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An investigation of antifungal susceptibilities of the Candida 
species isolates from blood cultures using the Sensititre 

YeastOne microdilution method

Kan kültürlerinden izole edilen Candida türlerinin antifungal 
duyarlılıklarının Sensititre YeastOne mikrodilüsyon yöntemiyle araştırılması

Raif KARAASLAN1, Esin AKTAŞ2, Figen ORHAN3

ÖZET 

Amaç: Candida türlerinin neden olduğu invaziv 

fungal enfeksiyonlar önemli ölçüde artmıştır. Bu nedenle 

türlerin hızlı ve doğru tanımlanması ve duyarlılık testleri, 

özellikle fırsatçı enfeksiyonları içeren vakalarda oldukça 

önemlidir. Mikrodilüsyon esasına dayanan Sensititre 

YeastOne yöntemi, antifungal duyarlılık testi için Klinik 

ve Laboratuvar Standartları Enstitüsü referans yöntemine 

uygun bir alternatiftir. Sensititre YeastOne liyofilize 

halde antifungal içeren kuyucuklara sahip olup Candida 

izolatlarının Minimal İnhibitör Konsantrasyonu (MİK) 

değerlerinin belirlenmesi için geliştirilen bir yöntemdir. 

Çalışmamızda kan kültürlerinden izole edilmiş Candida 

izolatlarının Sensititre YeastOne kolorimetrik sistem 

kullanılarak antifungal ilaç duyarlılığının belirlenmesi 

amaçlanmıştır.

Yöntem: Çalışmaya Atatürk Üniversitesi Tıp Fakültesi 

Tıbbi Mikrobiyoloji Laboratuvarı’nda her biri farklı 

hastalara ait kan kültürlerinden izole edilen 50 Candida 

izolatı (16 Candida albicans, 14 Candida tropicalis, 10 

Candida glabrata, 8 Candida parapsilosis, 2 Candida 

kefyr) ve iki adet kalite kontrol suşu (Candida krusei 

ATCC 6258, Candida parapsilosis ATCC 22019) dahil 

edilmiştir. Türlerin antifungal duyarlılıkları, kolorimetrik 

ABSTRACT

Objective: Invasive fungal infections caused by 

Candida species have increased significantly. Therefore, 

rapid and correct identification to the species level and 

susceptibility testing have become important, especially 

in cases involving invasive infections. The Sensititre 

YeastOne method, based on the microdilution method, 

is an alternative to the Clinical and Laboratory Standards 

Institute (CLSI) reference method for antifungal 

susceptibility testing. Sensititre YeastOne is a method 

for determining the Minimal Inhibitory Concentration 

(MIC) values of Candida isolates with wells containing 

lyophilized antifungals. In our study, the aim was to 

determine the antifungal drug sensitivity of Candida 

isolates from blood cultures by using a Sensititre 

YeastOne colorimetric system.

Methods: Fifty candida isolates, each isolated 

from blood cultures of different patients in the Medical 

Microbiology Laboratory of Atatürk University Faculty 

of Medicine, were included in the study (16 Candida 

albicans, 14 Candida tropicalis, 8 Candida parapsilosis, 

10 Candida glabrata, 2 Candida kefyr) and two quality 

control strain (Candida krusei ATCC 6258, Candida 

parapsilosis ATCC 22019) were included in the study. The 
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INTRODUCTION

Candida spp. stands in the fourth-place cause of 

among the most common agent in blood circulation 

infections. Currently, there has been  a rapid increase 

observed in the incidence of fungal infections linked 

to the increase in patient number with suppressed 

immune systems, the increase in the use of large 

surgical interventions and more than one broad-

spectrum antibiotic, higher observation of patients 

with poor general status in intensive care units the 

popularity of artificial prosthesis use (1,2). 

Clinical and Laboratory Standards Institute 

(CLSI) and European Committee on Antimicrobial 

Susceptibility Testing (EUCAST), ensuring 

standardization of antifungal susceptibility tests, 

have developed standard microdilution methods for 

antifungal susceptibility tests. However, in practice 

there is a search for alternative methods that are 

easy to apply in routine laboratories due to these 

standard methods involving technical difficulties 

and subjective visual assessment (3). The Sensititre 

YeastOne method is an easy and rapid method to 

test 9 antifungal drugs at the same time and offers 

clinicians many antifungal treatment choices in the 

early period (4).

Our study aimed to test the susceptibilities of 50 

Candida species isolated from blood cultures against 

anidulafungin, micafungin, caspofungin, flucytosine, 

posaconazole, voriconazole, itraconazole, fluconazole 

and amphotericin-B using a microdilution-based 

colorimetric panel called the Sensititre YeastOne 

(TREK Diagnostic Systems, USA).

SENSITIVITY OF CANDIDA ISOLATES BY SENSITITRE

bir sistem olan Sensititre YeastOne (Trek Diagnostic 

Systems, ABD) mikrodilüsyon yöntemi ile araştırılmıştır. 

Bulgular: Çalışma sonunda Candida izolatlarının 

tamamında MİK aralıkları; amfoterisin B için 0,12-2 

μg/ml, flukonazol için 0,12-256 μg/ml, vorikonazol 

için 0,008-8 μg/ml, kaspofungin için 0,015-0,5 μg/ml, 

anidulafungin için 0,015-2 μg/ml, mikafungin için 0,008-

2 μg/ml, flusitozin için 0,006-8 μg/ml, posakonazol için 

0,008-8 μg/ml, itrakonazol için 0,015-16 μg/ml olarak 

belirlenmiştir. 

Sonuç: Elde edilen düşük MİK değerleri göz önüne 

alındığında anidulafungin, mikafungin, kaspofungin, 

flusitozin, posakonazol, vorikonazol, itrakonazol ve 

amfoterisin B’nin Candida izolatlarına karşı etkin 

olabileceği ve flukonazole dirençli suşlarla oluşan 

enfeksiyonların tedavisinde alternatif ilaç olarak 

kullanılabilecekleri sonucuna varılmıştır.

Anahtar Kelimeler: Antifungal, Mikrodilüsyon 

yöntemi, Sensititre YeastOne, Candida 

antifungal susceptibilities of the species were tested by 

the microdilution method using a colorimetric method, 

Sensititre YeastOne (Trek Diagnostic Systems, USA).

Results: For all Candida species, MIC ranges were 

as follows: 0.12-2 μg/ml for amphotericin B; 0.12-256 

μg/ml for fluconazole; 0.008-8 μg/ml for voriconazole; 

0.015-0.5 μg/ml for caspofungin; 0.015-2 μg/ml for 

anidulafungin; 0.008-2 μg/ml for micafungin; 0.006-8 

μg/ml flucytosine; 0.008-8 μg/ml for posaconazole and 

0.015-16 μg/ml for itraconazole. 

Conclusion: Considering the low MIC values 

obtained, it was concluded that anidulafungin, 

micafungin, caspofungin, flucytosine, posaconazole, 

voriconazole, itraconazole and amphotericin B may be 

effective against Candida species and may be used as 

alternative drugs for the treatment of infections caused 

by fluconazole-resistant species. 

Key Words: Antifungal, Microdilution method, 

Sensititre YeastOne, Candida 
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MATERIAL and METHOD

Sensititre YeastOne is a microdilution method 

containing 9 lyophilized antifungal drugs, which aids 

in the determination of qualitative and quantitative 

MIC results. The appropriate dilutions of antifungal 

agents and colorimetric indicator were added to 

each well on the plate and results were determined 

by identifying the lowest antifungal concentration 

inhibiting growth. 

The isolation of the Clinical Samples

The study included 50 Candida isolates collected 

from blood cultures of different patients and isolated 

with the BACTEC 9120 system (Becton-Dickinson, 

USA). After isolation in our laboratory, isolates were 

stored in stock medium at -80 °C, then dissolved in 

a refrigerator to +4 °C and purified by two passages 

on Sabouraud Dextrose Agar (SDA) (Merck/Germany) 

medium. Then the growth Candida isolates were 

assessed according to the germ tube test, microscopic 

morphology on Corn Meal Agar with Tween-80 (Oxoid) 

agar and colony color on chromogenic medium and the 

species level was determined. The identification was 

supported using the API 20 C AUX system (bioMerieux, 

Marcy-l’Etoile, France). 

Antifungal Susceptibility Test

The procedures were done according to the 

manufacturer’s Sensititre YeastOne protocol. Candida 

isolates had a certain sample taken from 24-hour pure 

cultures and suspensions were prepared in sterile water 

(T3339) and adjusted to 0.5 McFarland standards. To 

obtain 1.5-8x103 kob/ml inoculum, 20 µl suspension 

was transferred into 11 ml YeastOne inoculum broth 

(Y3462). 

Of the prepared suspension, 100 µl samples were 

transferred to each well of a 96-well YeastOne plate 

and all the wells were covered with sterile adhesive 

band and left for incubation for 24 hours. To test the 

accuracy and purity of 0.5 McFarland setting, a 10 µl 

sample was taken from the positive control well on 

the inoculated plates and inoculated on SDA medium 

and panels incubated at 35°C for 24 to 48 hours in a 

non-CO2 incubator. Plates with growth of 10-80 pure 

colonies were taken for assessment (5).

The Assessment of the Test Results

The plates were examined at the end of 24 hour- 

incubation. Yeast growth was evident as a result of color 

change from blue (negative, no growth) to red (positive, 

growth) was observed. The positive control well on the 

plates was noted and if this well was completely red 

in color, the final values for the antifungals began to 

be read. The first well without color change (first blue) 

was determined as the MIC value (Figure 1). Plates 

with blue or faintly purple positive control wells were 

assessed as having weak growth and examined again 

after another 24 hours of incubation. Interpretation of 

MIC results was performed according to the CLSI criteria 

as recommended by the Sensititre YeastOne method 

(Table 1)(5).

Figure 1. The appearance of the plates inoculated with yeast for 24 hours
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RESULTS

The wells with turbidity appearance on the plates 

after growth were not assessed. The wells without 

growth had no color change observed and in this 

situation the isolate was recorded as susceptible 

to the lowest concentration of the antifungal. 

For the wells with an observed color change, the 

isolate was recorded as greater than (>) the highest 

concentration of the antifungal. In one of the samples, 

contamination was observed on the SDA medium for 

purity and sterility control from the positive control 

well, and the strain was not included in the study. The 

number of colonies between 15-80 was counted after 

the breeding to test the number of colonies and the 

accuracy of the 0.5 McFarland setting was confirmed. 

All MIC values were in the expected range in plaques 

where quality control strains were tested(Table 2).

SENSITIVITY OF CANDIDA ISOLATES BY SENSITITRE

Table 1. MIC interpretative criteria for Candida species as per CLSI M27 5

Table 2. MIC interval, MIC 50 and MIC 90 values for susceptibility identified with the microdilution method for Candida species

Antifungal Agent Susceptible Dose-dependent susceptible Intermediate Resistant

Fluconazole <8 16 - 32 >64

Itraconazole <0.125 0.25 – 0.5 >1

Flucytosine <4 8 - 16 >32

Voriconazole <1 2 >4

*All units are microgram/milliliter

C. albicans (n=16) C. tropicalis (n=14) C. glabrata (n=10) C. parapsilosis (n=8)

Antifungal MIC 
interval

MIC 
50/90

MIC 
interval 

MIC 
50/90

MIC 
interval 

MIC 
50/90

MIC 
interval

MIC 
50/90

Anidulafungin 0.015 0.015/0.12 0.015-2 0.03/1 0.015-0.12 0.06/0.06 1-2 1/2

Micafungin 0.008-1 0.008/0.03 0.015-1 0.03/1 0.015-0.5 0.12/0.5 0.5-2 1/2

Caspofungin 0.015-0.5 0.03/0.06 0.015-0.5 0.03/0.25 0.015-0.5 0.06/0.12 0.25-0.5 0.5/0.5

Flucytosine 0.06 0.06/0.06 0.06-1 0.06/0.25 0.06-2 0.5/1 0.06-0.25 0.12/0.25

Posaconazole 0.008-8 0.015/0.03 0.015-0.5 0.025/0.5 0.12-2 0.12/0.5 0.015-0.06 0.03/0.03

Voriconazole 0.008-8 0.008/0.008 0.008-0.25 0.12/0.25 0.015-0.5 0.03/0.06 0.008-0.015 0.008/0.015

Itraconazole 0.015-16 0.015/0.06 0.015-0.5 0.25/0.5 0.06-1 0.12/0.25 0.03-0.06 0.06/0.06

Fluconazole 0.12-256 0.25/0.5 0.25-4 2/4 1-32 2/4 0,25-0.5 0.5/0.5

Amphotericin-B 0.25-1 0.5/1 0.12-1 0.5/1 0.12-2 0.5/1 0.5 0.5/0.5

* All units are microgram/milliliter
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DISCUSSION

The most common risk factors for invasive 

candidiasis include major surgery, especially involving 

the abdomen, immunosuppression and supportive 

care measures used in the critically ill patients, such 

as long term broad spectrum antimicrobial therapy, 

central venous catheters, total parenteral nutrition, 

and renal replacement therapies. These factors 

explain, in part, the continuing high prevalence of 

Candida infections in transplant, cancer and intensive 

care units. Additionally in recent years, increased 

resistance to antifungal drugs has been a cause 

of concern in the treatment of the invasive fungal 

infections (6).

There are over 20 species of Candida yeasts that 

can cause infection in humans, the most common of 

which is C. albicans (7). Though C. albicans in the 

most common strain observed in both mucocutaneous 

and systemic infections, there is increasing incidence 

of non-albicans Candida species. The clinical findings 

of infections caused by non-albicans Candida strains 

cannot generally be differentiated and these strains 

are naturally resistant or gain resistance to commonly 

used antifungal drugs, as a result the definition of the 

species level of Candida isolates in clinical samples 

and the accurate and timely determination of in vitro 

susceptibility profiles are important for antifungal 

treatment protocols (8). 

The CLSI broth microdilution method is still 

accepted as the gold standard for the assessment of 

susceptibility of Candida strains against antifungal 

agents. However, this method is expensive and difficult 

and challenges such as lack of expert personnel, 

new commercial systems with more practical and 

appropriate use. The most important problem 

with these systems is to ensure standardization 

of these new systems. Three commercial systems 

recommended for use include the E-test (AB Biodisk 

Solna, Sweden), Sensititre YeastOne Colorimetric 

System (TREK Diagnostic Systems, USA) and VITEK 2 

Yeast Susceptibility Test (BioMerieux, Inc, Durham, 

NC) (9,10). 

The Sensititre YeastOne method is based on the 

CLSI reference method and is stated to show high 

compliance with the CLSI method. It is a simple 

method for antifungal susceptibility tests in routine 

laboratory use. As it provides perfect results in terms 

of accuracy and repeatability compared to the CLSI 

reference method, it is commonly used in both 

clinical and research laboratories (11,12).

Due to being easy to obtain commercially, the 

ability to test many antifungals at the same time and 

ease of application, the Sensititre YeastOne method 

was chosen in our study to show resistance limit values 

for Candida species against renewed fluconazole and 

caspofungin.

Gültekin et al. (13), used the Sensititre YeastOne 

system on 46 Candida isolates from blood cultures 

and identified that all strains were susceptible to 

amphotericin B, voriconazole, posaconazole and 

caspofungin. While the C. albicans, C. parapsilosis, 

C. glabrata and C. tropicalis strains were susceptible 

to fluconazole, three of the five C. glabrata isolates 

were identified to be resistant to itraconazole while 

other strains were susceptible to itraconazole.

In our study, C. albicans, C. parapsilosis, C. 

glabrata and C. tropicalis were susceptible to 

caspofungin and amp-B, with one C. albicans strain 

showing resistance to voriconazole. Fluconazole 

resistance was identified in one C. glabrata and 

one C. albicans strain. Itraconazole resistance was 

identified in one C. albicans and one C. glabrata 

strain, while one C. tropicalis strain was found to 

have dose-dependent susceptibility to itraconazole.

Three echinocandins (anidulafungin, caspofungin, 

and micafungin) have been licensed for intravenous 

treatment and prevention of invasive Candida 

infections (including candidemia). CLSI has established 

standard conditions for testing the susceptibilities of 

Candida spp. to the three echinocandins including 

species-specific breakpoints (BPs) for echinocandin 
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MIC interpretation (14). The isolates we studied did 

not show any resistance to these antifungal drugs.

In our study, multiazol resistance was determined 

for isolate number eight of C. albicans strain. 

Additionally, this isolate was identified to have 

susceptibility of >8 µg/ml posaconazole, >8 µg/ml 

voriconazole, >16 µg/ml itraconazole and >256 µg/

ml fluconazole.

Cretella et al. (15), commercially available three 

antifungal susceptibility testing methods (Etest, 

Vitek 2 and Sensititre) were compared with the CLSI 

reference test method broth microdilution method 

and they reported the Sensititre YeastOne method 

was the system that provided closest results to the 

reference method.

In a study by Quindos et al. (16), reported 

the Sensititre YeastOne method showed perfect 

correlation with the E-test method. This correlation 

was better for voriconazole, with some incompatibility 

for fluconazole and C. glabrata.

A study conducted by Farina et al. (17), compared 

the Sensititre YeastOne method and VITEK 2 

susceptibility system in seven different laboratories. 

They performed susceptibility tests for four different 

antifungals (amp-B, fluconazole, flucytosine and 

voriconazole) and reported that VITEK 2 susceptibility 

test system was more compliant compared to the 

Sensititre YeastOne. They observed the compliance 

between the two methods varied from 81.4% to 

88.6%.

Siqueira et al. (9), compared the susceptibility of 

80 Candida isolates using the VITEK 2 and Sensititre 

YeastOne systems with the gold standard fluid 

dilution method. They concluded that both methods 

performed well and were reliable as antifungal 

susceptibility tests. However, they recommended 

careful interpretation when the activity of C. krusei 

and C. glabrata against caspofungin was tested 

with the Sensititre YeastOne method due to low 

observations.

Flusrand et al. (10), reported that Sensititre 

YeastOne method showed good correlation with 

standard susceptibility tests for amphotericin B and 

triazoles, but that interpretation for echinocandins 

was more complicated (9).

A study by Avolio et al. (18), aimed to determine 

MIC values for yeasts as rapidly and accurately as 

possible. They compared values for 40 candidemia 

cases determined by the colorimetric Sensititre 

YeastOne system with the CLSI values. The results 

of the comparison found no major error, only four 

minor errors. The results of the study reported the 

Sensititre YeastOne colorimetric system accurate 

antifungal MIC determination and saving an average 

time of 24 hours compared with the time required for 

the standard procedures traditionally used.

In our study, there were small errors linked to 

inability to clearly determine the color change in the 

final wells, but these were not on a scale to change 

the susceptibility and resistance status.

The study by Bertout et al. (4), compared the 

Sensititre YeastOne commercial system with the 

CLSI reference broth microdilution test method. 

They studied two quality control strains and 

102 Candida isolates with the antifungal agents, 

such as fluconazole, itraconazole, ketoconazole, 

posaconazole, voriconazole, flucytosine, Amp-B and 

caspofungin. They identified the compliance between 

the CLSI reference method and Sensititre YeastOne 

varied from 70.6% to 92.2%. 

In our study, for fluconazole there was dose- 

dependent susceptibility for one Candida strain (MIC 

value 32 μg/ml) and resistance identified in another 

Candida strain (MIC value ≥ 256 μg/ml). The dose- 

dependent susceptible strain was identified as C. 

glabrata, while the resistant strain was determined 

to be C. albicans. The MIC intervals for all Candida 

strains were determined as 0.12-2 μg/ml for Amp-B, 

0.12-256 μg/ml for fluconazole, 0.008-8 μg/ml for 

voriconazole, 0.015-0.5 μg/ml for caspofungin, 

0.015-2 μg/ml for anidulafungin, 0.008-2 μg/ml for 

micafungin, 0.006-8 μg/ml for flucytosine, 0.008-
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8 μg/ml for posaconazole, and 0.015- 16 μg/ml for 

itraconazole.

We think identification of resistance at different 

rates for all antifungal tests, and continuous strain 

identification and susceptibility studies in treatment 

of Candida infections will contribute to determining 

antifungal use protocols in our own hospital and will 

be beneficial to prepare comprehensive treatment 

protocols for the country in general. Additionally, we 

think the Sensititre antifungal susceptibility test is a 

useful method for being easy to obtain, simultaneous 

testing of nine antifungal agents and compliant 

results with the CLSI reference values.

Considering the low MIC values obtained, it 

was concluded that anidulafungin, micafungin, 

caspofungin, flucytosine, posaconazole, voriconazole, 

itraconazole and Amp-B can be effectively used 

against Candida strains, while they can be used as 

alternative drug for treatment of infections caused by 

strains resistant to fluconazole.

Note: This study was presented as a poster at the 

10th Balkan Congress of Microbiology 2017 in Sofia, 

Bulgaria.
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