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Candidemia is an important cause of morbidity and mortality in immunosuppressed patients. Candida isolates must be culti-
vated, identified, and tested for susceptibility. We compared the performance of a new colorimetric broth microdilution panel
(SensiQuattro Candida EU) for antifungal susceptibility testing to that of Liofilchem’s MIC test strip and the EUCAST reference
broth microdilution protocol. We tested 187 blood culture isolates of 5 Candida spp. (120 C. albicans, 38 C. glabrata, 10 C.
parapsilosis, 12 C. tropicalis, and 7 C. krusei) against seven antifungal agents (amphotericin B, fluconazole, voriconazole, po-
saconazole, caspofungin, anidulafungin, and micafungin) and interpreted the MICs according to the EUCAST recommenda-
tions. If applicable, the overall essential agreement (EA) of the SensiQuattro panel with the reference broth microdilution was
slightly higher for C. albicans (87%) than for other species (85.8%). We found that SensiQuattro performed best in testing
amphotericin B (EA, 100%), voriconazole (EA, 93.7%), and posaconazole (EA, 94.8%) against C. albicans, but its error rate for
this species was high (29.6%) because of mainly major errors (26.7%) in testing anidulafungin and micafungin. Compared to the
SensiQuattro panel, the MIC test strip exhibited a higher level of agreement for most isolates. SensiQuattro assays are easy to
perform, but they are currently not suitable for testing echinocandins against Candida spp.

Bloodstream infections caused by Candida spp. are the most
common invasive fungal infections (1, 2). Patients at risk of

candidemia are those who are immunocompromised, e.g., those
with hematologic and solid-organ malignancies, those receiving
immunosuppressive therapy, those with chronic renal failure, and
those treated with antibiotics or invasive catheters (2, 3). In the
population of the United States, the incidence of hospital-ac-
quired candidemia is as high as 10 cases per 100,000 patients (4).
The 2013 annual epidemiological report of the European Centre
for Disease Prevention and Control (ECDC) stated that Candida
spp. are the fifth most frequently isolated microorganism in inten-
sive care unit (ICU)-acquired bloodstream infections in the Eu-
ropean Union (5). Mortality rates due to Candida bloodstream
infections vary from 45% to 53% depending on the population
investigated (6, 7). Although C. albicans is still the most frequently
isolated Candida species in candidemia, non-albicans Candida
species are increasingly found to be the causative agents (8–12).

Of particular concern is emerging resistance to both the anti-
fungal classes of azoles and the newer echinocandins, as recently
reported in the World Health Organization’s “Antimicrobial Re-
sistance: Global Report on Surveillance 2014” (13). Resistance to
antifungal drugs varies among the various species of Candida be-
cause of the intrinsically low susceptibility of C. glabrata to azole
antifungals, such as fluconazole (FLC) (14), and because of mul-
tifactorial processes or mutations in the fks1 and fks2 genes (15,
16). For the initial targeted treatment of candidemia in adult pa-
tients, the guidelines of the European Society of Clinical Microbi-
ology and Infectious Diseases (ESCMID) recommend echinocan-
dins in addition to removal of medical devices (17). In general,
Candida isolates must be tested for susceptibility so that the most
appropriate antifungal drug can be selected; for such testing, the

broth microdilution method (BMD) is well established in the rec-
ommendations of both the Clinical and Laboratory Standards In-
stitute (CLSI) and the European Committee on Antimicrobial
Susceptibility Testing (EUCAST).

A commercially prepared colorimetric microdilution panel,
Sensititre YeastOne (TREK Diagnostic Systems, Cleveland, OH,
USA), has been evaluated by various groups but is available only
for CLSI recommendations (18–20). Recently, another colorimet-
ric microdilution panel, SensiQuattro Candida EU (bestbiondx,
Cologne, Germany), which includes eight desiccated antimycot-
ics, is available; this panel correlates with the antifungal clinical
breakpoints set by EUCAST. The purpose of this study was to
compare the performance of the SensiQuattro Candida EU system
(SQ) to that of a EUCAST reference BMD protocol and that of the
routinely used MIC test strip (Liofilchem srl, Roseto degli Abru-
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zzi, Italy) against a set of 187 blood culture isolates of five Candida
species.

(This work was presented in part as poster eP236 at the 24th
European Congress of Clinical Microbiology and Infectious Dis-
eases of the European Society of Clinical Microbiology and Infec-
tious Diseases, Barcelona, Spain, 10 to 13 May 2014 [21].)

MATERIALS AND METHODS
Study design. The study was designed to compare the MICs of ampho-
tericin B (AMB), the azoles FLC, voriconazole (VRC), and posaconazole
(POS), and the echinocandins caspofungin (CAS), anidulafungin (ANI),
and micafungin (MICA) for the most common Candida spp. MICs were
obtained by three different methods: the SQ system, the MIC test strip,
and the EUCAST BMD protocol; the BMD results were used as a refer-
ence.

Test organisms. We tested 187 blood culture isolates of Candida spp.
collected at two University hospitals (Essen, Germany, and Vienna, Aus-
tria) between 2008 and 2012. The collection included 120 isolates of C.
albicans, 38 isolates of C. glabrata, 10 isolates of C. tropicalis, and 7 isolates
of C. krusei. Species identification was performed by Vitek 2 and Vitek MS
(both from bioMérieux, Marcy l’Etoile, France). Isolates were stored in
the Protect Microorganism cryopreservation system (Technical Service
Consultants Ltd., Lancashire, United Kingdom) at �80°C until further
use. An aliquot was directly plated onto Sabouraud’s dextrose agar (BD
Diagnostics, Franklin Lakes, NJ, USA) and incubated at 36°C � 1°C for 18
to 48 h before testing.

Quality control strains. The American Type Culture Collection
(ATCC) strains Candida albicans ATCC 90028, Candida parapsilosis
ATCC 22019, and Candida krusei ATCC 6258 served as quality controls,
as recommended in the EUCAST definitive document (22).

SensiQuattro panels. SQ Candida EU is a 32-well commercial color-
imetric microdilution panel containing 8 desiccated antimycotics at four
doubling serial concentrations of AMB (0.5 to 2 mg/liter), FLC (1 to 8
mg/liter), VRC (0.06 to 0.5 mg/liter), POS (0.03 to 0.25 mg/liter), CAS
(0.03 to 0.25 mg/liter), ANI (0.03 to 0.25 mg/liter), MICA (0.03 to 0.25
mg/liter), and flucytosine (4 to 32 mg/liter). Flucytosine was not investi-
gated.

SQ preparations were established according to the manufacturer’s in-
structions: yeast colonies harvested from Sabouraud’s dextrose agar (BD)
were suspended in physiological saline solution (0.5 McFarland standard)
(Merck KgaA, Darmstadt, Germany). Each well of the dried SQ panels was
rehydrated with 0.15 ml of the yeast suspension and incubated at 36°C �
1°C for 24 � 2 h. After incubation, the susceptibility of Candida spp. to
antimycotic agents was assessed on the basis of growth or inhibition of the
yeasts in the media containing antimycotic agents and a growth indicator.
The well colors were interpreted as follows: a yellow/orange color indi-
cated growth of yeast; a red color indicated inhibition of yeast growth.

Broth microdilution. EUCAST BMD testing was performed as out-
lined in the EUCAST definitive document, with Roswell Park Memorial
Institute (RPMI) 1640-2% glucose medium (Sigma-Aldrich, St. Louis,
MO, USA) and morpholinepropanesulfonic acid (MOPS) buffer (Merck
KgaA, Darmstadt, Germany) (22). After five distinct yeast colonies had
been harvested from Sabouraud’s dextrose agar, a final yeast suspension
with an inoculum of 1 � 105 to 5 � 105 CFU/ml was prepared. Reference
powders of each agent were obtained from Sigma-Aldrich, St. Louis, MO,
USA (amphotericin B and fluconazole), Merck KgaA, Darmstadt, Ger-
many (posaconazole and caspofungin), Pfizer Inc., New York, NY, USA
(voriconazole and anidulafungin), and Astellas Pharma Global Develop-
ment, Inc., Northbrook, IL, USA (micafungin). After incubation at
35°C � 2°C in ambient air for 24 � 2 h without agitation, MIC values were
determined spectrophotometrically at 530 nm as the lowest concentration
of drug that resulted in at least 50% inhibition of yeast growth in relation
to that of the growth control. Particularly for AMB, the MIC is defined as
the lowest concentration leading to a growth inhibition of at least 90%
that of the drug-free control, according to Arendrup (22).

MIC test strip. MIC test strip (Liofilchem) agar diffusion testing was
performed with RPMI 1640-2% glucose agar medium and MOPS buffer
(both Reactivos para Diagnóstico S.L., Barcelona, Spain). A final yeast
suspension with an inoculum of 0.5 � 105 to 2.5 � 105 CFU/ml was
prepared. The agar surface was inoculated with a swab dipped into the
suspension. The yeast cells were spread homogeneously by unrolling the
swab in three directions over the agar. One MIC test strip was applied to
each inoculated agar plate. The plates were incubated at 36°C � 1°C, and
MICs were read after 24 h. The intersection between the zone of inhibition
and the MIC test strip was considered the lowest inhibitory concentration
of the antifungal agent. Microcolonies in the inhibition zone were not
taken into account (23).

Antifungal susceptibility testing. EUCAST clinical breakpoints
(CBPs) were used according to EUCAST antifungal clinical breakpoint
table version 6.1 (24) for all tested organisms with the exception of caspo-
fungin and with the exception of the agent-organism combinations
FLC-C. krusei, VRC-C. glabrata, VRC-C. krusei, POS-C. glabrata, POS-C.
krusei, MICA-C. krusei, and MICA-C. tropicalis, because the EUCAST
CBPs for these agents have not yet been defined. In these cases, FLC-C.
krusei breakpoints were obtained from CLSI (25); revised CAS CBPs and
the CBPs for the agent/organism combinations mentioned above and
breakpoints for MICA-C. krusei/C. tropicalis were obtained from Pfaller
(23, 26–28).

Statistical analysis. The MIC results obtained by SQ and the MIC test
strip after 24 h were compared with those of the reference BMD panels
read after 24 h. As discussed in previous reports (29, 30), high off-scale
MIC results were converted to the next highest concentration, and low
off-scale MIC results were left unchanged. To calculate the essential agree-
ment (EA) between SQ and BMD protocol results and between MIC test
strip and BMD protocol results, we used discrepancies of more than 2
dilutions among MIC results. CBPs were used as outlined above to calcu-
late categorical agreement (CA) between the MICs determined by SQ, the
MIC test strip, and the BMD protocol (as the reference). A very major
error (VME) was defined as a susceptible result for SQ or for the MIC test
strip and a resistant result for the BMD reference method. A major error
(ME) was a resistant result for SQ or for the MIC test strip and a suscep-
tible result for the BMD protocol. Minor errors were defined as suscepti-
ble or resistant results for one method and an intermediate result for the
other. For reliable results, the absolute CA between two methods should
be at least 90%, and the VME rate should be no higher than 1.5% (31).

Problems occurred when the categorical agreement for SQ was classi-
fied for the agent-organism combinations FLC-C. glabrata, FLC-C. krusei,
POS-C. glabrata, CAS-C. albicans, CAS-C. glabrata, CAS-C. parapsilosis,
CAS-C. tropicalis, CAS-C. krusei, MICA-C. parapsilosis, MICA-C. tropica-
lis, and MICA-C. krusei. In these cases, it was impossible to place the MIC
measurements obtained by SQ into the categories of susceptible, interme-
diate, or resistant; e.g., according to EUCAST, FLC MIC values of �0.002
mg/liter are considered susceptible, and values of �32 mg/liter are con-
sidered resistant for C. glabrata, but the SQ values were �1 mg/liter for
susceptible and �8 mg/liter for resistant. Therefore, only EA was deter-
mined.

RESULTS

The MICs of 187 Candida species strains were assessed by the
EUCAST reference BMD protocol; for SQ and MIC test strips, the
strains were assessed according to the manufacturer’s instruc-
tions. The in vitro susceptibilities as determined by the reference
BMD protocol (considered the gold standard), MIC test strip, and
SQ for the two sets of antifungal agents are summarized in Table 1
(AMB, FLC, VRC, and POS) and Table 2 (CAS, ANI, and MICA).

In general, the MIC results for all agents were typical for each
Candida species, as previously described (28, 32). The overall EA
of SQ was 87% for C. albicans isolates and 85.8% for non-albicans
species isolates. The best result for C. albicans isolates was ob-
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TABLE 1 In vitro susceptibilities of 187 isolates of Candida spp. to amphotericin B, fluconazole, voriconazole, and posaconazolea

Species (no. of
isolates tested) Antifungal agent Test method

MIC (�g/ml)

EA (%) CA (%)

% errors

Range Mode VME ME Minor errors

C. albicans (120) Amphotericin B BMD 0.25–2 1
Amphotericin B MIC test strip 0.125–0.75 0.38 81.67 98.3 1.7 0 0
Amphotericin B SensiQuattro �0.5–�2 0.5 100 97.4 1.7 0.9 0
Fluconazole BMD 0.12–�64 0.12
Fluconazole MIC test strip 0.064–�256 0.38 86.67 91.7 3.3 2.5 2.5
Fluconazole SensiQuattro �1–�8 1 45.7 94 3.4 2.6 0
Voriconazole BMD 0.016–�8 0.016
Voriconazole MIC test strip 0.004–0.125 0.016 96.67 97.5 2.5 0 0
Voriconazole SensiQuattro �0.06–�0.5 0.06 93.67 94.8 2.6 2.6 0
Posaconazole BMD 0.016–�8 0.06
Posaconazole MIC test strip 0.016–3 0.064 95.8 91.7 3.3 5 0
Posaconazole SensiQuattro �0.03–�0.25 0.03 94.83 93.2 3.4 3.4 0

C. glabrata (38) Amphotericin B BMD 0.25–2 1
Amphotericin B MIC test strip 0.19–1 0.75 94.5 86.80 13.2 0 0
Amphotericin B SensiQuattro �0.5–2 0.5 100 84.2 7.9 7.9 0
Fluconazole BMD 0.5–�64 4
Fluconazole MIC test strip 2–256 8 97.4 97.40 0 0 2.6
Fluconazole SensiQuattro �1–�8 8 65.8 ND ND ND ND
Voriconazole BMD 0.016–4 0.25
Voriconazole MIC test strip 0.032–32 0.094 89.5 94.70 0 5.3 0
Voriconazole SensiQuattro 0.06–�0.5 0.5 60.5 28.4 0 81.6 0
Posaconazole BMD 0.12–�8 0.5
Posaconazole MIC test strip 0.125–12 0.5 92 92.10 0 7.9 0
Posaconazole SensiQuattro �0.25 0.25 90 ND ND ND ND

C. parapsilosis (10) Amphotericin B BMD 0.5–2 1
Amphotericin B MIC test strip 0.094–0.5 0.25 60 90 10 0 0
Amphotericin B SensiQuattro 0.5 0.5 100 90 10 0 0
Fluconazole BMD 0.25–4 0.5
Fluconazole MIC test strip 0.5–4 0.5 90 100 0 0 0
Fluconazole SensiQuattro 1 1 100 100 0 0 0
Voriconazole BMD 0.016–0.25 0.016
Voriconazole MIC test strip 0.004–0.19 0.19 80 70 10 20 0
Voriconazole SensiQuattro �0.06 0.06 100 90 10 0 0
Posaconazole BMD 0.03–0.12 0.06
Posaconazole MIC test strip 0.023–0.25 0.094 100 80 0 20 0
Posaconazole SensiQuattro �0.03 0.03 90 90 10 0 0

C. tropicalis (12) Amphotericin B BMD 0.5–1 1
Amphotericin B MIC test strip 0.19–0.75 0.25 83.3 100 0 0 0
Amphotericin B SensiQuattro 0.5 0.5 100 100 0 0 0
Fluconazole BMD 0.12–4 0.5
Fluconazole MIC test strip 0.25–4 0.38 100 100 0 0 0
Fluconazole SensiQuattro �1–�8 1 50 58.3 0 41.7 0
Voriconazole BMD 0.016–0.03 0.016
Voriconazole MIC test strip 0.012–0.047 0.016 100 66.7 0 33.3 0
Voriconazole SensiQuattro �0.06–�0.5 0.06 66.7 66.7 0 33.3 0
Posaconazole BMD 0.016–0.25 0.06
Posaconazole MIC test strip 0.008–0.125 0.064 100 66.7 0 33.3 0
Posaconazole SensiQuattro �0.03–0.25 0.03 66.7 66.7 0 33.3 0

C. krusei (7) Amphotericin B BMD 1.0–2 2
Amphotericin B MIC test strip 0.125–2 1 100 42.9 57.1 0 0
Amphotericin B SensiQuattro 0.5 0.5 100 28.6 71.4 0 0
Fluconazole BMD 16–�64 16
Fluconazole MIC test strip 16–�256 32 100 100 0 0 0
Fluconazole SensiQuattro �1–�8 8 85.7 ND ND ND ND
Voriconazole BMD 0.25–2 0.25
Voriconazole MIC test strip 0.038–3 0.19 85.7 85.7 14.3 0 0
Voriconazole SensiQuattro �0.06–0.25 0.06 57.1 71.4 28.6 0 0
Posaconazole BMD 0.03–1 0.25
Posaconazole MIC test strip 0.19–0.75 0.25 100 100 0 0 0
Posaconazole SensiQuattro 0.03 0.03 28.6 100 0 0 0

a As determined with the SensiQuattro Candida EU method (SQ), the EUCAST broth microdilution (BMD) protocol, and the MIC test strip. EA, essential agreement; CA,
categorical agreement; VME, very major error; ME, major error. ND, nondeterminable: measurements of MIC cannot differentiate between susceptible, intermediate, or resistant.
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tained with SQ and AMB (EA, 100%). When all tested Candida
species were taken into account, SQ obtained the best EA result for
C. parapsilosis isolates (97.5%). In contrast, the overall EA of SQ
for testing echinocandins was poor against C. albicans isolates
(46.5%) and non-albicans species isolates (53.1%). The MIC test
strip was better for C. albicans isolates (overall EA, 92.5%) than for
non-albicans species isolates (overall EA, 90.2%). Within the non-
albicans species isolates, the overall EA for the MIC test strip and

for the BMD protocol was at least 90% in every case except for C.
parapsilosis (EA, 82.5%).

SQ could not classify the CA for 11 agent/organism combina-
tions, as described in Materials and Methods. Therefore, only EA
was calculated in these cases. Anidulafungin could be evaluated at
all times.

For C. albicans, the overall CA of the SQ and the MIC test strip,
taken together, was 82%. The error rate corresponding to the ap-

TABLE 2 In vitro susceptibilities of 187 isolates of Candida spp. to caspofungin, anidulafungin, and micafungina

Species (no. of
isolates tested) Antifungal agent Test method

MIC (�g/ml)

EA (%) CA (%)

% errors

Range Mode VME ME Minor errors

C. albicans (120) Caspofungin BMD 0.016–0.5 0.016
Caspofungin MIC test strip 0.032–0.5 0.094 49.2 99.2 0 0 0.8
Caspofungin SensiQuattro �0.03–�0.25 0.06 60.3 ND ND ND ND
Anidulafungin BMD 0.016–4 0.016
Anidulafungin MIC test strip �0.002–�32 �32 0 95.8 2.5 0 1.7
Anidulafungin SensiQuattro 0.015–�0.12 0.12 32.8 14.7 0.8 82.8 1.7
Micafungin BMD 0.016–2 0.016
Micafungin MIC test strip 0.002–0.094 0.012 92.5 68.3 24.2 7.5 0
Micafungin SensiQuattro �0.03–�0.25 0.12 46.6 29.4 3.4 67.2 0

C. glabrata (38) Caspofungin BMD 0.016–0.12 0.03
Caspofungin MIC test strip 0.064–0.25 0.19 85 42.1 0 0 55
Caspofungin SensiQuattro �0.03–�0.25 0.12 68.4 ND ND ND ND
Anidulafungin BMD 0.03–0.25 0.06
Anidulafungin MIC test strip �0.002–0.032 0.016 0 100 0 0 0
Anidulafungin SensiQuattro �0.015–�0.12 �0.25 76.3 42.1 0 57.9 0
Micafungin BMD 0.016–0.03 0.016
Micafungin MIC test strip 0.002–0.032 0.008 55 100 0 0 0
Micafungin SensiQuattro �0.03–�0.25 �0.25 44.7 26.3 0 73.7 0

C. parapsilosis (10) Caspofungin BMD 0.25–1 0.5
Caspofungin MIC test strip 0.19–2 0.38 100 40 2 0 4
Caspofungin SensiQuattro �0.03–�0.25 �0.25 90 ND ND ND ND
Anidulafungin BMD 2–4 2
Anidulafungin MIC test strip 2–�32 �32 30 30 0 0 70
Anidulafungin SensiQuattro �0.015–0.12 0.015 0 100 0 0 0
Micafungin BMD 1–4 1
Micafungin MIC test strip 0.006–0.016 0.008 0 90 0 0 10
Micafungin SensiQuattro �0.03–0.12 �0.03 0 ND ND ND ND

C. tropicalis (12) Caspofungin BMD 0.016–0.12 0.12
Caspofungin MIC test strip 0.064–0.5 0.19 75 91.7 0 0 8.3
Caspofungin SensiQuattro �0.03–�0.25 �0.25 50 ND ND ND ND
Anidulafungin BMD 0.016–0.12 0.03
Anidulafungin MIC test strip �0.002–0.002 �0.002 0 91.7 8.3 0 0
Anidulafungin SensiQuattro 0.03–�0.25 �0.12 41.6 25 0 75 0
Micafungin BMD 0.016–0.06 0.03
Micafungin MIC test strip 0.003–�32 0.006 25 75 0 25 0
Micafungin SensiQuattro 0.03–�0.25 �0.25 50 ND ND ND ND

C. krusei (7) Caspofungin BMD 0.016–8 0.06
Caspofungin MIC test strip 0.19–�32 0.75 30 42.9 0 0 57.1
Caspofungin SensiQuattro �0.03–�0.25 �0.25 44.4 ND ND ND ND
Anidulafungin BMD 0.016–4 0.06
Anidulafungin MIC test strip �0.002–�32 �0.002 0 85.7 14.3 0 0
Anidulafungin SensiQuattro �0.015–�0.12 �0.12 66.6 28.7 14.2 57.1 0
Micafungin BMD 0.03–�8 0.12
Micafungin MIC test strip 0.004–3 3 0 0 10 80 10
Micafungin SensiQuattro �0.03–�0.25 �0.25 22.2 ND ND ND ND

a As determined with the SensiQuattro Candida EU (SQ), the EUCAST broth microdilution (BMD) protocol, and the MIC test strip. EA, essential agreement; CA, categorical
agreement; VME, very major error; ME, major error. ND, nondeterminable: measurements of MIC cannot differentiate between susceptible, intermediate, or resistant.
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plied methods was significantly higher for SQ (29.6%) than for the
MIC test strip (8.2%); this difference was caused by a higher rate of
MEs in SQ evaluations (26.7%). The VME rate of the two methods
was similar (2.6% for SQ and 5.4% for the MIC test strip). Most of
the MEs in SQ measurements occurred with ANI and MICA. In
general, SQ performed better in testing C. albicans against AMB
and the azoles than in testing against the echinocandins (error rate
for azoles and AMB, 5.2%; error rate for echinocandins, 38%). For
C. albicans, a good CA was detected for all agents except for MICA
and ANI testing with SQ. The VME rates in testing AMB, the
azoles, and ANF were less than 5% but were 24.2% in testing
MICA; in these tests, most of the VMEs occurred with the MIC test
strip (29 of 120 results).

For SQ and MIC test strip, taken together, the overall CA was
small for non-albicans species (73.3%), and the error rate of the
two methods for these species was considerably higher than that
for C. albicans (SQ, 42.8%; MIC test strip, 16.8%). However, the
non-albicans species VME rate of the two methods was equal to
that for C. albicans (4.1%), with a simultaneous decrease of VME
caused by MIC test strip (VME, 3.6%) and increase of ME (17.3%)
and minor errors (5.4%). The increase of the latter is especially
due to false resistant measurements of CAS in C. glabrata with the
MIC test strip (55% of the 40 minor errors).

DISCUSSION

The aim of the present study was to compare the performance of
the SQ microdilution assay with that of the MIC test strip and the
reference BMD protocol in antifungal susceptibility testing of 187
Candida blood culture isolates.

The standardized BMD method of antifungal susceptibility
testing is regarded as the reference method, but it is time-consum-
ing and cumbersome for routine use in the clinical laboratory.
Because SQ does not require complex handling, we evaluated this
method as an alternative method of testing antifungal agents in
vitro.

SQ has the advantage of being a commercially prepared color-
imetric microdilution panel that is ready to use and easy to per-
form. The agreement between SQ and BMD depends on the anti-
fungal agent and the Candida species tested. In general, testing C.
albicans isolates with SQ resulted in higher overall EAs than testing
non-albicans species isolates. The performance of SQ for the echi-
nocandins was not satisfactory, with low CAs when CA could be
determined at all. The calculated CA showed a high range of vari-
ation, and only the combination of ANI-C. parapsilosis achieved a
CA value higher than 90% (CA � 100%).

Problems occurred in some cases in the interpretation of SQ
MIC results: the positive control remained red, but with repetition
the control turned yellow or orange so that the test could be as-
sessed as valid. In general, the transition between red (no micro-
bial growth) and orange (good microbial growth) was often
smooth, and clear-cut endpoints were missing. Therefore, visual
assessment of MICs was difficult, and this difficulty can lead to
misinterpretation. No problems with poor growth of the Candida
strains were observed. Moreover, the CA for a total of 11 agent-
organism combinations could not be assessed with SQ, because
the established SQ MIC was not related to an exact valuation area.
This problem affected primarily CAS (5 cases) and MICA (3
cases). For CAS, the established MICs of at least 0.25 �g/ml indi-
cate intermediate or resistant strains, and the susceptible break-
point for C. albicans, for example, is not higher than 0.25 �g/ml.

Additional dilutions of every antifungal agent, at both lower and
higher concentrations, are needed for SQ, because only in this way
can resistant isolates be identified. Using additional dilutions al-
lowed us to obtain a better harmonization of the dilution ranges
and the EUCAST breakpoints.

Nevertheless, antifungal susceptibility testing with echinocan-
dins is generally difficult. According to the newest EUCAST anti-
fungal clinical breakpoint table, “EUCAST breakpoints have not
yet been established for caspofungin, due to significant interlabo-
ratory variation in MIC ranges for caspofungin” (33). However,
Pfaller and colleagues recommend testing anidulafungin and
micafungin for predicting caspofungin MIC (26, 34). Sensititre
YeastOne (SYO; TREK Diagnostic Systems), a well-described col-
orimetric antifungal panel that includes itraconazole in addition
to the 8 antifungal agents included in SQ, is already equipped with
11 dilution steps, e.g., for CAS, 0.008 to 8 �g/ml. Comparisons of
the performance of SQ and SYO have not yet been reported and
should be determined. However, several studies have reported
that the SYO method achieves excellent results in terms of repro-
ducibility and CAs with both the EUCAST BMD protocol and the
CLSI broth microdilution reference method (19, 20, 32, 34–36).

To assess the reliability of the agar gradient diffusion method,
generally known as Etest, we used the MIC test strip (Liofilchem)
as a cost-effective alternative. With the exception of the carrier
material, this product is a strip on which antifungal agents are
impregnated with a predefined concentration gradient in 15
2-fold dilutions; therefore, it is similar to Etest (bioMérieux,
Marcy l’Etoile, France). No other systematic comparison of meth-
ods for antifungal susceptibility testing with the use of MIC test
strips has been reported to date. In our study, the agreement be-
tween the results achieved with the MIC test strip and the BMD
protocol was lower than the agreement reported by Pfaller and
colleagues, who used a different gradient strip (37). Additional
comparative studies with MIC test strips and the BMD protocol
are warranted.

Potential shortcomings of the present study are the limited
number of non-albicans species strains included and the absence
of echinocandin-resistant Candida species isolates. However, as
described here, the SQ in its present format is not suitable for
testing echinocandins against Candida species. To the best of our
knowledge, this is the first study to investigate the performance of
the SensiQuattro Candida EU as a new commercially available
colorimetric assay for antifungal susceptibility testing of yeasts.
We conclude that the SQ method of antifungal susceptibility test-
ing is easy to perform and has strengths in testing azoles and AMB.
However, further improvements are necessary for higher antifun-
gal dilutions and more precise readability of MICs. Currently, the
SQ method is not suitable for testing echinocandins against Can-
dida spp.

ACKNOWLEDGMENTS

The SensiQuattro Candida EU panels were provided by bestbiondx.
We thank Silke Dittmer, Kristin Dehnert, and Ulrike Klotz for techni-

cal assistance and Jan Dziobaka for statistical help.
We have no conflicts of interest to declare.

REFERENCES
1. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel RP, Edmond

MB. 2004. Nosocomial bloodstream infections in US hospitals: analysis of
24,179 cases from a prospective nationwide surveillance study. Clin Infect
Dis 39:309 –317. http://dx.doi.org/10.1086/421946.

SensiQuattro for Antifungal Susceptibility Testing

January 2015 Volume 53 Number 1 jcm.asm.org 259Journal of Clinical Microbiology

http://dx.doi.org/10.1086/421946
http://jcm.asm.org


2. Bitar D, Lortholary O, Le Strat Y, Nicolau J, Coignard B, Tattevin P,
Che D, Dromer F. 2014. Population-based analysis of invasive fungal
infections, France, 2001-2010. Emerg Infect Dis 20:1149 –1155. http://dx
.doi.org/10.3201/eid2007.140087.

3. Wenzel RP. 1995. Nosocomial candidemia: risk factors and attributable
mortality. Clin Infect Dis 20:1531–1534. http://dx.doi.org/10.1093/clinids
/20.6.1531.

4. Centers for Disease Control and Prevention. 2014. Invasive candidi-
asis statistics. CDC, Atlanta, GA. http://www.cdc.gov/fungal/diseases
/candidiasis/invasive/statistics.html.

5. European Centre for Disease Prevention and Control. 2013. Annual
epidemiological report: reporting on 2011 surveillance data and 2012 ep-
idemic intelligence data. ECDC, Stockholm, Sweden. http://www.ecdc
.europa.eu/en/publications/Publications/annual-epidemiological-report
-2013.pdf.

6. Luzzati R, Cavinato S, Deiana ML, Rosin C, Maurel C, Borelli M. 13
June 2014. Epidemiology and outcome of nosocomial candidemia in el-
derly patients admitted prevalently in medical wards. Aging Clin Exp Res
http://dx.doi.org/10.1007/s40520-014-0251-x.

7. Bassetti M, Righi E, Ansaldi F, Merelli M, Cecilia T, De Pascale G,
Diaz-Martin A, Luzzati R, Rosin C, Lagunes L, Trecarichi EM, Sangui-
netti M, Posteraro B, Garnacho-Montero J, Sartor A, Rello J, Rocca GD,
Antonelli M, Tumbarello M. 2014. A multicenter study of septic shock
due to candidemia: outcomes and predictors of mortality. Intensive Care
Med 40:839 – 845. http://dx.doi.org/10.1007/s00134-014-3310-z.

8. Horn R, Wong B, Kiehn TE, Armstrong D. 1985. Fungemia in a cancer
hospital: changing frequency, earlier onset, and results of therapy. Rev
Infect Dis 7:646 – 655. http://dx.doi.org/10.1093/clinids/7.5.646.

9. Horn DL, Neofytos D, Anaissie EJ, Fishman JA, Steinbach WJ, Olyaei
AJ, Marr KA, Pfaller MA, Chang CH, Webster KM. 2009. Epidemiology
and outcomes of candidemia in 2019 patients: data from the Prospective
Antifungal Therapy Alliance Registry. Clin Infect Dis 48:1695–1703. http:
//dx.doi.org/10.1086/599039.

10. Meunier-Carpentier F, Kiehn TE, Armstrong D. 1981. Fungemia in the
immunocompromised host. Changing patterns, antigenemia, high mor-
tality. Am J Med 71:363–370.

11. Diekema DJ, Messer SA, Brueggemann AB, Coffman SL, Doern GV,
Herwaldt LA, Pfaller MA. 2002. Epidemiology of candidemia: 3-year
results from the Emerging Infections and the Epidemiology of Iowa Or-
ganisms Study. J Clin Microbiol 40:1298 –1302. http://dx.doi.org/10.1128
/JCM.40.4.1298-1302.2002.

12. Bassetti M, Righi E, Costa A, Fasce R, Molinari MP, Rosso R, Pallavicini
FB, Viscoli C. 2006. Epidemiological trends in nosocomial candidemia in
intensive care. BMC Infect Dis 6:21. http://dx.doi.org/10.1186/1471-2334
-6-21.

13. World Health Organization. 2014. Antimicrobial resistance: global re-
port on surveillance. WHO, Geneva, Switzerland. http://www.who.int
/drugresistance/en.

14. Rodrigues CF, Silva S, Henriques M. 2014. Candida glabrata: a review of
its features and resistance. Eur J Clin Microbiol Infect Dis 33:673– 688.
http://dx.doi.org/10.1007/s10096-013-2009-3.

15. Perea S, López-Ribot JL, Kirkpatrick WR, McAtee RK, Santillán RA,
Martínez M, Calabrese D, Sanglard D, Patterson TF. 2001. Prevalence of
molecular mechanisms of resistance to azole antifungal agents in Candida
albicans strains displaying high-level fluconazole resistance isolated from
human immunodeficiency virus-infected patients. Antimicrob Agents
Chemother 45:2676 –2684. http://dx.doi.org/10.1128/AAC.45.10.2676
-2684.2001.

16. Zimbeck AJ, Iqbal N, Ahlquist AM, Farley MM, Harrison LH, Chiller
T, Lockhart SR. 2010. FKS mutations and elevated echinocandin MIC
values among Candida glabrata isolates from U.S. population-based sur-
veillance. Antimicrob Agents Chemother 54:5042–5047. http://dx.doi.org
/10.1128/AAC.00836-10.

17. Cornely OA, Bassetti M, Calandra T, Garbino J, Kullberg BJ, Lortho-
lary O, Meersseman W, Akova M, Arendrup MC, Arikan-Akdagli S,
Bille J, Castagnola E, Cuenca-Estrella M, Donnelly JP, Groll AH,
Herbrecht R, Hope WW, Jensen HE, Lass-Flörl C, Petrikkos G, Rich-
ardson MD, Roilides E, Verweij PE, Viscoli C, Ullmann AJ, ESCMID
Fungal Infection Study Group. 2012. ESCMID* guideline for the diag-
nosis and management of Candida diseases 2012: non-neutropenic adult
patients. Clin Microbiol Infect 18(Suppl 7):S19 –S37. http://dx.doi.org/10
.1111/1469-0691.12039.

18. Pfaller MA, Messer SA, Hollis RJ, Espinel-Ingroff A, Ghannoum MA,

Plavan H, Killian SB, Knapp CC. 1998. Multisite reproducibility of MIC
results by the Sensititre YeastOne colorimetric antifungal susceptibility
panel. Diagn Microbiol Infect Dis 31:543–547. http://dx.doi.org/10.1016
/S0732-8893(98)00026-1.

19. Espinel-Ingroff A, Pfaller M, Messer SA, Knapp CC, Killian S, Norris
HA, Ghannoum MA. 1999. Multicenter comparison of the Sensititre
YeastOne colorimetric antifungal panel with the National Committee for
Clinical Laboratory standards M27-A reference method for testing clinical
isolates of common and emerging Candida spp., Cryptococcus spp., and
other yeasts and yeast-like organisms. J Clin Microbiol 37:591–595.

20. Espinel-Ingroff A, Pfaller M, Messer SA, Knapp CC, Holliday N, Killian
SB. 2004. Multicenter comparison of the Sensititre YeastOne colorimetric
antifungal panel with the NCCLS M27-A2 reference method for testing
new antifungal agents against clinical isolates of Candida spp. J Clin Mi-
crobiol 42:718 –721. http://dx.doi.org/10.1128/JCM.42.2.718-721.2004.

21. Köhling HL, Willinger B, Buer J, Rath P-M, Steinmann J. 2014. Com-
parative evaluation of a new commercial colorimetric microdilution assay
(SensiQuattro Candida EU) with E-test and EUCAST broth microdilution
for susceptibility testing of invasive Candida isolates, abstr eP236. Abstr
24th Eur Congr Clin Microbiol Infect Dis Eur Soc Clin Microbiol Infect
Dis, Barcelona, Spain, 10 to 13 May 2014.

22. Arendrup MC, Cuenca-Estrella M, Lass-Flörl C, Hope W, EUCAST-
AFST. 2012. EUCAST technical note on the EUCAST definitive document
EDef 7.2: method for the determination of broth dilution minimum in-
hibitory concentrations of antifungal agents for yeasts EDef 7.2
(EUCAST-AFST). Clin Microbiol Infect 18:E246 –E247. http://dx.doi.org
/10.1111/j.1469-0691.2012.03880.x.

23. Pfaller MA, Messer SA, Mills K, Bolmström A, Jones RN. 2001. Evalu-
ation of Etest method for determining posaconazole MICs for 314 clinical
isolates of Candida species. J Clin Microbiol 39:3952–3954. http://dx.doi
.org/10.1128/JCM.39.11.3952-3954.2001.

24. European Committee on Antimicrobial Susceptibility Testing
(EUCAST). 2013. Antifungal agents: breakpoint tables for interpretation
of MICs, version 6.1. http://www.eucast.org/fileadmin/src/media/PDFs
/EUCAST_files/AFST/Antifungal_breakpoints_v_6.1.pdf.

25. Clinical and Laboratory Standards Institute. 2008. Reference method for
broth dilution antifungal susceptibility testing of yeasts; approved stan-
dard—3rd ed. CLSI document M27-A3. Clinical and Laboratory Stan-
dards Institute, Wayne, PA.

26. Pfaller MA, Diekema DJ, Jones RN, Castanheira M. 2014. Use of anidu-
lafungin as a surrogate marker to predict susceptibility and resistance to
caspofungin among 4,290 clinical isolates of Candida using CLSI methods
and interpretive criteria. J Clin Microbiol 52:3223–3229. http://dx.doi.org
/10.1128/JCM.00782-14.

27. Pfaller MA, Boyken L, Hollis RJ, Kroeger J, Messer SA, Tendolkar S,
Diekema DJ. 2011. Wild-type MIC distributions and epidemiological
cutoff values for posaconazole and voriconazole and Candida spp. as de-
termined by 24-hour CLSI broth microdilution. J Clin Microbiol 49:630 –
637. http://dx.doi.org/10.1128/JCM.02161-10.

28. Pfaller MA, Barry AL. 1994. Evaluation of a novel colorimetric broth
microdilution method for antifungal susceptibility testing of yeast isolates.
J Clin Microbiol 32:1992–1996.

29. Barchiesi F, Falconi Di Francesco L, Scalise G. 1997. In vitro activities of
terbinafine in combination with fluconazole and itraconazole against iso-
lates of Candida albicans with reduced susceptibility to azoles. Antimicrob
Agents Chemother 41:1812–1814.

30. Pfaller MA, Espinel-Ingroff A, Jones RN. 2004. Clinical evaluation of the
Sensititre YeastOne colorimetric antifungal plate for antifungal suscepti-
bility testing of the new triazoles voriconazole, posaconazole, and ravu-
conazole. J Clin Microbiol 42:4577– 4580. http://dx.doi.org/10.1128/JCM
.42.10.4577-4580.2004.

31. Clinical and Laboratory Standards Institute. 2013. Performance stan-
dards for antimicrobial susceptibility testing; 23rd informational supple-
ment. CLSI document M100-S23. Clinical and Laboratory Standards In-
stitute, Wayne, PA.

32. Pfaller MA, Chaturvedi V, Diekema DJ, Ghannoum MA, Holliday NM,
Killian SB, Knapp CC, Messer SA, Miskou A, Ramani R. 2012. Com-
parison of the Sensititre YeastOne colorimetric antifungal panel with CLSI
microdilution for antifungal susceptibility testing of the echinocandins
against Candida spp., using new clinical breakpoints and epidemiological
cutoff values. Diagn Microbiol Infect Dis 73:365–368. http://dx.doi.org/10
.1016/j.diagmicrobio.2012.05.008.

Koehling et al.

260 jcm.asm.org January 2015 Volume 53 Number 1Journal of Clinical Microbiology

http://dx.doi.org/10.3201/eid2007.140087
http://dx.doi.org/10.3201/eid2007.140087
http://dx.doi.org/10.1093/clinids/20.6.1531
http://dx.doi.org/10.1093/clinids/20.6.1531
http://www.cdc.gov/fungal/diseases/candidiasis/invasive/statistics.html
http://www.cdc.gov/fungal/diseases/candidiasis/invasive/statistics.html
http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
http://www.ecdc.europa.eu/en/publications/Publications/annual-epidemiological-report-2013.pdf
http://dx.doi.org/10.1007/s40520-014-0251-x
http://dx.doi.org/10.1007/s00134-014-3310-z
http://dx.doi.org/10.1093/clinids/7.5.646
http://dx.doi.org/10.1086/599039
http://dx.doi.org/10.1086/599039
http://dx.doi.org/10.1128/JCM.40.4.1298-1302.2002
http://dx.doi.org/10.1128/JCM.40.4.1298-1302.2002
http://dx.doi.org/10.1186/1471-2334-6-21
http://dx.doi.org/10.1186/1471-2334-6-21
http://www.who.int/drugresistance/en
http://www.who.int/drugresistance/en
http://dx.doi.org/10.1007/s10096-013-2009-3
http://dx.doi.org/10.1128/AAC.45.10.2676-2684.2001
http://dx.doi.org/10.1128/AAC.45.10.2676-2684.2001
http://dx.doi.org/10.1128/AAC.00836-10
http://dx.doi.org/10.1128/AAC.00836-10
http://dx.doi.org/10.1111/1469-0691.12039
http://dx.doi.org/10.1111/1469-0691.12039
http://dx.doi.org/10.1016/S0732-8893(98)00026-1
http://dx.doi.org/10.1016/S0732-8893(98)00026-1
http://dx.doi.org/10.1128/JCM.42.2.718-721.2004
http://dx.doi.org/10.1111/j.1469-0691.2012.03880.x
http://dx.doi.org/10.1111/j.1469-0691.2012.03880.x
http://dx.doi.org/10.1128/JCM.39.11.3952-3954.2001
http://dx.doi.org/10.1128/JCM.39.11.3952-3954.2001
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Antifungal_breakpoints_v_6.1.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Antifungal_breakpoints_v_6.1.pdf
http://dx.doi.org/10.1128/JCM.00782-14
http://dx.doi.org/10.1128/JCM.00782-14
http://dx.doi.org/10.1128/JCM.02161-10
http://dx.doi.org/10.1128/JCM.42.10.4577-4580.2004
http://dx.doi.org/10.1128/JCM.42.10.4577-4580.2004
http://dx.doi.org/10.1016/j.diagmicrobio.2012.05.008
http://dx.doi.org/10.1016/j.diagmicrobio.2012.05.008
http://jcm.asm.org


33. European Committee on Antimicrobial Susceptibility Testing
(EUCAST). 2014. Antifungal agents: breakpoint tables for interpretation
of MICs, version 7.0. http://www.eucast.org/fileadmin/src/media/PDFs
/EUCAST_files/AFST/Antifungal_breakpoints_v_7.0.pdf.

34. Pfaller MA, Messer SA, Diekema DJ, Jones RN, Castanheira M. 2014.
Use of micafungin as a surrogate marker to predict susceptibility and
resistance to caspofungin among 3,764 clinical isolates of Candida by use
of CLSI methods and interpretive criteria. J Clin Microbiol 52:108 –114.
http://dx.doi.org/10.1128/JCM.02481-13.

35. Cuenca-Estrella M, Gomez-Lopez A, Alastruey-Izquierdo A, Bernal-
Martinez L, Cuesta I, Buitrago MJ, Rodriguez-Tudela JL. 2010. Com-
parison of the Vitek 2 antifungal susceptibility system with the Clinical
and Laboratory Standards Institute (CLSI) and European Committee on
Antimicrobial Susceptibility Testing (EUCAST) broth microdilution ref-

erence methods and with the Sensititre YeastOne and Etest techniques for
in vitro detection of antifungal resistance in yeast isolates. J Clin Microbiol
48:1782–1786. http://dx.doi.org/10.1128/JCM.02316-09.

36. Bertout S, Dunyach C, Drakulovski P, Reynes J, Mallié M. 2011.
Comparison of the Sensititre YeastOne® dilution method with the Clinical
and Laboratory Standards Institute (CLSI) M27-A3 microbroth dilution
reference method for determining MIC of eight antifungal agents on 102
yeast strains. Pathol Biol 59:48 –51. http://dx.doi.org/10.1016/j.patbio
.2010.07.020.

37. Pfaller MA, Castanheira M, Diekema DJ, Messer SA, Moet GJ, Jones RN.
2010. Comparison of European Committee on Antimicrobial Susceptibility
Testing (EUCAST) and Etest methods with the CLSI broth microdilution
method for echinocandin susceptibility testing of Candida species. J Clin
Microbiol 48:1592–1599. http://dx.doi.org/10.1128/JCM.02445-09.

SensiQuattro for Antifungal Susceptibility Testing

January 2015 Volume 53 Number 1 jcm.asm.org 261Journal of Clinical Microbiology

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Antifungal_breakpoints_v_7.0.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/AFST/Antifungal_breakpoints_v_7.0.pdf
http://dx.doi.org/10.1128/JCM.02481-13
http://dx.doi.org/10.1128/JCM.02316-09
http://dx.doi.org/10.1016/j.patbio.2010.07.020
http://dx.doi.org/10.1016/j.patbio.2010.07.020
http://dx.doi.org/10.1128/JCM.02445-09
http://jcm.asm.org

	Comparative Evaluation of a New Commercial Colorimetric Microdilution Assay (SensiQuattro Candida EU) with MIC Test Strip and EUCAST Broth Microdilution Methods for Susceptibility Testing of Invasive Candida Isolates
	MATERIALS AND METHODS
	Study design.
	Test organisms.
	Quality control strains.
	SensiQuattro panels.
	Broth microdilution.
	MIC test strip.
	Antifungal susceptibility testing.
	Statistical analysis.

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


