaller et al. (Int J
Antimicrob Agents 38(1):65-69, 2011), respectively. Two
isolates showed high MIC values with the three methods
and both presented FKS2 mutations. A novel FKS2 mutation
was also reported for one isolate. Future epidemiological
studies should also evaluate the reliability of the Etest® to
detect echinocandin resistance, as it remains a routine method.

Introduction

It is commonly admitted that the implication of Candida
glabrata in invasive fungal infections has increased signifi-
cantly [3]. According to antifungal therapy guidelines, the
first-line therapy of invasive candidiasis is fluconazole or an
echinocandin [4-6], a broad-spectrum anti-Candida mole-
cule, in particular for Candida glabrata, which has a high rate
of resistance to azoles [2]. Echinocandins inhibit the synthesis
of glucan, a major structural polysaccharide of the fungal cell
wall, via the inhibition of 1-3 beta-D-glucan synthase. How-
ever, resistance to these molecules is an emerging problem for
this Candida species, as detailed in recent case reports and
surveillance studies [2, 7]. Echinocandin resistance is related
more often to Candida albicans and Candida glabrata, even
if other species can be affected. Determination of the in vitro
minimum inhibitory concentration (MIC) may allow the de-
tection of resistance and then to avoid therapeutic failure in
patients receiving such treatment. Among the mechanisms of
resistance to caspofungin, chitin upregulation [8] or mutations
of the FKS gene encoding for the subunits of the beta-D-
glucan synthase have been reported [9, 10]. Thus, mutations
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in FKS1 for Candida albicans, Candida glabrata, Candida
krusei, and Candida tropicalis, and only FKS2 for Candida
glabrata, have been associated with resistance, for which the
level is linked to the location of the mutation in hotspot
regions [10-12].

For several years, yeast antifungal susceptibility tests have
been widely used in routine practice to assess the decision-
making process, the probability of therapeutic failure in case
of invasive candidiasis, and also epidemiologic surveillance in
hospital. Two reference broth microdilution methods are
available for the antifungal susceptibility testing of yeasts:
the Clinical and Laboratory Standards Institute (CLSI) meth-
od and the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) method. Nevertheless, these refer-
ence methods are too cumbersome and time consuming to be
used in routine practice. Commercial kits, such as the disk
diffusion or Etest® methods, more appropriate for routine
diagnosis, were developed to determine the MIC values. Nev-
ertheless, commercial Kkits still need to be evaluated and com-
pared to reference methods to prove the reliability of MIC
results.

The aim of this study was to evaluate the reliability of the
Etest® method routinely used in our laboratories to test the
susceptibility of Candida glabrata to caspofungin. For that
purpose, 193 isolates of Candida glabrata were selected and
the Etest® MIC values were compared to the MIC values
obtained with both the CLSI and EUCAST reference
methods. Moreover, the detection of mutations of FKS2 and
FKS1 was performed for isolates that presented high MIC
values with at least one of the three methods.

Materials and methods

Candida isolates

All of the 193 Candida glabrata isolates used in this study
were from patients hospitalized in Montpellier or Nimes Uni-
versity hospitals between May 2009 and October 2010. Of
these isolates, 29 were from blood cultures, 17 from abdom-
inal sterile sites, 25 from deep pulmonary samples, 113 from
urine samples, and nine were from different sites in
multicolonized patients.

Mycological identification

The identification of Candida glabrata was performed by using
ID 32C (bioMérieux) or Vitek 2 YST ID Card (bioMérieux).

Antifungals and methods

Caspofungin MICs were determined by three methods: the
CLSI method according to the CLSI M27-A3 document’s

@ Springer

recommendations approved in April 2008 (CLSI M27-A3,
2008), the EUCAST method [13], and the Etest® method
(bioM¢érieux, France), according to the manufacturer’s in-
structions (inoculum 0.5 McF, medium RPMI1640 2 % glu-
cose agar, incubation time 24/48 h, temperature 35 =2 °C, and
reading at 80 % of inhibition). Caspofungin powder was
provided by MSD and the same lot of pure caspofungin
substance was used for both the CLSI and EUCAST methods.

Quality control

The three methods were validated using three ATCC quality
control strains, ATCC 90028 (Candida albicans), ATCC
22019 (Candida parapsilosis), and ATCC 6258 (Candida
krusei), as recommended. ATCC control isolates were run in
each set of experiments for the three methods.

Breakpoints

The CLSI interpretative breakpoints used for Candida
glabrata were those initially proposed by Pfaller et al. [2]
(susceptible <0.12 mg/L, intermediate=0.25 mg/L, resistant
>0.5 mg/L) and slightly modified by Arendrup et al. [1]
(susceptible <0.5 mg/L). For the Etest®, we used breakpoints
recommended by the manufacturer for all Candida species:
susceptible <2 mg/L and not-susceptible >2 mg/L, and also
those proposed above for the CLSI method; for the EUCAST
method, there is no recommended breakpoint for Candida
glabrata.

Statistics

A two-dilution MIC difference was required to calculate the
essential agreement (EA) between two methods, or between
the 24- and 48-h end point readings. To compare methods,
EAs were calculated at the 48-h end point for the Etest® and
CLSI methods. Interpretative breakpoints were used to exam-
ine categorical agreement (CA). Discrepancies were catego-
rized into three groups: (i) very major errors (VME; isolates
interpreted as susceptible with the Etest® and resistant with
the CLSI method), (ii) major errors (ME; the isolate was
resistant by the Etest® and susceptible by the CLSI method),
and (iii) minor errors (mE; i.e., either susceptible or resistant
by one method and intermediate by the other).

Detection of FKS! and FKS2 mutations

FKS1 and FKS2 mutations were determined for a total of 18
strains of Candida glabrata. After culture on a Sabouraud
chloramphenicol agar plate (24 h, 35 °C), Candida glabrata
genomic DNA was extracted from yeast according to the
Macherey-Nagel NucleoSpin QuickPure protocol. The
hotspot regions of the FKSI and FKS2 genes were amplified
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Table 1 MICs, and MICy values obtained for caspofungin with the EUCAST, CLSI (24 h and 48 h), and Etest® (24 h and 48 h) methods, and essential
agreement between the 24- and 48-h readings for the Etest® and CLSI methods

Method MIC (mg/L) MIC (mg/L) EA*
24 h 48 h
Range MIC50 MICQO Range MIC50 MIC90
Caspofungin EUCAST 0.125-16 0.5 0.5 - - - -
CLSI 0.03-16 0.25 0.25 0.03-16 0.25 0.25 95.9 %
Etest 0.032-32 0.094 0.125 0.047-32 0.125 0.125 100 %

* Essential agreement between the MIC values obtained at 24 h and 48 h for the same method

as previously described [14]. Amplification products were
sequenced by Cogenics (London, UK). The DNA sequences
were analyzed with BLAST® (http://blast.ncbi.nlm.nih.gov/
Blast.cgi).

Results

The caspofungin MICs of 193 Candida glabrata strains were
assessed by the EUCAST, CLSI, and Etest® methods. Table 1
shows the MICs, and MICy, values, as well as the concor-
dance between the 24- and 48-h readings, for each method.
Our results showed that the MICs, value was similar to the
MICy value for each method. The Etest® showed the lowest
values (MICs(.99=0.125), followed by the CLSI method
(MIC50.990=0.25), whereas the EUCAST method showed the
highest value (MICs(.99=0.5). For the Etest® method, com-
parison between the 24- and 48-h readings presented an EA of
100 % (Table 1). As caspofungin interpretative breakpoints
were available only for the CLSI and Etest® methods, cate-
gorical agreement was not calculated when comparing to the
EUCAST method. The results of the susceptibilities obtained

for the 193 isolates are presented in Table 2. With the CLSI
method, 106/193 isolates were found to be intermediate when
interpreted with the breakpoint proposed by Pfaller et al. [2],
while 191 were susceptible when the slightly modified
breakpoint revised by Arendrup et al. [1] was used. Most of
the isolates were susceptible with the Etest® whatever the
threshold used (192/193, 188/193, and 191/193). Thus, cate-
gorical agreement between the two methods was low (36 %)
with a large number of major errors (ME=105) (Table 2)
when the breakpoint proposed by Pfaller et al. [2] was used
for the CLSI method, whereas there was no error with a
perfect categorical agreement when the slightly modified
breakpoint revised by Arendrup et al. [1] was used for the
CLSI method.

Figure 1 represents the repartition of caspofungin MIC
48-h values determined by the Etest®, CLSI, and EUCAST
methods for all the isolates, expressed as a percentage. The
MIC was <0.25 mg/L for 98.4 % and 90.7 % of isolates with
the Etest® and CLSI methods, respectively, but only for
26.4 % of isolates with the EUCAST method. Nevertheless,
for this latter method, 66.8 % of isolates had an MIC=0.5 mg/
L (Table 3), so, finally, 93.2 % had an MIC <0.5 mg/L. Only

Table 2 Caspofungin susceptibilities of 193 Candida glabrata isolates, categorical agreement, and discrepancies between the Etest® and CLSI methods

at 24 h and 48 h according to the threshold used

Threshold used for Method Susceptible Intermediate Resistant Categorical Errors
categorical agreement isolates (1) isolates () isolates (1) agreement (%)*

24 h/48 h 24 h/48 h 24 h/48 h 24 h/48 h VME® ME® mE¢

24 h/48 h 24 h/48 h 24 h/48 h

Pfaller et al. [2] CLSI 75/69 104/106 14/18 - - - -
Arendrup et al. [1] CLSI 192/191 - 12 - - - -
Pfaller et al. [2] Etest 187/188 4/3 2/2 39.9/36.8 13/16 102/105 1/1
Arendrup et al. [1] Etest 191/191 - 2/2 98.9/100 0/0 1/0 -
S<2 mg/L, Etest 192/192 0/0 1/1 39.4/36.3 13/17 104/106 0/0

not-S > 2 mg/L

2 CA calculated between CLSI and Etest methods with 3 different thresholds for Etest

® very major error
¢ major error

9 minor error
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Fig. 1 Repartition of

caspofungin MIC 48 h of é 100
Candida glabrata isolates (as a 3 %
percentage) according to the 5
method used (Etest®, CLSI, or ® 80
EUCAST)
70
60

0,03 0,047 0,064

two isolates presented high MIC values (>1 mg/L) with all
three methods, and, for one isolate, the MIC value was
>16 mg/L whatever the method considered (Table 4). Finally,
for these two isolates with high MIC values and for the 16
others classified as resistant with the CLSI method and sensi-
tive with the Etest® using breakpoints proposed by Pfaller
et al. [2] (corresponding to VME), determination of the
presence/absence of FKS2 or FKSI mutations was assessed
(see Tables 3 and 4). No FKSI mutation was detected in any of
the 18 isolates. Regarding the FKS2 gene, three isolates pre-
sented mutations. The two isolates with high MIC values with
all three methods showed the presence of previously described
mutations: isolate no. 177 (from the urine of a patient hospi-
talized in the digestive surgery department) presented the
mutation of FKS2-encoded phenylalanine to tyrosine
(F659Y) [10] and isolate no. 120 (from the urine of a patient
hospitalized in the intensive care unit) presented an amino
acid deletion at phenylalanine 659 (F659del) [11]. Two days

Table 3 Range agreement of caspofungin MIC values between the
Etest® and two reference methods according to the following range of
MICs: <0.25 mg/L, =0.5 mg/L, and >1 mg/L

Method Etest

MIC mg/L <0.25 =05 >1
CLSI <0.25 175 (90.67 %) 0 0

=0.5 16* (8.29 %) 0 0

>1 0 0 2* (1 %)
EUCAST <0.25 51 (26.4 %) 0 0

=0.5 129 (66.83 %) 0 0

>1 11 (5.7 %) 0 2% (1 %)

*Isolates with determination of the presence or absence of FKS/ and
FKS2 mutations
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after the strain was isolated from urine, patient no. 120 devel-
oped candidemia and died in the following few days, despite
antifungal therapy. With regards to patient no. 177, he was
treated by fluconazole with a favorable outcome. Finally,
isolate no. 100 (from the peritoneal fluid of a patient hospital-
ized in the intensive care unit) with a low MIC value with the
Etest® method (0.094 mg/L) but with an MIC of 0.5 mg/L
with the CLSI method was found to have a mutation in the
FKS2 gene not yet reported, which consisted in the mutation
of phenylalanine to valine (F708V) (Table 4). This patient
received no antifungal therapy and had a favorable outcome.

Discussion

Currently, caspofungin is one of the first-line therapies used to
treat candidiasis due to Candida glabrata. Besides, the Etest®
is a recommended method for the routine determination of
MIC values [15]. To assess the reliability of our routine
practice, the Etest® was compared to the two reference
methods of susceptibility determination: the CLSI broth
microdilution reference method and the EUCAST method.
To do this, the caspofungin susceptibility of 193 Candida

Table 4 MIC values (mg/L) obtained with the three different methods for
isolates with FKS2 mutations

Method FKS2 mutation
Etest CLSI EUCAST
Isolate no. 177 2 1 1 F659Y
Isolate no. 120 32 16 16 F659del
Isolate no. 100 0.094 0.5 0.5 F708V
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glabrata isolated from hospitalized patients was evaluated.
The Etest® MIC values obtained were in agreement with
previous studies [1] and were lower than in both reference
methods (see Fig. 1). Also, it is noteworthy that readings at
24 h or 48 h for the CLSI and Etest® methods showed similar
results. This suggests that reliable MIC values of caspofungin
can be provided at 24 h using the Etest®, even if the 48-h
reading remains essential. The MIC results seem to be divided
into three categories of values, regardless the method used, but
shifted according to the method considered. In regards to the
interpretative results obtained with the Etest®, 2/193 (1.04 %)
isolates were classified as resistant using breakpoints recom-
mended by the manufacturer, 18/193 (9.33 %) using the
breakpoints from Pfaller et al. [2], and 2/193 (1.04 %) using
the breakpoint from Arendrup et al. [1]. Interpretative results
obtained with the Etest® compared to those with the CLSI
method using the breakpoint proposed by Arendrup et al. [1]
were totally concordant, whereas when using Pfaller et al.’s
breakpoints, 16 VME and 105 ME (corresponding to
caspofungin-resistant or -intermediate isolates respectively
classified as susceptible by the Etest®) were notified. Never-
theless, all 16 VME corresponded to the CLSI MIC value of
0.5 mg/L, which is the lowest MIC value which classified
isolates as resistant. For the 105 ME (corresponding to MIC=
0.25 mg/L with the CLSI method), 83 (79 %) showed Etest®
MIC values between 0.094 and 0.19 mg/L. These differences
may be due to reading bias, as both the Etest® and CLSI
methods required manual reading and can be operator-
dependent. Nevertheless, caspofungin powder source, stock
solution solvent, etc. [16, 17] could also be involved.

In our work, research into FKS2 and FKSI mutations
supports the hypothesis of reading bias for the CLSI method,
as only one out of the 16 isolates resistant with the CLSI method
and sensitive with the Etest® showed one FKS2 mutation, which
has not yet been described in the literature. Moreover, this
mutation is located outside the hotspot region (the end of the
hotspot region is around the 660 amino acid region) and, to our
knowledge, no echinocandin mutation was ever described in
surrounding residues. Supplementary investigations are now
necessary to characterize this mutation (F708V) and its eventual
implication in resistance. For the two isolates showing high MIC
values with the Etest® and reference methods, both presented
FKS mutations already described in the literature [10, 11].

Finally, in this study, the Etest® was able to detect isolates
with FSK mutations, known to confer resistance, as well as the
CLSI or EUCAST methods. The more relevant breakpoint to
interpret the susceptibility of Candida glabrata to
caspofungin with the Etest® seems to be <0.5 mg/mL, as
proposed by Arendrup et al. [1].

As caspofungin MIC interlaboratory variability with the
CLSI and EUCAST methods was widely notified [16, 17], it
was suggested that anidulafungin or micafungin may be more
suitable to test echinocandin resistance in epidemiological

studies. Nevertheless, for the Etest® method used in routine
practice, it can be relevant to test the molecule used to treat the
patient. It is an urgent requirement to provide recommendations
on the value and interpretation of tests used in routine practice,
especially for Candida glabrata infections, which are often
treated by caspofungin. Another point raised in this study is
the end of the reading, as the 24-h end point reading gave
similar results to the 48-h reading; this highlighted the interest
of the 24-h end point reading, as it allows quicker therapeutic
adaptation. Nevertheless, as Candida glabrata grows slowly,
the 48-h end point reading should still remain recommended.
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